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1
FORE/AFT LOOKING AIRBORNE RADAR

TECHNICAL FIELD

The present invention refers to an antenna system for an
airborne radar system. The antenna system comprises a dorsal
unit having two opposing long sides extending in a height
direction and a longitudinal direction, and two opposing short
sides extending in a lateral direction and the height direction,
and an upper side opposing a bottom side each extending in
the longitudinal direction and the lateral direction. The
antenna system comprises antenna devices.

BACKGROUND

In the field of radar devices for airplanes it is known to use
adorsal unit positioned on the airplane body and extending in
the longitudinal direction of the airplane, i.e. in the direction
from the fore to the aft. The dorsal unit comprises a number of
side looking antenna elements positioned along the longitu-
dinal direction of the dorsal unit for side looking purposes.
One problem with the dorsal arrangement is that the radar
cannot see in a forward or rearward direction without addi-
tional antenna elements being placed in the front and the rear
of the dorsal unit.

The prior art document U.S. Pat. No. 5,923,302 concerns
an endfire array with monopoles on the roof of the dorsal unit.
Problems with this solution are that it is limited in terms of
antenna performance, expensive in terms of a complicated
electromagnetic design process, an intricate scan control and
complicated manufacturing. Furthermore, the solution
results in an undesirable upwards lobe tilt unless the ground
plane is bent downwards towards the ends of the dorsal unit.

In prior art is also known to use a separate antenna in the
nose of the aircraft for forward looking and an antenna inside
a bulbous radome somewhere at the aft for rearward looking.
The solution to equip these antennas with extra radar systems
has the disadvantage of being costly.

Alternatively, a disadvantage with the forward and rear-
ward looking antennas connected to a common radar is that
long high-power RF feeds must be drawn from the radar to the
forward/rearward looking antennas. This solution becomes
unnecessarily heavy and it blocks the possibility to install
other, important sensors in the nose radome. Therefore, a
lightweight solution that utilizes the power delivered by the
existing T/R-units is to be preferred.

There is thus a need for an antenna solution in a radar
system providing full coverage (360°) with no moving patts,
minimized drag, minimized weight, minimized system size,
low cost, high gain and an electronic scan capability, and an
overall improvement of the performance of the antenna sys-
tem in a radar system with regard to forward and/or rearward
looking abilities.

SUMMARY

The present invention refers to an antenna system for a
radar system for an airplane. The antenna system comprises a
dorsal unit extending in a longitudinal direction, a lateral
direction and a height direction. The dorsal unit comprises
two opposing long sides extending in a height direction and a
longitudinal direction, and two opposing short sides extend-
ing in a lateral direction and the height direction, and an upper
side opposing a bottom side each extending in the longitudi-
nal direction and the lateral direction. The longitudinal direc-
tion coincides essentially with the longitudinal direction of
the airplane when the dorsal unit is mounted onto the airplane.
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The dorsal unit for a side looking radar system comprises a
number of first antenna elements positioned on each of the
long sides of the dorsal unit and in the longitudinal direction
of'the dorsal unit. The antenna system comprises a microwave
power distribution system comprising a number of first trans-
mit-receive units (hereinafter called T/R-units) positioned
inside the dorsal unit and arranged to feed microwave power
to and from the first antenna elements. The power distribution
system arranged to distribute microwave power.

The present invention is characterized in that the antenna
system comprises an assembly of interspaced antenna
devices mounted in connection to one of the short sides or
both the short sides and extending in the height direction,
wherein each of the antenna devices comprises a waveguide
board. By covering, and preferably extending the front and/or
aft projection of the dorsal unit with a number of planar
waveguide boards a beneficial high antenna performance is
achieved without introducing excessive aerodynamic drag.
The waveguide boards have an extension essentially in the
height direction and may extend vertically or may extend at an
angle to a vertically extending line or plane. The antenna
devices are preferably separated by a distance determined by
the requirement that the forward and rearward looking anten-
nas are able to scan in the forward and rearward sectors in
such a way that grating lobes do not occur.

Another advantage is that the antenna system may be
designed in such a way that the antenna devices may be fed
microwave energy by use of the first T/R-units already com-
prised in the dorsal unit. The antenna devices may thus trans-
mit the entire power produced by all first T/R modules along
the dorsal unit for utilizing all microwave power for a hori-
zontal scan in the fore and/or aft direction. Hence, the solution
does not require extra T/R modules why the assembly of
antenna devices can be mounted onto an already existing
dorsal unit without a major re-design of the dorsal unit.

The waveguide board also comprises second antenna ele-
ments coupled to second waveguides comprised in the
waveguide board and arranged to distribute the power to/from
at least one summation point to the second antenna elements.

The first T/R-units are controlled by a control unit in such
a way that the waveguide boards are fed microwave energy
independently of the other waveguide boards for control of
phases and amplitudes between different antenna devices.

In one embodiment of the invention each antenna device
comprises an aerodynamic housing encasing the waveguide
board. One advantage of using an aerodynamic housing is
that fore and/or aft scanning can be achieved according to
above with a minimum increase of aerodynamic drag.

The housing may comprise a foam-like material surround-
ing the waveguide board. The foam-like material should be
form stable high speed conditions and should at the same time
be lightweight. The material is advantageously hard, with-
stands mechanical stress, is lightweight, has low electrical
losses, and has advantageously a relative electric permittivity
close to one.

The use of a foam-like material gives the advantage of a
low-cost and lightweight antenna device with high aerody-
namic performance without adding much weight to the dorsal
unit weight.

The housing may comprise a surface layer encasing the
foam-like material for environment protection. The surface
layer may comprise a metallic skin providing a ground plane
for achieving an enhanced directivity, wherein the surface
layer comprises slots in the height direction, i.e. in the vertical
direction.

The antenna device may also comprise an RF-transparent
housing surrounding the waveguide board. The second
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antenna element is comprised within the housing and protrud-
ing from the waveguide board in the longitudinal direction for
directivity purposes. Here “longitudinal” refers to a direction
coinciding with the longitudinal direction when the dorsal
unit is mounted onto an airplane. The second antenna element
may also comprise a passive or active structure.

The antenna system may comprise a support structure for
attachment of the antenna devices to the dorsal unit and for
keeping the antenna devices in position relative the dorsal
unit. The support structure may comprise third waveguides
for feeding microwave power to the waveguide boards via a
connector.

In one embodiment the microwave power distribution sys-
tem may advantageously comprise an assembly of polarized
first waveguides mounted on top and/or on the bottom of the
dorsal unit and/or inside the dorsal unit. The antenna devices
are connected to the first waveguides so that the microwave
power supplied by the first PR-units can be distributed in such
a way that an azimuthal scan can be performed by the radar
system in the forward and/or the rearward sectors. The scan is
made by controlling the phases of the microwave power
between the antenna elements by controlling the first T/R-
units in a manner known from prior art. The purpose of the
invention is thus to allow scanning of a fore and/or aft lobe
without using an antenna in the nose of the airplane and a
radome at the tail of the same, or to use the also less satisfac-
tory solution of the above described end fire solution
described in U.S. Pat. No. 5,923,302.

One benefit of the embodiment is that the first waveguide
assembly can be designed and manufactured at a low cost.
Further advantages are that it is less expensive and more
lightweight than the nose and/or aft antenna known from prior
art. A further advantage with the first waveguides is that the
integration into the aircraft becomes simpler to perform.

Furthermore, the following advantages are shared with the
antenna system described in U.S. Pat. No. 5,923,302, namely,
that the weight does not add significantly to the dorsal unit
weight, and that the first waveguide assembly can be mounted
onto the dorsal unit without major re-design of an existing
dorsal unit. Yet furthermore, since the first waveguides extend
essentially over the entire length of the dorsal unit, the first
waveguides may be used for feeding energy to both the fore
and aft antenna elements. Still furthermore, the first
waveguides and the antenna devices form a collection of parts
that may easily be mounted in situ directly onto the existing
dorsal unit and interconnected to each other and connected to
the already existing devices, for example the first T/R-units.
The first T/R-units may be coupled to the first waveguides by
connecting all first T/R-units to a dedicated first waveguide
and to equip adjacent first waveguides with apertures for
allowing the electromagnetic signal in the dedicated first
waveguide to the remaining first waveguides. In an alternative
embodiment one T/R-unit is coupled to one first waveguide
and the number of first waveguides and T/R-units are the
same. In a yet further embodiment, a few T/R-units, say N,
are coupled to each of the N, first waveguides so that. N,
multiplied with N;;; approximately equals N 757 Since
Nz 1s equal to N, the number of antenna devices, this
approximate relation could also be expressed as: N,z=Npz
ro1/N ).

However, the present invention has the following advan-
tages over the device described in U.S. Pat. No. 5,923,302; it
is inexpensive in terms of the electromagnetic design process,
it does not need an intricate scan control, and does not need
complicated manufacturing. Furthermore, the present inven-
tion does not result in an undesirable upwards lobe tilt. Yet
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furthermore, the present invention may be designed for a
better and more controllable antenna performance in terms of
lobe widths and scannability.

The assembly may have a planar extension in the lateral
direction but may also have a somewhat dome shaped or
curved cross-section, but may also be arranged in a staggered
manner, i.e. in a zigzag pattern where a number of first
waveguides being partly or fully on top of other first
waveguides.

In one embodiment the second antenna elements are con-
nected to second T/R-units being arranged to be controlled in
such a way that the microwave power supplied by the first
T/R-units can be distributed by the antenna system in such a
way that an elevation scan is performed by the radar system in
a direction out from one of the short sides or both the short
sides, i.e. in the forward direction and/or the aft direction of an
airplane when the dorsal unit is mounted onto the airplane.

The antenna system according to the invention may thus be
used for a 360° azimuthal scan in a plane described by the
lateral direction and the longitudinal direction by use of a
control unit for controlling the first T/R-units to feed micro-
wave energy to the first antenna elements and the second
antenna elements respectively with a phase increment in the
plane. The first T/R-units may thus comprise a switch device
controlled by the control unit for controlling the feed of
microwave energy to the first antenna elements or to the
second antenna elements depending on the direction of the
scan. The first antenna elements are used for essentially a
lateral scan on both sides of the dorsal unit and the second
antenna elements are used for forward and rearward scan. The
antenna system may also perform an elevation scan by con-
trolling the second T/R-units to feed microwave energy to the
second antenna elements with a phase increment in the height
direction.

The stated advantages and embodiments will become
apparent in the detailed description of the invention below.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given herein below in the
accompanying drawings which are given by way of illustra-
tion only, and thus are not limited to the present invention and
wherein:

FIG. 1 schematically shows an embodiment of a micro-
wave power distribution system in an antenna system accord-
ing to the invention for an airborne radar system;

FIG. 2 schematically shows a microwave power distribu-
tion system according to the invention;

FIG. 3 schematically shows a front view of an antenna
system according to the invention;

FIG. 4 schematically shows a side view of a waveguide
board according to the invention;

FIG. 5a schematically shows an antenna device according
to a first embodiment of the invention;

FIG. 56 schematically shows an antenna device according
to a second embodiment of the invention;

FIG. 6 schematically shows a cross-section of an antenna
device according to a third embodiment of the invention;

FIGS. 7a and 75 schematically show a connector for the
waveguide board according to the invention;

FIG. 8a schematically shows a front view of an antenna
system according to the invention comprising a radome, and
wherein;
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FIG. 85 schematically shows a top view of an antenna
system according to FIG. 8a.

DETAILED DESCRIPTION

FIG. 1 schematically shows an antenna system 1 for an
airborne radar system according to the invention. The antenna
system 1 comprises a number of first antenna elements 2 and
a microwave power distribution system 3 comprising a num-
ber of first T/R-units 4 arranged to distribute microwave
power to and from a microwave receiver and generator 5 to the
first antenna elements 2. FIG. 1 schematically teaches an
advantageous embodiment of the microwave power distribu-
tion system 3. In FIG. 1 the power distribution system 3
comprises a planar assembly of polarized first waveguides 6
coupled to a number of second antenna elements 7 directed at
an angle essentially perpendicular to the number of first
antenna elements 2. The first T/R-units 4 are arranged for
distribution of microwave energy to the first and second
antenna elements 2, 7.

The antenna system comprises a dorsal unit 8 having two
opposing long sides 9 extending in a height direction Z and a
longitudinal direction X, and two opposing short sides 10
extending in a lateral direction Y and the height direction Z,
and an upper side 11 opposing a bottom side 12 each extend-
ing in the longitudinal direction X and the lateral direction Y.
The directions X, Y and Z are only mentioned in order to
facilitate the description and understanding of the invention
and are in FIG. 1 depicted as an orthogonal system. It should
be noted that the dorsal unit does not have to be a rectangular
box, but may comprise sides having a non-planar extension.
For example, the upper side 11 may have a somewhat dome
shaped or curved cross-section taken in the lateral direction.
The first waveguides 6 may then follow the shape of the upper
side 11 or may be arranged with a different contour.

In FIG. 1 the assembly of polarized first waveguides 6 is
mounted on top of the dorsal unit 8, i.e. on the upper side 11
of'the dorsal unit 8. The assembly of first waveguides 6 may
alternatively be positioned at the bottom side 12 of the dorsal
unit 8 or within the dorsal unit 8. In FIG. 1 the dorsal unit 8 is
mounted onto the top of an airplane 13 so that the longitudinal
direction of the airplane 13 coincides with the longitudinal
direction of the dorsal unit. The airplane 13 is left out in the
remaining drawings in order to minimize the number of fea-
tures in the drawings. However, the dorsal unit 8 is intended to
be mounted onto a device moving at high speed, preferably in
the air. The high speed feature is of importance since it puts
high demands on the antenna system with regard to aerody-
namical features such as aerodynamic drag as well as elevated
temperatures and wear due to, for example, rain and sand
erosion.

In FIG. 1 the first antenna elements 2 are positioned at least
longitudinally on each of the long sides 9 of the dorsal unit 8
and the second antenna elements 7 are positioned in connec-
tionto one of the short sides 10 or both the short sides 10. FIG.
1 shows antenna devices 14 according to the invention
mounted onto both the short sides 10 of the dorsal unit 8. The
antenna devices 14 comprise the second antenna elements 7
which are connected to the first, waveguides 6. The antenna
devices 14 will be described further below.

In FIG. 1 the first T/R-units 4 are positioned within the
dorsal unit 8, but they may be positioned at a location outside
the dorsal unit 8, for example inside the airplane 13. The first
T/R-units 4 are often referred to as T/R-modules and they
serve the purpose of feeding RF signals from the microwave
generator 5 to the antenna elements 2, 7 during a transmission
period, and receiving RF signals from the antenna elements 2,
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7 while switching off the energy feed during a receiving
period. During a first transmission period the first T/R-units 4
feed energy from the power source to the first antenna ele-
ments 2 via for example a galvanic coupling or by use of a
contact-less electromagnetic coupling. During a second
transmission period the first T/R-units 4 feed energy from the
power source to the second antenna elements 7 via the first
waveguides 6. The energy fed from the first T/R-units 4 to the
first waveguides 6 may be done by any suitable means, for
example by use of a galvanic conductor, i.e. a flexible cable or
the like, connecting a T/R-unit 4 with a transition device for
transforming the electrical signal into an electromagnetic
microwave signal. The microwave signal is fed by the transi-
tion device into the first waveguides where the microwave
signal propagates in a known manner. The energy from the
T/R-units 4 may also be fed to the first waveguides by means
of a contact-less electromagnetic coupling.

During the receiving period the antenna elements 2, 7
receive returning electromagnetic power previously sent out
having been reflected from an object, for example a target.
During the listening period the microwave power distribution
system 3 comprises means for feeding the returning micro-
wave energy to receivers for signal processing in the radar
system. With regard to the second antenna elements 7, the first
waveguides 6 are constructed to feed the returning microwave
energy directly to the receivers or to a converting device
converting the electromagnetic signal in the first waveguides
6 into an electric signal in a cable for further feeding the
microwave energy to the receivers.

In FIG. 1, the distribution system 3 comprises an assembly
of horizontally polarizing rectangular first waveguides 6 but
may be in the form of vertically polarizing first waveguides or
circularly polarizing first waveguides or first waveguides
polarized in any other suitable way. The first waveguides 6 are
not limited to a rectangular cross-section, but may have any
geometric cross-section suitable for guiding microwaves, for
example circular, oval, and ridged.

FIG. 2 schematically shows a microwave power distribu-
tion system 3 according to the invention. The first waveguides
6 in FIG. 1 are not visible in FIG. 2 and it should be noted that
the invention is not restricted to the use of the first waveguides
6 in FIG. 1. Hence, the first waveguides may be replaced by
any suitable means for feeding a microwave signal. However,
the use of first waveguides is advantageous because of the
easier assembly of the antenna system and for the lightweight
construction and for the other reasons stated above.

The first waveguides 6 may each be fed the microwave
signal by use of a transforming device comprising a probe
being either magnetic, electric or adapted to transmit/trans-
form energy in any other suitable way. However, a vast
amount of first waveguide feeding techniques are known from
prior art which may be applied on the invention.

The feeding of energy to the first waveguides 6 needs to be
controlled in order to control the phase shifts in the first
waveguides 6 in order to direct the energy in the front or aft
direction of the airplane. Hence, the phase increment of the
T/R-units needs to be set in order to have a constructive
adding of energy in the desired direction. Therefore, a control
device (not shown) is comprised in the antenna system for
control of the first and the second antenna elements 2, 7.

According to one embodiment of the invention one dedi-
cated first waveguide 6 may be fed microwave energy by all
first T/R-units 4. The microwave power is distributed to the
adjacent first waveguides 6 via apertures (not shown). The
waves are distributed from the dedicated first waveguide 6a in
the lateral direction Z towards the most peripheral first
waveguides. The signal propagation is intended to be in the
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longitudinal direction of the first waveguide assembly, i.e. in
the direction from end to end, and is utilized at the end
sections only.

The dedicated first waveguide 6 may be the central first
waveguide or any other first waveguide. The distribution sys-
tem 3 comprises two linear assemblies of phase shift devices
(not shown) arranged at each end of the first waveguide
assembly 6. One phase shift device is positioned at each end
of each first waveguide 6. The phase shift devices may be of
any type known from prior art, for example ferrite phase shift
devices. The phase shift devices may be mounted onto the end
of'the first waveguide 6 or may be inserted into an end part of
the first waveguide 6.

The advantages of this embodiment are a highly modular
and low-cost design. For instance, only one feed transition,
for example the above described probe, between the first
waveguide 6 assembly and each of the first T/R-units 4 needs
to be designed. It does not offer the possibility of scanning of
the fore/aft lobe without using a linear assembly of additional
phase shifters at the first waveguide 6 ends because the phase
in one first waveguide will be determined by the phases of the
neighboring feed first waveguide. However, the embodiment
has the advantage that the entire first waveguide assembly 6
may be manufactured separately from the dorsal unit 8 and
may then easily be mounted onto an already existing dorsal
unit and connected to the already existing first T/R-units 4 by
simple means.

The antenna devices according to the invention allow for an
azimuthal scan in the X-Y-plane. The lobes extend essentially
in the forward direction X and scanning is performed in the
lateral directionY. The azimuthal scan is created by use of the
second antenna elements being fed microwave power via the
first waveguides 6. The azimuthal scan has been created by
use of the control device for controlling the first T/R-units 4
according to above and the phase shift devices. The second
antenna elements 7 are arranged to cover the forward sector,
and in appropriate oases the aft sector, which cannot be
scanned by the first antenna elements. The first antenna ele-
ments 2 may be used to scan a sector being 2 times an angle
a (2xa) and the second antenna elements 7 may be used to
scan a sector being 2x(90°-c). Here, the angle . refers to an
angle between a normal extending in the lateral directionY,
i.e. in a direction being essentially perpendicular to the lon-
gitudinal direction X of the dorsal unit 8, and a tangent in the
longitudinal direction X. The antenna system 1 may thus be
used to scan 360° in the X-Y-plane. It can be mentioned as an
example that if the first antenna elements cover a sector of
120° i.e. 2 times 60° on each side of the dorsal unit 8 and the
second antenna elements cover a sector of 60°,i.e. 2 times 30°
in both the fore and aft direction.

According to another embodiment the first T/R-units 4
feed all first waveguides 6. The fact that the feed points of a
first waveguide must obey certain phase relationships for
efficient propagation does not prohibit that the phases
between the first waveguides 6 can be given arbitrary values.
Hence, fore and/or aft scanning is possible without extra
phase shift devices. This solution avoids the costs and weight
associated with phase shift devices. However, the phases of
the first T/R-units 4 have to be flexibly controlled by the
control device in order to be able to control the direction of
propagation of the microwave signal in the cluster of first
waveguides 6. The control device therefore controls the first
T/R-units 4 according to a selected algorithm giving the con-
trol of the direction of propagation.

The first waveguide assembly 6 may be manufactured
separately in the same manner as the first waveguide assem-
bly described in connection the first embodiment. One differ-
ence however between the two embodiments described above
is that the latter embodiment has to have feed transitions to all
first waveguides, for example by the above described probe.
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However, since the phase shift devices are not necessary, the
embodiment also has the advantages of being of a highly
modular and low-cost design.

Also in the latter embodiment the first and second antenna
elements 2, 7 are positioned so that the antenna system 1 can
be controlled to cover a 360° azimuthal scan by alternating
between the first antenna elements 2 and the second antenna
elements 7.

It should be noted that each of the first T/R-units 4 are
directly coupled to the side looking first antenna elements 4
on each long side of the dorsal unit 8, but that the first T/R-
units 4 are indirectly coupled to the second antenna elements
7 via the first waveguides 6. Since at least a number of the first
T/R-units 4 are switched to a number of the first waveguides
6, the phases between the first T/R-units may be controlled so
that the common signal from the first T/R-units are fed in the
fore or aft direction in the first waveguides 6. Hence, the first
T/R-switches may be controlled so that the antenna system
may perform a scan on all sides of the dorsal unit 8.

FIG. 3 schematically shows a front view of an antenna
system according to the invention. The antenna system 1
comprises antenna devices 14 mounted in connection to one
of' the short sides 10 or both the short sides 10 and extending
in the height direction Z. The antenna devices 14 are prefer-
ably positioned essentially parallel to each other with a
selected distance D1 between them. The selected distance D1
may be decided dependent on the desired performance of the
antenna system 1 and on minimizing the aerodynamic drag. It
should be noted that it is the center-to-center distance that
relates to the desired performance and that the distance D1 in
relation to the center-to-center distance that relates to drag.
The second antenna elements 7 are comprised in the antenna
devices 14 and are preferably positioned in each of the
antenna devices 14 in a row, i.e. in a series after each other in
the height direction Z.

The antenna devices 14 may be mounted directly onto the
short side(s) 10 or may be mounted to the dorsal unit via
brackets 15. The antenna devices 14 may also be intercon-
nected via brackets 15 such that the antenna devices form a
separate unit easily mounted onto an already existing dorsal
unit. The antenna devices 14 are connected to the first
waveguides 6 by any known means, for example by contact-
less connector means or galvanic connector means. The num-
ber of antenna devices 14 is correlated to the number of first
waveguides in such a way that there is one antenna device
connected to each first waveguide 6. One advantage of using
the antenna devices 14 is that the effective antenna aperture
area is increased at the same time as the aero dynamic drag is
kept to a minimum. The increased effective antenna aperture
area gives the possibility of increased gain and thus the pos-
sibilities to create more narrow lobes for better detection of
targets.

Furthermore, the antenna devices 14 are connected to the
first waveguides 6 so that the microwave power supplied by
the first T/R-units 4 can be distributed by the antenna system
in such a way that an azimuthal scan according to the above is
performed by the radar system in a direction out from one of
the short sides 10 or both the short sides 10, i.e. in the forward
direction and/or the aft direction of an airplane when the
dorsal unit is mounted onto an airplane.

Ina further embodiment the second antenna elements 7 are
connected to second PR-units 16 positioned between the first
waveguides 6 and the second antenna elements 7. The second
T/R-units 16 are arranged to be controlled by the control unit.
The microwave power supplied by the first T/R units 4 is fed
to the second T/R-units 16 via the first waveguides 6. The
second T/R-units 16 are controlled by the control unit in such
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a way that the phase increment between the second antenna
elements 7 gives an elevation scan in a direction out from one
or both the short sides 10, i.e. in the forward direction and/or
the rearward direction of an airplane when the dorsal unit is
mounted onto an airplane. The antenna system 1 may thus use
the first T/R-units 4 for an azimuthal scan and the second
T/R-units for an elevation scan.

The above described scans are made by controlling phases
in different antenna elements by the control of the first and/or
the second T/R-units 16 in a manner known from prior art and
will not be explained further.

The antenna devices 14 may be realized in a number of
different ways. For example, each antenna device 14 com-
prises a layered structure comprising in the lateral direction
an electrically conducting layer 17 onto a non-conducting 18
layer positioned adjacent a number of second antenna ele-
ments 7 and on the other side of the antenna elements 7 a
second non-conducting layer 19 covered with a conductive
layer 20. The size of the antenna devices 14 is dependent on
the intended use of the antenna system, i.e. the intended use of
the radar system that comprises the antenna system.

Below is an example of an antenna device suitable for an
airborne S-band radar: The measurements are 10 mm times
100 mm times the height which may be less than, equal to or
greater than the height of the dorsal unit. The antenna devices
are separated by a selected distance D1=70-80 mm depending
on a number of parameters, for example the wavelength of the
microwave transmitted. The separation therefore has to be
calculated with regard to these parameters.

The antenna devices 14 form an assembly of antenna
devices 4 forming an antenna. One benefit of using such thin
antenna devices 14 in the proposed manner is that the antenna
may extend outside the dorsal unit in the lateral direction
without significant increase of aerodynamic drag. The possi-
bility to extend the cross-section of the antenna system in the
forward and/or aft direction is a major benefit of the invention
since the more antenna devices and the wider the antenna
system is in the lateral direction, the narrower can the lobe be
formed.

Further advantages of the invention are that the dorsal fin
antenna assembly is thin, light and requires no moving parts,
and thus advantageously replaces the previously known
AWACS rotodome type antenna.

FIG. 4 schematically shows a side view of a waveguide
board 21 according to the invention. Each antenna device 14
comprises at least one waveguide board 21 and each of the
waveguide boards 21 are fed microwave power independently
of the others in order to allow the antenna system 1 to be
phase-steered.

Each waveguide board 21 comprises second waveguides
22 that distribute vertically Z the power to/from typically one
or two summation points to a number of, typically 10-20,
second antenna elements 7. FIG. 4 shows an example of a
waveguide board 21 with one summation point SP. The planar
waveguide board 21 can be realized in different techniques,
where a suspended stripline is a beneficial choice because of
its low losses. The waveguide board 21 comprises at least one
connector 30 for wave guide transition from, for example, the
above described assembly of first waveguides 6 or from third
waveguides (see FIG. 7) to the second waveguides 22. The
third waveguides 29 connects the waveguide board 21 to the
distribution system (3 in FIGS. 1-3). As been stated above, the
distribution system 3 advantageously comprises the assembly
of first waveguides 6, but may comprise an alternative micro-
wave feeding device, for example a flexible cable or the like.
This is of course a completely different solution where the
advantages of using the waveguides 6 are lost.

Because ofthe lack ofa ground plane, the antenna elements
should possess an inherent directivity. There are several
known types of elements that fulfill this requirement. The
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below described FIGS. 5a, 56 and 6 all show different
embodiments for an antenna device according to the inven-
tion where the ground plane has been established in three
different ways. In all embodiments shown in FIGS. 5a, 55, 6,
the waveguide board 21 is positioned within a housing 23
comprising a foam-like material 24.

FIG. 5a schematically shows antenna device 14 according
to a first embodiment of the invention. In FIG. 5a the antenna
device comprises a ground plane 26 comprised within the
housing 23 adjacent the waveguide board 21 and coupled to
the second waveguides (22, FIG. 4). The second antenna
element 7 is comprised within the housing 23 and protrudes
from the ground plane 26 in the longitudinal direction X for
directivity purpose.

FIG. 55 schematically shows an antenna device 14 accord-
ing to a second embodiment of the invention. In FIG. 55 the
antenna devices 14 are similar to the antenna devices accord-
ing to FIG. 54, but with the exception that the second antenna
element is a passive or active structure for directivity purpose.

FIG. 6 schematically shows a cross-section of an antenna
device 14 according to a third embodiment of the invention.
Only a part of the antenna device 14 is shown in FIG. 6. In
FIG. 6 the housing comprises a surface layer 25 encasing the
foam-like material 24 for increased form stability. The sur-
face layer 25 may comprise a metallic skin providing a
ground plane 26 for achieving an enhanced directivity. The
surface layer 25 comprises slots 28 in the height direction Z,
i.e. in the vertical direction, in connection to the second
antenna elements 7.

In FIG. 6 the planar waveguide board 21 feeds the vertical
slots 28 in the conductive surface layer 25 via the second
antenna element 7. The metallic skin provides the ground
plane needed for achieving an enhanced directivity.

FIGS. 7a and 75 schematically show third waveguides 29
in a support structure 15 according to the invention. In FIG. 7
the support structure 15 is coupled to the antenna devices 14
for keeping the antenna devices 8 in position relative the
dorsal unit (not shown in FIGS. 7a and 74). The third
waveguides 29 are arranged for feeding microwave power to
the waveguide boards 21 via the connector 30.

FIG. 7a shows a segment of the third waveguide 29 coupled
to the antenna device 14. In FIG. 74 the third waveguide 29
has a rectangular cross-section and is arranged for feeding a
horizontally polarized signal. In FIG. 7a the connector 30
comprises a horizontally oriented slot 31 for receiving the
signal being fed to the connector by the third waveguide 29. In
the area where the third waveguide 29 meets the connector 30,
the third waveguide has a vertical extension. The horizontal
slot 31 is thus arranged essentially perpendicular to the exten-
sion of the third waveguide 29.

FIG. 76 shows a segment of the third waveguide 29 coupled
to the antenna device 14. In FIG. 75 the third waveguide has
a rectangular cross-section and is arranged for feeding a ver-
tically polarized signal. In FIG. 75 the connector 30 com-
prises a vertically oriented slot 32 for receiving the signal
being fed to the connector by the third waveguide. In the area
where the third waveguide 29 meets the connector 30, the
third waveguide has a horizontal extension. The vertical slot
32 is thus arranged essentially perpendicular to the extension
of the third waveguide 29.

In another embodiment the third waveguides 29 in FIGS.
7a and 7b may be the first waveguides 6. The arrangement in
FIGS. 7a and 7b may thus be applied on an arrangement
where the third waveguides are replaced by the first
waveguides. In all embodiments it is possible to use extra
support structures.

FIG. 8a schematically shows a front view of an antenna
system according to the invention comprising a radome 33. In
order to reduce aerodynamic drag, the dorsal unit 8 may be
partly covered with a radome 33 for covering the front pro-
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jection of the dorsal unit 8. Since the antenna devices 14 may
have a larger vertical extension than that of the dorsal unit 8,
the antenna devices 14 that are in fore and/or in the aft of the
dorsal unit 8 may protrude out from the radome 33.

FIG. 85 schematically shows a top view of an antenna
system according to FIG. 8a. Tight separation of the feed
waveguides may make it difficult to bend them onto the planar
waveguide boards 21. However, a realization may be facili-
tated by (i) separating the antenna/waveguide boards to the
grating lobe limit imposed by +/-30 degree scannability, (ii)
realizing the feeding second waveguides 22 as narrow and
ridged waveguides. Space is then made free for curving the
second waveguides onto the boards. The support structure 15
therefore widens towards the antenna devices 14, as seen in
FIG. 85, in order to house the spreading second waveguides
22.

The invention claimed is:

1. An antenna system for an airborne radar system, the
antenna system comprising:

a dorsal unit having two opposing long sides extending in

a height direction (Z) and a longitudinal direction (X)
and two opposing short sides extending in a lateral direc-
tion (Y) and the height direction (Z), and an upper side
opposing a bottom side each extending in the longitudi-
nal direction (X) and the lateral direction (Y), wherein
the antenna system further comprises a plurality of first
antenna elements interspaced and mounted in connec-
tion to one or both of the short sides and extending in the
height direction (Z), wherein each of the first antenna
elements further comprises a waveguide board.

2. The antenna system according to claim 1, wherein the
waveguide board further comprises second antenna elements.

3. The antenna system according to claim 2, wherein each
waveguide board comprises second waveguides arranged to
distribute the power to/from at least one summation point to
the second antenna elements.

4. The antenna system according to claim 3, wherein each
of the waveguide boards are arranged to be fed microwave
energy independently of the other waveguide boards for con-
trol of phases and amplitudes between different antenna ele-
ments.

5. The antenna system according to claim 2, further com-
prising a microwave power distribution system having a num-
ber of first transmit/receive (T/R) units being coupled to the
first antenna elements for distribution of microwave power to
the first antenna elements, wherein the microwave power
distribution system is coupled to the second antenna ele-
ments.

6. The antenna system according to claim 5, wherein the
microwave power distribution system further comprises an
assembly of first waveguides coupled to the second antenna
elements being directed at an angle essentially perpendicular
to the first antenna elements, wherein the first T/R units are
coupled to the first waveguides for distribution of microwave
energy to the second antenna elements.

7. The antenna system according to claim 5, wherein the
assembly of first waveguides are mounted on the upper side
and/or on the bottom side of the dorsal unit and/or inside the
dorsal unit.

8. The antenna system according to claim 5, wherein the
first antenna elements are positioned at least longitudinally
(X) on each of the long sides of the dorsal unit and that the
second antenna elements are positioned in connection to one
or both of the short sides.

9. The antenna system according to claim 5, wherein the
antenna devices are connected to the first waveguides so that
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the microwave power supplied by the first T/R units can be
distributed by the antenna system such that an azimuthal scan
is performed by the radar system in a direction out from one
or both of the short sides, in the forward direction and/or the
rearward direction of an airplane when the dorsal unit is
mounted onto an airplane.

10. The antenna system according to claim 5, wherein the
second antenna elements are connected to second T/R units
being arranged to be controlled such that the microwave
power supplied by the first T/R units can be distributed by the
antenna system such that an elevation scan is performed by
the radar system in a direction out from one or both of the
short sides in the forward direction and/or the aft direction of
an airplane when the dorsal unit is mounted onto the airplane.

11. The antenna system according to claim 5, wherein the
first antenna elements are connected to the first T/R units so
that the microwave power supplied by the first T/R units can
be distributed by the antenna system in such a way that an
azimuthal scan is performed by the radar system in a direction
out from one or both of the long sides in the lateral direction
(Y) of an airplane when the dorsal unit is mounted onto the
airplane.

12. The antenna system according to claim 5, further com-
prising a control device for controlling the first T/R units and
thereby the phase shifts of the microwave power between the
first antenna elements and the second antenna elements.

13. The antenna system according to claim 12, wherein the
first antenna elements are positioned essentially parallel to
the second antenna elements.

14. The antenna system according to claim 12, wherein the
second antenna elements are positioned in series in the height
direction.

15. The antenna system according to claim 1, wherein each
waveguide board is comprised within an aerodynamic hous-
ing.

16. The antenna system according to claim 15, wherein the
housing comprises a foam-like material surrounding the
waveguide board.

17. The antenna system according to claim 16, wherein the
housing comprises a surface layer encasing the foam-like
material.

18. The antenna system according to claim 17, wherein the
surface layer is a metallic skin providing a ground plane for
achieving an enhanced directivity, wherein the surface layer
comprises slots in the height direction (7).

19. The antenna system according to claim 15 wherein the
antenna device comprises a ground plane within the housing
adjacent the waveguide board and coupled to the second
waveguides, wherein the second antenna elements are within
the housing and protruding from the ground plane in the
longitudinal direction (X) for directivity purposes.

20. The antenna system according to claim 1, wherein the
second antenna elements comprise a passive or active struc-
ture for directivity purposes.

21. The antenna system according to claim 1, wherein the
antenna system comprises a support structure comprising
third waveguides for feeding microwave power to the
waveguide boards via connectors.

22. The antenna system according to claim 21, wherein the
connector is vertically oriented or horizontally oriented.

23. The antenna system according to claim 1, wherein the
antenna elements are separated so that a grating lobe limit is
imposed by a prescribed, limited scannability.

24. The antenna system according to claim 1, wherein each
waveguide board is planar.
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