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(57)  Anantenna for transmitting or receiving electro-
magnetic waves comprises several electric dipoles po-
sitioned over a conducting ground plane (4). The dipoles
are arranged in pairs of oppositely located dipoles, and
they are arranged in such a way that the geometrical
centres of each dipole pair are at least approximately

coinciding. The dipoles are supported at certain heights
over the ground plane, the height being the same for
each dipole pair, by means of a support structure (5) ar-
ranged between the dipole and the ground plane, where-
in this support structure is at least partly made of electri-
cally conducting material.
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Description

Field of the invention

[0001] The present invention relates to a broadband
multi-dipole antenna, and in particular an antenna that
has low input reflection coefficient, low cross polarization,
rotationally symmetric beam and constant beam width
and phase centre location over several octaves band-
width.

Background

[0002] Reflector antennas find a lot of applications
such as in e.g. radio-link point-to-point and point-to-
multipoint systems, radars and radio telescopes. Modem
reflector antennas are often fed by different types of cor-
rugated horn antennas. They have the advantage com-
pared to other feed antennas that they can provide a
rotationally symmetric radiation pattern with low cross
polarization over a large frequency band. It is also pos-
sible with appropriate choice of dimensions to obtain a
beam width that does not vary with frequency. Still, the
bandwidth is normally limited to about an octave. Corru-
gated horns are also expensive to manufacture, in par-
ticular at low frequency where their physical size and
weight become large.

[0003] Some reflector antennas are mass produced,
in particular when they are small and up to about a meter
in diameter, such as e.g. for application to satellite TV
reception or as communication links between base sta-
tions in a mobile communication network. Even within
radio astronomy there are proposals for radio telescopes
that consist of several cheap mass produced antennas,
such as the Allen telescope array (ATA) and the square
kilometer array (SKA). ATA is already in the process of
being realized in terms of mass produced large reflector
antennas, and there exist similar realistic proposals for
SKA. The requirement for bandwidth is incredible in both
ATA and SKA, covering several octaves. In some pro-
posed future mobile and wireless communication sys-
tems there are also requirements for antennas with large
bandwidth. Such systems are often referred to as ultra
wide band (UWB) systems and the broadband antenna
technology as UWB antennas. As a result of the above
there will be a need for new types of broadband antennas
in the future, in particular antennas that can be used to
feed reflectors in an efficient way.

[0004] Thereis also other commercial interests in both
broadband and multiband antenna technologies, e.g. for
satellite communication (satcom). The ground terminal
of a satcom system is very often a reflector antenna, and
itis a desire to combine several satcom frequency bands
in one antenna, e.g. two or more of the so-called L-, S-,
C-, X, Ku- and Ka-bands. In order to do this broadband
or multiband feeds are of interest.

[0005] For satcom applications it is also of interest to
use an antenna that can provide information about the
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position of the satellite relative to the pointing direction
of the antenna, in such a way that the antenna can be
moved to point exactly at the satellite. This is referred to
as tracking, and such antennas have tracking capabili-
ties. One way to obtain such pointing information is by
using a feed with several ports that can be combined to
provide so-called tracking (or difference) patterns in both
horizontal and vertical planes in addition to the common
(and in this connection so-called "sum") pattern over
which the communication signals are transferred. The
levels and phases of the signals received via the two
tracking patterns, relative to the amplitude and phase of
the signal received via the sum pattern, gives information
about the position of the satellite relative to the pointing
direction of the antenna. Therefore, there is also a need
for multiport reflector feeds for tracking purposes.

[0006] Multiport antennas are also needed in future
proposed communication systems for use in environ-
ments with fading, i.e. having large signal level variations
between the transmit antenna port and the receive an-
tenna port due to interference between many reflected
and scattered propagation paths from the transmitting to
the receiving side. The problems with the interference
minima in the channel can be reduced by setting up more
channels between the transmitting and receiving sides
using multiport antennas. Such communication systems
designed for an optimum spatial distribution of the infor-
mation between the different channels are commonly re-
ferred to as MIMO systems (multiple input multiple out-
put). Multiport antennas for such systems should have
uncoupled ports (to give uncorrelated channels) and high
radiation efficiency, whereas there ideally is no require-
ment to the antenna gain and directivity. However, it may
be desirable with an extra directive beam, because there
may in reality often be a line-of-sight component present
in the environment. Therefore, there is a need for adap-
tive or reconfigurable multiport antennas that has efficient
uncoupled ports, and in addition can provide an addition-
al directive beam. Such antennas can with advantage be
wideband to cover more communication systems, and
compact to make them cheap on the market. Conse-
quently, antennas designed as multiport feeds with track-
ing capability for satcom could also be used as multiport
antennas for MIMO systems with an extra directive beam.
[0007] There have recently been developed broad-
band feeds for reflectors that are much more broadband,
lighter and cheaper to manufacture than corrugated
horns. They have been obtained by locating four logpe-
riodic antennas together in a pyramidal geometry, see
Greg Engargiola "Non-planar log-periodic antenna feed
for integration with a cryogenic microwave amplifier",
Proceedings of IEEE Antennas and Propagation Society
international symposium, page 140-143,2002. The
beam width is constant and the reflection coefficient at
the input port is low over several octaves bandwidth.
However, for known log-periodic antennas of this kind
the phase centre moves with frequency. This causes
problems with reduced directivity due to defocusing at
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most frequencies. Also, the known log-periodic pyrami-
dal feed represents a rather complex mechanical solu-
tion.

From WO 05/015685 and WO 05/015686 by the same
inventor, it is known how to alleviate the above-men-
tioned drawbacks of previously known antennas. In par-
ticular, the antenna of WO 05/015685 and WO
05/015686 is a relatively small and simple antenna, with
atleastone, and preferably all, of the following properties:
constant beam width and directivity, low cross polariza-
tion as well as crosspolar sidelobes, low input reflection
coefficientand constant phase centre location over a very
large frequency band of several octaves. Typical numer-
ical values are between 8 and 12 dBi directivity, lower
than - 12 dB crosspolar sidelobes, and lower than -6 dB
reflection coefficient at the antenna port. At the same
time the antenna is preferably cheap to manufacture and
has a light weight.

[0008] The antenna of WO 05/015685 and WO
05/015686 is now in the scientific literature known as the
Elevenantenna, seee.g.R. Olsson, P.-S. Kildal, S. Wein-
reb, "The Eleven antenna: a compact low-profile decade
bandwidth dual polarized feed for reflector antennas”,
IEEE Transactions on Antennas and Propagation, vol.
54, no. 2, pt. 1, pp. 368-375, Feb. 2006. The reason for
this is that the basic linearly polarized radiating element
is a set of two parallel dipoles spaced half wavelength
apart, i.e. in Eleven configuration. To achieve large band-
width such parallel dipoles are scaled log-periodically
and connected together. For dual or circular polarization
an orthogonal set of log-periodically scaled dipoles is lo-
cated orthogonal to the first, with its geometrical center
coinciding with that of the first set of dipoles.

[0009] However, it is difficult to use the antennas of
WO 05/015685 and WO 05/015686 over large frequency
ranges due to problems with mechanical tolerances
when small and large mechanical parts are combined,
and in particular it is difficult to design for use at high
frequencies above typically 10 GHz.

Summary of the invention

[0010] Therefore, it is the object of the present inven-
tion to alleviate the above-discussed problems of the pri-
or art. It is a further object of the present invention to
reduce the problem of mechanical tolerances. This is
done by supporting the radiating dipoles of the general
type discussed in WO 05/015685 and WO 05/015686,
or their feed lines, or both, to the ground plane by means
of a mechanical structure in such a way that the toler-
ances are improved. In particular, the support structure
is fully or partly made of metal of other conducting ma-
terial, but we will still for simplicity call it a conducting
support structure. A special characteristic with the inven-
tion is that this support structure may comprise several
separate parts, and that these may be located in such a
way that they do not significantly deteriorate the desired
theoretical radiation characteristics of the antenna, and
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they can even be designed to improve the radiation char-
acteristics.

[0011] Accordingtoafirstaspectoftheinvention, there
is provided an antenna for transmitting or receiving elec-
tromagnetic waves comprising several electric dipoles
positioned over a conducting ground plane, character-
ized in thatthe dipoles are arranged in pairs of oppositely
located dipoles, that they are arranged in such a way that
the geometrical centres of each dipole pair are at least
approximately coinciding, and that the dipoles are sup-
ported at certain heights over the ground plane, the height
being the same for each dipole pair, by means of a sup-
port structure arranged between the dipole and the
ground plane, wherein this support structure is at least
partly made of electrically conducting material.

[0012] Theinvention can be used to feed a single, dual
or multi-reflector antenna in a very efficient way. Howev-
er, the application is not limited to this. It can be used
whenever a small, lightweight broadband antenna is
needed, and in particular when there is a requirement
thatthe beam width, directivity, polarisation or phase cen-
tre or any combination of these measures should not vary
with frequency. In addition, the antenna of the invention
can be designed with multiple ports, which makes it pos-
sible in addition to the directive beam to achieve either
tracking beams for satcom terminals or multiple uncou-
pled and efficient beams for use in MIMO systems.
[0013] The basic component, from which the desired
radiation characteristics of the antenna is constructed, is
a pair of parallel dipoles, preferably located 0.5 wave-
lengths apart and about 0.15 wavelengths over a ground
plane. This is known to give a rotationally symmetric di-
rective radiation pattern according to e.g. the book Ra-
diotelescopes by Christiansen and Hégbom, Cambridge
University Press, 1985. Such a dipole pair is also known
to have its phase centre in the ground plane. However,
the bandwidth is limited to the 10-20% bandwidth of a
single dipole.

[0014] The broadband behaviour is obtained by locat-
ing several such dipole pairs of different sizes in such a
way that their geometrical centres coincide according to
the invention in WO 05/015685 and WO 05/015686. This
means that the dipole pair operating at the lowest fre-
quency is located outermost, and that the smaller higher
frequency dipole pairs are located inside the outermost
with the highest frequency pair in the innermost position.
In addition there may be a set of similar, but orthogonally
oriented, dipole pairs with the same geometrical centre
to provide dual linear or circular polarization. All these
characteristics can be combined with the present inven-
tion.

[0015] The present invention also provides an advan-
tageous solution to feed the dipole pairs appropriately
from one or a few feed points. This can be done in many
ways, as described in WO 05/015685 and WO
05/015686, and all of these can be combined with the
present invention.

[0016] The term wire is used in the description below.
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This term must not be taken literary, as it can also mean
a conducting tube or strip as described in the patent
claims.

[0017] A standard way to feed a dipole is to connect a
two-wire feed line to a feed gap close to the centre of the
dipole. By this method several neighbouring and parallel
dipoles can be connected together with very short feed
lines. Such feeding is known from US patent 3,696,437,
said document hereby incorporated by reference. In this
feeding, the two wires of the feed line must cross each
other between two neighbouring and parallel dipoles in
order to function as intended. This means that the right
wire that is connected to the right arm of the first dipole
must be connected to the left arm of the second dipole,
and thereafter to the right arm of the third dipole, and so
on, and visa versa for the wire connected to the left arm
of the first dipole. The two wires thereby have to cross
each other without touching each other. This makes it
difficultand cumbersome to realize the antenna mechan-
ically with high precision, in particular at high frequency
when the dimensions are small and the dipoles and wires
preferably are made as metal patterns on one side of a
thin dielectric substrate. Tho of the feeding techniques
described in WO 05/015685 and WO 05/015686 do not
suffer from this disadvantage of crossing lines, as de-
scribed in the two next paragraphs, respectively. All the
feeding techniques described in WO 05/015685 and WO
05/015686 can be combined with the present invention,
and said documents are hereby incorporated by refer-
ence.

[0018] In addition, the present invention opens up for
new feeding techniques in which the metal support struc-
ture of the invention is an integral part of the feed line, to
be explained in connection with the figure descriptions
below, and in the patent claims.

[0019] The dipoles in WO 05/015685 and WO
05/015686 can be made as folded dipoles, i.e. each di-
pole is made as two parallel wires connected together at
their two outer ends. Such a folded dipole has, seen at
a feed gap at the centre of one of the wires, an input
impedance closer to that of the two-wire feed line than
normal single-wire arms. It has previously been shown
by the present inventor, in e.g. R. Olsson, P.-S. Kildal,
S. Weinreb, "The Eleven antenna: a compact low-profile
decade bandwidth dual polarized feed for reflector an-
tennas", IEEE Transactions on Antennas and Propaga-
tion, vol. 54, no. 2, pt. 1, pp. 368-375, Feb. 2006, that it
is advantageous in to connect such parallel folded di-
poles together by making a gap also at the centre of the
second wire, and continue the two-wire line from this gap
to the feed gap of the next neighbouring dipole. Thereby,
neighbouring dipoles and their feed lines form two op-
posing serpentine-shaped wires. This feed method
opens an extra possibility to tune the reflections at the
input, by making each dipole arm consist of a two-wire
inner part and a single-wire outer part, and adjusting the
location of the transition from two-wire to single-wire line.
The folded dipole feeding is described in more detail in
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WO 05/015685 and WO 05/015686, and can also be
used in combination with the present invention. In par-
ticular, it is possible to make the metal support structure
of the present invention as a ridge located directly under
the two-wire feed line all the way from the center to the
end of the feed, and to design the top of the ridge in such
a way that it becomes part of the two wire transmission
line. It is even possible to let the two wires form two sep-
arate transmission lines, each of them using the top of
the ridge as a common ground. Thereby, it will be pos-
sible to design transmission lines with lower losses. E.g.,
if the two-wire line is realized by two thin strips there will
be metal losses due to the sharp adjacent edges of the
two strips, whereas if they are located over a grounded
edge with a flat top, they appear more like two parallel
microstrip lines which have lower metal losses.

[0020] Itis also possible to feed dipoles from a single-
wire line supporting a wave between the ground-plane
and the line. This can be done by connecting together
endpoints of neighbouring dipoles, in such a way that
shorter high frequency dipoles act as feed lines for longer
low frequency dipoles. Thereby, neighbouring dipoles
and their feed lines form a single serpentine-shaped line.
This is later described in connection with Figure 8, where
it is seen that the input feeding point of the antenna is in
the centre. It is also in this case advantageous with a
conducting support structure under the central part of the
dipoles.

[0021] As already mentioned the present invention is
not limited to the feeding techniques described above.
Othertechniques, e.g. those described in connection with
the descriptions of Figures 15, 16, 17, 18 and 19 in WO
05/015685 can also be combined with the invention. They
all have crossing wires but makes the crossing in a well
controlled manner suitable for mass production with high
accuracy.

[0022] The mechanical support under the center of the
dipoles also opens up for new ways of feeding them. A
promising feeding techniques is to allow one microstrip
line, instead of two as explained before, to run along the
mechanical support ridge. This line is then connected to
one of the arms of the first dipole. The other dipole arm
is connected to the top of the metal support ridge (ground
plane). These connections and the continuation of the
microstrip line to the next dipole can be done in many
ways, both for folded and unfolded dipoles, to be ex-
plained in the figures to follow. However, the feed lines
that can be combined with the invention is not limited to
those described in these figures.

[0023] The conducting support structure according to
the invention is above described as a solid conducting
ridge that can be used as a ground plane for the feed
line. However, the conducting support structure may also
be a set of posts, connected vertically or nearly vertical
to the original ground plane. Then, there will be typically
one post per dipole set, but it can be more or less. The
posts may also be located under the feed lines between
the dipoles rather than under the dipoles themselves.
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These posts can also provide a ground plane for the feed
lines, like the supporting ridge. The posts will actually (if
they are close to quarter wavelength long under each
dipole) invert the voltage on the feed line to the next di-
pole. Thereby, we can get the required opposite feeding
of the following dipole without the need for using a folded
dipole or crossing the feed lines. Thus, posts can be de-
signed in such a way that the transmission line appears
to have voltage inverting shorted stubs, one for each di-
pole, giving the correct phase conditions for log-periodic
feeding.

[0024] In the above descriptions the ground plane is
explained as if it is a planar ground, with the conducting
support structure placed on top of if. However, the ground
plane can also have other shapes. It can have a pyram-
idal shape, so that the surface on top of the conducting
support structure becomes more flat. It can also be pro-
vided with grooves or a periodic pattern in order to im-
prove the performance as a ground plane. The invention
makes use of a dipole pair as the basic building compo-
nent. This does not necessarily mean that two such di-
poles are connected together mechanically to one unit,
e.g. by locating them on the same thin dielectric sub-
strate, in such a way that if one is removed the other is
removed as well. On the contrary, the dipole pair is only
a basic electromagnetic building component when we
construct the radiation pattern from electric current sourc-
es, i.e., we need two equal dipoles that radiate at the
same frequency and are spaced about 0.5 wavelengths
apart to get the desired rotationally symmetric radiation
pattern. Actually, the dipoles on one side of the geomet-
rical centre will normally be mechanically connected by
their feed lines, so that removing one of the dipoles of a
pair will mean that we at the same time remove one of
the dipoles of all the pairs. The connected dipoles may
also be located on the same supporting material, such
as a dielectric substrate. However, even if we normally
may do so this is not at all necessary. The dipoles to be
used together with the invention are not limited to such
realization.

[0025] The dipoles in the description are normally
thought of as being straight and about half a wavelength
long. However, they may also be V-shaped or slightly
curved or serpentined, as long as the radiation pattern
gets a rotationally symmetric beam at the frequency of
radiation of the considered dipole pair. In particular, it
has been found advantageous to make the dipoles
curved in such a way that they have a center of curvature
in the geometrical center of the antenna. Thereby, it will
be more space between the innermost dipoles, and this
may open up for using this space for locating a conven-
tional horn antenna or open-ended waveguide in order
to include a waveguide-fed higher frequency band in the
antenna. This center-located horn antenna may have one
or more corrugations, also called choke rings, around its
aperture to improve performance. Such dualband feed
antenna is covered by the subclaims of the invention.
[0026] The dipoles and feed lines can be realized as
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wires, tubes, or thin metal strips. They can also be etched
out from a metal layer on a dielectric substrate. They can
also be located on both sides of one or more thin dielectric
layers, e.g. the dipoles on one side and the feed lines on
the other side, or part of the dipoles and feed lines on
one side and the rest on the other side.

[0027] The different feed lines must be correctly excit-
ed in such a way that the radiating currents on the two
dipoles of the same dipole pair are excited with the same
phase, amplitude and direction.

[0028] US patent 5,274,390 describes a phased an-
tenna array including log-periodic antennas above a
ground plane. However, it is clear from our description
above that the invention is not a phased array antenna,
but rather that each dipole chain is excited so that the
dipoles of each dipole pair radiate with the same phase.
[0029] The present application describes a broadband
multi-dipole antenna with conducting support for the di-
poles, that has several advantages over the prior art,
such as simultaneous low input reflection coefficient, low
cross polarization, low crosspolar sidelobes, rotationally
symmetric beam and almost constant directivity, beam
width and phase centre location over several octaves
bandwidth. Further, the dipoles are fed from one or a few
centrally located feed points, and they may with advan-
tage have log-periodic dimensions.

[0030] The antennais very well suited for feeding sin-
gle, dual or multi-reflector antennas.

[0031] The centrally located feed area may contain a
balun or a 180 deg hybrid which provides a transition
from a coaxial line to the two opposite directed two-wire
lines feeding opposite located dipole chains. The balun
may be active, meaning that itis combined with a receiver
or transmitter circuit. In the case of a dual polarized an-
tenna there need to be two such baluns or 180 deg hy-
brids located in the central area. The baluns or 180 deg
hybrids can also be located behind the ground plane.
[0032] The support structure of the present invention
also allows the use of a single-wire microstrip line to feed
the dipoles, as explained above. In this case there is no
need for a balun or 180 deg hybrid in the center, which
is a big advantage. The two single-wire lines feeding op-
posing dipole sets can be connected together with the
same phase to provide correct excitation of the two sets
relative to each other. Thereby, it is much simpler to con-
nect the antenna to receivers and transmitters. In partic-
ular, it becomes simpler to integrate low noise amplifiers
with the antenna, mounted in front of or behind the ground
plane in the center region of the antenna.

[0033] For scientific applications the receivers will in
many cases be cooled to provide as low receiver noise
temperature as possible. It can also be advantageous to
cool the whole feed. This is possible with the Eleven an-
tenna, because of its small size. Then, a solid metal sup-
port structure in the form of a ridge or posts will provide
a good heat conductor close to the feed lines, which will
make them have lower temperature than the otherwise
would have. Thereby, the noise originating from the loss-
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es in the feed lines will be smaller.

[0034] The Eleven antennacan also be used as a mult-
iport antenna as explained previously. For the single-wire
feed line there is a possibility of 2 ports per polarization,
i.e. a 2x2 port antenna. This can provide one difference
pattern per polarization for tracking. For the two-wire fed
case, each wire can be fed from a separate port. This
opens up the possibility of 4 ports per polarization, i.e. a
2x4 port antenna. Thereby difference patterns in two or-
thogonal planes per polarization can be realized.
[0035] Preferably, the support structure is part of the
same metal piece as the ground plane that thereby be-
comes a profiled ground plane. It is also preferred that
the support structure comprises several parts that are
fixed to the ground plane. Each support structure may
also preferably comprises a metal ridge with a flat or al-
most flat top. According to another preferred embodi-
ment, each support structure comprises several posts
with a flat or almost flat top. It is also preferred that each
support structure has an increasing height from the ge-
ometrical center of the dipole pairs and outwards, and/or
that each support structure has an increasing width from
the geometrical center of the dipole pairs and outwards.
Each support structure may comprises both ridges and
several posts, having a flat or almost flat top. Further, at
least a part of each support structure may advantageous-
ly be connected to the ground plane inside one or more
grooves, dents or depressions in the ground plane.
[0036] Preferably, all dipole pairs are oriented in one
direction in order to transmit or receive waves of one
linear polarization. It is also preferred that approximately
half the dipole pairs are oriented in one direction and the
rest in an orthogonal direction, in order to transmit or
receive waves of dual linear polarization or circular po-
larization.

[0037] Preferably, the metal lines connecting neigh-
bouring dipoles do not cross each other.

[0038] The conducting body acting as a ground plane
is preferably non-flat.

[0039] The dipoles may advantageously be V-shaped
orcurved. The dipoles are preferably made of conducting
wires, tubes or strips and/or made by conducting strips
on a dielectric substrate.

[0040] The dipoles are preferably excited by connect-
ing together the endpoints of neighbouring parallel di-
poles so that they form serpentine-shaped lines from one
or more feed points. Alternatively, at least one dipole
comprises two oppositely directed conducting arms with
a feed gap between them may be provided, and prefer-
ably several dipoles, and most preferably essentially all
dipoles. In the latter case, each dipole arm preferably
comprises two or more conducting lines that are connect-
ed together at one or more points or over an extended
part of the arm. Further, the feed gaps of neighbouring
dipoles of different dipole pairs are preferably excited by
two-conductor feed lines starting from one or more feed
points.

[0041] According to a preferred embodiment, each di-
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pole consists of two opposite arms, and each dipole arm
comprises two conducting lines that are connected at the
outer end whereas the inner end at a feed gap is con-
nected with the inner end of the closest line of a neigh-
bouring inner or outer dipole arm, so that one set of di-
poles with feed lines are formed by two opposing ser-
pentine-shaped lines.

[0042] The dimensions of each dipole pair may be es-
sentially as follows: dipole length approximately 0.5
wavelengths, dipole height over ground between 0.05
and 0.50 wavelengths, and dipole spacing approximately
0.5 wavelengths, where the wavelengths is for that fre-
quency of which the given dipole pair is the dominating
contributor to the radiation pattern. The dimensions of
the different dipole pairs preferably varies in a log-peri-
odic manner in order to make a very broadband overall
performance.

[0043] The radiation patterns preferably have an al-
most constant beam width over a very wide frequency
band that may be several octaves.

[0044] The antenna may be used to illuminate a single
or dual reflector antenna system.

[0045] Further, at least one balun is preferably ar-
ranged in the central region between a pair of dipoles,
and preferably between the smallest dipoles. Still further,
atleast one 180 deg hybrid may be arranged in the central
region between a pair of dipoles, and preferably between
the smallest dipoles. The balun or 180 deg hybrid may
be realized as an active circuit including transistor am-
plifiers. The balun or 180 deg hybrid may also be located
behind the ground plane in the central region with trans-
mission lines providing the connection through the
ground plane.

[0046] Preferably, at least one dipole comprises two
oppositely directed conducting arms with a feed gap be-
tween them, and wherein the feed gaps of neighbouring
dipoles of different dipole pairs are excited by a two-con-
ductor feed line starting from one or more feed points,
the two separate conductors of the two-conductor feed
line being arranged in at least two different, non-inter-
secting planes.

[0047] The two-conductor feed line may comprise a
first conductor in a first plane, and a second conductor
at least partly arranged in a second plane, said first and
second planes being different and non-intersecting to
each other. At least part of the dipole arms may in this
case be arranged in said first plane. The dipoles are fur-
ther preferably made by conducting strips on a dielectric
substrate, and wherein the first and second planes are
arranged on different sides of said substrate.

[0048] Preferably, essentially all dipoles are arranged
on one side of a substrate, and a first conductor of a two-
conductor feed line is arranged on this side of the sub-
strate, whereas a second conductor of said two-conduc-
tor feed line is arranged at least partly on an opposite
side of the substrate, and being connected to the dipoles
through the substrate. The second conductor preferably
connects dipoles within at least some of the dipole pairs
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to each other, said dipole pairs thereby being excited by
electromagnetic coupling to neighbouring dipoles.
[0049] For atleast some of the dipoles, and preferably
essentially all the dipoles, it is preferred that the dipoles’
arms are arranged on opposite sides of a substrate, and
wherein a separate conductor of a two-conductor feed
line is arranged on each side for exciting the dipole arms
arranged on said sides. Alternatively, essentially all di-
pole arms may be arranged on one side of a substrate,
and the conductors of a feed line are winded in parallel
on a dielectric rod so that different windings of the lines
are connected to different dipole arms.

[0050] Preferably, at least some of the dipole pairs
have dipoles being connected to separate feed lines. It
is also preferred that at least some neighbouring dipole
pairs are connected to separate feed lines.

[0051] There may be located another antenna of dif-
ferent type between the dipoles of the innermost dipole
pair or pairs. There may also be located a radiating cir-
cular waveguide or horn antenna between the dipoles of
the innermost dipole pair or pairs.

[0052] The ground plane preferably comprises
grooves or holes. Further, the ground plane is preferably
connected to a metal wall surrounding the whole anten-
na.

[0053] The outermost dipole or transmission line pref-
erably has metal contact with the ground plane via the
ground plane wall or a metal post.

[0054] The central parts of all the feed lines are pref-
erably connected to up to eightindividual coaxial antenna
ports located on the back side of the ground plane.
[0055] Further, the feed lines may be connected to a
centrally located quad-ridged feed line that goes through
a hole in the ground plane and has its coaxial ports on
the back side of it.

[0056] The feed lines may be connected to a centrally
located dually-polarized Vivaldi antenna that goes
through a hole in the ground plane and has its coaxial
ports on the back side of it.

[0057] These and other aspects of the invention will
be apparent from and elucidated with reference to the
embodiments described hereinafter.

Drawings

[0058] Forexemplifying purposes, the invention will be
described in closer detail in the following with reference
to embodiments thereof illustrated in the attached draw-
ings, wherein:

Figure 1 shows the top view of adipole pair according
to an embodiment of the invention, functioning as a
basic component of the invention.

Figure 2 shows the top view of a dipole pair with fed
gaps, according to an embodiment of the invention,
functioning as a basic component of the invention.
Figures 3 and 4 show top views of a dipole pair re-
alized as so-called folded dipoles with fed gaps, ac-
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cording to an embodiment of the invention, function-
ing as a basic component of the invention.

Figure 5 shows a top view of multiple dipole pairs
arranged for providing linear polarization, according
to an embodiment of the invention.

Figure 6 shows a cross section of multiple dipole
pairs located above a ground plane and arranged
for providing linear polarization, according to an em-
bodiment of the invention.

Figure 7 shows a top view of multiple dipole pairs
arranged for providing dual linear or circular polari-
zation, according to an embodiment of the invention.
Figure 8 shows a top view of the left part of multiple
dipole pairs with included feed connections between
dipole ends, according to an embodiment of the in-
vention.

Figures 9 and 10 show a top view of the left part of
multiple dipole pairs realized as folded dipoles with
included a feed line between the feed gaps of the
dipoles, according to an embodiment of the inven-
tion. Figures 9 and 10 show a conducting support
structure that has constant width along the set of
dipoles, but it may also have a width that increases
from the shortest to the longest dipole as shown in
the previous figures.

Figures 11 and 12 show alternative embodiments of
the dipole pair. Figure 11 shows circularly curved
dipoles where the center of curvature is at or close
to the geometric center on the antenna.

Figures 13 and 14 illustrates in perspective two em-
bodiments of the antenna realized by folded dipoles
according to the invention, with a single and dual
polarisation, respectively.

Figure 15 shows an embodiment of the present in-
vention with a dual polarized version of the Eleven
antenna around an open-ended circular waveguide
with one choke ring around it.

Figure 16 shows one half of one quarter of another
embodiment of the Eleven antenna, based on using
folded dipoles.

Figures 17 shows an example of conducting support
structure for supporting dipoles on a ground plane
in accordance with an embodiment of the present
invention. In this exemplary embodiment, the sup-
port structure is in the form of a metal ridge of linearly
increasing height and width.

Figures 18 shows an alternative embodiment of a
conducting support structure, in the form of a metal
ridge of linearly increasing height and constant width.
Figures 19 shows another example of a conducting
support structure in accordance with the present in-
vention, in the form of a set of posts of linearly in-
creasing height and constant width.

Figures 20 shows still another example of a conduct-
ing support structure in accordance with the present
invention, in the form of a set of posts of linearly
increasing height and linearly increasing width.
Figures 21-23 illustrate further exemplary embodi-
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ments of support structures in accordance with the
present invention, these examples basically being
combinations of the above conducting supports.
Figure 24 shows the cross section of an example of
a conducting support structure of one of the types in
Figures 17-23, with a two-wire feed line located at
the top, supported by a solid or foam type dielectric
substrate.

Figure 25 shows the cross section of an example of
a conducting support structure of one of the types in
Figures 17-23, with a single-wire feed line located at
the top, supported by a solid or foam type dielectric
substrate.

Figure 26 shows the cross section of an example of
a conducting support structure of one of the types in
Figures 17 to 23, with a single-wire feed line located
at the top, supported by a foam type dielectric sub-
strate.

Figures 27 to 33 show the top view of different new
layouts of dipoles, and two-wire or single-wire feed
lines in accordance with the present invention, made
possible by an underlying conducting support struc-
ture, according to the invention. Only one quadrant
of a dual-polarized realization of the Eleven antenna
is shown.

Figure 34 shows a cross section of a dipole with two
dipole arms on a conducting support structure above
a ground plane with foam layer, according to one
embodiment of the present invention.

Figures 35-39 show a top view of different ways of
connecting to the Eleven antenna in the center.

Detailed description of the figures

[0059] The invention will now be described in more de-
tail with reference to preferred embodiments. However,
it should be understood that different features in the spe-
cific embodiments are, unless otherwise stated, ex-
changeable between the embodiments. Further, all em-
bodiments relate to locating the radiating dipole parts of
a multi-dipole antenna in such a way that the radiation
pattern gets rotational symmetry with low cross polariza-
tion and a frequency independent beam width over a
large bandwidth.

[0060] The dipole pair in Figure 1 is the basic compo-
nent of the invention. The dipole pair is arranged at a
predetermined separation distance above a ground
plane 4 by means of a conducting support structure 5.
The support structures 5 may be integrated with or con-
nected to the ground, and have a flat or almost flat top.
Further, the support structure 5 preferably has a tapering
form when seen from the side, so that the height in-
creased from the geometrical center of the dipole pairs
and outwards. Further, the support structure 5 may have
a tapering form when seen from above, so that the width
increased from the geometrical center of the dipole pairs
and outwards. However, the support structure may also
have other shapes and designs, as is discussed in more
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detail in the following.

[0061] If the two dipoles 1 are about 0.5 wavelengths
long and located with a spacing of about 0.5 wavelengths
about 0.2 wavelengths above a ground plane, the radi-
ation pattern of the dipole pair unit has rotational sym-
metry with low cross polarization, provided the currents
on the two dipoles have the same direction, amplitude
and phase. The height over ground plane can be chosen
within the interval 0 and 0.3 wavelengths, whereas the
length and spacing typically must be within +/- 0.2 wave-
lengths.

[0062] A dipole antenna preferably has a feed gap 2
in the center so that two dipole arms 3 are formed, as
shown in Figure 2. The dipole pair 1 in Figure 2 is also
located by means of a conducting support structure 5
over a ground plane 4. The dipoles can also be realized
as folded dipoles as shown in Figures 3 and 4, said di-
poles also arranged on support structures 5. Each folded
dipole in Figure 3 is realized as one single wire that is
folded twice, once to the left and then to the right, so that
the left fold makes up the left dipole arm 3 and the right
fold makes up the right one 3. The folded dipoles in Figure
4 have completely separated arms with no wire connec-
tion between them, so that it appears to have two feed
gaps 2. The feeding of the dipole versions in Figures 1,
2, 3 and 4 will be described in connection with Figures
8,9 and 10.

[0063] Several dipole pairs 1 can be arranged on con-
ducting support structures 5 over a ground plane 4 as
shown in Figure 5 to provide broadband linearly polarized
radiation. The feeding of the dipoles can be done in many
different ways, as will be described later. The main point
is that they have to be fed in such a way that the currents
on the dipoles of each dipole pair have the same direc-
tion, amplitude and phase.

[0064] Thedipoles 1 ofthe invention are located above
a ground plane 4 on conducting support structures, and
preferably with a height increasing in a direction away
from the geometrical center of the dipole pairs, as shown
in Figure 6. The ground plane is in the figure shown to
be flat and plane, whereas in some applications it may
be desirable and possible to make it slightly conical, py-
ramidal, doubly curved or any other shape deviating from
a plane.

[0065] An antenna according to the invention can also
be used for dual linear or circular polarization. In such
cases the dipole pairs may be arranged as shown in Fig-
ure 7. Figure 7 shows a top view of multiple dipole pairs
arranged for providing dual, linear or circular polariza-
tions, and located by means of conducting support struc-
tures 5overaground plane 4. There exists for each dipole
pair an orthogonal dipole pair having the same dimen-
sions. The feeding of the dipoles are within each quadrant
of the geometry the same as for one half of the linearly
polarized version in Figure 6.

[0066] The dipoles in Figures 5, 6 and 7 are shown
without a feed gap, but they can equally well have a feed
gap. They are also shown without feed lines and sup-
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porting material. In reality, they will have feed lines, e.g.
as shown in Figures 8, 9, 10, 11, 12, 13 or 14. In reality
there will also often be an additonal supporting material
between the dipoles and the ground plane, such as a
dielectric substrate or a foam material. This can also take
the form of one or more thin dielectric sheet on which the
dipoles are located.

[0067] Figure 8 shows how the dipoles of the left half
of the antenna in Figure 6 can be connected with con-
ducting joints 5 between their ends according to the in-
vention. In this embodiment, the dipoles and joints can
be realized by the same wire, propagating a feed voltage
between the wire and the ground plane from the feed
point 6 to all the dipoles. In the embodiment illustrated in
Figure 8, the support structure 5 is arranged with a con-
stant width along the set of dipoles, instead of a tapering
width as illustrated in the previous examples. This em-
bodiment with a uniform width is particularly advanta-
geousifthefeed line 7 has the same dimensions between
all dipoles.

[0068] InFigure 9the dipoles are arranged on a similar
type of support structure as in Fig. 8. The dipoles in Fig.
9 are realized as so-called folded dipoles of the kind
shown in Figure 4, i.e. each dipole is made of two parallel
wires connected at their both ends. A folded dipole can
be fed by a two-wire line connected to the feed gap 2 in
one of these wires. In the invention, there is also a gap
in the second wire of each dipole as shown in figure 4,
at which a new two-wire line 7 is connected and contin-
uing to the feed gap of the next neighbouring dipole.
Thereby, two opposing serpentine lines running from the
feed point 6 are created, exciting all dipoles by a propa-
gating wave.

[0069] Figure 10 shows also a realization in terms of
folded dipoles, similar to the one discussed in relation to
Figure 9. However, the two-wire lines making up the di-
poles arms are shortened at their ends, so that the radi-
ating dipole length is longer than the length of its folded
two-wire part.

[0070] Figures 11 and 12 show alternative embodi-
ments of the dipole pair, located by means of conducting
supports structure 5 over a ground plane 4. Figure 11
shows circularly curved dipoles where the center of cur-
vature is at or close to the geometric center on the an-
tenna.Figures 13 and 14 illustrate in perspective two em-
bodiments of an antenna realized by folded dipoles. In
fig 13, the dipoles are provided on two antenna plates
arranged on a ground plate. The antenna plates are ar-
ranged in a slanted disposition relative to each other, so
that the functional antenna elements of the antenna
plates are facing each other. The antenna of fig 13 is a
single polarisation antenna.

The antenna of fig 14 resembles the antenna of fig 13,
but it has four rather than two antenna plates arranged
in a slanted disposition relative to each other, so that the
functional antenna elements of the antenna plates are in
pairs facing each other. The antenna of fig 14 is a dual
polarisation antenna. As in the previous examples, the
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dipoles are located by means of conducting support
structures 5 over a ground plane 4.

[0071] The embodiments in Figures 13 and 14 show
two respectively four antenna plates facing each other.
However, the invention is not limited to such realizations.
In particular, such antenna plates on which the dipoles
are etched, milled or otherwise located may be lying be-
side each other in the same plane, or there may be one
plane antenna plate containing all dipoles rather than two
or four plates.

[0072] In Figures 6 to 10 the antennas according to
the invention makes use of dipoles of 7 different dimen-
sions. This number is arbitrarily chosen, as the antenna
can consist of any number of dipole pairs of different di-
mensions, smaller, larger or much larger than 7. Also,
the spacing between neighbouring dipoles is arbitrarily
chosen. It can be smaller or larger dependent on the re-
sults of the optimization of the design.

[0073] The drawings in the figures show multi-dipole
antennas where the dimensions of the different dipole
pairs appear to vary approximately log-periodically. This
means that the dimensions of all dipole pair are scaled
relative to the dimensions of the closer inner pair of each
of them by the same constant factor. This is done in order
to provide an environment for each dipole pair that looks
the same independent of whether it has large dimensions
for operation at some of the lowest frequencies or small
dimensions for operation at some of the highest frequen-
cies. This log-periodic scaling is not necessary, although
itis expected to give the best and most continuous broad-
band performance. In particular, this log-periodic choice
of dimensions may not be needed if multiband instead
of broadband performance is asked for.

[0074] Itis according to the invention possible to pro-
vide the antenna with several feed points, even within
one quadrant of the antenna. With a quadrant we mean
in this case the geometry in Figures 8, 9, 10 or 11. Such
a quadrant makes up half a linearly polarized version of
the complete antenna as shown in Figure 3, and it makes
up one quarter of a complete dual linear or circularly po-
larized antenna as shown in Figure 7. If a quadrant has
several feed points, it means that quadrants of different
sizes are located besides each other so that they form a
new complete and much more broadband antenna, but
that the bandwidth is divided between the separate feed
points.

[0075] Feeding of the dipoles could be provided in var-
ious ways, as is indicated in the foregoing discussion.
Other further advantageous feeding systems are also
feasible, as complements or alternatives to the already
disclosed feeding systems.

[0076] Figure 15 shows an embodiment of a dual po-
larized version of the Eleven antenna around an open-
ended circular waveguide with one choke ring around it,
where the dipoles of the Eleven antenna are located by
means of conducting support structure 5 over a ground
plane 4. The centrally located choke horns provides an
extra higher frequency band in the same antenna. The
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support structures 5 are in this embodiment realized as
oval or circular posts.

[0077] Figure 16 shows one half of one quarter of an
embodiment of the Eleven antenna, based on using fold-
ed dipoles 1, located by means of conducting support
structures 5 over a ground plane 4.

[0078] Figure 17 shows an example of a conducting
support structure for use in accordance with any one of
the dipole arrangement discussed above, and e.g. as
one of the four antenna parts in a dual polarization real-
ization of the Eleven antenna. This support structure 5
is in the form of a metal ridge of linearly increasing height
and width. Figure 18 shows an alternative example of a
conducting support structure, in the form of a metal ridge
of linearly increasing height and constant width. It is em-
phasized that the ridge is shown as a solid piece of ma-
terial, but it does not need to be so. Figure 19 shows
another example of a conducting support structure, in
the form of a set of posts of linearly increasing height and
constant width. Further, Figure 20 shows an example of
a conducting support structure in the form of a set of
posts of linearly increasing height and linearly increasing
width.

[0079] Figures 21-23 illustrates further alternative em-
bodiments of the support structure, essentially being
combinations of the above conducting supports.

[0080] The support structure in Fig. 21 comprises a
central wedge shaped portion, similar to the support
structures illustrated in Fig. 18, tapering in one direction,
but it is also possible to use the one illustrated in Fig. 17,
taperingintwo directions. Further, there is provided posts
arranged separated from said central portion, and pref-
erably arranged displaced in relation to each other in the
length direction. The posts are in this embodiment of a
uniform width and thickness, but it can also have other
shapes.

[0081] Fig. 22 illustrates a support structure similar to
the one discussed above in relation to Fig. 21. However,
in this case, posts are only arranged on one side of the
central portion, and the posts are further of varying width
and thickness, so that the width and thickness increases
in proportion to the height.

[0082] Fig. 23 illustrates still a further alternative em-
bodiment, resembling the ones discussed above in rela-
tion to Figs. 21 and 22. In this support structure, posts of
varying width, thickness and height, similar to the ones
in Fig. 22, are arranged on both sides, and the central
wedge-shaped portion is omitted. Thus, the embodiment
of Fig. 23 may alternatively be described as a wedge-like
support structure, as illustrated in Fig. 17, but with the
provision of separation gaps both in the length direction
and transversely in the width direction.

[0083] Figure 24 shows the cross section of an exam-
ple of a conducting support structure of one of the types
in Figures 17-23, with a two-wire feed line 7 located at
the flat top, supported by a solid or foam type dielectric
substrate 8. The substrate 8 can also be wider than the
conducting support structure, and provide dielectric sup-
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port even for the dipoles. The dipoles and two-wire lines
may be etched out from a metal sheet fixed to the die-
lectric substrate, or they may be made from a separate
sheet of metal.

[0084] Figure 25 shows the cross section of an exam-
ple of a conducting support structure of one of the types
in Figures 17-23, with a single-wire feed line 9 located at
the flat top, supported by a solid or foam type dielectric
substrate 8.

[0085] Figure 26 shows the cross section of an exam-
ple of a conducting support structure of one of the types
in Figures 17 to 23, with a single-wire feed line 9 located
at the flat top, supported by a foam type dielectric sub-
strate 8. The single-wire feed line is etched on a more
solid dielectric substrate 10 that is above the single-wire
line, providing a stable mechanical support for the feed
line and the dipoles. The advantage of this upside-down
microstrip structure is that the propagation constant and
losses of the feed line is determined by the foam and not
the solid substrate, and thereby lower losses are
achieved. This upside-down structure can also be ap-
plied to the two-wire line structure in Figure 24.

[0086] Figures 27 to 33 show the top view of different
new layouts of dipoles, and two-wire or single-wire feed
lines, made possible by an underlying conducting support
structure, according to the invention. Only one quadrant
of a dual-polarized realization of the Eleven antenna is
shown.

[0087] Figure 28 shows dipoles fed from a two-wire
line. The 180 deg phase shift of the excitation of one
dipole compared to that of the previous one is in this case
obtained with a conducting support structure in the form
of posts, as discussed above, and in particular of the type
shown in Figures 19 or 20. The opening between two
posts corresponds to a shorted transmission line that will
give 180 deg phase shift when the posts are approxi-
mately a quarter wavelength long.

[0088] Figure 27 shows dipoles fed from a single-wire
line. The 180 deg phase shift of the excitation of one
dipole compared to that of the previous one is in this case
obtained with a conducting support structure in the form
of posts, as discussed above, and in particular of the type
shown in Figures 19 or 20. The opening between two
posts corresponds to a shorted transmission line that will
give 180 deg phase shift when the posts are approxi-
mately a quarter wavelength long. One set of dipole arms
is seen to be connected to the single-wire feed line,
whereas the opposite arm has conducting contact with
the top of the conducting support posts. This metal con-
nection is illustrated by a dark dot 11, representing a
screw into the top of underlying post, or a metal pin fas-
tened in the post and soldered to dipole arm.

[0089] Figures 29 and 30 show dipoles fed from a sin-
gle-wire line. The 180 deg phase shift of the excitation
of one dipole compared to that of the previous one is in
this case obtained with a conducting support structure in
the form of aridge, as discussed above, and in particular
of the type shown in Figures 17 or 18, and by connecting
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the left and right arm 3 of the dipoles to the underlying
ridge every second time along the feed line 9. The dark
dot 11 is also in this case representing the metal connec-
tion to the conducting support structure, being e.g. a met-
al screw into the top of the ridge, or a metal pin fastened
in the ridge and soldered to dipole arm.

[0090] Figures 31 to 33 show folded dipoles that ap-
pear to be fed by a two-wire line, but in reality they have
single-wire feeding. The reason is that one of the wires
of the two-wire line is connected to the underlying con-
ducting support structure that has the form of a ridge, as
discussed above, and in particular of the type shown in
Figures 17 or 18. The 180 deg phase shift of the excitation
of one dipole compared to that of the previous one is in
this case obtained by the not-grounded folded arm the
dipoles. The dark dots 11 are also in this case represent-
ing the metal connection to the conducting support struc-
ture, being e.g. a metal screw into the top of the ridge,
or a metal pin fastened in the ridge and soldered to dipole
arm. The folded arms that are connected to the ridge may
or may not be folded, although they are shown as if they
are folded. The connection to the conducting supporting
structure makes them anyway work the same way inde-
pendent of whether they are folded or not.

[0091] Figure 34 shows a cross section of a dipole with
two dipole arms 3 on a conducting support structure 5
above a ground plane 4 with foam layer 8. The dipoles
and feed line 9 are fixed upside-down on a solid dielectric
substrate 10, and one dipole arm has metal contact with
the support structure by means of a screw through the
substrate, dipole arm and into the support structure. This
screw will also provide a strong mechanical support for
the dipoles and feed lines to the conducting support struc-
ture.

[0092] The conducting support structure is above de-
fined as a separate structure connected to the ground
plane. However, it may also be made from the same ma-
terial piece as the ground plane, by e.g. milling. Thereby,
the ground plane with conducting support structure can
instead be called a profiled ground plane.

[0093] Figures 35-39 show different ways of connect-
ing to the two-wire 7 or single-wire feed line in the center
of a dual- or circularly-polarized Eleven antenna. There
two dipoles 3 in each quarter, but this is only for the pur-
pose of the illustration. Corresponding embodiments ex-
ists for linear polarization.

[0094] Figure 35 show an embodiment with eight ports
12. Each ports can be connected to the center line of a
coaxial line, e.g. by soldering, and continue through a
little hole in the ground plane to a transmitter or receiver
on the back side.

[0095] Figure 36 shows an embodiment with four ports
12. This is the feed configuration studied in R. Olsson,
P.-S.Kildal, S. Weinreb, "The Eleven antenna: a compact
low-profile decade bandwidth dual polarized feed for re-
flector antennas", IEEE Transactions on Antennas and
Propagation, vol. 54, no. 2, pt. 1, pp. 368-375, Feb. 2006.
The feed lines of opposing dipoles are connected togeth-
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er in the center, the feed lines of one polarization on top
of the other, and one coaxial line is connected to each
of the four ports. Vertically opposing ports feed horizon-
tally opposing vertical dipoles, and visa versa.

[0096] Figure 37 shows an embodimentwith four ports,
obtained by connecting every second of the original eight
ports to the ground and the remaining ports to coaxial
lines that go through holes in the ground plane. The
ground-plane connection can make the feed line 7 work
as a balun and will cause correct excitation of the dipoles.
[0097] Figure 38 shows an embodiment of another
four-port case. Here, neighbouring ports of different di-
poles are connected together to form four ports instead
of the original eight, and to each of these ports there are
connected coaxial lines that can be led through the
ground plane to the back side. Thereby, the antenna will
be fed by a linear 45 deg rotated polarization when two
opposing coaxial lines are fed 180 deg out of phase. This
is no limitation. The advantage is that we have no cross-
ing feed lines as in Figure 36.

[0098] Figure 39 shows a further development of the
embodiment in Figure 38. Here, the neighbouring ports
are connected to each of four ridges 14 located in the 45
deg planes with respect to the dipoles. These metal ridg-
es continue through the ground plane in a big hole 15.
The advantage is that it is well known how to feed such
ridges even at very high frequencies, as this is the way
used to feed so-called Vivaldi antennas and quad-ridged
horn antennas.

[0099] The above-discussed embodiments of anten-
nas according to the invention have many features in
common. For example, all, or at least most, of said em-
bodiments encompass the following features:

- The antennas comprise dipoles arranged in pairs,
which is evident from e.g. Figures 6, 7, 11 and 12,
whereas e.g. Figures 8, 9, 10, 13 and 14 show only
one half of a linearly polarized antenna according to
the invention, or one quarter of a circularly polarized
realization of the antenna.

- The antenna dipoles are arranged on one side of a
ground plane, and in such a way that the main lobe
of the output radiation pattern is directed in a direc-
tion perpendicular to said ground plane.

- Theantennadipole are held ata certain height above
the ground plane by means of a conductive support
structure.

- The lengths of the dipoles (antenna elements) in-
crease along the feed line away from a centrally lo-
cated feed point. The length of succeeding dipoles
preferably differ in length from the dipole positioned
immediately before by a frequency-independent fac-
tor. The factor is preferably in the range 1.1 - 1.2.

- The spacings between the dipoles increases along
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the feed line away the centrally located feed point
as well, by a constant frequency-independent factor.
The factor is preferably in the range 1.1 - 1.2.

- The two (linearly polarized version) or four (dual po-
larized version) parts of the antenna are fed by sep-
arate feed lines that are connected to common feed
point or feed points in the central region between the
antenna parts.

- The antenna elements/dipoles are essentially
formed as straight conducting wires or strips.

- The antenna elements are formed on supporting di-
electric substrates, such as PCBs, and preferably by
means of etching techniques, as is per se known in
the art.

- The antennas could be used for a wide range of dif-
ferent output wavelengths, and is particularly useful
for wavelengths in the range 1-15 GHz, and most
particularly for the ultra wideband range (2-10 GHz).

[0100] Specific embodiments of the invention have
now been described. However, several alternatives are
possible, as would be apparent for someone skilled in
the art. For example, different arrangement designs of
the dipoles are possible, different combination of antenna
planes are possible, various feeding arrangements are
feasible, etc. Such and other obvious modifications must
be considered to be within the scope of the present in-
vention, as it is defined by the appended claims. It should
be noted that the above-mentioned embodiments illus-
trate rather than limit the invention, and that those skilled
in the art will be able to design many alternative embod-
iments without departing from the scope of the appended
claims.

Claims

1. Anantenna for transmitting or receiving electromag-
netic waves comprising several electric dipoles po-
sitioned over a conducting ground plane, character-
ized in that the dipoles are arranged in pairs of op-
positely located dipoles, that they are arranged in
such a way that the geometrical centres of each di-
pole pair are at least approximately coinciding, and
that the dipoles are supported at certain heights over
the ground plane, the height being the same for each
dipole pair, by means of a support structure arranged
between the dipole and the ground plane, wherein
this support structure is at least partly made of elec-
trically conducting material.

2. Anantennaaccordingtoclaim 1, whereinthe support
structure is part of the same metal piece as the
ground plane that thereby becomes a profiled ground
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plane, or comprises several parts that are fixed to
the ground plane. An antenna according to any one
of the preceding claims, wherein each support struc-
ture comprises a metal ridge with a flat or almost flat
top, and/or several posts with a flat or almost flat top,
and/or has an increasing height from the geometrical
center of the dipole pairs and outwards, and/or has
an increasing width from the geometrical center of
the dipole pairs and outwards.

3. Anantenna according to claim 1, wherein each sup-

port structure comprises both ridges and several
posts, having a flat or almost flat top.

4. Anantennaaccording to any of the preceding claims,

wherein at least a part of each support structure is
connected to the ground plane inside one or more
grooves, dents or depressions in the ground plane.

5. An antenna according to any one of the preceding
claims, wherein each dipole consists of two opposite
arms, and each dipole arm comprises two conduct-
ing lines that are connected at the outer end whereas
the inner end at a feed gap is connected with the
inner end of the closest line of a neighbouring inner
or outer dipole arm, so that one set of dipoles with
feed lines are formed by two opposing serpentine-
shaped lines.

6. An antenna according to any one of the preceding

claims, wherein at least one dipole comprises two
oppositely directed conducting arms with a feed gap
between them, and wherein the feed gaps of neigh-
bouring dipoles of different dipole pairs are excited
by a two-conductor feed line starting from one or
more feed points, the two separate conductors of the
two-conductor feed line being arranged in at least
two different, non-intersecting planes.

7. An antenna according to any one of the preceding

claims, wherein there is located another antenna of
different type between the dipoles of the innermost
dipole pair or pairs.

8. An antenna according to any one of the preceding

claims, wherein there is located a radiating circular
waveguide or horn antenna between the dipoles of
the innermost dipole pair or pairs.

9. An antenna according to any one of the preceding

claims wherein the ground plane comprises grooves
or holes.

10. An antenna according to any one of the preceding
claims wherein the ground plane is connected to a

metal wall surrounding the whole antenna.

11. An antenna according to any one of the preceding
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claims wherein the outermost dipole or transmission
line has metal contact with the ground plane via the
ground plane wall or a metal post.

An antenna according to any one of the preceding
claims where the central parts of all the feed lines
are connected to up to eight individual coaxial an-
tenna ports located on the back side of the ground
plane.

An antenna according to any one of the preceding
claims where the feed lines are connected to a cen-
trally located quad-ridged feed line that goes through
a hole in the ground plane and has its coaxial ports
on the back side of it.

An antenna according to any one of the preceding
claims where the feed lines are connected to a cen-
trally located dually-polarized Vivaldi antenna that
goes through a hole in the ground plane and has its
coaxial ports on the back side of it.
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