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(54) Double structure broadband leaky wave antenna

(57) A leaky wave antenna contains a first and a sec-
ond leaky wave antenna structure back to back against
each other. Each antenna structure comprises a dielec-
tric body and an elongated wave carrying structure, such
as a slot in a conductive ground plane. In each leaky
wave antenna structure the body and wave carrying
structure are mutually arranged to radiate a leaky wave
from the wave carrying structure through the dielectric
body, the leaky wave radiating at a respective angle to
the wave carrying structure. The dielectric bodies of the

first and second wave antenna structure adjoin each oth-
er in a common plane that is at said respective angles to
the wave carrying structures of the first and second wave
antenna structure respectively, so that the ground planes
are at an angle with respect to each other. The respective
wave carrying structures run over into each other at said
common plane, the antenna comprising a feed arranged
to excite waves in both the respective wave carrying
structures together. In this way bandwidth limitations due
to the feed structure are reduced.
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Description

[0001] The invention relates to a broadband leaky
wave antenna.
[0002] In the IEEE Transactions on Antennas and
Propagation Vol. 51 No. 7 July 2003 pages 1572-1581
an article has been published titled "Green’s function for
an Infinite Slot Printed Between Two Homogeneous Di-
electrics, Part I: Magnetic Currents", by Andrea Neto and
Stefano Maci. A second part of this article has been pub-
lished in the IEEE Transactions on Antennas and Prop-
agation Vol. 52 No. 3 March 2004, on pages 666 -676.
The first article mentions the possibility of building a
sub-millimetre wave receiver that is integrated with a di-
electric lens and that contains a slot printed on an infinite
slab.
[0003] The articles describe the properties of electro-
magnetic waves that travel along a structure with a con-
ductive ground plane that contains a narrow elongated
non-conductive slot, when two dielectric media with dif-
ferent dielectric constants ε1 ε2 are present on opposite
sides of the ground plane. It is shown that in this config-
uration a wave travels along the length of the slot, and
that part of the wave energy is radiated under a prede-
termined angle relative to the ground plane.
[0004] The articles refer to the possibility of using this
phenomenon to realize a leaky wave antenna, but give
no details about the structure of such an antenna. In a
leaky wave transmission antenna an electromagnetic
wave travels along a wave guiding structure so that at
successive points along the structure each time a fraction
of the wave energy is radiated to the far field. As a result
the wave energy gradually decreases along the structure.
The travelling wave defines predetermined phase rela-
tionships between the radiations from different points
along the structure and thereby a direction (if any) in
which the radiation from the points leads to coherently
radiation, so that the structure acts as an antenna. Usu-
ally, leaky wave antennas have a limited bandwidth,
which is defined by the characteristic dimensions of the
wave guiding structure.
[0005] In a co-pending patent application by the same
inventor and assigned to the same assignee an antenna
is described with a conical dielectric body on a conductive
ground plane that contains a non-conductive antenna
slot. This application is incorporated herein by way of
reference. The dielectric body has truncated elliptical
cross-sections, so that the antenna slot runs along a line
through foci of each elliptical cross-section. This antenna,
per se, supports extremely broadband radiation, but its
bandwidth is limited by the feed structure that is needed
to couple radiation into and/or out of the antenna slot.
[0006] Among others, it is an object of the invention to
provide for an ultra wideband antenna, wherein a feed
structure need not limit the antenna bandwidth.
[0007] A leaky wave antenna according to the inven-
tion is set forth in claim 1. The antenna comprises a first
and a second leaky wave antenna structure with wave

carrying structures and dielectric bodies that adjoin in a
common plane between the two structures ("adjoin" as
used here covers both a meeting of separate bodies and
a body that continues from the body of the one antenna
structure into the other, so that the common plane is
merely a virtual plane through the continuous body). The
common plane forms respective angles to the wave car-
rying structures in the two leaky wave antenna structures
that equal the angles at which leaky waves are radiated
from the wave carrying structures into the dielectric bod-
ies. As a result an angle between the respective wave
carrying structures equals a sum of said angles,
[0008] The feed of the antenna excites waves in both
antenna structures together. Thus the antenna structures
mutually form loads for each other, avoiding use of a feed
structure that involves critical dimensions that limit an-
tenna bandwidth.
[0009] Typically, the wave carrying structures are re-
alized using conductive ground planes comprising re-
spective non-conductive slots. In this case the angle be-
tween the ground planes is the sum of said angles of
propagation of the leaky waves. Alternatively comprise
conductive tracks may be used which are at an angle
that is the sum of said angles.
[0010] Preferably the feed is arranged to excite the
waves substantially from the common plane between the
two antenna structures. This minimizes bandwidth limi-
tation and improves the antenna pattern. Preferably the
leaky wave antenna structures are substantially mutually
mirror symmetric with respect to the common plane. This
improves the antenna pattern.
[0011] In an embodiment the bodies of the leaky wave
antenna structures are each at least partly conically
shaped, having a series of cross-sections of truncated
elliptical shape, wherein each shape is truncated sub-
stantially through a first focus of the elliptical shape along
a truncation line that extends substantially perpendicu-
larly to a main axis of the elliptical shape, a second focus
of the elliptical shape lying within the body; the wave car-
rying structures extending substantially along a focal line
through the first foci of the elliptical shapes in successive
cross-sections. This type of leaky wave antenna structure
supports use of frequencies from a very wide frequency
band. By combining two of such structures with a single
feed this broadband characteristic can be preserved by
the feed. However, it should be realized that the band-
width limiting effect of the feed can also be avoided in
other types of antenna, for example by using a dielectric
body of a different shape with an added coating at its
surface to minimize reflections at the surface where the
leaky wave leaves the dielectric body.
[0012] In a further embodiment a size of the cross-sec-
tions in each leaky wave antenna structure tapers so that
a virtual top line is perpendicular to a direction of coherent
propagation of the leaky wave from the elongated wave
carrying structure into the dielectric body (the top line
runs through crossing points of the perimeters of the el-
liptical shapes and the main axes of the ellipses that are
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furthest from the first focus). Hence, the angle between
the virtual top line and the wave carrying structure equals
ninety degrees minus the angle of propagation of the
leaky wave from the wave carrying structure. Preferably,
the virtual top lines of the two leaky wave antenna struc-
tures together form a single straight line. This increases
the broadband behaviour and makes it easier to manu-
facture the antenna.
[0013] Because of its broadband behaviour the anten-
na can be used with transmission and/or reception equip-
ment that is operative to receive and/or transmit signals
with mutually different frequencies that are far apart, for
example at least a factor of two apart, but operation with
frequencies over a wider band are feasible. Even fre-
quencies that are a factor ten apart are possible, for ex-
ample over a band from 4 to 40 Gigahertz.
[0014] These and other objects and advantageous as-
pects of the invention will be described by non-limitative
examples using the following figures.

Figure 1 shows an antenna structure.
Figure 2 shows a cross-section of an antenna struc-

ture.
Figure 3 shows another cross section of an antenna

structure.
Figure 4 shows a feed structure.
Figure 5 shows a transmission and/or reception sys-

tem.

[0015] Figure 1 shows an antenna structure. The an-
tenna structure comprises a dielectric body 10, which is
shown schematically by a number of cross-sections 16.
A first conductive ground plane 12a and second conduc-
tive ground plane 12b are attached to the dielectric body
10 at an angle α (alpha) with respect to each other. Nar-
row non-conductive antenna slot 14 run along the length
of the antenna structure in the ground planes 12a,b.
[0016] Dielectric body 10 is made up of two halves of
conical shape, each with cross-sections 16 that have the
shape of truncated ellipses. The truncations of the
cross-sections in a half rest on the ground plane 12a,b
that is attached to that half. Each halve is broadest in the
plane where it meets the other half and the widths of the
cross-sections taper away from that plane.
[0017] In operation waves of electromagnetic radiation
travel from the junction between the ground planes 12a,b
along the antenna slots 14. The speed of propagation is
such that a leaky wave is radiated from the antenna slots
14 through the dielectric body 10 at an angle (ϕ (phi) with
respect to the antenna slots 14. The angle a (alpha) be-
tween the ground planes 12a,b has been selected so that
the central directions of radiation (in a plane perpendic-
ular to the ground planes 12a,b) in both halves of the
antenna structure run in parallel with one another. That
is, so that alpha= 2*phi. In this way radiation from both
halves contributes to the same antenna lobe.
[0018] Figure 2 illustrates one cross-section 16 of the
dielectric body, showing its truncated elliptical shape, a

cross-section of ground plane 12 (12a or 12b, with ex-
aggerated thickness) and a cross-section of antenna slot
14 (with exaggerated width). A virtual line 22 shows the
main axis of the ellipse (the axis through its focal points;
as is well known the two focal points of the ellipse are
defined by the fact that the sum of the distances from
any point on the perimeter of the ellipse to both focal
points is independent of the point on the perimeter). An-
tenna slot 14 runs substantially through a first one of the
foci (focal points) of the ellipse and extends transverse
to the plane of the drawing through foci of the elliptical
shapes of other cross-section. The second focus (focal
point) 20 of the ellipse lies within dielectric body. The
ellipse is truncated along a line that runs perpendicular
to the main axis of the ellipse and substantially through
the first focus of the ellipse. Ground plane 12 extends
transverse to the elliptical cross-sections 16.
[0019] Figure 3 shows another cross-section of the di-
electric body 10, in this case through a plane that runs
through the main axes 22 of the ellipses and the antenna
slots 14 (not shown). Dielectric body may be made for
example of TMM03 material, on sale in the form of slabs
from Rogers. This material has a dielectric constant of
3.27. Of course other materials may be used, for example
with a relative dielectric constant between 1.5 and 4. In
the case that slab shaped material is used, the slabs may
be stacked and shaped to realize the electric body. The
lowest slab may be provided with an attached copper
ground plane with a thickness of approximately 0.1 mil-
limetre in which antenna slot 14 may be milled, with a
width of say 0.2 millimetre. However, it should be realized
that these dimensions and this way of manufacturing are
merely given by way of example. The width should pref-
erably be less than a quarter of the wavelength in the
dielectric material. The width of 0.2 millimetre may be
used for frequencies in the range of 10-30 Gigahertz.
Higher frequencies, even in the Terahertz range are pos-
sible, but in that case a different manufacturing will be
used to realize a correspondingly narrower slot. Other
dimensions and manufacturing techniques may be used.
[0020] Operation of the antenna is based on the fact
that the propagation speed of waves along a slot 14 in a
conductive ground plane 12 is substantially independent
of the wavelength of the wave, if ground plane 12 is
bounded by two infinite half-spaces of mutually different
dielectric constant, provided that the slot width is sub-
stantially smaller than the wavelength (smaller than a
quarter of the wavelength). This means that such a slot
will act as a leaky wave antenna, which radiates into one
of the half-spaces in a direction that is independent of
the wavelength of the radiation.
[0021] In practice infinite half spaces of dielectric ma-
terial are of course impossible. This means that finite
bodies of material must be used, but normally the finite
size of the body affects the speed of propagation of the
waves along antenna slot 14 in a wavelength dependent
way. This wavelength dependence limits the antenna
bandwidth, and makes the direction of radiation wave-
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length dependent.
[0022] In the present antenna, the wavelength de-
pendence is minimized by the use of a dielectric body 10
with truncated elliptical cross-sections with one focus at
the position of the antenna slot 14. Preferably, cross-sec-
tions through plane parallel to the direction of propagation
of the leaky wave through the dielectric have this shape
and have their first focus at the antenna slot 14. As will
be appreciated this direction depends on the speed of
wave propagation along antenna slot 14, which in turn
depends on the dielectric constants of the dielectric ma-
terial of body 10 and the surrounding space. The required
direction can be determined theoretically, by means of
simulation or by means of analytical solutions, or exper-
imentally, by observing the direction of propagation in
the dielectric body.
[0023] The half-space below each ground plane 12 is
formed by air (or a vacuum, or by some other gas or fluid).
The upper half-space is approximated by the dielectric
body 10. Because of the elliptical cross-sections radiation
from the antenna slot 14 can only react back on the an-
tenna slot 14 after two reflections on the perimeter of the
dielectric body 10. This minimizes the effect of the finite
size of dielectric body 10, with the result that the wave-
length independent propagation speed for an infinite half
space is closely approximated for waves that propagate
along the slots in each of the ground planes. Preferably,
the elliptical cross-sections are shaped so that their ec-
centricity substantially equals the square root of the rel-
ative dielectric constant of the dielectric body 10 with re-
spect to that of the surrounding space.
[0024] The result is that radiation leaks from antenna
slot 14, giving rise to wavefronts 30 that travel in a direc-
tion 33a,b at an angle ϕ to ground plane 12, the angle ϕ
being determined by the speed of propagation along an-
tenna slot 14, which is a function of the dielectric constant
of the dielectric body but is substantially independent of
the wavelength. Due to the selection of the angle a (al-
pha) between the ground planes 12 the directions 33a,b
of propagation of the leaky waves in the two halves are
parallel to each other. In the case of the example where
the dielectric constant is 3.27 the angle ϕ equals approx-
imately forty degrees.
[0025] In the embodiment of the figures the size of the
elliptical cross-sections tapers towards the end of the an-
tenna structure in both halves so that, at least on the
main axes 22 of the ellipses, the wave-fronts 30 of equal
phase in both halves run parallel to the top line surface
32 of the body at the top of the ellipse (where the main
axes 22 cross the surface of the ellipse) toward which
the wave-fronts 30 travel. As a result, the wave has nor-
mal incidence on surface 32 and proceeds with wave
fronts in the same direction 33a,b after leaving the die-
lectric body. This arrangement with a tapering so that
surface 32 is substantially perpendicular to the direction
of propagation of the radiated wave is preferred to min-
imize reflections.
[0026] However, without deviating from the invention

top line surface 32 may comprise sub-surfaces at a mu-
tual angle symmetrically on either side of the plane of
symmetry of the antenna, i.e. at equal angle with respect
to the wave fronts 30. As long as the angle is kept so
small that no total reflection occurs this merely results in
breaking of the direction of radiation when the radiation
leaves dielectric body 10, with some increased loss due
to reflections.
[0027] As shown, ground plane 12 extends substan-
tially over the full width of the truncations, but no further.
This is convenient for mechanical purposes, but not es-
sential for radiative purposes: without deviating from the
invention the ground plane may extend beyond the ellip-
tical cross-sections or cover only part of the truncation.
Preferably the width of the ground plane 12 away from
the slot is so selected large that it contains the area
wherein the majority of the electric current flows accord-
ing to the theoretical solution in the case of an infinite
ground plane, for example so that the ground plane 12
extends over at least one wavelength on either side of
the slot 14 and preferably over at least three to four wave-
lengths.
[0028] A conductive track may be used instead of
non-conductive antenna slot 14 that is shown in the fig-
ures, when the conductive ground plane 12 is omitted or
replaced by a non-conductive ground plane. Like the an-
tenna slot 14, such a conductive track that extends
through one of the foci of successive cross-sections gives
rise to substantially wavelength independent propaga-
tion speed and leaky wave radiation that provides an an-
tenna effect.
[0029] Typically a single non-conductive slot or con-
ductive track extends through the focal line. In the case
of the slot this leads to a propagating field structure with
electric field lines from one half of the ground plane to
the other and magnetic field lines through the slot, trans-
verse to the ground plane. Preferably no additional slot
is provided in parallel with the slot. However, a similar
propagating field may be realized with one or more ad-
ditional slots in parallel to the slot, provided that these
slots are excited in phase with the excitation of the slot,
or at least not excited completely in phase opposition to
the excitation of the slot. Out of phase (but not opposite
phase) excitation of different slots may be used to redirect
the antenna beam.
[0030] Similar considerations hold for the conductive
track, except that the role of magnetic and electric fields
is interchanged. Preferably a single conductive track is
used, but more than one track may be used, provided
that the tracks are preferably not excited in mutual phase
opposition.
[0031] Although the invention is illustrated for the case
of transmission of radiation, it will be realized that, owing
to the principle of reciprocity, the antenna also operates
to receive radiation from the direction in which it can be
made to radiate, i.e. from a substantially wavelength in-
dependent direction.
[0032] Figure 4 shows an example of a feed structure
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of the antenna. Preferably the feed structure is integrated
at the juncture of ground planes 12a,b. The feed structure
of figure 4 is one embodiment; comprising two mutually
parallel feed slots 40 on either side of a tongue of con-
ductive material transverse to antenna slot 14. Feed slots
40 form a wave-guide that ends in a short-circuit at an-
tenna slot 14. Preferably the feed structure is located at
the junction of the two halves of the antenna (indicated
by line 44), where the two ground planes 12 meet at the
angle alpha.
[0033] The feed structure makes use of magnetic field
excitation, which excites a wave in antenna slot 14 on
either side of the feed structure by means of a magnetic
field in the antenna slots 14 with field lines substantially
perpendicular to ground planes 12. Such a magnetic field
can be induced with a conductor that crosses the antenna
slot, such as the tongue between feed slots 40.
[0034] Because the wave-guide ends in a short-circuit
at antenna slot 14, a current maximum is created (and
therefore a magnetic field maximum) at the position of
antenna slot 14. Thus maximum excitation of waves in
antenna slots 14 is realized. These waves travel along
the length of the antenna slots 14 in both directions from
the feed structure.
[0035] It should be understood that the invention is not
limited to this particular feed structure. Other feed struc-
tures may be used, for example a feed structure that is
not integrated in the ground planes 12a,b, or that is inte-
grated in a different way. Preferably such a feed structure
should be arranged to excite a magnetic field in the slot
14 with a field direction transverse to the ground planes
12a,b Preferably such a field is excited at the junction of
the ground planes 12a,b. However in other embodiments
the field may be excited at a point or region in one of the
ground planes, so that a wave travels from this point or
region to the junction and beyond, as well in the opposite
direction from the point or region to the tip of the antenna.
[0036] Figure 5 shows a transmission and/or reception
system comprising a transmitter and/or receiver 60 with
a connection connected to the antenna structure. The
system is arranged to supply and/or receive fields over
a wide range of frequencies. In an example the system
is arranged to support frequencies that are a factor two
apart, but larger ranges of up to a factor ten are contem-
plated. Transmitter and/or receiver 60 may comprise sep-
arate apparatuses for these different frequency bands,
but a combined apparatus may be used alternatively.
[0037] It should be appreciated that the actual antenna
structure with antenna slot 14 is suitable for an extremely
broad band of frequencies. Although a simple feed struc-
ture has been described, it should be appreciated that
different feed structures are possible. When a conductor
track is used instead of antenna slot 14, feed structures
may be used that are the dual of the feed structure for
antenna slot, i.e. wherein conductive parts are replaced
by non-conductive parts and vice versa.
[0038] By now it will be appreciated that an extremely
broadband antenna structure is realized by means of an

antenna structure with a dielectric body of truncated el-
liptical cross-section, with a ground plane with a slot that
extends through the foci of the elliptical cross-sections
or a conductor that extends through the foci. By using a
structure that is made up of two halves bandwidth limi-
tations due to the feed structure can be avoided. Prefer-
ably, halves that mirror symmetric copies of each other
are used, that halves adjoining each other in a plane that
forms angles ϕ with the ground planes 12 in the respec-
tive halves (ϕ being the angle at which the leaky waves
radiate from the ground plane). Preferably the field is
excited in (or received from) the slot substantially at the
plane of symmetry between the two halves. Thus a sym-
metric excitation with a signal leaky wave radiation lobe
can be realized.
[0039] It should be appreciated that other configura-
tions are possible. In other embodiments the two halves
of the antenna need not be mirror symmetric copies of
each other. In fact the two halves need not even have
the same dielectric constant. For example, if material with
different dielectric constants are used in the two halves
on either side of the central plane respectively, a structure
that is symmetric for the purpose of the radiative proper-
ties may be realized by designing the two halves each
according to the angle ϕ and ϕ’ of leaky wave radiation
that corresponds to the dielectric constants in the two
halves.
[0040] Non-symmetric structures may be used as well,
for example if two antenna lobes need to be provided,
so that each halve has its own particular shape to realize
a part of the antenna pattern. In fact, although the trun-
cated elliptical shape is preferred, embodiments are pos-
sible wherein other shapes are used. In this case too, a
double structure may be used with a slot or track that
runs on to support emission of the leaky wave in both
parts of the structure, the slot or track being use to excite
waves in both parts of the structure together, preferably
at the junction of the parts. For example a dielectric body
of a non-elliptic shape may be used with an added coating
at its surface to minimize reflections at the surface where
the leaky wave leaves the dielectric body.
[0041] Transmitter and/or receiver equipment 60 may
be attached to the antenna structure to supply and/or
receive fields of widely different frequency simultaneous-
ly and/or successively to the antenna structure for effec-
tive transmission and/or reception. Various feed struc-
tures may be used to excite or receive waves from the
antenna slot. In an embodiment the feed structures may
be integrated in the ground plane. Typically, the feed
structures are selected dependent on the frequency or
frequencies at which the transmitter and/or receiver
equipment 60 uses the antenna structures.

Claims

1. A leaky wave antenna, comprising a first and a sec-
ond leaky wave antenna structure, each comprising
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a dielectric body and an elongated wave carrying
structure, the body and wave carrying structure in
each leaky wave antenna structure being mutually
arranged to radiate a leaky wave from the wave car-
rying structure through the dielectric body, the leaky
wave in each respective leaky wave antenna struc-
ture radiating at a respective angle to the wave car-
rying structure, the dielectric bodies of the first and
second wave antenna structure adjoining each other
in a common plane that is at said respective angles
to the wave carrying structures of the first and second
wave antenna structure respectively, the respective
wave carrying structures running over into each oth-
er at said common plane, the antenna comprising a
feed arranged to excite waves in both the respective
wave carrying structures together.

2. A leaky wave antenna according to Claim 1, wherein
the feed is arranged to excite the waves substantially
in said common plane.

3. A leaky wave antenna according to any one of the
preceding claims, wherein the first and a second
leaky wave antenna structure are substantially mir-
ror images of each other with respect to the common
plane.

4. A leaky wave antenna according to any one of the
preceding claims, wherein the bodies of the leaky
wave antenna structures each are at least partly con-
ically shaped, having a series of cross-sections of
truncated elliptical shape, wherein each shape is
truncated substantially through a first focus of the
elliptical shape along a truncation line that extends
substantially perpendicularly to a main axis of the
elliptical shape, a second focus of the elliptical shape
lying within the body; the wave carrying structure ex-
tending substantially along a focal line through the
first foci of the elliptical shapes in successive
cross-sections.

5. An antenna according to Claim 4, wherein main el-
liptical axes of each of the elliptical shapes substan-
tially coincide with a direction of coherent propaga-
tion of a leaky wave from the elongated wave carry-
ing structure into the dielectric material.

6. An antenna according to any one of claims 3 to 5,
wherein a size of the cross-sections in each leaky
wave antenna structure tapers so that a virtual top
line of the body is perpendicular to a direction of co-
herent propagation of the leaky wave from the elon-
gated wave carrying structure into the dielectric
body, the virtual top line running through points on
the perimeters of the body where the main axes of
the ellipses intersect the perimeter.

7. An antenna according to claim 6, wherein the virtual

top lines of the leaky wave antenna structure togeth-
er form a single straight line.

8. An antenna according to any one of the preceding
claims, comprising conductive ground planes adjoin-
ing surfaces of the bodies of the respective leaky
wave antenna structures, the wave carrying struc-
tures comprising respective slots in the respective
bodies, a further angle between the ground planes
equalling a sum of said angles at which the leaky
waves are radiated.

9. An antenna according to any one of claims 1 to 7,
wherein the wave carrying structures comprise con-
ductive tracks at a further angle with respect to one
another, the further angle equalling a sum of said
angles with respect to each other.

10. A transmission and/or reception apparatus, compris-
ing an antenna according to any one of the preceding
claims and a signal processing apparatus that is op-
erative to receive signals from the feed and/or supply
signals for transmission to the feed, the apparatus
being arranged successively and/or simultaneously
to supply and/or receive the signals with mutually
different frequencies that are at least a factor of two
apart.

11. A transmission and/or reception apparatus, accord-
ing to claim 10 wherein the mutually different fre-
quencies are at least a factor of ten apart.
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