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(54) Radiating cable

(57) The present invention relates to radiating high
frequency lines. A radiating high frequency line is formed
by a cable or a waveguide capable of radiating to the
outside a portion of the electromagnetic energy which it
transmits. In particular, the present invention relates to

a radiating cable (1) having apertures (2) for generating
electromagnetic (EM) fields outside of the cable (1) and
a communication system comprising such radiating ca-
ble (1). The apertures (2) of the radiating cable (1) have
two sides enclosing angle (α).
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Description

Field of the invention

[0001] The present invention relates to radiating high
frequency lines. A radiating high frequency line is formed
by a cable or a waveguide capable of radiating to the
outside a portion of the electromagnetic energy which it
transmits. In particular, the present invention relates to
a radiating cable having apertures for generating elec-
tromagnetic (EM) fields outside of the cable and a com-
munication system comprising such radiating cable.

Background and prior art

[0002] Radiating cables are generally formed from a
coaxial cable comprising a conductive core defining the
longitudinal axis of the cable and surrounded by an in-
termediate insulating sheath of a dielectric material, an
outer conductor provided with regularly spaced apertures
or slots for the passage of electromagnetic radiation, and
a protective outer insulating jacket. By virtue of the ap-
ertures formed in the outer conductor, a portion of the
power flowing in the cable and transmitted from a trans-
mitting source is coupled to the exterior. The cable thus
acts as an antenna and the power coupled to the exterior
is called the radiated power. Due to their characteristics,
radiating cables may be used under conditions in which
signals radiated from a point source are attenuated rap-
idly.
[0003] One of the properties required for a radiating
cable is to ensure at least a minimum radiated power at
a given distance from the longitudinal axis of the cable.
Furthermore, the slots of such radiating cable should be
repeated periodically so that they are in phase. Thus, it
is possible to achieve good stability of the radiated power
at a large distance from the cable over a frequency band.
This stability makes it possible to satisfy minimum power
requirements for the use of the cable in a reliable manner.
If the stability is not guaranteed, major variations in the
radiated power as a function of the point of reception
along the length of the cable are such that it is difficult to
ensure a minimum power value at a given distance from
the cable. Moreover, these variations require the use of
receivers which have a large dynamic range and which
are accordingly costly.
[0004] Conventional radiating cables function as a dis-
tributed antenna and facilitate radio communication
where the usual free space propagation of electromag-
netic waves is hampered, undesired or impossible, for
example in tunnels, mines, buildings, alongside tracks or
lines and in large complexes like exhibition grounds or
airports. Slots in the outer conductor (e.g. formed of cop-
per) allow a controlled portion of the internal RF energy
to be radiated into the surrounding environment. Con-
versely, a signal transmitted near the cable will couple
into the slots and will be carried along the cable length.
Thus, a radiating cable may be used for both one-way

and two-way communication systems.
[0005] EP 0 547 574 A1 describes a radiating coaxial
cable having a plurality of rectangular or elliptical slots in
its outer conductor. Said slots are formed into a series
of identical patterns repeated periodically along the lon-
gitudinal axis of the cable. Such cable is appropriate to
applications using frequencies below 1 GHz, since at
high frequencies (e.g. between 1,7 and 2,2 GHz) the lon-
gitudinal loss is relatively high. In addition, at high fre-
quencies the radiating cable has a lot of stop bands lim-
iting its bandwidth.
[0006] DE 100 62 591 A1 describes a radiating coaxial
cable having rectangular slots in the outer conductor
thereof, wherein the slots are aligned with the longitudinal
axis of the cable and arranged spirally around the cable
at a certain distance. However, slots aligned with the ca-
ble axis have a limited frequency bandwidth, since they
resonate at comparably small frequencies which are of-
ten in the operational frequency band. In addition, such
cable has a high longitudinal loss and stop bands at high
frequencies limiting the usable bandwidth. Said high lon-
gitudinal loss requires active components such as bidi-
rectional amplifiers to enable a reliable signal transmis-
sion in long cables, resulting in higher costs for a com-
munication system using such radiating cable. Further-
more, the above described problems result in limited
fields of application for the known radiating cables.
[0007] It is therefore an object of the present invention
to provide a radiating cable having a low longitudinal loss
and broadband characteristics and enabling a cost ef-
fective communication system.
[0008] This object and other objects are solved by the
features of the independent claims. Preferred embodi-
ments of the invention are described by the features of
the dependent claims.

Summary of the invention

[0009] The radiating cable according to the present in-
vention comprises an outer conductor surrounding a lon-
gitudinal axis of the cable, wherein the outer conductor
has a plurality of apertures and wherein each aperture
has two sides enclosing an angle.
[0010] That is, the apertures of the radiating cable ac-
cording to the present invention have an angular shape.
With respect to the present invention the term enclosing
means that an angle between said two aperture sides is
less than 180° so that the enclosed angle is an acute
angle or an obtuse angle.
[0011] A radiating cable having apertures in its outer
conductor enables the distribution of radio waves in con-
fined areas where discrete antennas fail by radiating a
homogeneous field along the cable. In addition, the ra-
diating cable according to the present invention mainly
generates a single polarized field thereby reducing the
longitudinal loss of the cable to a minimum. In particular,
a cable with only single polarization has basically a lower
longitudinal loss than a cable with cross polarization,
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since in total less energy is radiated. Thus, a longer ra-
diating cable without or having fewer active components
may be provided. Furthermore, said single polarization
provides the radiating cable according to the present in-
vention with broadband characteristics so that multiple
wireless services may be transmitted on the same infra-
structure, since the apertures according to the present
invention prevent stop bands at high frequencies.
[0012] The direction of polarization depends on the ap-
plication, in particular on the orientation of an external
antenna communicating with the radiating cable towards
the radiating cable. For example, in case that the antenna
is mounted on the roof of a vehicle and is orthogonal with
respect to the roof, the radiating cable running in parallel
to the vehicle’s driving direction should provide a verti-
cally polarized field. In addition, the vertically polarized
field provides the best field strength on vertically aligned
antennas, if the cable runs in approximately the height
in which external antennas are mounted.
[0013] These two effects, that is, providing the appro-
priate direction of polarization (e.g. vertical) and reducing
the longitudinal loss to a minimum, reduce the loss of the
radiating cable to a minimum thus enabling a maximum
length of a cable. Consequently, the number of required
amplifiers is reduced resulting in lower costs and higher
reliability. The broadband characteristics of the radiating
cable according to the present invention resulting from
less stop bands in useful frequency ranges provide a
further cost reduction, since more wireless services can
be transmitted over the same infrastructure.
[0014] The angular apertures according to the present
invention are placed along the longitudinal axis of the
radiating cable to generate a phase shifted current flow
at the aperture edges.
[0015] Dimensions, orientations, and positions of the
apertures may vary depending on the operational fre-
quency band and a required coupling loss. All embodi-
ments falling within the scope of the present invention
have in common that both aperture sides enclose an an-
gle at an apex of said aperture.
[0016] The shape of the angular aperture according to
the present invention is not limited to any specific shape.
According to a first embodiment of the present invention
the apertures are slot-shaped. That is, both sides of an
aperture are oblong and enclose a specific angle, where-
in the slot is continuous. For example, each aperture side
is substantially rectangular. Alternatively, the aperture
sides are curved.
[0017] In addition, the lengths of the sides of an aper-
ture may differ. Alternatively, the aperture sides are isos-
celes. For example, the length of an aperture side varies
between 4 mm and 200 mm, preferably between 30 mm
and 70 mm. In both cases, the plurality of apertures is
arranged along the longitudinal axis of the radiating cable
such that the aperture sides can make the same angle
or different angles with the longitudinal axis of the radi-
ating cable.
[0018] To generate an appropriate phase shift of the

current flow at the aperture edges it is necessary to adapt
the angle between the aperture sides and the longitudinal
axis of the cable as well as the aperture width of a slot-
shaped aperture. According to the present invention the
slot-shaped apertures have a width between 0,5 mm and
20 mm, preferably between 1 mm and 2 mm. The angle
between the longitudinal axis of the cable and an aperture
side is between 0° and 90°.
[0019] According to a second embodiment of the
present invention the apertures in the outer conductor of
the radiating cable are triangular. That is, the two sides
of an aperture enclosing an angle are connected with
each other at their free ends by a further side, so that the
area within said three sides is triangular. Said triangular
area forms an aperture in the outer conductor of a radi-
ating cable. The triangle may have an arbitrary form. For
example, the triangle is an isosceles triangle and the an-
gles between the longitudinal axis of the cable and the
isosceles sides of said triangle are equal. In such case,
the basis of the triangle is in line with the longitudinal axis
of the cable. However, the angles between the two sides
of the triangle and the longitudinal axis of the cable may
be different, and additionally the basis of the triangle may
be oblique with respect to the longitudinal axis of the ca-
ble. Furthermore, the length of the three sides of the tri-
angle may be different (scalene triangle) or equal (equi-
lateral triangle). That is, the triangular shape of an aper-
ture according to the present invention is not limited to
any specific shape.
[0020] According to a third embodiment of the present
invention at least two apertures form a group of apertures,
wherein such groups of apertures are periodically ar-
ranged along the length of the cable. For example, a
group of apertures is formed by at least two slot-shaped
angular apertures being in parallel with each other. Ac-
cording to a further example a group of apertures is
formed by at least two apertures arranged in series along
the length of the cable, wherein said at least two aper-
tures have a specific distance from each other. In such
case, the distance between the groups of apertures can
be larger than the distance between the apertures form-
ing one group of apertures.
[0021] The present invention increases the possible
fields of application of a radiating cable, since the band-
width of such cable is significantly increased. In particu-
lar, the present invention provides for more bandwidth in
the frequency ranges used for standard applications like
GSM (870-960 MHz, 1710-1880 MHz), UMTS
(1880-2200 MHz), WiMAX (e.g. 2400-3500 MHz), etc.
Because of its broadband capability, a single radiating
cable according to the present invention can handle mul-
tiple communication systems simultaneously. The radi-
ating cable according to the present invention is opti-
mized for high frequencies and digital transmission,
where low coupling loss variations are required.
[0022] According to a preferred embodiment of the
present invention the radiating cable is a coaxial cable,
comprising an inner conductor, which defines the longi-
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tudinal axis of the cable, an outer conductor surrounding
the inner conductor, a dielectric sheath lying between the
inner and outer conductors, and a jacket surrounding the
outer conductor. According to the present invention the
outer conductor of such coaxial cable comprises the plu-
rality of angular apertures for enabling the transmission
and reception of radio frequency (RF) signals. A coaxial
cable having apertures in its outer conductor is also re-
ferred to as leaky coaxial cable.
[0023] According to a further aspect a communication
system comprising a radiating cable according to the
present invention is provided. For example, the commu-
nication system is a tunnel communication system as
used in subway and train tunnels. In such case it is pre-
ferred that the radiating cable according to the present
invention radiates a vertically polarized RF field, since
vehicle antennas of subways and trains are usually
mounted on the top of their roofs and vertically polarized.
By mounting the radiating cable in almost the same height
as the vehicle antennas the best system performance is
obtained when the cable provides a mainly vertically po-
larized field, since the vertically polarized field of the ra-
diating cable provides the best field strength on vertical
antennas. To create a vertically polarized RF field radi-
ated from the radiating cable an aperture, in particular its
position and shape, has to generate a phase shifted cur-
rent flow on the aperture edges. The degree of phase
shift depends on the aperture length along the longitudi-
nal axis of the cable.
[0024] As described above, the radiating cable accord-
ing to the present invention mainly generates a single
polarized field reducing the longitudinal loss to a mini-
mum. This advantage is particularly useful in applications
requiring long cables and a minimum of active compo-
nents. For example, the tunnel communication system
should consist of mainly passive components for provid-
ing a cost-effective and reliable system. According to the
present invention the longitudinal loss is minimized, so
that the cable length is maximized and the number of
bidirectional amplifiers (active components) is minimized
thus enabling a cost-effective and reliable communica-
tion system.
[0025] Costs of the tunnel communication system or
similar communication systems (e.g. in buildings) com-
prising a radiating cable according to the present inven-
tion are further reduced, since the radiating cable accord-
ing to the present invention has broadband characteris-
tics and thus enables the transmission of multiple wire-
less services on the same infrastructure.
[0026] These and other aspects of the invention will
be apparent from and elucidated with reference to the
embodiments thereafter. It should be noted that the use
of reference signs shall not be construed as limiting the
scope of the invention.

Brief description of the drawings

[0027]

Figure 1a shows a simulation of transmission loss of
a radiating cable according to EP 0 547 574
A1 having a length of 67m.

Figure 1b shows a simulation of transmission loss of
a radiating cable according to DE 100 62
591 A1 having a length of 67m.

Figure 1c shows a simulation of transmission loss of
a radiating cable according to the present
invention having a length of 67m.

Figure 2a shows a top view of a radiating cable having
slot-shaped apertures according to a first
embodiment of the present invention.

Figure 2b shows a top view of a radiating cable having
slot-shaped apertures according to a sec-
ond embodiment of the present invention.

Figure 2c shows a top view of a radiating cable having
slot-shaped apertures according to a third
embodiment of the present invention.

Figure 3 shows a top view of a radiating cable and
slot edges of a slot shaped aperture provid-
ed therein.

Figure 4 shows various shapes, orientations, and
positions of angular apertures according to
the present invention.

Detailed description of the drawings

[0028] Figure 1 a shows a simulation of transmission
loss of a radiating cable according to EP 0 547 574 A1,
figure 1b shows a simulation of transmission loss of a
radiating cable according to DE 100 62 591 A1, and figure
1c shows a simulation of transmission loss of a radiating
cable (leaky coaxial cable) according to the present in-
vention, wherein each cable has a length of 67m. The
shape and orientation of the apertures of the simulated
radiating cable according to the present invention is de-
scribed below with respect to figure 2a. All cables have
been simulated with main TEM mode to exclude the in-
fluence of higher propagation modes at frequencies over
2,7 GHz. The grey areas in figures 1a to 1c show the
operational frequency bands of the respective cables. As
can be seen from figures 1a to 1 c the radiating cable
according to the present invention provides better broad-
band characteristics, in particular at high frequencies,
since stop bands are prevented by the aperture shape
according to the present invention. Both prior art cables
have stop bands at high frequencies so that their use in
applications at high frequencies is limited or sometimes
excluded.
[0029] A further simulation of the above radiating ca-
bles has shown that the radiating cable according to EP
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0 547 574 A1 provides a polarization ratio higher than 13
dB only at frequencies between 2,3 and 2,6 GHz. The
polarization ratio is the quotient of vertical and horizontal
polarized radiated energy. However, as can be seen from
figure 1 a said cable has a stop band in said frequency
range thus excluding its use. Said further simulation has
also shown, that the radiating cable according to DE 100
62 591 A1 provides a polarization ratio higher than 13
dB between 1,4 and 2,0 GHz. In contrast thereto the ra-
diating cable according to the present invention provides
a polarization ratio higher than 13 dB between 1 and 3
GHz and thus better broadband characteristics.
[0030] The radiating cable according to the present in-
vention whose simulation is shown in figure 1c is, for
example, a 1 � inch cable. However, the angular aper-
tures according to the present invention can also be used
in cables having a different size. Appropriate cables have
a size (diameter) between � inch and 1 5/8 inch. The
operational frequency band of a cable having in its outer
conductor a plurality of angular apertures according to
the present invention is extended up to the WiMAX band
at 3,5 GHz, interrupted by a small stop band at 2,6 GHz.
In contrast thereto prior art radiating cables have several
stop bands at frequencies higher than 2,3 GHz so that
their use is limited or sometimes excluded.
[0031] Figure 2a shows a top view of a radiating cable
1 having slot-shaped apertures 2 according to a first em-
bodiment of the present invention. The apertures are
equalsided so that both sides of the apertures have the
same length I. In addition, both sides of the aperture 2
are rectangular and have a width h. In the case shown
in figure 2a the angles γ between the longitudinal axis 3
of the cable 1 and each of the aperture sides are equal.
As already mentioned above the degree of phase shift
depends on the angle γ as well as the slot width h. In
addition, the angle γ and the slot width h are responsible
for the amount of radiated energy. That is, an increase
of the angle γ and/or the width h of the rectangular aper-
ture sides increases the amount of radiated and received
RF energy.
[0032] Figure 2b shows a top view of a radiating cable
1 having slot-shaped apertures 2 according to a second
embodiment of the present invention. According to said
second embodiment the lengths I1 and I2 of the aperture
sides differ from each other. In addition, the angles γ and
γ’ between each aperture side and the longitudinal axis
3 of the cable 1 differ from each other.
[0033] Figure 2c shows a top view of a radiating cable
1 having slot-shaped apertures 2 according to a third
embodiment of the present invention. According to said
third embodiment the apex of the shown slot-shaped ap-
erture 2 is formed by connecting the two aperture sides
via an aperture section 4 which is in parallel to the lon-
gitudinal axis 3 of the radiating cable 1. Furthermore, the
aperture section 4 has the identical width as the aperture
sides. However, said aperture section 4 may also be ob-
lique with respect to the longitudinal axis 3 of the radiating
cable 1 and the slot width of the aperture section at the

aperture apex may differ from the sloth width of the ap-
erture sides. In addition, the aperture section 4 at the
aperture apex may have any shape.
[0034] The length L1 of each aperture along the lon-
gitudinal axis 3 of the cable 1, as shown in figures 2a,
2b, and 2c, is responsible for the stop band caused by
the resonance frequency of the aperture 2 (L1 = λ/2).
The lengths L2 and L3 are responsible for the selection
of the operational frequency interval at high frequencies
above 1700 MHz, wherein the lengths L2 indicates the
distance between a first and a second aperture and the
lengths L3 indicates the distance between a first and a
third aperture.
[0035] By varying the parameters described above it
is possible to tune the radiating properties of the radiating
cable as required. Depending on the application in which
the radiating cable is used the radiating energy can be
increased or decreased and the operational frequency
bands can be shifted.
[0036] As can be seen from figure 2a the orientation
of the slot-shaped apertures 2 with respect to the longi-
tudinal axis 3 of the radiating cable 1 is alternated by
180°. In contrast thereto figure 2b shows that the plurality
of slot-shaped apertures 2 can also be oriented in the
same direction along the longitudinal axis 3 of the cable 1.
[0037] Figure 3 shows a top view of a radiating cable
1 and parallel slot edges 5, 6 of a slot-shaped aperture
7 provided therein. The highest field strength of said slot-
shaped aperture 7 is generated between two opposite
points 8, 9 on the opposing slot edges 5, 6 at the shortest
distance. This effect is caused by the different geomet-
rical position of said two opposite points 8, 9 of the slot
edges in the longitudinal direction. Since magnitude and
phase of the E, H -field components at the two opposite
points 8, 9 are different with respect to the longitudinal
direction of the radiating cable, also the induced current
components at the points 8, 9 at the same time are dif-
ferent. This causes the radiation of the E-field. In case
of a small angle γ or γ’ between the shown slot section
and the longitudinal axis of the radiating cable 1 the ra-
diated E-Field vector is close to the vertical axis shown
in figure 3.
[0038] Figure 4 shows further shapes, orientations,
and positions of angular apertures according to the
present invention. That is, the present invention is not
limited to the embodiments described above with respect
to figures 2a, 2b, and 2c. The first example shown in
figure 4 (from top to bottom) shows angular apertures as
described with respect to figure 2a. The second example
of figure 4 shows angular apertures aligned in one line
and having the same orientation. Example three of figure
4 is similar to example one wherein groups of two parallel
apertures are arranged along the radiating cable. Exam-
ple four of figure 4 is similar to example two wherein
groups of two parallel apertures are arranged along the
radiating cable. Example five shows angular apertures
having the same orientation along the radiating cable but
being offset with respect to the longitudinal axis of the
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radiating cable. Example six is similar to example five
wherein the orientation of the angular apertures alter-
nates along the length of the radiating cable. Example
seven of figure 4 again shows groups of angular aper-
tures, each group consisting of two angular apertures
having a different orientation and being arranged in one
line along the longitudinal axis of the cable, wherein the
distance between the groups of apertures is larger than
the distance between two apertures forming one group.
Example eight is similar to example one, wherein each
aperture side has a curved shape. Also example nine is
similar to example one, wherein each aperture side has
a tapered shape. Example ten is similar to example nine,
wherein the sides of the apertures are tapered towards
the outer ends of the apertures and not towards the apex
of the apertures (see example nine), where the aperture
sides enclose an angle. Example eleven of figure 4 is
similar to example one, wherein the angular apertures
have a triangular shape. As can be learned from figure
4, the shape of the plurality of apertures of the radiating
cable according to the present invention is not limited to
any specific shape. In addition, the shape of the slots
along the cable may differ. Preferably, the apertures or
groups of apertures are positioned periodically in the out-
er conductor of the radiating cable with the same distance
between the apertures or group of apertures. All embod-
iments of the present invention have in common that the
apertures in the outer conductor of the radiating cable
have two sides enclosing an angle and an apex at the
point where the two sides contact each other.

Claims

1. Radiating cable (1) for radiating electromagnetic en-
ergy in a frequency band, comprising an outer con-
ductor surrounding a longitudinal axis (3) of the cable
(1), wherein the outer conductor has a plurality of
apertures (2), characterized in that each aperture
(2) has two sides enclosing an angle (α).

2. Radiating cable (1) according to claim 1, wherein the
apertures (2) are slot-shaped.

3. Radiating cable (1) according to claim 1 or 2, wherein
each aperture side is substantially rectangular.

4. Radiating cable (1) according to claim 1 or 2, wherein
each aperture side is curved.

5. Radiating cable (1) according to any of claims 2 to
4, wherein the apertures (2) have a width (h) between
0,5 mm and 20 mm, preferably between 1 mm and
2 mm.

6. Radiating cable (1) according to claim 1, wherein the
apertures (2) are triangular.

7. Radiating cable (1) according to any of the preceding
claims, wherein the aperture sides enclosing the an-
gle (α) are isosceles.

8. Radiating cable (1) according to any of the preceding
claims, wherein an angle (γ) between the longitudinal
axis (3) of the cable (1) and an aperture side is be-
tween 0° and 90°.

9. Radiating cable (1) according to any of the preceding
claims, wherein a distance between the apertures
(2) or groups of apertures is equal.

10. Communication system comprising a radiating cable
(1) according to any of the preceding claims.

Amended claims in accordance with Rule 137(2)
EPC.

1. Radiating cable (1) for radiating electromagnetic
energy in a frequency band, comprising an outer
conductor surrounding a longitudinal axis (3) of the
cable (1), wherein the outer conductor has a plurality
of slot-shaped apertures (2) and wherein each slot-
shaped aperture (2) has two slot-shaped sides en-
closing an angle (α), characterized in that the slot-
shaped aperture sides make the same angle (γ) with
the longitudinal axis (3) of the cable (1).

2. Radiating cable (1) according to claim 1, wherein
each aperture side is substantially rectangular.

3. Radiating cable (1) according to claim 1, wherein
each aperture side is curved.

4. Radiating cable (1) according to any of claims 1
to 3, wherein the apertures (2) have a width (h) be-
tween 0,5 mm and 20 mm, preferably between 1 mm
and 2 mm.

5. Radiating cable (1) according to any of the pre-
ceding claims, wherein the aperture sides enclosing
the angle (α) are isosceles.

6. Radiating cable (1) according to any of the pre-
ceding claims, wherein the angle (γ) between the
longitudinal axis (3) of the cable (1) and an aperture
side is between 0° and 90°.

7. Radiating cable (1) according to any of the pre-
ceding claims, wherein a distance between the ap-
ertures (2) or groups of apertures is equal.

8. Communication system comprising a radiating ca-
ble (1) according to any of the preceding claims.
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