Office de la Proprieté Canadian CA 2641124 C 2013/03/19

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 641 1 24
Findustrie Canada Industry Canada a2 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2007/01/23 (51) Cl.Int./Int.Cl. H07Q 73/20(2006.01),
. o . o . HO1Q 1/08 (2006.01), HO1Q 1/28(2006.01),
(87) Date publication PCT/PCT Publication Date: 200//08/09 HO4B 5/00 (2006.01)
(45) Date de délivrance/lssue Date: 2013/03/19 _
(72) Inventeur/Inventor:
(85) Entree phase nationale/National Entry: 2008/07/31 MULLER, JOACHIM, DE
(86) N° demande PCT/PCT Application No.: EP 200//000554 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2007/087998 W.L. GORE & ASSOCIATES GMBH, DE
(30) Priorité/Priority: 2006/02/02 (EP06 002 185.4) (74) Agent: NORTON ROSE CANADA
S.EN.CR.L., SR.L/ALP

(54) Titre : ANTENNE COAXIALE A FUITE
(54) Title: LEAKY COAXIAL ANTENNA

<
>
o\
s

2

N

X

$

NZNINON!
Soe
NS

P

NS

NS
UL

¢
A

R
‘
0{0

}0
S

S

(»

l; .
A
A
=W
—\
b\/7

(57) Abréegée/Abstract:

The invention relates to a leaky coaxial antenna (10) comprising an inner conductor (1), a dielectric (2) around the inner conductor
(1), and a first shield conductor (4) disposed around the dielectric (2), the first shield conductor having openings (41) distributed In
longitudinal direction of the inner conductor (1) and being adapted in that electromagnetic energy passes through the openings
(41). A second shield conductor (5) Is disposed around or underneath the first shield conductor (4), the second shield conductor
(5) being adapted to cover or mask at least a number of the openings (41) of the first shield conductor in a shielded section (S1 -
S12). The second shield conductor (5) I1s arranged discontinuously In the longitudinal direction of the antenna (10) defining
uncovered or unmasked portions (AS1 - AS12) of the first shield conductor (4) in the longitudinal direction of the antenna which
are adapted In that electromagnetic energy passes through the uncovered portions (AS1 - AS12). Thus, the present invention
suggests a two-layer shield for improving the properties of a leaky coaxial antenna with respect to e.g. aerospace applications.
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(57) Abstract: The invention
relates to a leaky coaxial antenna
(10) comprising an inner conductor
(1), a dielectric (2) around the inner
conductor (1), and a first shield
conductor (4) disposed around
the dielectric (2), the first shield
conductor having openings (41)
distributed in longitudinal direction
of the inner conductor (1) and being
adapted in that -electromagnetic

energy passes through the openings
— (41). A second shield conductor (5)
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is disposed around or underneath the
first shield conductor (4), the second
shield conductor (5) being adapted
to cover or mask at least a number

of the openings (41) of the first shield conductor in a shielded section (S1 - S12). The second shield conductor (5) is arranged
discontinuously In the longitudinal direction of the antenna (10) defining uncovered or unmasked portions (AS1 - AS12) of the first

shield conductor (4) in the longitudinal direction of the antenna which are adapted in that electromagnetic energy passes through

he uncovered portions (AS1 - AS12). Thus, the present invention suggests a two-layer shield for improving the properties of a
eaky coaxial antenna with respect to e.g. aerospace applications.
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K639 137/6

Leaky coaxial antenna

The present invention relates to a leaky coaxial antenna comprising an inner con-
ductor, a dielectric around the inner conductor and a shield conductor disposed
around the dielectric, the shield conductor having openings distributed in longit-
udinal direction of the inner conductor and being adapted in that electromagnet-
ic energy passes through the openings. Particularly, such leaky coaxial antenna

may be used in airplanes and in other applications.

Leaky and/or radiating coaxial cables may be employed as longitudinal antennas
in confined spaces like tunnels, mines, buildings, and/or in other stretched-out
applications involving a narrow lateral corridor (such as railroads and highways).
In modern applications, such cables may be employed in stretched-out vehicles
such as airplanes, were there is a need for one- or two-way communication.
Leaky coaxial cables support surface waves, were a fraction of the power is radi-
ated radially. Leaky coaxial cables operate in a radiating or a coupling mode.

These modes correspond to an in-phase addition of all contributing apertures.

Most of the known leaky and/or radiating coaxial cables are heavy, large in dia-
meter, and inflexible. Historically this has not been a problem, however, because
the applications in which they are used, such as some of those mentioned
above, do not require either lightweight or flexible cables. However, particularly

for use in airplanes, for example, such drawbacks may be disadvantageous.
US 4 599 121 is directed to a method of producing a leaky coaxial cable by using

a continuous braided shield having openings therein produced by dropping ends

of the shield wire as the braiding progresses in the manufacturing process.

[/data/s052/6/69/69137/070123 anm_pct.odtj 2007-01-23 14:28
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US 5 936 203 A is directed to a radiating coaxial cable with an outer conductor
formed by continuous multiple conducting strips. The plurality of conductive
strips are continuously wrapped in coaxial relationship to a centre conductor and
separated by a dielectric core. The plurality of conductive strips define in com-
bination another conductor of the radiating cable and define a plurality of gaps or
apertures between the conductive strips for radiating and receiving electromag-

netic energy in response to excitation of the cable.

US 4 339 733 concerns a radiating cable comprising at least one centre conduct-
or, a dielectric core surrounding the centre conductor and a plurality of radiating
sheaths disposed in coaxial relationship to the centre conductor along the length
of the dielectric core. Particularly, the sheaths are performed by continuous

structures such as braids, helically or longitudinally wrapped structures.

DE 26 36 523 A1l is directed to a radiating coaxial transmission line which s
covered with an insulating coating. Similar cylindrical radiating elements are
equidistantly placed on the line and at a centre-to-centre distance equal to the
wavelength of the centre frequency of the high frequency band as transmitted in
and through the line. The insulating coating insulates the outer conductor with
raspect to the environment and establishes a supporting surface for the radiating
elements. Each radiator has preferably a length equal to half the wavelength of

the centre frequency of the transmission band to be radiated.

None of the known leaky and/or radiating coaxial cables, such as those embod-
ied in some of the above references, meet all requirements for use in aerospace
applications. While flexible designs using an open braid structure have limited
bandwidth and high longitudinal losses, designs with a rndged outer conductor
having openings have a large bend radius and lack flexibility. In particular, a
leaky/radiating coaxial cable intended for use as a distributed antenna for wire-
less applications like WLAN and GSM in airplanes must meet many specific re-

quirements. These requirements include that it must be flexible (have a bend ra-

l/data/s052/6/69/69137/070123_anm_pct.odt] 2007-01-23 14:28
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dius of 32 mm with less than 1 Ohm impedance change), high bandwidth and
wideband (400 MHz up to 6 GHz), lightweight (190 g/m), low longitudinal loss
(attenuation of less than 0.36 dB/m at 6 GHz) in order to support operation
within the frequency band up to antenna lengths of 60 m, for example. The
leaky/radiating coaxial cable for use in an airplane must be flexible because it
will be installed inside the airplane where many other obstacles require that
the antenna cannot be run in a straight line. It must have high frequency
response because many of the wireless communication standards operate at
several GHz. It must have high bandwidth because each of the wireless
communication standards operate in its own frequency band within one
antenna. It must be lightweight to comply with airline specifications with the
aim to minimize airplane weight. It must have low longitudinal loss to allow
enough reach length while having sufficient radiation loss to function as a
receiving and/or transmitting antenna. Finally, the radiation loss should be
homogenous along the length and allow a sectional circumferential radiation
pattern to maintain the specified noise immunity requirements defined by the

application, for example an airplane specification.

The object of the present invention is, therefore, to provide a leaky coaxial

antenna which is capable to improve at least some of the above-mentioned

draw-backs of existing solutions.

Particularly, according to a first aspect of the invention, a leaky coaxial
antenna comprises an inner conductor, a dielectric around the Inner
conductor, and a first shield conductor disposed around the dielectric, the first
shield conductor having openings distributed in longitudinal direction of the
inner conductor and being adapted in that electromagnetic energy passes

through the openings. A second shield conductor is disposed around the first

shield conductor, wherein the
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second shield conductor is adapted to cover at least a number of the openings
of the first shield conductor in a shielded section for preventing the electromag-
netic energy from passing to the outside of the antenna within the shielded sec-
tion. Moreover, the second shield conductor is arranged discontinuously in the
longitudinal direction of the antenna defining uncovered portions of the first
shield conductor in the longitudinal direction of the antenna which are adapted

In that electromagnetic energy passes through the uncovered portions.

According to another aspect of the present invention, the second shield conduct-
or is disposed underneath the first shield conductor, wherein the second shield
conductor is adapted to mask at least a number of the openings of the first
shield conductor in the shielded section for preventing the electromagnetic en-
ergy from passing to the outside of the antenna within the shielded section. Fur-
thermore, the second shield conductor 1s arranged discontinuously in the longit-
udinal direction of the antenna defining unmasked portions of the first shield
conductor in the longitudinal direction of the antenna which are adapted in that

electromagnetic energy passes through the unmasked portions.

Thus, the present invention suggests a two-layer shield, comprising the first
shield conductor and the second shield conductor for improving the properties
of a leaky coaxial antenna, as referred to in the introductory part of the descrip-
tion. Particularly, both shield layers allow cable bending, however, since the
second shield layer comprising the second shield conductor covers or masks the
openings of the first shield layer comprising the first shield conductor over con-
siderable parts of the cable length, the longitudinal loss of the coaxial transmis-
sion mode can be reduced significantly. This allows a combination of a flexible
design with low longitudinal loss. The amount of transversal loss or radiation as
well as the bandwidth and reach length of the leaky coaxial cable can be con-
trolled by different attributes: the coverage of the second shield layer on top of
the first shield layer, or by the masking of the second shield layer underneath the

first shield layer, respectively, and the length of the uncovered or unmasked por-

[/data/s052/6/69/69137/070123 _anm_pct.odt] 2007-01-23 14:28
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tions of the first shield layer (the openings of the second shield layer). Further-
more, the openings of the first shield layer (e.g. width and/or number) may be
varied accordingly. This allows application of this invention to many applications.
It has specific importance when high bandwidth and long reach length in com-

bination with flexibility is required, such as in aerospace applications.

According to an embodiment of the present invention, the second shield con-
ductor comprises multiple tubular sections which are arranged discontinuously
in the longitudinal direction of the antenna defining the uncovered or unmasked

portions, respectively, of the first shield conductor between the tubular sections.

In accordance with another embodiment of the present invention, the second
shield conductor is arranged to be electrically coupled to the first shield conduct-
or within the shielded section at least when the antenna is in operation. Thus,
when the first shield conductor is connected to ground potential, the second
shield conductor will also be connected to ground potential for performing shield
function. According to an embodiment, the first shield conductor and the second
shield conductor maintain galvanic contact to each other, so that both shield
conductors are connected directly to one another. On the other hand, the first
shield conductor may also be connected to the second shield conductor via ma-
terials having capacitive behaviour for coupling the second shield conductor to
the first shield conductor via capacitive coupling. Such coupling 1s particularly ar-
ranged with respect to the operating frequencies of the leaky coaxial antenna. In
this concern, for example a dielectric material arranged between the first shield
conductor and the second shield conductor may serve as capacitive coupling

element.

According to another embodiment of the present invention, a conductive strip IS
longitudinally disposed along a circumferential section of the dielectric to form a
shielded segment of said openings and an unshielded segment of said open-

ings, wherein the electromagnetic energy passes through the openings at said

[/data/s052/6/69/69137/070123 anm_pct.odt| 2007-01-23 14:28
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unshielded segment of said openings. Such conductive strip may be applied, for
example, for focussing the electromagnetic energy into a preferred direction of
the leaky coaxial antenna. Furthermore, such conductive strip may be used for

concentrating the electromagnetic energy at certain locations of the antenna and

reduces longitudinal loss.

According to yet another embodiment of the present invention, the first shield
conductor and the second shield conductor are electrically coupled through the

conductive strip.

The first shield conductor may comprise an open structure of wire conductors
which do not cover the entire surface of the layer underneath. According to an-
other embodiment, the first shield conductor comprises an open structured con-
ductive foil mesh. Furthermore, the inner conductor may comprise a metal con-
ductor which is wrapped around a plastic core. Such plastic core or plastic tube
is preferably comprised of FEP (fluoroethylene propylene). The dielectric is
preferably polytetrafluoroethylene, and most preferably expanded polytetra-
fluoroethylene. Preferably, a non-conductive jacket is disposed around the

second shield conductor and the first shield conductor.

In a particular embodiment, the leaky coaxial antenna of the present invention
may comprise the base coaxial cable described in US 5 500 488 A and EP 0 635
850 A1 which is modified according to the principles of the present invention as
described herein. That is, the basic principles described herein may be applied to
such cable. Particularly, the inner conductor may be arranged around a plastic
core wherein the inner conductor further comprises two layers with an inner lay-
er in the form of an overlappingly and helically wrapped electrical conductive film
and an outer layer in the form of served wires that are in electrical contact with

the inner layer.

[/data/s052/6/69/69137/070123_anm_pct.odt] 2007-01-23 14:28
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According to an embodiment of the present invention, the uncovered or un-
masked portions, respectively, of the first shield conductor which form the sec-
tions of the coaxial antenna performing the antenna function have a distance
between them in longitudinal direction of the antenna that varies along the
length of the antenna. Particularly, the distance may vary in a randomized man-
ner along the length of the antenna avoiding periodic resonances. Such periodic
resonances can, if they occur, reduce performance of the leaky coaxial antenna.
In this concern, varying in a randomized manner means a variable non-predeter-
mined structure or legality of the distances between the uncovered or unmasked

portions, respectively, of the first shield conductor.

According to another embodiment of the invention the uncovered or unmasked
portions, respectively, of the first shield conductor have a width in longitudinal
direction of the antenna that varies along the length of the antenna. Particularly,
the uncovered or unmasked portions, respectively, may have a width that gets
wider as the cable is traversed from the transmit end to the receive end in order
to produce a more homogeneous radiation power loss along the length of the

antenna.

According to yet another embodiment of the invention, a combination of varying
the widths of the uncovered or unmasked portions, respectively, and varying dis-
tances between the portions is invoked in order to, in a combinative effect, pro-
duce homogeneous loss and to avoid periodic resonances that can reduce per-

formance.

The various components of the inventive leaky coaxial antenna can be disposed
In any suitable order. For example, the coaxial antenna has a weight of about 190
g/m or less (although depending on the ultimate application, weight may not be
critical), a bend radius is less than 32 mm, a bandwidth from 400 MHz to 6 GHz,
and a longitudinal attenuation of less than 0.36 dB per meter at a frequency of 6
GHz.

[/data/s052/6/69/69137/070123 anm_pct.odt] 2007-01-23 14:28
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Further embodiments and advantageous features of the present invention are

evident from the dependent claims.

The invention will be better understood by reference to the following description

of embodiments of the invention taken on conjunction with the accompanying

drawings, wherein

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

shows a side view of an exemplary leaky coaxial antenna accord-

ing to an embodiment of the present invention,

is a side view of an exemplary leaky coaxial antenna according to
an embodiment of the present invention showing each of the vari-
ous components disposed according to an embodiment of the In-

vention,

is a cross-sectional view of the exemplary leaky coaxial antenna of

Figure 2,

is a side view of another exemplary leaky coaxial antenna as-
sembly according to another embodiment of the present inven-

tion,

shows parts of another embodiment of a leaky coaxial antenna ac-

cording to the invention.

The invention will now be described with particular reference to embodiments of

the invention illustrated in the accompanying Figures. Figure 1 is a side view of

an exemplary leaky coaxial antenna 10 according to an embodiment of the

present invention. The coaxial antenna 10 is coupleable to a connector 21 (not

shown) on at least one end thereof. A second shield conductor 5 is arranged dis-

[/data/s052/6/69/69137/070123 anm_pct.odt] 2007-01-23 14:28
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continuously in the longitudinal direction of the antenna 10 defining uncovered
portions of a first shield conductor 4 discontinuously in discrete positions in the

longitudinal direction of the antenna.

More details of the leaky coaxial antenna according to the invention are shown
with reference to Figures 2 and 3. The leaky coaxial antenna 10 comprises an in-
ner conductor 1 which may be a metal or which may be metal wrapped around a
plastic tube as described herein below in more detail. A dielectric 2 is disposed
around the inner or centre conductor 1, which dielectric may be any insulating
material. For example, dielectric 2 is polytetrafluoroethylene (PTFE). Particularly,

dielectric 2 may be expanded polytetrafluoroethylene (ePTFE).

According to an embodiment, the leaky coaxial antenna 10 has a conductive strip
3 disposed along a circumferential section of the dielectric 2 in longitudinal dir-
ection of the antenna to form a shielded segment 31 and an unshielded segment
32, wherein electromagnetic energy may pass to the outside of the antenna at
said unshielded segment 32. Conductive strip 3 may be a metal or metallized foll
or another conductive layer. By disposing conductive strip 3 along the length of
coaxial antenna 10 covering just a section of the outer surface thereof, electro-
magnetic energy couples or radiates out of the unshielded segment 32 in a direc-
tion away from conductive strip 3. In this manner, the electromagnetic energy
and radiation pattern may be focussed in particular directions, thereby con-
trolling the directivity of the coaxial antenna. This is particularly important if the
near field and/or far field electromagnetic field density needs to be controlled in
sensitive areas such as areas that contain electromagnetic interference (EMI)

sensitive equipment.

A first shield conductor 4 is disposed around the dielectric 2 and the conductive
strip 3, respectively, wherein the first shield conductor 4 has openings 41 distrib-
uted in longitudinal direction of the inner conductor 1. Thus, the first shield con-

ductor 4 is arranged in that electromagnetic energy passes through the openings

[/[data/s052/6/69/69137/070123_anm_pct.odt] 2007-01-23 14:28
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41. The first shield conductor 4 is disposed coaxially around the dielectric 2 and
the conductive strip 3. The shield conductor 4 may be a braid or a foil mesh. The
important requirement for the shield conductor material 4 is that it contains
openings through which electromagnetic energy can radiate or couple. Further, a
second shield conductor 5 is disposed around the first shield conductor 4,
wherein the second shield conductor 5 is adapted to cover at least a number of
the openings 41 of the first shield conductor 4 in a shielded section, such as 51
to S12 shown in Figure 1. In these shielded sections S1 to S12 the electromag-
netic energy is prevented from passing to or from the outside of the antenna
within the respective shielded section. The second shield conductor 5 may be
foil or any other suitable conductive material. A non-conductive jacket 6 may be

disposed over all of the components of coaxial antenna 10.

The various components of leaky coaxial antenna 10 of the present invention are
illustrated in the Figures in respective embodiments. For example, the second
shield conductor 5 may be disposed underneath the first shield conductor 4,
wherein the second shield conductor 5 is arranged to mask at least a number of
the openings 41 of the first shield conductor 4 in the shielded sections S1 to
S12. Accordingly, such shield conductor 5 is arranged discontinuously in the lon-
gitudinal direction of the antenna defining unmasked portions of the first shield
conductor 4 in the longitudinal direction of the antenna. Such unmasked portions
AS1 to AS12 of the first shield conductor 4 are adapted in that electromagnetic
energy passes through the unmasked portions AS1 to AS12. Thus, the un-
masked portions AS1 to AS12 are adapted to function as antenna sections.
Moreover, conductive strip 3 may be disposed under, between, or over either or

both of the first shield conductor 4 and the second shield conductor 5.

In accordance with the embodiment of Figure 1, the second shield conductor 5
is arranged discontinuously in the longitudinal direction of the antenna 10 defin-
ing uncovered portions AS1 to AS12 of the first shield conductor 4 arranged dis-

continuously and at discrete locations in the longitudinal direction of the an-

[/data/s052/6/69/69137/070123_anm_pct.odt] 2007-01-23 14:28
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tenna. The same basic principle may be applied when the second shield con-
ductor 5 is disposed underneath the first shield conductor 4 defining unmasked
portions AS1 to AS12 of the first shield conductor 4 in the longitudinal direction
of the antenna. Particularly, according to Figure 1, the second shield conductor 5
comprises multiple tubular sections S1 to S12, as shown in the cross-sectional
view of Figure 3 by means of reference numeral 5. Such multiple tubular sections
are arranged discontinuously in the longitudinal direction of the antenna 10 defin-
ing the discontinuous or discrete uncovered or unmasked portions AS1 to AS12
between the tubular sections S1 to S12, which uncovered or unmasked portions
AS1 to AS12 are also of tubular or ring form and function as antenna sections of
the leaky coaxial cable 10. In contrast, the shielded sections S1 to S12 provide

shield function (non-antenna function).

Particularly, the axial length of each of the tubular sections S1 to S12 Is made
rather great and is, for example, distinctly greater than the half of the wavelength

of the operating frequencies. Surface waves shall be enabled to dispread.

In order to provide shield function, the second shield conductor 5 is arranged to
be electrically coupled to the first shield conductor 4 within the shielded sections
S1 to S12, at least with respect to the respective operating frequency when the
antenna 10 is in operation. Particularly, the first shield conductor 4 and the
second shield conductor 5 maintain galvanic contact to each other, so that the
second shield conductor 5 is at ground potential when the first shield conductor
4 is coupled to ground potential. Thus, the first shield conductor 4 radiates or
couples electromagnetic energy to the outside of the shield conductor 4 over its
whole length, i.e. over the whole length of the coaxial antenna as the first shield
conductor 4 is arranged over the whole length of the antenna. This first shield
conductor 4 is thus arranged to provide antenna function of the leaky coaxial an-
tenna 10. In contrast, the second shield conductor 5 Is arranged to provide block-

ing function within discontinuous shielded sections S1 to S12 preventing the

[/data/s052/6/69/69137/070123_anm_pct.odt] 2007-01-23 14:28
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electromagnetic energy from passing to the outside of the antenna within the re-

spective shielded section S1to S12.

Therefore, the electromagnetic energy of coaxial antenna 10 is transmitted
through the uncovered or unmasked portions AS1 to AS12 where the second
shield conductor 5 provides openings. The width L of these uncovered or un-
masked portions AS1 to AS12 may be varied in order to tune the antenna 1o spe-
cific frequencies and to adjust return loss and coupling loss. Moreover, each of
the sections AS2 to AS11 are arranged in a respective distance X; to X;o from
section AS1, which distances may vary as regards their relationship to one an-
other. Particularly, the uncovered or unmasked portions AS1 to AS12 may have a
distance between them in the longitudinal direction of the antenna that varies
along the length of the antenna. Particularly, such distance may vary in a ran-
domized manner along the length of the antenna for avoiding periodic reson-
ances. Thus, the shown distances X; to X5, as shown in Figure 1 may be chosen
in a randomized manner particularly avoiding equidistantly spaced uncovered or
unmasked portions AS1 to AS12. In combination, the width L of the portions AS'
to AS12 and the distance between them may be varied in order to tune the an-

tenna to specific frequencies and to adjust return loss and coupling loss.

Because signals must be carried longitudinally down coaxial antenna 10, the
open structured shield conductor 4 is also disposed coaxially around coaxial an-
tenna 10, wherein the shield conductor 4 is disposed around the cable along its
entire length so that conductivity is maintained longitudinally. Because of the
open structure of the shield conductor 4, however, electromagnetic energy Is al-
lowed to couple or radiate through the open structure of the shield conductor 4

at the openings 41.

In Figure 5, there is shown a side view of parts of another exemplary leaky coaxi-
al antenna according to an embodiment of the present invention. According to

this embodiment, the centre or inner conductor 1 comprises a different structure
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in accordance with the principles as described in US 5 500 488 A. According to
this embodiment, the inner conductor 1 is arranged around a plastic core 11
wherein the inner conductor comprises two layers 12 and 13. The inner layer 12
is in the form of an overlappingly and helically wrapped electrical conductive
film, whereas the outer layer 13 is in the form of served wires that are in electric-
al contact with the inner layer 12. The layer 12 may be in the form of a silver-
plated copper film wrapped around the plastic core 11, wherein in the present
embodiment a combination of twisted round silver-plated copper conductors 13
is applied over the copper film 12. The dielectric 14 covers the inner conductor 1.
With such construction a wide-band high frequency compatible electrical coaxial
cable may be provided which combines wide-band high frequency compatible
transmission properties which satisfy the need for a low-attenuation coaxial
cable which optimizes desired electrical and mechanical properties as well as
manufacturing costs, in combination with antenna properties as described

herein. Moreover, low cable weight and high flexibility may be provided.

Figure 4 shows a side view of another exemplary leaky coaxial antenna accord-
ing to another embodiment of the present invention showing concrete distances
between the respective portions AS1 to AS10. According to this example, the

width L of the portions AS1 to AS10 is kept constant over the shown length of

the cable.

The present invention therefore suggests a two-layer shield for improving the
properties of a leaky coaxial antenna. Particularly, both shield layers allow cable
bending, however, since the second shield layer comprising the second shield
conductor covers or masks the openings of the first shield layer comprising the
first shield conductor over considerable parts of the cable length, the longitudin-
al loss of the coaxial transmission mode can be reduced significantly. This al-
lows a combination of a flexible design with low longitudinal loss. The amount of
transversal loss or radiation as well as the bandwidth and reach length of the

leaky coaxial cable can be controlled by the coverage of the first shield layer, or
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by the masking of the first shield layer, respectively, and the length of the un-
covered or unmasked portions of the first shield layer (the openings of the
second shield layer). This allows application of this invention to many applica-
tions. It has specific importance when high bandwidth and long reach length in

combination with flexibility is required, such as in aerospace applications.

Applicant has produced examples of the inventive coaxial antenna and compared

them to conventional coaxial cables. These examples and the results of the test-

ing are reported below.

Example 1:

A coaxial antenna according to the present invention was constructed as shown

in figure 4. The following tests were performed in order to test the practical ef-

fectiveness of the proposed invention.

The bend radius was measured by wrapping the coaxial antenna of Figure 4 180°
around mandrels of various diameters and measuring the change in characterist-
ic impedance. The characteristic impedance was measured using a Time Domain
Reflectometer [Tektronix TDS 8000 with a TDR sampling module 80EQ4]. The res-
ults showed that the change in characteristic impedance was less than 1 Ohm
for mandrel diameters of greater than or equal to 32 mm. This test gave a good
indication that the coaxial antenna could be used in applications requiring bends

and/or some flexibility.

The frequency response of the coaxial antenna of Example 1 was measured us-
ing an Agilent 8753ES Vector Network Analyzer. Both Insertion Loss 521 and Re-
turn Loss S11 were measured over a frequency range of 300 kHz to 6 GHz. To
get a baseline performance level these measurements were first performed with
the coax antenna of Example 1 before openings were put into the outer second

shield conductor (longitudinal attenuation) and second after such openings were
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introduced into the coax antenna (longitudinal and transversal attenuation). The
results were as follows: the baseline (non-antenna) cable had longitudinal Inser-
tion Loss of 0.19 dB/m at 2.5 GHz and 0.31 dB/m at 6 GHz. After the openings
were introduced the combination of longitudinal and transversal loss was meas-
ured to be 0.24 dB/m at 2.5 GHz and 0.57 dB/m at 6 GHz. Return Loss of the
leaky line antenna was measured to be less than -18 dB for frequencies less
than 6 GHz. In addition, a Transfer Impedance measurement was performed to
derive the antenna efficiency using a Vector Network Analyzer ZVCE from Rhode
& Schwarz. The test was performed in a shielded room. The wire injection meth-
od described in the International Electrotechnical Commission standards docu-
ment IEC 61196-1 was implemented over a frequency range of 20 kHz to 3 GHz.
The test sample was a 0.5 m long coaxial antenna with one opening. Both ends
are terminated into brass fixtures to provide defined grounding conditions. The
antenna efficiency was measured —15 dB at 800 MHz and -10 dB at 2.5 GHz.
These experiments showed that the radiating/leaky coaxial antenna of Example 1

exhibited high bandwidth, i.e. 400 MHz to 6 GHz.

Another experiment performed was to hook up the coaxial antenna of Example 1
in a practical situation representing a system in use: a WLAN network was estab-
lished using the coaxial antenna of this example between two computers. The
WLAN Access Point [SMC EliteConnect Universal Wireless Access Point
SMC2555W-AG] was connected to 60 m of the coaxial antenna of this example.
A 10 m section was suspended about 2 metres above the ground and a receiver
was positioned at various points beneath the suspended antenna and the per-
formance was measured. The receiver comprised a mobile computer [Dell® Latti-
tude] with a wireless LAN card [SMC EliteConnect Universal Wireless Cardbus
Adapter SMC2536W-AG]. The WLAN link quality was measured using software
that came with the WLAN antenna and indicated a maximum link quality within a

5 metre distance from the suspended antenna.
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While particular embodiments of the present invention have been Illustrated and
described therein, the present invention should not be limited to such illustra-
tions and descriptions. It should be apparent that changes and modifications

may be incorporated and embodied as part of the present invention within the

5  scope of the claims.
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Claims
1. A leaky coaxial antenna comprising:
- an inner conductor,
- a dielectric around the inner conductor,

- a first shield conductor disposed around the dielectric, the first shield
conductor having openings distributed in longitudinal direction of the inner
conductor and being adapted in that electromagnetic energy passes
through the openings,

characterized by

- a second shield conductor disposed around the first shield conductor, the
second shield conductor being adapted to cover at least a number of the
openings of the first shield conductor in a shielded section, wherein the
second shield conductor iIs arranged discontinuously in the longitudinal
direction of the antenna defining tubular shield sections and uncovered
portions of the first shield conductor in the longitudinal direction of the
antenna, which are adapted in that electromagnetic energy passes
through the uncovered portions, and wherein each of the tubular shield
sections is having an axial length distinctly greater than half of a
wavelength of operating frequencies for preventing the electromagnetic
energy from passing to the outside of the antenna within each of the

tubular shield sections.
2. A leaky coaxial antenna comprising:
- an inner conductor,

- a dielectric around the ihner conductor,
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- a first shield conductor disposed around the dielectric, the first shield
conductor having openings distributed in longitudinal direction of the inner
conductor and being adapted in that electromagnetic energy passes
through the openings,

characterized by

-a second shield conductor disposed underneath the first shield
conductor, the second shield conductor being adapted to mask at least a
number of the openings of the first shield conductor in a shielded section
for preventing the electromagnetic energy from passing to the outside of
the antenna within the shielded section,

wherein the second shield conductor is arranged discontinuously in the
longitudinal direction of the antenna defining unmasked portions of the first
shield conductor in the longitudinal direction of the antenna which are
adapted in that electromagnetic energy passes through the unmasked
portions.

3. The leaky coaxial antenna of claim 1 or 2, wherein the second shield
conductor comprises multiple tubular sections arranged discontinuously In
the longitudinal direction of the antenna defining the uncovered or
unmasked portions, respectively, of the first shield conductor between the

tubular sections.

4. The leaky coaxial antenna of any one of claims 1 to 3, wherein the
second shield conductor is arranged to be electrically coupled to the first
shield conductor within the shielded section at least when the antenna is In

operation.

5. The leaky coaxial antenna of any one of claims 1 to 4, wherein the first

shield conductor and the second shield conductor maintain galvanic

contact to each other.
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6. The leaky coaxial antenna of any one of claims 1 to 5, further
comprising a conductive strip longitudinally disposed along a
circumferential section of the dielectric to form a shielded segment of said
openings and an unshielded segment of said openings, wherein said
electromagnetic energy passes trough said openings at said unshielded
segment of said openings.

7. The leaky coaxial antenna of claim 6, wherein the first shield conductor
and the second shield conductor are electrically coupled through said

conductive strip.

8. The leaky coaxial antenna of any one of claims 1 to 7, wherein the first
shield conductor comprises an open structure of wire conductors which do

not cover the entire surface of the layer underneath.

9. The leaky coaxial antenna of any one of claims 1 to 7, wherein the first
shield conductor comprises an open structured conductive foil, a

conductive mesh, served wires, or braided wires.

10. The leaky coaxial antenna of any one of claims 1 to 9, wherein the
uncovered or unmasked portions, respectively, of the first shield conductor
have a distance between them in longitudinal direction of the antenna that
varies along the length of the antenna, particularly varies in a randomized

manner along the length of the antenna avoiding periodic resonances.

11. The leaky coaxial antenna of any one of claims 1 to 10, wherein the
uncovered or unmasked portions, respectively, of the first shield conducior
have a width in longitudinal direction of the antenna that varies along the

length of the antenna.

12. The leaky coaxial antenna of any one of claims 1 to 11, wherein the

inner conductor comprises a metal conductor wrapped around a plastic

core.
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13. The leaky coaxial antenna of any one of claims 1 to 12, wherein the
inner conductor is arranged around a plastic core and wherein the inner
conductor further comprises two layers with an inner layer in the form of
an overlappingly and helically wrapped electrical conductive film and an
outer layer in the form of served wires that are in electrical contact with the

inner layer.
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