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Description

Field of the Invention

[0001] This invention relates to radar and other micro-
wave antennas. By "microwave antenna" we mean one
having an operating frequency of at least 300MHz. The
invention is particularly but not exclusively suitable for
phased arrays.

[0002] Phased array antenna systems are well known
in the antenna art. Such antennas generally comprise a
plurality of radiating antennas that are individually con-
trollable with regard to relative phase and amplitude. The
antenna pattern of the array is selectively determined by
the geometry of the individual antennas and the selected
phase/amplitude relationships among the antennas.
Typical radiating elements for such antenna systems
may comprise dipoles, slots or any other suitable ar-
rangement.

[0003] Microwave antennas include a wide variety of
designs for various applications, such as satellite recep-
tion, remote broadcasting, or military communication. For
low profile applications printed circuit antennas may be
used.

Related Art

[0004] A schematicdiagram of alow profile, highly cou-
pled dipole array is illustrated in Figure 1. This particular
array comprises a periodic arrangement of dipoles each
having a span (periodicity) of around 10mm. The target
bandwidth of the antenna array is approximately 2 GHz
to 18 GHz. Such antennas are more attractive for use in
a low profile antenna than antennas using Vivaldi ele-
ments, for example, which are much taller for a similar
range of frequencies.

[0005] Such a dipole array usually forms part of a lay-
ered structure, including a dielectric substrate upon
which the dipole array is printed and dielectric spacer
material separating the dipole array from a ground plane.
Further dielectric layers may also be included to improve
the performance at wide scan angles.

[0006] However, there is a problem with using such a
highly coupled dipole array for applications requiring a
low profile antenna. Such antennas have a so-called "ver-
tical" feed structure to connect the elements of the dipole
array to adriving circuit which extends through the ground
plane. By "vertical" is meant substantially normal or per-
pendicular to the plane of the dipole array.

[0007] A problem arises with feeding a planar array of
dipoles, for example, because the vertical feed structure
will support unwanted currents. In a scanned array, these
unwanted currents are present even when using a bal-
anced feed structure such as twin wire transmission line.
These currents are excited at the frequencies and range
of scan angles over which the antenna will work effec-
tively.

[0008] In order to avoid the problem of such unwanted
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common-mode currents due to the feed structure it would
be possible to feed an array of dipoles using an optical
fibre feeding an active device. However, this solution
would be expensive and largely constrained to receive-
only applications due to the limited transmit power. Fur-
thermore whilst an optical feed structure might be possi-
ble at lower frequencies which mean larger dipole struc-
tures due to larger wavelengths this will become less
feasible for smaller dipole structures such as those work-
ing around 10 GHz.

[0009] Itis desirable to produce a phased array anten-
na having high bandwidth and high scan range whilst
also having a low profile and being light in weight. Of
course, it is also desirable to produce such antenna at
as low a cost as possible.

[0010] Our co-pending patent application, published
as WO 2009/047553, seeks to provide one solution to
this problem of unwanted common-mode currents by at
least partially surrounding each feed structure with a fer-
rite element to suppress the unwanted currents over the
feed structure. The presentinvention offers an alternative
approach.

[0011] In one aspect the invention provides a radar or
other microwave antenna comprising at least one anten-
na element, a feed structure for the element extending
to the antenna element substantially normally thereto
through a dielectric substrate, and characterised in that
the dielectric substrate is anisotropic thereby to reduce
unwanted common-mode currents in the feed structure.
[0012] The invention also provides an antenna array
(which may be a phased array) having a number of an-
tenna elements as set forth above. The following optional
features may be included in the antenna element or the
array, as appropriate.

[0013] Thedielectric substrate may selectively present
an impedance to electric fields polarised in a first direc-
tion, parallel to the feed structure, which is relatively high
compared to an impedance presented to electric fields
polarised orthogonally to that first direction.

[0014] The dielectric substrate may comprise elongate
electrically conductive elements having their longitudinal
axes generally aligned in the first direction, and being
distributed through the dielectric substrate.

[0015] Thus in another aspect the invention provides
a radar or other microwave antenna comprising at least
one antenna element disposed in an antenna substrate,
a feed structure for the element extending to the element
substantially normally thereto through a dielectric sub-
strate, and characterised by an array of discrete elongate
elements distributed through the dielectric substrate, the
elements being spaced from the feed structure and dis-
posed with their longitudinal axes aligned in a first direc-
tion that is parallel to the feed structure.

[0016] The elongate elements may present relatively
high impedance to electric fields polarised in that first
direction.

[0017] The antenna elements may be spaced apart in
at least one direction, the spacing of the elongate ele-
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ments in that at least one direction being regular from
element to element and being a sub-multiple of the di-
mension (periodicity) of the antenna elements in that at
least one direction.

[0018] Thus the antennas may be spaced apart in two
orthogonal directions, the spacing of the elongate ele-
ments in each of the two orthogonal directions being a
sub-multiple of the dimension (periodicity) of the antenna
elements in each of those two orthogonal directions.
[0019] The said spacing of the elongate elements may
be one half to one eighth and preferably one fourth of the
respective dimension of the antenna elements.

[0020] The elongate elements may be spaced apart
by a distance several times less, for example 4 to 16
times less, preferably 8 times less than the shortest wave-
length of signals which the antenna is designed to trans-
mit or receive.

[0021] The antenna elements may comprise pairs of
dipoles, one of which dipoles is aligned in a second di-
rection, the other of which is aligned orthogonally to the
first and second directions.

[0022] The elongate elements may extend only par-
tially through the thickness of the dielectric substrate nor-
mal to the antenna element.

[0023] The dielectric material may extend from the an-
tenna element to a ground plane disposed substantially
parallel to said antenna element, the elongate elements
having ends spaced from at least one of the substrate
and the ground plane.

[0024] The length of the elongate elements may be
between 50% and 90% of the distance between the an-
tenna element and the ground plane, and preferably
about 70%. The elongate elements may be rod-like.
[0025] The elongate elements may be circular in sec-
tion and have a length to diameter ratio in the range of
between 5 and 15 to 1 and preferably 7 to 1.

[0026] The elongate elementsin operation may couple
capacitively to the ground plane.

[0027] The elongate elements may be made of copper
or aluminium or other electrically conducting materials..
[0028] The dielectric substrate may be of a material of
relatively low dielectric constant, preferably chosen from
amongst low density foam materials such as closed-cell
polyurethane foam..

[0029] The invention will now be described merely by
way of example with reference to the accompanying
drawings, wherein:

Figure 1 is an illustration of one example of a highly
coupled dipole array for use in a phased array an-
tenna;

Figure 2 is a second example of a highly coupled
dipole array for use in a phased array antenna;

Figure 3 is an illustration of an antenna element
showing various layers in an antenna structure.
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Figure 4a is an illustration of balanced currents in a
feed structure;

Figure 4b is an example of an unbalanced current in
a feed structure, and

Figures 5 and 6 are an illustration of an embodiment
of the present inventions, Figure 6 being a section

on line 6-6 of Figure 5.

Detailed Description

[0030] Figure 1 illustrates schematically a highly cou-
pled dipole array 11 comprising a substantially planar
periodic arrangement of antenna elements 12. Each an-
tenna element 12 comprises four conducting arms 13
which form two orthogonal dipole antennas and provide
dual polarisation. T-shaped elements 14 at the end of
each arm 13 increase the series capacitance between
adjacent antenna elements 12 in order to improve the
antenna bandwidth. Each conducting arm has afeed por-
tion 15 located at the centre of the antenna element 12
for receiving an electrical signal. A dielectric substrate
for supporting the dipole array 11 (as is conventional in
printed circuit antennas) is not shown.

[0031] Figure 2 illustrates schematically a second ex-
ample of a highly coupled dipole array 21 comprising a
substantially planar periodic arrangement of antenna el-
ements 22 supported by a thin dielectric substrate (not
shown in Figure 2). Each antenna element 22 comprises
four substantially identical conducting arms 23 which
form two orthogonal dipole antennas and provide dual
polarisation. Parallel line coupling elements 24 which are
provided on the opposite side of the thin dielectric sub-
strate to that of the dipole elements serve to increase the
series capacitance between adjacent antenna elements
22 in order to improve the antenna bandwidth. A section
Z-Z of the antenna array is shown in Figure 2 (with the
thickness of the arms 23 and the coupling element 24
greatly exaggerated) to illustrate a side view of a coupling
element 24.

[0032] It will be appreciated that the arrangement
shown in Figure 2 is not as convenient as the arrange-
ment shown in Figure 1 if itis desired to produce a dipole
array spanning more than one substrate section as a
coupling element 24 would have to span two substrate
sections.

[0033] Figure 3 is a perspective view of an antenna
element 22 shown in Figure 2 illustrating the layers which
were used in an antenna simulation. The antenna ele-
ment 22 includes a feed structure 32 comprising a coaxial
cable feeding each conducting arm 23 (a conducting arm
from each of four adjacent antenna elements are also
shown). A spacer layer 34 of a dielectric material sepa-
rates the layer of conducting arms 23 from a ground plane
layer (not shown). A relatively thin dielectric substrate
layer 36 supports the conducting arms 23 and coupling
elements 24.
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[0034] Because the substrate layer 36 has a dielectric
constant of 2.2 and air has a dielectric constant of ap-
proximately 1, further dielectric layers - a first dielectric
layer 38 and a second dielectric layer 40 - are provided
to cover the layer of conducting arms 23 to smooth the
differences in the dielectric properties between the sub-
strate 36 and air and to improve the scan angle of an
antenna array 21 made up of a periodic structure of the
antenna elements 22. In this example, a first dielectric
layer 38 having a dielectric constant of 2.0 supports a
second dielectric layer 40 having a dielectric constant of
1.33 between the substrate layer 36 and air. In this de-
scription the feed structure is sometimes referred to as
a vertical feed structure, although it will be appreciated
that an antenna array 21 may be in any orientation when
in use.

[0035] The effective scanning angle of a phased array
antenna is limited by the voltage standing wave ratio
(VSWR) achieved in the feed structure when phases are
applied to the antenna elements in order to scan in the
plane of the electric field (the E plane) and the plane of
the magnetic field (the H plane) which are orthogonal to
one another. Predictions of the VSWR performance can
be generated using conventional antenna modelling soft-
ware.

[0036] Ideally the VSWR should be below 2:1 but a
ratio of 2.5:1 can be tolerated for very wide bandwidth
and scan angle operation.

[0037] Excessive VSWR can arise due to unwanted
currents in the feed structure 32. Figures 4a and 4b show
conductive arms 23 fed by a feed structure 32, each con-
ductive arm 23 being fed by a coaxial cable 50. Figure
4a illustrates, by means of arrows, balanced currents in
the feed structure. Figure 4b on the other hand shows
undesirable unbalanced or common mode currents
which if not suppressed will cause noise in signals re-
ceived by the conductive arms 23.

[0038] In a preferred embodiment of the invention,
shown in Figures 5 and 6, the undesirable common mode
currents are suppressed by concentrating the horizon-
tally propagating vertically-polarised electric fields which
produce them into an array of conductive rods distributed
through the dielectric material of spacer layer 34 sur-
rounding and spaced apart from the feed structures 32.
The dimensions of the rods are chosen to cause the cur-
rents to dissipate rather than travel in the feed structure.
Furthermore, the spacing and distribution of the rods is
chosen so as to appear homogeneous to signals at the
operational wavelengths for the antenna.

[0039] ReferringtoFigures5and6 (in which previously
described items are labelled with the same reference nu-
merals), an antenna element structure 60 is shown in
which conducting elements 63 of an antenna element 62
are in this embodiment triangular in shape so as to in-
crease the series capacitance between the conducting
elements 63 of adjacent antenna elements 62. The die-
lectric layers 38 and 40 of Figure 3 are present also in
this structure 60, although not shown. The feed structure
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32 is located at the centre of the antenna element struc-
ture 60 in a manner already described with reference to
Figures 1 and 3.

[0040] The feed structure 32 and the conducting ele-
ments 63 in this example are set at a pitch of 13mm in
both the x and y directions in the substrate layer 36. Thus,
the periodicity of antenna elements in an array antenna
comprising a periodic arrangement of the square antenna
elements 62 is 13mm. The substrate layer 36 is posi-
tioned 10.4mm above a base substrate 46 which includes
a strip-line ground plane.

[0041] The spacer layer 34 consists of material of a
relatively low dielectric constant (for example poly-
urethane foam, which has a dielectric constant approxi-
mating to that of free space, or other low density foam)
in which are distributed an array of parallel, vertical, sub-
stantially equally spaced elongate rods 51 of for example
copper or aluminium alloy or other electrically conducting
material. The rods 51 are set at a pitch of 3.25mm in the
x and y directions, one quarter the (13mm) pitch of the
antenna elements 62. The antenna array is designed for
use at a maximum frequency of 11.5GHz, equivalent to
a wavelength of 26mm. The pitch of the conductive rods
51 is thus one eighth of a wavelength and that of the
antenna elements is one half of the wavelength of the
highest frequency signals for which the antenna is de-
signed.

[0042] In this example the rods are 7.2mm long and
are of circular section with a diameter of 1.0mm. Their
length to diameter ratio is thus 7.2:1. The rods 51 are
suspended in the dielectric material 34 so that the lower
end of each rod 51 is 0.7mm from the ground plane and
the upper end is 2.5mm from the underside of the sub-
strate layer 36. The lower end of the rod 51 is capacitively
coupled to the ground plane due to its proximity thereto
and acts in combination with the inductance of the rod
51 to form a tuned circuit that dissipates the energy in
the unwanted electric fields. Due to the relatively large
gap between the top of the rods 51 and the antenna el-
ements 62 there is negligible coupling between them.
[0043] The elongate shape of the rods 51 and their
parallel vertical orientation between the conducting ele-
ments 63 and the ground plane layer 46 results in the
dielectric layer 34 having different properties in the z di-
rection (normal to the conducting elements 63) compared
to its properties in the x and y directions. This enables
the vertically polarised fields inducing undesirable com-
mon-mode currents to be suppressed whilst having little
effect on the horizontally polarised fields associated with
the induced currents in the conducting elements 63 of
the antenna elements 62 which are necessary for trans-
mission and reception.

[0044] Tofacilitate manufacture, the spacerlayer com-
prises upper and lower portions 52, 54, shown in Figure
6, each with an array of blind holes to receive the rods
51. The rods are placed in the lower portion 54 and then
the upper portion 52 is placed on top and bonded to the
lower portion 54, or vice versa.
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[0045] It will be appreciated that various alterations,
modifications, and/or additions may be introduced into
the constructions, arrangements and dimensions of parts
described above without departing from the scope of the
present invention as defined in the appended claims.
[0046] Although the invention has been discussed
specifically referring to coaxial cables, other vertical feed
structures, for example strip line or any other electrical
conductor feeding an antenna array in parallel may ben-
efit from the invention.

[0047] Although the invention has been described, us-
ing two dielectric layers 38, 40 between the antenna array
and air, fewer, more or no dielectric layers may be used.
Furthermore the portions 52, 54 of dielectric layer 34 may
be of different materials.

[0048] Although the invention has been described in
the context of arrays of antennas having four conducting
arms (elements), the invention may also benefit arrays
of antenna elements having two conducting arms and
may also benefit other types of antenna or antenna array
structures where a parallel (or 'vertical’) electrical feed
structure is required.

[0049] The dimensions and material properties de-
scribed above relate to a specific example array antenna.
However, variations are possible, according to the in-
tended frequency range of operation of the antenna,
which would be understood by a person of ordinary skill
in the art and which fall within the scope of the present
invention as defined in the claims.

Claims

1. A radar or other microwave antenna comprising at
least one antenna element, a feed structure for the
element extending to the antenna element substan-
tially normally thereto through a dielectric substrate,
and characterised in that the dielectric substrate
is anisotropic thereby to reduce unwanted common-
mode currents in the feed structure.

2. Anantenna asinclaim 1, wherein the dielectric sub-
strate selectively presents an impedance to electric
fields polarised in a first direction parallel to the feed
structure which is relatively high compared to an im-
pedance presented to electric fields polarised or-
thogonally to said first direction.

3. Anantennaasin Claim 2, wherein the dielectric sub-
strate comprises elongate electrically conductive el-
ements having their longitudinal axes generally
aligned in said first direction, and being distributed
through the dielectric substrate.

4. A radar or other microwave antenna comprising at
least one antenna element, a feed structure for the
element extending to the element substantially nor-
mally thereto through a dielectric substrate, and
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10.

11.

12.

13.

characterised by an array of discrete elongate el-
ements distributed through the dielectric substrate,
the elements being spaced apart from the feed struc-
ture and disposed with their longitudinal axes aligned
in afirst direction that is parallel to the feed structure.

An antenna as in claim 4, wherein the elongate ele-
ments present a relatively highimpedance to electric
fields polarised in said first direction.

An antenna as in any one of claims 3, 4 or 5, wherein
the elongate elements are spaced apart by a dis-
tance that is several times less, for example 4 to 16
times less, preferably 8 times less than the shortest
wavelength of signals that the antenna is designed
to transmit or receive.

An antenna as in any one of the preceding claims,
wherein the at least one antenna element comprises
pairs of dipoles, one of which dipoles is aligned in a
second direction, orthogonal to said first direction,
the other of which is aligned orthogonally to said first
and second directions.

An antenna as in claim 3 or claim 4 or any claim
dependent therefrom, wherein the elongate ele-
ments extend only partially through the thickness of
the dielectric substrate, normal to the antenna ele-
ment.

An antenna as in claim 8, wherein the dielectric sub-
strate extends from the dipoles of the antenna ele-
ment to a ground plane disposed substantially par-
allel to said dipoles, the dielectric substrate compris-
ing a material of relatively low dielectric constant,
preferably chosen from amongst low density poly-
urethane foams with low dielectric constant, and
wherein the elongate elements have ends spaced
from the ground plane such that, in operation, they
couple capacitively to the ground plane.

An antenna as in claim 9, wherein the length of the
elongate elements is between 50% and 90% of the
distance between the dipoles and the ground plane,
and preferably about 70%.

An antenna as in claim 9 or claim 10, wherein the
elongate elements are circular in section and have
a length to diameter ratio in the range of 5 to 15 and
preferably 7 to 1.

An antenna as in claim 3 or claim 5 or any claim
dependent thereform, wherein the elongate ele-
ments are rod-like.

An antenna array comprising a plurality of antenna
elements as in any preceding claim.
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An array as in claim 13 when dependent from claim
3 or claim 4, or any claim dependent therefrom,
wherein the antenna elements are regularly spaced
apartin atleast one direction, the spacing of the elon-
gate elements in said at least one direction being
regular from antenna element to antenna element
and being a sub-multiple of the dimension of the an-
tenna elements in said at least one direction.

An array as in claim 14 wherein the antenna ele-
ments are regularly spaced apart in two orthogonal
directions, the spacing of the elongate elements in
each of said two orthogonal directions being one half
to one eighth and preferably one fourth of the re-
spective dimension of the antenna elements.
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