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Description

[0001] The present invention relates to a steerable
phased array antenna and more especially to a phase
shifter for use in such an antenna.

[0002] Electronically steerable phased array anten-
nas are known and generally comprise an array of an-
tennas each of which has an associated phase shifter
which produces a controllable phase shift in a beam
transmitted by the array. A signal to be transmitted is
split into a number of individual in-phase sub-signals,
each of which passes through an individual phase shift-
erin which it is phase shifted before it is supplied to one
of the antenna elements and transmitted therefrom.
Transmission of all of the sub-signals produces an over-
all array output in the form of the beam. The beam can
be steered electronically by carefully selecting the
phase shifts which are applied to the sub-signals.
[0003] For microwave applications, the phase shifters
are typically fabricated in Gallium Arsenide (GaAs).
There are a number of problems associated with the use
of such solid state components. Typically a phase array
antenna has an array of several thousand radiating el-
ements requiring a correspondingly large number of
phase shifters. Since such phase shifters are expen-
sive, this makes the entire array expensive. Further-
more, GaAs phase shifters are lossy, having a loss of
typically -6 dB in the X band (8-12.4 GHz), and this leads
to dissipation of power in the array. To compensate for
these losses it is known to provide a gain element, typ-
ically one amplifier for each phase shifter. Even with this
gain, it is only possible to compensate for relatively low
power losses, typically 20-30 dBm before non linearities
caused by power compression occur. In addition, high
power levels can cause permanent damage to conven-
tional phase-shifters, so that ideally amplification should
be provided downstream of the shifters.

[0004] Steerable phased array antennas are used to
transmit radiation, particularly microwave radiation. In
this context microwave radiation covers the range 0.247
GHz to 100GHz and includes the Ka band (26.5 GHz to
40 GHz) and the millimetric band (30 GHz to 100 GHz).
[0005] According to a first aspect of the invention
there is provided a phase-shifter comprising: phase-al-
tering means for introducing a phase shift into a signal
whose phase is to be controlled and an actuator which
changes shape in response to an electrical control sig-
nal, wherein the actuator is mechanically connected to
the phase-altering means such that the change in shape
of the former leads to a phase-altering action in the lat-
ter; characterised in that the actuator comprises a tubu-
lar stator of piezoelectric or magnetostrictive material, a
piston coaxially disposed within the stator and a bearing
member disposed between the stator and piston,
wherein the stator distorts in an approximately frustro-
conical manner in response to said control signal there-
by causing the bearing member to roll axially along the
stator, the movement of the bearing member in turn
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causing axial movement of the piston.

[0006] In a preferred embodiment the stator compris-
es a piezoelectric tubular member having electrodes on
the inside and outside for coupling to a source of the
control voltage and the bearing member comprises an
elastically deformable and approximately annular in
cross-section. Advantageously the stator has a slot ex-
tending completely through the wall of the tubular mem-
ber and which describes a helical path about the tubular
member.

[0007] In one embodiment the phase-altering means
comprises a reflecting member inside a waveguide ar-
rangement and attached to the piston, application of a
control voltage to the stator electrodes causing the re-
flecting member to move, thereby altering a path length
of a propagating signal. Preferably the waveguide ar-
rangement comprises first and second parallel
waveguides, the waveguide cavities communicating
with each other over at least a part of their common
length, the first waveguide containing a radiating ele-
ment for producing radiation to be propagated along the
first waveguide toward the reflecting member and the
second waveguide having aradiating aperture, wherein,
in use, radiation propagating in the first waveguide is
reflected from the reflecting member into the second
waveguide and out through the radiating aperture.
[0008] In an alternative embodiment the phase-alter-
ing means comprises a waveguide having one or more
dielectric slabs of a first dielectric constant fixed to the
waveguide and a movable dielectric slab of a second
dielectric constant disposed in co-operating relationship
with the one or more fixed slabs, the movable slab being
connected to the piston. The one or more fixed slabs
can be fixed to an inside surface of the waveguide and
define a laterally substantially central cavity free from
dielectric material, the movable slab being arranged to
move axially within this central cavity. The waveguide is
preferably attached to one end of the stator and movable
slab to the piston by means of a push-rod. There is pref-
erably a launcher provided in the waveguide wall at a
location not occupied by the fixed or movable slabs, the
launcher serving to generate a wave which passes
through the slabs and out through a radiating aperture
in the waveguide.

[0009] The piston can be hollow and the waveguide
disposed in the piston. In this case the movable slab
may be connected to the piston through connecting
arms projecting radially inwardly from the piston and lo-
cating inside axially oriented slots provided in the
waveguide wall and in one or more of the fixed dielectric
slabs.

[0010] The first dielectric constant is preferably ap-
proximately equal to the second dielectric constant.
[0011] Inyeta further embodiment the phase-altering
means comprises a dielectric gel contained within a
waveguide. Preferably the dielectric gel is contained
within a bag, an outer surface of which is attached to an
inner surface of a wall of the waveguide, and a trans-
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versely central end-portion of which is connected to the
piston. The piston may be attached to the bag by way
of a movable dielectric slab. Preferably the gel and slab
have approximately the same dielectric constant.
[0012] According to a second aspect of the invention,
there is provided a steerable phased array antenna
comprising an input to supply a signal to the array, a
splitter to split the signal into a plurality of sub-signals
and a plurality of antenna elements to transmit the sub-
signals, the antenna elements having associated
phase-shifting means to phase-shift the sub-signals so
that the array transmits the signal steered in a chosen
direction, characterised in that each of the phase-shift-
ing means comprises a phase-shifter in accordance with
the first aspect of the invention.

[0013] In like manner, in a third aspect the steerable
phased array antenna is configured as a receiving array
and comprises a plurality of receiving antenna elements
having associated phase-shifting means to phase-shift
the signals supplied by the antenna elements and a
combiner connected to the phase-shifting means to
combine the phase-shifted signals, characterised in that
each of the phase-shifting means comprises a phase-
shifter in accordance with the first aspect of the inven-
tion.

[0014] According to a fourth aspect of the invention,
there is provided a tracking system incorporating a
phased array antenna according to the second aspect
of the invention.

[0015] Preferably the array transmits microwave radi-
ation. Most preferably it transmits radiation in the Ka
band.

[0016] Embodiments of the invention will now be de-
scribed by way of example only with reference to the
accompanying drawings in which:

Figures 1(a) and 1(b) show a schematic illustration
of a phased array antenna system in accordance
with the invention in a transmit mode and a receive
mode, respectively;

Figure 2 shows an actuator as employed in a phase-
shifting arrangement in accordance with the inven-
tion;

Figure 3 shows various shapes adopted by a com-
ponent part of the actuator,

Figure 4 illustrates a first embodiment of a phase-
shifter according to the invention in two orthogonal
views thereof;

Figures 5 and 6 are two orthogonal views of a sec-
ond embodiment of a phase-shifter according to the
invention in a first realisation thereof;

Figure 7 illustrates a second realisation of the sec-
ond embodiment of a phase-shifter according to the
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invention in a general view;

Figure 8 is a cutaway view of the second realisation
according to Figure 7;

Figure 9 is a cutaway view of the second realisation
according to Figure 7 orthogonal to the view of Fig-
ure 8;

Figure 10 is the same view as Figure 9 but illustrat-
ing the displacement mechanism for the movable
dielectric slab;

Figure 11 is a cutaway end-view of the second re-
alisation according to Figure 7, and

Figure 12 shows a third embodiment of a phase-
shifter according to the invention.

[0017] Figures 1aand 1b show a phased array anten-
na system in accordance with the invention, which is ca-
pable of full duplex operation. In Figure 1(a) a signal-
processing unit 10 generates a normally sinusoidal sig-
nal of a given frequency which is amplified to a suitable
level in a power amplifier 11, split as mentioned earlier
in a splitter/combiner 12 into n sub-signals 13, these
sub-signals 13 then being fed to respective phase-shift-
ers 14 and thence to radiating elements 15.

[0018] In receive mode, the configuration is similar,
except that individual low-noise amplifiers 16 are pref-
erably provided for each sub-signal appearing at the
output of the phase-shifters 14, rather than a single com-
mon amplifier at the combiner output 17. The apparatus
12 which operated in transmit mode as a splitter now
operates in receive mode as a combiner.

[0019] This arrangement is used to transmit micro-
wave radiation having a frequency of, typically, 30 GHz
and thus a wavelength of 10 mm. In the following de-
scription the dimensions and parameters which are giv-
en relate to such a frequency, though it will be appreci-
ated by those skilled in the art that the invention is not
limited to this frequency of operation.

[0020] Figure 2 shows an actuator arrangement 20
comprising a tube 22, a bearing 24 and a piston 26. It
can be seen that both the tube and the piston are elon-
gate and so have an axial direction which is parallel to
their central axes and a radial direction perpendicular to
the axial direction.

[0021] The tube 22 comprises a single piece of pie-
zoelectric ceramic material. The wall 28 of the tube has
a slot 30 extending completely through its thickness
which describes a helical path about the tube from one
end to the other. Since piezoelectric ceramic material is
hard, the tube 22 is most conveniently provided with the
slot 30 while in its green state before being fired. A suit-
able piezoelectric ceramic material is lead zirconate ti-
tanate (PZT).

[0022] The bearing is a resiliently deformable materi-



5 EP 1 216 491 B1 6

al, e.g. an elastomer, which may, in one realisation, have
the shape of a toroid. If it is in the form of an O-ring hav-
ing a circular cross-section, its thickness (in the radial
direction) is arranged to be greater than the gap 32 be-
tween the piston and the tube. As a consequence, the
bearing is stretched in the axial direction and squashed
in the radial direction and in cross-section adopts a
shape having two straight parallel sides and semi-circu-
lar ends, referred to as a "track" shape. The bearing is
in contact with both the piston 26 and the internal sur-
face of the tube and part of its effect is to centre the
piston in the tube.

[0023] Instead of a toroid, the bearing may be sub-
stantially "track-shaped" to begin with and may also be
hollow, the internal space being filled with a resiliently
deformable material, e.g. a gas under pressure or a light
oil.

[0024] The piston can comprise any material which is
stiff in at least the radial direction and, if it is required to
transmit displacement in an axial direction, as in most
embodiments of the phase-shifter according to the
present invention, it should be stiff in that direction also.
It can even be hollow, which enables a piston to be pro-
vided having very low inertia. An example of a suitable
low-mass material is expanded foam plastic.

[0025] The tube 22 is provided with electrodes 23, 25
on its external and internal curved surfaces, respective-
ly, so that an electric field can be applied through the
thickness of the wall 28, thereby orientating dipoles in
the material in a radial direction (that is, generally per-
pendicularly to the internal and external surfaces of the
tube). In the configuration shown, both coatings are
composed of a resistive material and contact rings 27,29
and 31,33 are made to bear against the ends of the outer
and inner coatings, respectively. Rings 27 and 33 are
connected together and likewise rings 29 and 31 and
the resulting two connections form input terminals driv-
en by a suitable power supply (not shown). The effect
of this is to create voltage gradients along the axial
length of the actuator tube, inside and outside the tube
wall 28, the respective gradients being in opposite di-
rections.

[0026] A similar effect can be created by employing
low-resistance coatings, composed of, e.g., a metal
such as silver or gold or a conducting PZT, splitting the
helix halfway along its length and driving the now highly
conductive coatings in antiphase by a suitable intercon-
nection of end-connections of the coatings.

[0027] The application of the operating electric field in
the manner described causes the shape of the tube to
change from having a constant diameter along its length
to having a flared or tapering shape extending from a
relatively narrow end to a relatively wide end. This is due
to the differently directed voltage gradients mentioned
earlier. If an operating electric field having an opposite
polarity is applied, the taper of the tube changes so that
the end which was narrow becomes wide and vice-ver-
sa. Thus, switching an electric field from (a) a certain
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magnitude and polarity to (b) zero magnitude and
thence to (c) an equal magnitude and opposite polarity
to that in (a) will produce the shapes shown in Figures
3(a), 3(b) and 3(c), respectively (shown exaggerated for
clarity). The degree of shape change depends on the
magnitude of the operating electric field applied.
[0028] The tube deformation just described forces the
piston up and down the tube in a manner shortly to be
explained.

[0029] The degree of change of shape, and hence of
movement, of the piston can be enhanced by careful
choice of the structure of the wall of the tube 22. Com-
pared to a single and integral piece of one ceramic such
as PZT, greater movement for the same applied voltage
can be obtained by giving the wall a multilayer structure,
in which a plurality of piezoelectric layers are provided,
each having their own electrodes. Alternatively, lower
driving voltages can be used to produce the same move-
ment.

[0030] Alternative enhanced wall structures include a
unimorph bender, in which the ceramic tube is bonded
onto or inside a metal liner, and a bimorph bender, in
which the tube comprises two piezoelectric tubes bond-
ed together one inside the other, the tubes being poled
in opposite, preferably radial, directions. In both unimor-
ph and bimorph benders the enhanced movement is
due to differential expansion occurring during operation.
[0031] The use of PZT may provide, for example, a
10 mm displacement of the piston in a response time of
25 ms. This may be under an operating voltage of 150
V for a tube wall thickness of 21 mm, although lower
voltages could be used if a multi-layer tube was provided
having thinner individual layers of piezoelectric material.
Other wall structures can be used, as has already been
mentioned.

[0032] As an operating electric field is applied to the
tube, the internal diameter of the tube decreases at one
end and increases at the other and this causes a "rolling"
motion of the bearing which forces the piston toward the
wider end of the tube. More precisely, points of mutual
contact between the bearing and wall on the one hand
and between the bearing and piston on the other do not
move relative to each other except at the ends of the
bearing where the bearing material rolls away from/onto
its respective contact surface. Thus, in these end-re-
gions, parts of the surface of the bearing either move
into contact with the piston or move out of contact with
it and a similar effect occurs between the surface of the
bearing and the tube. The rolling action just described
does not involve sliding friction, rather the presence of
static friction prevents relative motion of the bearing and
wall and of the bearing and piston.

[0033] It will be understood that, being-based on a
simple mechanical arrangement, the actuators them-
selves are relatively inexpensive and allow a relatively
inexpensive steerable phased array to be produced by
means of them in accordance with the invention.
[0034] In producing a steerable phased array it is nec-
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essary for phase shifts of different values to be applied
to the subsignal radiation being transmitted by the indi-
vidual radiating elements in order that a beam may be
steered. At most, a relative phase shift of one wave-
length is required between antennas in the array. This
means that, for transmitted radiation having a wave-
length of 10 mm, a maximum relative wavelength shift
of 10 mm is required.

[0035] The actuator arrangement 20 can induce a
phase shift in transmitted radiation in a number of ways.
In afirst embodiment, illustrated in Figure 4, the actuator
has a reflector 34 attached both to the piston 26 and to
a cavity-separator extension piece 36 which extends ax-
ially of the reflector 34 and comprises a separating sec-
tion 42 proper and an aperture section 44 disposed be-
tween the separating section 42 and the reflector 34. A
pair of waveguide sections 38, 40 having parallel longi-
tudinal axes are divided one from the other by, firstly, a
fixed separator member 46 and, secondly, the cavity-
separator separating section 42. One waveguide sec-
tion 40 is provided with a radiating element 48 at its distal
end and the other waveguide section 38 has a radiating
aperture 50 at its distal end. The proximal ends of both
waveguide sections are attached in common to the wall
28 of the actuator arrangement 20.

[0036] The mode of operation of this embodiment is
as follows. A signal is radiated from the radiating ele-
ment 48 and propagates down the waveguide section
40 towards the reflector 34 which reflects it through the
aperture 44 in the cavity separator 36 into the adjacent
waveguide section 38. When in the waveguide section
38, the signal is guided toward the radiating aperture 50.
By moving the reflector by means of the PZT actuator
arrangement 20, the path length between the radiating
element 48 and the radiating aperture 50 is varied by an
incremental amount, thereby modifying the phase of the
signal leaving the radiating aperture 50. The reflector 34
and cavity separator 36 are moved linearly in the
waveguide sections by the piston 36 that is moved by
the squeezing action of the actuator.

[0037] In a second embodiment (see Figures 5 and
6) a single waveguide 54, which is likewise attached to
the wall 28 of the actuator 20 at one end thereof, con-
tains two fixed dielectric slabs 56 attached to opposite
inside walls of the waveguide and a movable dielectric
slab 58 attached by a rod 60 to the piston 26. The die-
lectric constant of the movable slab is approximately the
same as that of the fixed slabs. The waveguide is pro-
vided with a launcher 62 which is received through an
opening 64 in a side wall of the waveguide.

[0038] In operation, a signal is radiated from the
launcher into the waveguide cavity. The signal propa-
gates along the waveguide towards the fixed and mov-
able dielectric slabs 56, 58 which modify the wavelength
of the signal in proportion to the length of the overlap
between the moving and fixed dielectric slabs. More pre-
cisely, the phase-shift in the radiated signal is expressed
as:
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AQ={(-B4*+B3)-(Bo+B4}>xx

where x = displacement of the movable slab from its fully
overlapping position and B,, = propagation constant as
seen by the wave as it travels from the launcher out-
wards. Looking at Figure 5, B, applies between the bot-
tommost part of the fixed slabs 56 and the bottommost
part of the movable slab 58; B, applies between the bot-
tommost part of the movable slab and the topmost part
of the fixed slabs; 5 applies between the topmost part
of the fixed slabs and the topmost part of the movable
slab, and B, applies beyond that.

[0039] A variation of this embodiment is illustrated in
Figures 7-11. In this variant realisation the mode of op-
eration is exactly the same, but the construction is dif-
ferent. Instead of the movable dielectric slab being cou-
pled to the piston by means of a push rod 60 (Figures 5
and 6), it is directly attached to the piston through con-
necting arms 70. The connecting arms 70 pass through
slots 71 in the waveguide 72 and fixed dielectric slabs
74 and are attached to the movable slab 76 at an inter-
mediate point thereof along its length. Thus in this real-
isation the actuator surrounds part of the waveguide 72
rather than being at one end of it, as in the Figure 5/6
realisation. As in the first realisation, though, the
waveguide is secured to the actuator stator.

[0040] Figures 9 and 10 are views of Figure 8 from
the side, like features being designated by like reference
numerals. Figure 10 shows the slot 71 in the waveguide
and fixed dielectric slabs 74 and a connecting arm 70 in
section which, in practice, connects the piston 73 and
the movable slab 76. Either one slot only may be pro-
vided on one side of the waveguide and involving only
one fixed slab, or two slots may be provided on opposite
sides. The latter, balanced, arrangement is preferred for
mechanical reasons. Figure 11 is a cutaway underside
end-view of the second realisation of the second em-
bodiment and shows the actuator wall 28, the bearing
24, the piston 73, the waveguide 72, the launcher 62
and, inside the waveguide, the fixed slabs 74 and mov-
able slab 76. The slot 71 made in the waveguide wall
and in the fixed slabs 74 is also shown.

[0041] In a third, alternative, embodiment shown in
Figure 12 the piston 26 is used to drive, through a con-
necting rod 60, a movable dielectric slab 76 which is at-
tached at its ends 82, 84 to a deformable bag 80 filled
with a dielectric gel 86. The slab and gel both ideally
have approximately the same dielectric constant. The
bag 80 is secured on its outer face to inner, opposite
wall-faces of the waveguide 54. In operation the piston
moves the rod 60, which displaces the movable dielec-
tric slab 76, which, in turn, imposes a distortion in the
shape of the bag 80. The effect is similar to that of the
fixed/movable slab embodiment, wherein a change in
the path length of the propagated signal associated with
a particular propagation constant causes a phase-shift
in that signal.
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[0042] In all these embodiments and realisations the
displacement of the piston needs to be in the region of
one wavelength, thatis about 10 mm for a 30 Ghz signal,
to produce a phase-shift equal to one wavelength.
[0043] It should be noted that the helically slotted pi-
ezoelectric tube provides for large displacement in rela-
tion to its size. For an arrangement in which the bearing
is located at one end of the tube and is displaceable to
the other end of the tube, the maximum possible dis-
placement of the piston is the length of the tube. Of
course, if the piston is located more towards the mid-
point of the tube, the displacement would be less. This
latter configuration provides a convenient way of achiev-
ing a type of "centre-zero" arrangement whereby in the
piston's rest position (mid-position) the phase-shifter
corresponds to zero phase shift, but when the piston is
driven to one side or other of its mid-position there is a
positive or negative phase shift, respectively.

[0044] By creating an array of independently control-
lable actuators/phase-shifters to form a suitable aper-
ture, it is possible to steer a transmitted signal in space
by varying the displacement of the actuator pistons rel-
ative to each other. In an embodiment operating at 30
GHz having a hexagonal aperture of 0.5 m and a square
array having an element spacing of half a wavelength,
7700 individual antennas are required. With a micro-
wave reflector as described in the first embodiment (Fig-
ure 4) the rate of change of phase-shift d6/6t of each
element is about 28 deg ms-1. With a dielectric-filled
waveguide this rate of change is influenced by the phase
velocity of the radiation within the dielectric medium, as
well as by the velocity of the dielectric piston. Assuming
that the actuators can induce a relative phase shift of up
to 360° between particular antennas, the array can track
at least £45° from boresight.

[0045] In order to ensure that grating lobes are not
generated in "visible" space, the lateral spacing of the
radiating elements in the array should be approximately
half a wavelength, i.e. about 5 mm for radiation having
a frequency of 30 GHz..

[0046] A significant benefit of the invention is that it
enables phase shifting to be incorporated into the an-
tenna. Indeed, it may be conveniently arranged for the
end of the waveguide through which the radiation is ex-
iting to constitute the radiating antenna itself, so that no
additional discrete antenna element is required. Thus in
this realisation the radiating aperture may be considered
to constitute the actual antenna element. Alternatively,
the waveguide may be coupled to its own discrete an-
tenna element (not shown). The result is a low-cost
phased array system compared with conventional sys-
tems which traditionally use large quantities of expen-
sive active microwave components or a likewise costly
complex mechanical arrangement By incorporating
phase-shifting into the antenna, a whole array can be
fed directly from a single manifold, as illustrated in Fig-
ures 1(a) and 1(b) (see splitter/combiner 12). Further-
more, since the various phase-shifters described are
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able to withstand large amounts of RF power without
damage, the manifold may be preceded by just a single
high power microwave amplifier 11.

[0047] Although the array has a relatively fast re-
sponse time, it is not as fast as pure solid state electron-
ically scanned arrays. Nevertheless, the scanning rate
of these arrays is certainly fast enough to be used as an
antenna arrangement in satellite tracking. It is also fast
enough to be used in numerous communications appli-
cations where switching of a transmitting or receiving
direction is required, such as OTM (on the move) Com-
munications for HMMWYV (high-mobility multi-wheeled
vehicle) and UAV (unmanned airborne vehicles).

Claims

1. A phase-shifter comprising: phase-altering means
for introducing a phase shift into a signal whose
phase is to be controlled and an actuator (20)which
changes shape in response to an electrical control
signal, wherein the actuator is mechanically con-
nected to the phase-altering means such that the
change in shape of the former leads to a phase-al-
tering action in the latter; characterised in that the
actuator comprises a tubular stator (22) of piezoe-
lectric or magnetostrictive material; a piston (26) co-
axially disposed within the stator and a bearing
member (24) disposed between the stator (22) and
piston (26), wherein the stator (22) distorts in an ap-
proximately frustro-conical manner in response to
said control signal thereby causing the bearing
member (24) to roll axially along the stator(22), the
movement of the bearing member (24) in turn caus-
ing axial movement of the piston (26).

2. A phase-shifter according to Claim 1 in which the
stator comprises a piezoelectric tubular member
(22) having an electrode structure (23, 25) on its in-
ternal and external curved surfaces for coupling to
a source of the control voltage and the bearing
member (24) is an elastically deformable member
of approximately annular cross-section.

3. A phase-shifter according to Claim 1 or Claim 2 in
which the stator has a slot (30) extending complete-
ly through the wall (28) of the tubular member (22)
and which describes a helical path about the tubular
member (22).

4. A phase-shifter according to any preceding claim in
which the phase-altering means comprises a re-
flecting member (34) attached to the piston (26), the
reflecting member (34) being disposed inside a
waveguide arrangement (38, 40), whereby applica-
tion of a control voltage to the actuator (20) causes
the reflecting member (34) to move inside the
waveguide arrangement (38,40), thereby altering a
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path length of a signal propagated along the
waveguide arrangement.

A phase-shifter according to Claim 4 in which the
waveguide arrangement comprises first (40) and
second (38) parallel waveguides, the waveguide
cavities communicating (44) with each other over at
least a part of their common length, the first
waveguide (40) containing a radiating element (48)
for producing radiation to be propagated along the
first waveguide (40) toward the reflecting member
and the second waveguide having a radiating aper-
ture (50), wherein, in use, radiation propagating in
the first waveguide (40) is reflected from the reflect-
ing member (34) into the second waveguide (38)
and out through the radiating aperture (50).

A phase-shifter according to any one of Claim 1 to
3 in which the phase-altering means comprises a
waveguide (54; 72) containing one or more dielec-
tric slabs (56; 74) made of a material of a first die-
lectric constant fixed to the waveguide and a mov-
able dielectric slab (58; 76) made of a material of a
second dielectric constant disposed in co-operating
relationship with the one or more fixed slabs (56;
74), the movable slab (58; 76) being connected to
the piston (26; 73).

A phase-shifter according to Claim 6 in which the
one or more fixed slabs (56) are secured to an in-
side surface of the waveguide wall and define a lat-
erally substantially central cavity free from dielectric
material, and wherein the movable slab (58) is ar-
ranged to be axially movable within said substan-
tially central cavity.

A phase-shifter according to Claim 7 in which the
waveguide (54) is attached to one end of the actu-
ator stator (22) and the movable dielectric slab (58)
is connected to the piston (26) by means of a push
rod (60).

A phase-shifter according to Claim 7 in which the
piston (73) is hollow and the waveguide (72) is dis-
posed in the piston.

A phase-shifter according to Claim 9 in which the
movable dielectric slab (76) is connected to the pis-
ton (73) by means of connecting arms (70) project-
ing radially inwardly from the piston (73) and locat-
ing inside axially oriented slots (71) provided in the
waveguide (72) wall and in one or more of the fixed
dielectric slabs (74).

A phase-shifter according to any one of Claims 6 to
10 and further comprising a launcher (62) is provid-
ed in the waveguide wall at a location not occupied
by the fixed (56; 74) or movable (58; 76) dielectric
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slabs, the launcher (62) serving to generate a wave
which passes through the slabs and out through a
radiating aperture of the waveguide.

A phase-shifter according to any one of Claims 6 to
11 in which said first dielectric constant is approxi-
mately the same as said second dielectric constant.

A phase-shifter according to any one of Claims 1 to
3 in which the phase-altering means comprises a
dielectric gel (86) contained within a waveguide
(54).

A phase-shifter according to Claim 13 in which the
dielectric gel (86) is contained within a bag (80), an
outer surface of which is attached to an inner sur-
face of a wall of the waveguide (54), and a trans-
versely central end-portion of which is connected to
the piston (26).

A phase-shifter according to Claim 14 in which the
piston (26) is attached to the bag (80) by way of a
movable dielectric slab (76).

A phase-shifter according to Claim 15 in which the
movable slab (76) and the gel (86) have approxi-
mately the same dielectric constant.

A steerable phased array antenna, comprising an
input to supply a signal to the array, a splitter (12)
to split the signal into a plurality of sub-signals (13)
and a plurality of antenna elements (15) to transmit
the sub-signals, the antenna elements (15) having
associated phase-shifting means (14) to phase-
shift the sub-signals (13) so that the array transmits
the signal steered in a chosen direction; character-
ised in that each of the phase-shifting means (14)
comprises a phase-shifter according to any preced-
ing claim.

A steerable phased array antenna according to
Claim 17 and further comprising a power amplifier
(11) connected between the input supplying the sig-
nal to the array and the splitter (12).

A steerable phased array antenna comprising a plu-
rality of receiving antenna elements (15) having as-
sociated phase-shifting means (14) to phase-shift
the signals supplied by the antenna elements(15)
and a combiner (12) connected to the phase-shift-
ing means (14) to combine the phase-shifted sig-
nals, characterised in that the phase-shifting
means (14) comprises a phase-shifter according to
any one of Claims 1 to 16.

A steerable phased array antenna according to
Claim 19 and further comprising a plurality of am-
plifiers (16) connected between respective phase-
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shifting means (14) and the combiner (12).

Patentanspriiche

1.

Phasenverschieber mit: einer Phasenverande-
rungseinrichtung, um eine Phasenverschiebung ei-
nes Signals zu bewirken, dessen Phase gesteuert
werden soll, und einem Stellglied (20), das die Ge-
stalt als Antwort auf ein elektrisches Steuersignal
andert, wobei das Stellglied mechanisch mit der
Phasenveranderungseinrichtung verbunden ist, so
daf} die Gestaltsdnderung des ersteren zu einem
Phasenveranderungsvorgang bei der letzteren
fuhrt; dadurch gekennzeichnet, daR das Stellglied
einen rohrenférmigen Stator (22) aus einem piezo-
elektrischen oder magnetostriktivem Material auf-
weist; daR ein Kolben (26) koaxial innerhalb des
Stators angebracht ist und ein Lagerglied (24) zwi-
schen dem Stator (22) und dem Kolben (26) ange-
bracht ist, wobei der Stator (22) sich in einer unge-
fahr kegelstumpfformigen Art als Antwort auf das
Steuersignal verformt, wodurch das Lagerglied (24)
veranlal3t wird, axial entlang des Stators (22) zu rol-
len, wobei die Bewegung des Lagerelements (24)
ihrerseits die axiale Bewegung des Kolbens (26)
bewirkt.

Phasenverschieber nach Anspruch 1, fir welchen
der Stator ein piezoelektrisches, réhrenférmiges
Glied (22) aufweist, das eine Elekrodenanordnung
(23,25) an seinen inneren und auleren, gewdlbten
Oberflachen hat, um an eine Quelle der Steuera-
pannung anzukoppeln, und wobei das Lagerglied
(24) ein elastisch verformbares Glied mit einem un-
geféhr ringférmigen Querschnitt ist,

Phasenverschieber nach Anspruch 1 oder An-
spruch 2, fir welchen der Stator einen Schlitz (30)
hat, der sich vollstdndig durch die Wand (28) des
réhrenférmigen Glieds (22) erstreckt und auf einem
spiralférmigen Pfad um das réhrenférmige Glied
(22) lauft.

Phasenverschieber nach einem vorhergehenden
Anspruch, fir welchen die Phasenveranderungs-
einrichtung ein Reflexionsglied (34) aufweist, das
an dem Kolben (26) angebracht ist, wobei das Re-
flexionselement (34) im Inneren einer Wellenleitan-
ordnung (38,40) angebracht ist, wobei das Anlegen
einer Steuerspannung an das Stellglied (20) be-
wirkt, daf} das Reflexionselement (34) sich im In-
nern der Wellenleitanordnung (38,40) bewegt, wo-
durch eine Pfadlange eines Signals veréndert wird,
dal sich entlang der Wellenleitanordnung fort-
pflanzt.

Phasenverschieber nach Anspruch 4, fir welchen
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10.

die Wellenleitanordnung einen ersten (40) und
zweiten (38), parallelen Wellenleiter auf weist, wo-
bei die Wellenieiterhohlrdume (44) Gber zumindest
einen Teil der gemeinsamen Lange miteinander
verbunden sind, wobei der erste Wellenleiter (40)
ein Stahlelement (48) aufweist, um Strahlung zu er-
zeugen, die sich entlang des ersten Wellenleiters
(40) zu dem Reflexionselement fortpflanzen soll,
und wobei der zweite Wellenleiter eine Strahlungs-
6ffnung (50) hat, in der bei der Verwendung Strah-
lung, die in dem ersten Wellenleiter (40) von dem
Reflexionsglied (34) in den zweiten Wellenleiter
(38) reflektiert wird und durch die Strahlungsoff-
nung (50) austritt.

Phasenverschieber nach einem der Anspriiche 1
bis 3, fir welchen die Phasenveranderungseinrich-
tung einen Wellenleiter (54,72), der eine oder meh-
rere, dielektrische Platten (56,74) aufweist, die aus
einem Material mit einer ersten, dielektrischen Kon-
stante bestehen und an dem Wellenleiter ange-
bracht sind, und eine bewegliche, dielektrische
Platte (58,76) aufweist, die aus einem Weckstoff mit
einer zweiten, dielektrischen Konstante besteht
und in einer Zusammenarbeitsbeziehung mit einer
oder mehreren, feststehenden Platten (56,74) an-
gebracht ist, wobei die bewegliche Platte (58,76)
mit dem Kolben (26,73) verbunden ist.

Phasenverschieber nach Anspruch 6, fir welchen
die eine oder mehreren, feststehenden Platten (56)
an einer inneren Oberflache der Wellenleiterwand
befestigt sind und einen seitlich, im Grunde zentra-
len Hohlraum, der frei von einem dielektrischen
Werkstoff ist, definieren und wobei die bewegliche
Platte (58) so angebracht ist, dal® sie axial beweg-
lich innerhalb des im Grunde zentralen Hohlraums
ist.

Phasenverschieber nach Anspruch 7, fir welchen
der Wellenleiter (54) an einem Ende des Stellglied-
stators (22) angebracht ist und die bewegliche, di-
elektrische Platte (58) mit dem Kolben (26) durch
einen Stof3stab (60) verbunden ist.

Phasenverschieber nach Anspruch 7, fir welchen
der Kolben (73) hohl ist und der Wellenleiter (72) in
dem Kolben angebracht ist.

Phasenverschieber nach Anspruch 9, fiir welchen
die bewegliche, dielektrische Platte (76) mit dem
Kolben (73) durch einen Verbindungsarm (70) ver-
bunden ist, der von dem Kolben (73) radial nach in-
nen ragt und im Inneren axial orientierte Schlitze
(71) enthalt, die in der Wand des Wellenleiters (72)
und in einer oder mehreren der feststehenden, di-
elektrischen Platten (74) vorgesehen sind.
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Phasenverschieber nach einem der Ansprliche 6
bis 10, der aulRerdem einen Starter (62) in der Wand
des Wellenleiters an einer Stelle, die nicht die fest-
stehenden (56,74) oder beweglichen (58,76), di-
elektrischen Platten besetzt ist, aufweist, wobei der
Starter (62) dazu dient, eine Welle zu erzeugen, die
durch die Platten hindurchlauft und durch eine
Strahlungsoéffnung des Wellenleiters austritt.

Phasenverschieber nach einem der Anspriiche 6
bis 11, flir welchen die erste, dielektrische Konstan-
te ungefahr der zweiten, dielektrischen Konstante
entspricht.

Phasenverschieber nach einem der Anspriiche 1
bis 3, fiir welchen die Phasenveranderungseinrich-
tung ein dielektrisches Gel (86) aufweist, das sich
innerhalb eines Wellenleiters (54) befindet,

Phasenverschieber nach Anspruch 13, fir welchen
das dielektrische Gel (86) in einem Beutel (80) ent-
halten ist, dessen auRere Oberflache an einer inne-
ren Oberflache einer Wand des Wellenleiters (54)
angebracht ist und dessen transversal zentrales
Endstlick mit dem Kolben (26) verbunden ist.

Phasenverschieber nach Anspruch 14, fiir welchen
der Kolben (26) an dem Beutel (80) lber eine be-
wegliche, dielektrische Platte (76) angebracht ist.

Phasenverschieber nach Anspruch 15, fiir welchen
die bewegliche Platte (76) und das Gel (86) unge-
fahr die gleiche, dielektrische Konstante haben.

Steuerbare Gruppenantenne mit einem Eingang,
um die Gruppe mit einem Signal zu versorgen, ei-
nem Teiler (12), um das Signal in mehrere Untersi-
gnale (13) zu teilen, und mehreren Antennenele-
menten (15), um die Untersignale zu Ubertragen,
wobei den Antennenelementen (15) Phasenver-
schiebungseinrichtungen zugeordnet sind, um die
Untersignale (13) so in der Phase zu verschieben,
daR die Gruppe die Signale, die in eine gewahlte
Richtung gesteuert werden, Uibertragt; dadurch ge-
kennzeichnet, daB jede der Phasenverschie-
bungseinrichtungen (14) einen Phasenverschieber
nach einem der vorhergehenden Anspriiche auf-
weist.

Steuerbare Gruppenantenne nach Anspruch 17,
die auBerdem einen Leistungsverstarker (11) auf-
weist, der zwischen dem Eingang, der die Gruppe
mit dem Signal versorgt, und dem Teiler (12) ver-
bunden ist.

Steuerbare Gruppenantenne mit mehreren Emp-
fangsantennenelementen (15), denen Phasenver-
schiebungseinrichtungen (14) zugeordnet sind, um
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20.

16

das Signal in der Phase zu verschieben, das von
den Antennenelementen (15) bereitgestellt wird,
und einem Kombinator (12), der mit der Phasenver-
echiebungseinrichtung (14) verbunden ist, um die
phasenverschobenen Signale zu kombinieren, da-
durch gekennzeichnet, daB die Phasenverschie-
bungseinrichtung (14) einen Phasenverschieber
nach einem der Anspriiche 1 bis 16 aufweist.

Steuerbare Grupperiantenne nach Anspruch 19,
die auBerdem mehrere Verstarker (16) aufweist, die
zwischen den entsprechenden Phasenverschie-
bungseinrichtungen (14) und dem Kombinator (12)
verbunden sind.

Revendications

Déphaseur comprenant : des moyens de modifica-
tion de phase pour introduire un déphasage dans
un signal dont la phase doit étre controlée et un ac-
tionneur (20) qui change de forme en réponse a un
signal de commande électrique, dans lequel I'ac-
tionneur est connecté mécaniquement aux moyens
de modification de phase de telle sorte que le chan-
gement de forme de celui-ci entraine une action de
modification de phase dans ces derniers ; caracté-
risé en ce que l'actionneur comprend un stator tu-
bulaire (22) en un matériau piézoélectrique ou
magnétostrictif ; un piston (26) agencé de maniére
coaxiale a l'intérieur du stator et un élément de sup-
port (24) agencé entre le stator (22) et le piston (26),
dans lequel le stator (22) se déforme d'une maniére
approximativement frustro-conique en réponse
audit signal de commande, entrainant de ce fait le
déplacement axial de I'élément de support (24) le
long du stator (22), le mouvement de I'élément de
support (24) entrainant a son tour le mouvement
axial du piston (26).

Déphaseur selon la revendication 1, dans lequel le
stator comprend un élément tubulaire piézoélectri-
que (22) ayant une structure d'électrode (23, 25) sur
ses surfaces incurvées interne et externe pour le
coupler a une source de la tension de commande
et I'élément de support (24) est un élément élasti-
quement déformable d'une section transversale ap-
proximativement annulaire.

Déphaseur selon la revendication 1 ou la revendi-
cation 2, dans lequel le stator posséde une fente
(30) s'étendant completement a travers la paroi (28)
de I'élément tubulaire (22) et qui décrit une trajec-
toire hélicoidale sur I'élément tubulaire (22).

Déphaseur selon I'une quelconque des revendica-
tions précédentes, dans lequel les moyens de mo-
dification de phase comprennent un élément réflé-
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chissant (34) fixé au piston (26), I'élément réfléchis-
sant (34) étant agencé a l'intérieur d'un dispositif de
guide d'ondes (38, 40), moyennant quoi l'applica-
tion d'une tension de commande sur I'actionneur
(20) entraine le déplacement de I'élément réfléchis-
sant (34) a l'intérieur du mécanisme de guide d'on-
des (38, 40), modifiant de ce fait une longueur de
trajectoire d'un signal propagé le long du dispositif
de guide d'ondes.

Déphaseur selon la revendication 4, dans lequel le
dispositif de guide d'ondes comprend un premier
(40) et un second (38) guides d'ondes paralléles,
les cavités des guides d'ondes communiquant (44)
les unes avec les autres sur au moins une partie de
leur longueur commune, le premier guide d'ondes
(40) contenant un élément rayonnant (48) pour pro-
duire un rayonnement devant étre propagé le long
du premier guide d'ondes (40) vers I'élément réflé-
chissant et le second guide d'ondes ayant une
ouverture rayonnante (50), dans lequel, lors de I'uti-
lisation, le rayonnement se propageant dans le pre-
mier guide d'ondes (40) est réfléchi depuis I'élé-
ment réfléchissant (34) a l'intérieur du second guide
d'ondes (38) et vers I'extérieur a travers l'ouverture
rayonnante (50).

Déphaseur selon I'une quelconque des revendica-
tions 1 a 3, dans lequel les moyens de modification
de phase comprennent un guide d'ondes (54 ; 72)
contenant une ou plusieurs plaques diélectriques
(56 ; 74) constituées en un matériau d'une premiére
constante diélectrique, fixées au guide d'ondes et
une plaque diélectrique mobile (58 ; 76) constituée
en un matériau d'une seconde constante diélectri-
que agencée en relation de coopération avec la ou
les plaques diélectriques fixes (56 ; 74), la plaque
mobile (58 ; 76) étant connectée au piston (26 ; 73).

Déphaseur selon la revendication 6, dans lequel la
ou les plaques fixes (56) sont fixées a une surface
interne de la paroi de guide d'ondes et définissent
une cavité sensiblement centrale latéralement
exempte de matériau diélectrique, et dans lequel la
plague mobile (58) est agencée pour étre mobile
dans le sens axial a l'intérieur de ladite cavité sen-
siblement centrale.

Déphaseur selon la revendication 7, dans lequel le
guide d'ondes (54) est fixé a une extrémité du stator
(22) de I'actionneur et la plaque diélectrique mobile
(58) est connectée au piston (26) au moyen d'une
tige-poussoir (60).

Déphaseur selon la revendication 7, dans lequel le
piston (73) est creux et le guide d'ondes (72) est
situé dans le piston.

10

15

20

25

30

35

40

45

50

55

10

10.

11.

12.

13.

14.

15.

16.

17.

18.

18

Déphaseur selon la revendication 9, dans lequel la
plaque diélectrique mobile (76) est connectée au
piston (73) au moyen de bras de liaison (70) faisant
saillie de fagon radiale vers l'intérieur a partir du pis-
ton (73) et se trouvant a l'intérieur de fentes (71)
orientées dans le sens axial situées dans la paroi
du guide d'ondes (72) et dans une ou plusieurs des
plaques diélectriques fixes (74).

Déphaseur selon I'une quelconque des revendica-
tions 6 a 10, comprenant en outre un lanceur (62)
situé dans la paroi du guide d'ondes a un emplace-
ment non occupé par les plaques diélectriques fixes
(56 ; 74) ou mobiles (58 ; 76), le lanceur (62) ser-
vant a générer une onde qui passe a travers les pla-
ques et se dirige vers I'extérieur via une ouverture
rayonnante du guide d'ondes.

Déphaseur selon I'une quelconque des revendica-
tions 6 a 11, dans lequel ladite premiére constante
diélectrique est quasiment identique a ladite secon-
de constante diélectrique.

Déphaseur selon I'une quelconque des revendica-
tions 1 a 3, dans lequel les moyens de modification
de phase comprennent un gel diélectrique (86) con-
tenu a l'intérieur d'un guide d'ondes (54).

Déphaseur selon la revendication 13, dans lequel
le gel diélectrique (86) est contenu a l'intérieur d'un
sachet (80), dont une surface externe est fixée a
une surface interne d'une paroi du guide d'ondes
(54) etdontune partie d'extrémité transversalement
centrale est fixée au piston (26).

Déphaseur selon la revendication 14, dans lequel
le piston (26) est fixé au sachet (80) par le biais
d'une plaque diélectrique mobile (76).

Déphaseur selon la revendication 15, dans lequel
la plague mobile (76) et le gel (86) ont environ la
méme constante diélectrique.

Antenne réseau orientable a commande de phase,
comprenant une entrée pour fournir un signal au ré-
seau, un séparateur (12) pour diviser le signal en
une pluralité de sous-signaux (13) et une pluralité
d'éléments d'antenne (15) pour transmettre les
sous-signaux, les éléments d'antenne (15) ayant
des moyens de déphasage associés (14) pour dé-
phaser les sous-signaux (13) de telle sorte que le
réseau transmette le signal orienté dans une direc-
tion choisie ; caractérisée en ce que chacun des
moyens de déphasage (14) comprend un dépha-
seur selon l'une quelconque des revendications
précédentes.

Antenne réseau orientable a commande de phase
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selon la revendication 17 et comprenant en outre
un amplificateur de puissance (11) connecté entre
I'entrée fournissant le signal au réseau et le sépa-
rateur (12).

19. Antenne réseau orientable a commande de phase
comprenant une pluralité d'éléments d'antenne de
réception (15) ayant des moyens de déphasage as-
sociés (14) pour déphaser les signaux fournis par
les éléments d'antenne (15) et un combineur (12) 170
connecté aux moyens de déphasage (14) pour
combiner les signaux déphasés, caractérisée en
ce que les moyens de déphasage (14) compren-
nent un déphaseur selon 'une quelconque des re-
vendications 1 a 16. 15

20. Antenne réseau orientable a commande de phase

selon la revendication 19 et comprenant en outre

une pluralité d'amplificateurs (16) connectés entre

les moyens de déphasage correspondants (14) et 20

le combineur (12).
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