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(57) A cable configured to guide electromagnetic
waves therethrough comprising a polymer core having
an outer layer of cladding material, the outer layer at least
partially covering the polymer core, the cladding material

having a refractive index lower than the refractive index
of the polymer core, the polymer core comprising a die-
lectric material.
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Description

[0001] The present disclosure relates to a cable con-
figured to guide electromagnetic waves, a method of
making thereof, an apparatus comprising an array of said
cables and an automotive vehicle.
[0002] According to a first aspect of the present disclo-
sure there is provided a cable configured to guide elec-
tromagnetic waves therethrough comprising a polymer
core having an outer layer of cladding material, the outer
layer at least partially covering the polymer core, the clad-
ding material having a refractive index lower than the
refractive index of the polymer core, the polymer core
comprising a dielectric material.
[0003] In one or more embodiments, the cable may be
configured to guide electromagnetic waves of frequen-
cies greater than 20 GHz through the cable. In one or
more embodiments, the cable may comprise a diameter
of less than 15 mm, less than 10 mm, less than 8 mm or
less than 5 mm.
[0004] In one or more embodiments, the cable may be
configured to guide the electromagnetic waves between
a first antenna and one or more of a second antenna, an
antenna array and a transceiver.
[0005] In one or more embodiments, the polymer core
may be non-hollow. In one or more embodiments, the
polymer core may comprise an elongate solid central
section of the cable.
[0006] In one or more embodiments, the cladding ma-
terial may comprise a metal cladding material. In one or
more embodiments, the cladding material may comprise
copper. In one or more embodiments, the cladding ma-
terial may be in direct physical contact with the polymer
core. In one or more embodiments, the cladding material
comprises a foam.
[0007] In one or more embodiments, the cable may
comprise a non-radiative portion and at least one radia-
tive portion, wherein the non-radiative portion may com-
prise a portion of the cable wherein the cladding material
extends over the polymer core and the radiative portion
may comprise a portion of the cable wherein the cladding
material does not extend over the polymer core, the ra-
diative portion configured to couple electromagnetic
waves to free space.
[0008] Thus, in one or more embodiment, the non-ra-
diative portion, being covered in cladding material sub-
stantially prevents electromagnetic waves leaving the ca-
ble, the radiative portions, having the polymer core ex-
posed to free space, allows for emission of electromag-
netic waves from the cable and the receipt of electromag-
netic waves by the cable and thus the radiative portions
form an antenna.
[0009] In one or more embodiments, the at least one
radiative portion may extend one or more of: i) partially
around the polymer core to form a discontinuous annular
strip; and ii) annularly around the polymer core to form a
continuous annular strip.
[0010] In one or more embodiments, the cable may be

connectable to an antenna to provide the electromagnet-
ic waves thereto. In one or more embodiments, the an-
tenna may be a patch antenna.
[0011] In one or more embodiments, the polymer core
may comprise an elongate body having a first terminal
end face and a second terminal end face separated by
an at least one elongate side, at least one of the at least
one radiative portions comprising one of the first and sec-
ond terminal end faces. In one or more embodiments,
the non-radiative portion may comprise the elongate
side, such as a majority or all of the elongate side.
[0012] In one or more embodiments, the at least one
of the first and second terminal end faces comprising the
radiative portion may have one of a hemispherical, spher-
ical section or parabolic shape.
[0013] In one or more embodiments, the cable may
comprise a plurality of radiative portions, wherein the plu-
rality of radiative portions are regularly spaced along the
longitudinal length of the cable. In one or more embodi-
ments, the plurality of radiative portions may form a grat-
ing.
[0014] In one or more embodiments, the cable may
comprise a swell portion having a diameter that monot-
onically varies from a first diameter at one end of the
cable, to a second diameter at a position along the lon-
gitudinal length of the cable, wherein the first diameter
may be larger than the second diameter.
[0015] In one or more embodiments, the cable may be
flexible such that it is capable of having a radius of cur-
vature of less than 1 metre. In one or more embodiments,
the cable may be flexible such that it is capable of having
a radius of curvature of less than 1 metre without perma-
nently deforming the cable. In one or more embodiments,
the radius of curvature of the cable along its longitudinal
length may be variable between a straight cable and a
radius of curvature of up to ten times the diameter of the
cable.
[0016] In one or more embodiments, the cable may be
configured to guide electromagnetic waves of frequen-
cies between 50 - 300 GHz, 50 - 200 GHz or 50 - 100
GHz through the cable. In one or more embodiments,
the cable may be configured to guide electromagnetic
waves of 65 - 85 GHz through the cable. In one or more
embodiments, the cable may be configured to guide elec-
tromagnetic waves of 77 GHz through the cable. In one
or more embodiments, the polymer core of the cable may
comprise a circular cross section having a diameter of
between 1 mm and 5 mm or less than 5mm.
[0017] According to a second aspect of the present
disclosure, there is provided an apparatus comprising an
array of cables, the array of cables comprising a plurality
of the cables of the first aspect, each of the cables of the
plurality of cables comprising a first end and a second
end, the first ends of the cables bundled together adja-
cent one another, the cables configured to fan out at the
second ends such that the second ends are arranged in
a spaced apart configuration, the fanned end of each
cable coupling to a separate corresponding transceiver.
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[0018] In one or more embodiments, the apparatus
may further include a plurality of amplifiers, each cable
of the plurality of cables coupled to one of the plurality of
amplifiers at one of the first end or the second end of the
cable, the amplifier coupled to an antenna.
[0019] According to a third aspect of the present dis-
closure, there is provided a device comprising one of an
automotive vehicle or electronic device including the ca-
ble of the first aspect or the apparatus of the second
aspect.
[0020] According to a fourth aspect of the present dis-
closure, there is provided a method of forming a cable
configured to guide electromagnetic waves therethrough
comprising: forming an outer layer of cladding material
on a polymer core, the outer layer at least partially cov-
ering the polymer core, the cladding material having a
refractive index lower than the refractive index of the pol-
ymer core and the polymer core comprising a dielectric
material.
[0021] In one or more embodiments, radiative portions
to provide for coupling of electromagnetic waves to
and/or from the cable may be formed by one or more of:

during the step of forming an outer layer of cladding
material on the polymer core, selectively forming the
outer layer of cladding material on the polymer core
such that there is an absence of cladding material
over selected portions of the polymer core; and
after the step of forming an outer layer of cladding
material on the polymer core, removing portions of
the cladding material in order to provide an absence
of cladding material over selected portions of the pol-
ymer core.

[0022] While the disclosure is amenable to various
modifications and alternative forms, specifics thereof
have been shown by way of example in the drawings and
will be described in detail. It should be understood, how-
ever, that other embodiments, beyond the particular em-
bodiments described, are possible as well. All modifica-
tions, equivalents, and alternative embodiments falling
within the spirit and scope of the appended claims are
covered as well.
[0023] The above discussion is not intended to repre-
sent every example embodiment or every implementa-
tion within the scope of the current or future Claim sets.
The figures and Detailed Description that follow also ex-
emplify various example embodiments. Various example
embodiments may be more completely understood in
consideration of the following Detailed Description in con-
nection with the accompanying Drawings.
[0024] One or more embodiments will now be de-
scribed by way of example only with reference to the
accompanying drawings in which:

Figure 1 shows an example embodiment of a cable
comprising a polymer core having an outer layer;
Figure 2 shows an example embodiment of a system

comprising a cable and an antenna;
Figure 3 shows an example embodiment of a system
comprising a cable having a radiative portion;
Figure 4 shows an example embodiment of a system
comprising a cable having a plurality of continuous
annular radiative strip portions around the polymer
core;
Figure 5 shows an example embodiment of a system
comprising a cable having a plurality of discontinu-
ous annular radiative strip portions extending par-
tially around the polymer core;
Figure 6 shows an example embodiment of a system
comprising a cable having a swell portion and a ra-
diative portion at a hemispherical or parabolic end
of the cable;
Figure 7 shows an example embodiment of an ap-
paratus comprising an array of cables, the cables
fanning outwards, the fanned ends coupled to sep-
arate components;
Figure 8 shows an example embodiment of an array
of cables;
Figure 9 shows an example embodiment of an array
of cable ends placed on the focal plane of a dielectric
lens or parabolic mirror;
Figure 10 shows an example embodiment of an au-
tomotive vehicle; and
Figure 11 shows an example embodiment of a meth-
od of forming a cable.

[0025] Radar systems are becoming increasingly com-
mon in the automotive industry. These systems are used,
for example, as sensors for assisted parking, automatic
cruise control speed adjustment (adaptive cruise con-
trol), headway alert, collision warning and mitigation and
brake support. In order to enable the range of uses for
which radar systems may employed, it may be necessary
to incorporate individual antennas or antenna arrays at
a number of locations around the vehicle. Some locations
on a vehicle may present challenges for the incorporation
of an antenna or antenna array, such as portions of the
vehicle which are configured to move relative to one an-
other, such as the doors in relation to the chassis.
[0026] The antennas for automotive radar systems that
use frequencies around 77 GHz radar typically reside on
a vehicle’s perimeter. Antennas for this purpose cannot
be positioned behind metal, so the number of suitable
radar positions may be limited and also impose limita-
tions on the form factor of the antenna. On the other hand,
the location requirements for a transceiver which may
receive signals from the antenna can be quite different:
the transceiver can be behind a metal sheet, but needs
to reside at a location in the vehicle where sufficient sup-
ply power and heat sinking capability is available. The
vehicle’s perimeter might therefore not be the optimal
location for the transceiver to reside.
[0027] For the above reasons, it may be beneficial in
some embodiments to allow for some spacing between
a transceiver and an antenna or antenna array. Also, a
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larger distance between different antennas may be ben-
eficial for increasing the overall monitoring area of the
radar system. In some examples, the antenna-to-anten-
na and transceiver-to-antenna interconnect needs to be
flexible, i.e. needs to adapt to the contours of the vehicle.
This may be especially true in situations where the an-
tenna elements are residing in a door or other moving
element, such as an external mirror, while the transceiver
is fixed to the vehicle body.
[0028] It will be understood that the application of the
present disclosure is not limited to automotive radar sys-
tems. For example, the antenna described herein may
also be used in radar systems where similar require-
ments of adaptability and flexibility apply, such as in radar
systems used for gesture sensing, human presence de-
tection, and gaming. Furthermore, the disclosure may be
applied to non-radar applications, such as point-to-point
communication, mm-wave point-to-point communication
for backhaul and 5G mobile networks.
[0029] Figure 1 shows a cable 100 comprising a poly-
mer core 101 having an outer layer of cladding material
102 covering the polymer core 101.
[0030] The cladding material 102 has a refractive index
which is lower than the refractive index of the polymer
core 101. The outer layer of cladding material 102 having
a lower refractive index than the polymer core 101 results
in a smaller critical angle between the polymer core 101
and the outer layer 102, meaning that electromagnetic
waves within the polymer core 101 have an increased
likelihood of being totally internally reflected down the
polymer core 101 than escaping therefrom.
[0031] In some examples, the outer layer of cladding
material 102 may comprise a metal cladding material. A
metal cladding material 102 may provide for an increased
wear resistance compared to other materials. The metal
cladding material 102 may be sufficiently thin that it does
not restrict any flexibility which the polymer core 101 may
have. In some examples, the cladding material 102 com-
prises copper or silver or a foam material. Copper may
be particularly advantageous in some embodiments be-
cause it has low resistive loss.
[0032] The polymer core 101 comprises a dielectric
material which may be particularly suitable for guiding or
transmitting electromagnetic waves therethrough with-
out conducting electricity under normal operating condi-
tions. In particular, the polymer core 101 may be made
of a material, diameter and shape suitable for guiding
electromagnetic waves of frequencies greater than 20
GHz through the cable 100.
[0033] In some embodiments, the polymer core 101
may comprise a hollow tube formed of a polymer material.
Alternatively, the polymer core 101 may comprise a non-
hollow material, such that the polymer core 101 compris-
es a solid cross-section throughout its longitudinal length.
In this example, it will be understood that the solid cross-
section is a filled cross-section and is flexible. Thus, the
polymer core 101 in this example is not rigid nor unable
to flex.

[0034] Figure 2 shows a cable 200 connected to a com-
ponent 203 and an antenna 204. In this example, the
cable 200 is connected to the antenna 204 by way of a
component 205. The component 205 may comprise a
passive coupler configured to couple the cable to the
antenna 204. However, in other examples and as pro-
vided here, the component may comprise an amplifier,
termed here a preamplifier 205. However, it will be ap-
preciated that the amplifier may comprise a Low Noise
Amplifier (LNA), a Power Amplifier (PA) or a combination
of a LNA and PA and having a switch device to switch a
connection between them and the cable 200. The pream-
plifier may be configured to amplify signal received by
the antenna 204. In some embodiments, the component
203 may be a transceiver. The transceiver may be an
integrated circuit (IC) that is configured to transmit data
to and receive data from the antenna 204. The antenna
204 itself may be a single antenna or an antenna array
and may be configured to couple electromagnetic waves
to free space from the cable 200 and to couple electro-
magnetic waves from free space to the cable. In some
embodiments, the antenna 204 may be a patch antenna.
[0035] Figure 3 shows a cable 300 connected to a com-
ponent 303, the cable 300 comprising a non-radiative
portion 306 and a radiative portion 307. In this example,
the non-radiative portion 306 comprises a portion of the
polymer core 101 over which the cladding material 102
extends. Because the cladding material 102 increases
the likelihood of total internal reflection of the electromag-
netic wave, portions of the polymer core 101 which are
covered in the cladding material 102 are unlikely to radi-
ate much or any of the electromagnetic waves carried by
the cable. In contrast, a portion of the polymer core 101
over which the cladding material 102 does not extend
has a much larger critical angle for total internal reflection
and, therefore, electromagnetic waves within the cable
300 are more likely to couple to free space where the
cladding material 102 is not present.
[0036] In the example of figure 3, the cable 300 com-
prises a first end face coupled to the component 303, a
second end face and an elongate body between the first
and second end faces. The second end face, in this ex-
ample, comprises the radiative portion 307. Due to the
location of the radiative portion, the electromagnetic
waves are directionally coupled to free space outward
from the second end face of the cable. In this case, a
separate antenna is not required, as the radiative portion
307 of the cable is capable of coupling electromagnetic
waves to and from free space. This may be particularly
advantageous for arrangements where there are spatial
limitations or other limitations prevent the incorporation
of a conventional antenna.
[0037] Figure 4 shows a further example cable 400
connected to a component 403. The cable 400 compris-
ing a non-radiative portion 406 and a plurality of radiative
portions 407. In this example, the radiative portions 407
extend annularly around the polymer core 101 to form a
plurality of continuous annular strips. It will be appreciat-
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ed that a single annular strip may be provided or fewer
or more than the number of strips shown in the figure
may be provided. In some examples, all of the radiative
portions 407 may extend wholly around the polymer core
101 or only some of them may extend wholly around the
polymer core 101, with the remaining radiative portions
407 extending only partially around the polymer core 101.
The annular strips cause electromagnetic waves to cou-
ple to, and be coupled from, free space in a plurality of
radial directions from the cable. This may be particularly
advantageous in embodiments wherein it is important to
be able to couple to and from electromagnetic waves
from all sides of the cable. For example, this may be
advantageous for 5G mobile network implementations.
[0038] Figure 5 comprises a further example cable 500
connected to a component 503. The cable 500 comprises
a non-radiative portion 506 and a plurality of radiative
portions 507. The radiative portions 507 in this example
extend only partially around the polymer core 101 to form
a plurality discontinuous annular strips. It will be appre-
ciated that a single discontinuous annular strip may be
provided orfewer or more discontinuous annular strips
than are shown in the figure may be provided. Compared
to the system of figure 4, this system provides a plurality
of directionally oriented radiative portions 507. The radi-
ative portions 507 of this figure may be focussed to a
narrower field of emission by making the radiative por-
tions 507 correspondingly small, or a wide field of emis-
sion by extending the radiative portions 507 almost fully
around the cable 500. Thus, in one or more examples,
the circumferential extent of the strips is provided to con-
trol the emission direction and emission angle range from
the cable. While the radiative portions 507 in this example
are shown as all facing the same radial direction with
respect to the cross section of the cable 500, it will be
appreciated that these radiative portions 507 could be
formed at different radial locations around the cable 500.
[0039] In the examples of figures 4 and 5, the end faces
408, 508 do not comprise radiative portions 407, 507,
however, it will be appreciated that the end faces 408,
508 could comprise radiative portions 407, 507 in order
to provide for coupling to and from free space in the axial
direction of the cable 400, 500. The continuous and dis-
continuous annular strips of figures 4 and 5 are shown
to be arranged substantially periodically. This may be
particularly advantageous in certain embodiments, how-
ever, in other embodiments, the spacing between each
of a plurality of annular radiative strip portions may be
aperiodic, for example, where a larger signal detection
or emission sensitivity is desired at one location along
the cable 400, 500 compared to another. The radiative
portions 407, 507 may be arranged in groups, each group
comprising at least two radiative portions, the spacing
between the groups greater than the spacing between
radiative portions of one or both of the groups.
[0040] The plurality of radiative portions 407, 507 in
the examples of figures 4 and 5 may function as an an-
tenna array, because the radiative portions can couple

electromagnetic waves to and from free space. In one
example, the diameter of the cable 400, 500 may be 5.88
mm, which couples to electromagnetic waves with fre-
quencies of approximately 80 GHz. In this example,
twenty radiative portions 407, 507 may be provided, each
separated by 2.4 mm, providing a total length of the an-
tenna array of approximately 5 cm. Each radiative portion
407, 507 may have a longitudinal width of 1.2 mm. This
specific example may result in the emission of a single
narrow planar beam of electromagnetic waves which is
emitted from the cable 400, 500. In some examples, the
beam angle of electromagnetic waves emitted from a ra-
diative portion 407, 507 of a cable 400, 500 may be varied
by varying the frequency of emission. For example, the
beam angle may be varied over approximately 30 de-
grees by varying the frequency from 70 to 90 GHz. Scan-
ning the beam angle may be advantageous, for example,
in areas where there is little space available, such as in
the rim of a vehicle door or outside vehicle mirror.
[0041] Figure 6 shows still another example cable 600
connected to a component 603, the cable comprising a
non-radiative portion 606 and a radiative portion 607, the
cable 600 comprising a swell portion 609 having a diam-
eter that monotonically varies from a first diameter at one
end of the cable 600 (adjacent 607), to a second diameter
at a position 610 along the longitudinal length of the cable
600, wherein the first diameter is larger than the second
diameter. In this example, the radiative portion 607 is
located at one of the end faces of the cable 608. The end
face 608 of the cable 600, in this example, comprises the
radiative portion and has a hemispherical, spherical sec-
tion or parabolic shape. The swell portion 609 may, for
example, comprise a conical shape. The hemispherical,
spherical section or parabolic shape of the end face 608
of the end face 608 may be configured to focus the mm-
wave beam in a direction that is parallel to the length of
the cable 600 (at least at the end adjacent the end face
608). It will be appreciated that a hemispherical, spherical
section or parabolic shaped radiative portion 607 may be
incorporated onto the end face 608 of a cable 600 which
does not comprise a swell portion 609. In other embod-
iments, the swell portion may not increase in diameter
monotonically.
[0042] In each of the embodiments of figures 1 - 6, the
cable 100, 200, 300, 400, 500, 600 is flexible. The cable
may be sufficiently flexible such that it is capable of hav-
ing a radius of curvature of less than one metre. A cable
100, 200, 300, 400, 500, 600 comprising polymer core
101 having an outer layer of a cladding material 102 may
be particularly suited to providing the requisite flexibility.
The cable may be deformable from a straight cable to a
bent or coiled cable without causing permanent defor-
mation to the cable 100, 200, 300, 400, 500, 600. For
example, the cable 100, 200, 300, 400, 500, 600 may be
located within a car door and may, therefore, need to be
flexible and bend when the door is opened, so as not to
damage the cable 100, 200, 300, 400, 500, 600. The
cable may be sufficiently flexible such that it may bend
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to have a radius of curvature of less than 1 metre, 0.8 m,
0.6 m, 0.4 m, 0.2 m, 0.1 m without permanent deformation
or significant signal leakage. The cable may be sufficient-
ly flexible such that it may bend to have a radius of cur-
vature of less than 20 times or less than 10 times its
diameter.
[0043] The cable 100, 200, 300, 400, 500, 600 may be
configured to guide electromagnetic waves of frequen-
cies between 50 - 90 GHz, although in other examples
frequencies of up to 200 or 300 GHz may be guided by
such a cable. In particular, the cable 100, 200, 300, 400,
500, 600 may be configured to couple to electromagnetic
waves of substantially 77 GHz. The cable 100, 200, 300,
400, 500, 600 may be configured to achieve this, for ex-
ample, by being sized such that electromagnetic waves
of these frequencies propagate through the cable 100,
200, 300, 400, 500, 600. The cross-sectional size and
shape of the cable 100, 200, 300, 400, 500, 600 may
determine the frequencies which most efficiently couple
thereto, and those which are most likely to propagate
through the cable 100, 200, 300, 400, 500, 600 efficiently.
In some examples, the diameter of a cable 100, 200, 300,
400, 500, 600 with a circular cross-section may be ap-
proximately equal to the wavelength of the waves to
which the cable 100, 200, 300, 400, 500, 600 is config-
ured to couple, thereby allowing for the propagation of
single mode electromagnetic waves of substantially that
wavelength. In a specific example, a cable 100, 200, 300,
400, 500, 600 having a diameter of substantially 1.7mm
may be particularly suited to coupling to frequencies from
75 to 85 GHz. Alternatively, the cable 100, 200, 300, 400,
500, 600 may comprise a diameter larger than one wave-
length of the electromagnetic waves with which coupling
is intended. Where the diameter of the cable 100, 200,
300, 400, 500, 600 is larger than one wavelength, this
may allow for multi-mode coupling of the electromagnetic
waves. For example, a cable 100, 200, 300, 400, 500,
600 may comprise a diameter of 5.8 mm which may be
particularly suited to coupling to frequencies of 80 GHz
in a multi-mode operation scheme.
[0044] In yet further examples, the radiative portions
may comprise different patterns to those shown in figures
3 to 6. In some examples, the cross-sectional shape or
size of the cable may be varied along its longitudinal
length in order to result in a desired radiation pattern
when electromagnetic waves are coupled to free space
at radiative portions. Figure 6 shows an example of how
the cross-sectional shape of the cable may be varied
along its longitudinal length in order to provide for a par-
abolic or hemispherical radiative portion.
[0045] Figure 7 shows an apparatus 710 comprising
an array of cables, the array of cables comprising a plu-
rality of the cables 700. Each of the cables in the plurality
of cables comprise a first end 712 and a second end 713.
In this example, the second ends of the plurality of cables
fan outwards such that the second ends are arranged in
a spaced apart configuration. Each cable at the fanned
end is coupled to a separate corresponding transceiver

713. The first end 711 of each of the plurality of cables
700 may be bundled together adjacent one another such
that the spacing between two adjacent cables 700 at the
first end 711 of the plurality of cables 700 is smaller than
the spacing between two adjacent cables 700 of the sec-
ond end 712 of the plurality of cables 700. In this example,
the transceivers 713 are mounted on a printed circuit
board 714, however, it will be appreciated that these
transceivers 713 could be mounted in different ways or
spread across different printed circuit boards.
[0046] The first end 711 of each of the plurality of ca-
bles 700 may comprise a radiative portion or may be
coupled to separate corresponding antennas. The plu-
rality of radiative portions or antennas may provide an
antenna array at the first end 711 of the plurality of cables
700, each radiative portion or antenna being coupled to
a corresponding transceiver 713 via a cable 700.
[0047] By using a plurality of cables 700 having a bun-
dled end and a fanned end, such as those described
above, to connect each radiative portion or antenna to a
corresponding transceiver 713, the transceiver-to-trans-
ceiver spacing may be mechanically decoupled from the
antenna-to-antenna spacing. This allows for a transceiv-
er 713 positioning that is optimised for minimal PCB
cross-talk and maximal heat sinking while providing a
closely coupled array of radiative portions or antennas.
[0048] Figure 8 shows an example wherein the cables
700 may form an array of bundled cable ends at the first
end 711 of the plurality of cables 700. The centre-to-cen-
tre spacing 712 of adjacent cables 700 may be between
0.2 - 3, 0.5 - 2 or 0.5 - 1 wavelengths of the electromag-
netic waves to which the cables 700 are configured to be
coupled. In the example of figure 8, the first end 711 of
each of the plurality of cables 700 is in direct contact with
at least one adjacent cable 700. It will be appreciated
that in some embodiments, these cables 700 may not be
in direct contact, but may be spaced from one another.
However, the spacing at the first end 711 of the plurality
of cables 700 may not exceed the inter-cable spacing of
the second ends of the cables 700, i.e., the fanned ends.
For example, in some embodiments, the centre-to-centre
spacing of the first ends 711 of the plurality of cables 700
may be between one half and one wavelength where the
diameter of each cable is half a wavelength of the elec-
tromagnetic waves to which the cables 700 are config-
ured to be coupled. Each cable of the plurality of cables
700 may comprise at least one preamplifier at either the
first or second end of the cable 700. The preamplifier
may be couplable to an antenna or it may be coupled to
a radiative portion of the cable 700.
[0049] Figure 9 shows, diagrammatically, an example
of the bundled array of cable ends 711 of figure 8 as box
911 on the focal plane of a dielectric lens or parabolic
mirror 915. The dielectric lens or parabolic mirror 915
may be configured to focus incoming electromagnetic
waves on to the array of cable ends 711 by way of its
shape and the relative positioning of the array of cable
ends 911. The component 203, 303, 403, 503, 603 may
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be such a dielectric lens or other mm wave generator.
[0050] In the above examples, the polymer core and
cable is described as having a circular cross section.
However, in other examples, the polymer core and/or
cable may have other cross sections such as square or
rectangular.
[0051] Figure 10 shows a device 1000 that may include
the cable or apparatus 710. The device may be an auto-
motive vehicle which may comprise a car, a self-driving
car, a truck, a lorry, a van, a caravan, a motorbike, a utility
vehicle, a boat, a ship, a drone, an aircraft or an emer-
gency services vehicle.
[0052] The device 1000 may be an electronic device
such as an automotive radar system, a 5G communica-
tions device or another device which may be configured
to emit or receive electromagnetic waves.
[0053] Figure 11 shows an example method 1100 of
forming a cable. The method comprises the steps of form-
ing 1101 an outer layer of cladding material on a polymer
core, the outer layer at least partially covering the polymer
core, the cladding material having a refractive index lower
than the refractive index of the polymer core and the pol-
ymer core comprising a dielectric material. It will be ap-
preciated that the outer layer of cladding material may
be applied in a number of different ways such as wrap-
ping, depositing or other techniques. One or more masks
may be applied to the polymer core before providing the
outer layer of cladding material so that, once the outer
layer of cladding material has been provided, one or more
radiative portions may be left without cladding material
thereover. Alternatively, radiative portions may be
formed by removing portions of the outer layer of cladding
material after the cladding material has been provided
onto the polymer core.
[0054] The instructions and/or flowchart steps in the
above figures can be executed in any order, unless a
specific order is explicitly stated. Also, those skilled in
the art will recognize that while one example set of in-
structions/method has been discussed, the material in
this specification can be combined in a variety of ways
to yield other examples as well, and are to be understood
within a context provided by this detailed description.
[0055] In one example, one or more instructions or
steps discussed herein are automated. The terms auto-
mated or automatically (and like variations thereof) mean
controlled operation of an apparatus, system, and/or
process using computers and/or mechanical/electrical
devices without the necessity of human intervention, ob-
servation, effort and/or decision.
[0056] It will be appreciated that any components said
to be coupled may be coupled or connected either directly
or indirectly. In the case of indirect coupling, additional
components may be located between the two compo-
nents that are said to be coupled.
[0057] In this specification, example embodiments
have been presented in terms of a selected set of details.
However, a person of ordinary skill in the art would un-
derstand that many other example embodiments may be

practiced which include a different selected set of these
details. It is intended that the following claims cover all
possible example embodiments.

Claims

1. A cable configured to guide electromagnetic waves
therethrough comprising a polymer core having an
outer layer of cladding material, the outer layer at
least partially covering the polymer core, the clad-
ding material having a refractive index lower than
the refractive index of the polymer core, the polymer
core comprising a dielectric material.

2. The cable of claim 1, wherein the cable is arranged
with and connected to a first antenna and configured
to guide the electromagnetic waves between the first
antenna and one or more of a second antenna, an
antenna array and a transceiver.

3. The cable of any preceding claim, wherein the pol-
ymer core is non-hollow.

4. The cable of any preceding claim, wherein the clad-
ding material comprises a metal cladding material.

5. The cable of any preceding claim comprising a non-
radiative portion and at least one radiative portion,
wherein the non-radiative portion comprises a por-
tion of the cable wherein the cladding material ex-
tends over the polymer core and the radiative portion
comprises a portion of the cable wherein the cladding
material does not extend over the polymer core, the
radiative portion configured to couple electromag-
netic waves to free space.

6. The cable of claim 5, wherein the at least one radi-
ative portion extends one or more of

i) partially around the polymer core to form a
discontinuous annular strip; and
ii) annularly around the polymer core to form a
continuous annular strip

7. The cable of claim 5, wherein the polymer core com-
prises an elongate body having a first terminal end
face and a second terminal end face separated by
an at least one elongate side, at least one of the at
least one radiative portions comprising one of the
first and second terminal end faces.

8. The cable of claim 7, wherein the at least one of the
first and second terminal end faces comprising the
radiative portion has one of a hemispherical, spher-
ical section and parabolic shape.

9. The cable of claim 5, comprising a plurality of radi-
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ative portions, wherein the plurality of radiative por-
tions are spaced regularly along the longitudinal
length of at least part of the cable.

10. The cable of any preceding claim comprising a swell
portion having a diameter that monotonically varies
from a first diameter at one end of the cable, to a
second diameter at a position along a longitudinal
length of the cable, wherein the first diameter is larger
than the second diameter.

11. The cable of any preceding claim, wherein the cable
is flexible such that it is capable of having a radius
of curvature of less than 1 metre.

12. An apparatus comprising an array of cables, the ar-
ray of cables comprising a plurality of the cables of
claims 1 - 11, each of the cables of the plurality of
cables comprising a first end and a second end, the
first ends of the cables bundled together adjacent
one another to form a bundled end of the array, the
cables configured to fan out such that the second
ends are arranged in a spaced apart configuration
to form a fanned end of the array, each of the second
ends coupled to a separate corresponding transceiv-
er.

13. The apparatus of claim 12 including a plurality of
amplifiers, each cable of the plurality of cables com-
prising one of the plurality of amplifiers at one of the
first end or the second end of the cable, the amplifier
coupled to an antenna.

14. A device comprising one of an automotive vehicle or
electronic device including the cable of any one of
claims 1 - 11.

15. A method of forming a cable configured to guide elec-
tromagnetic waves therethrough comprising:

forming an outer layer of cladding material on a
polymer core, the outer layer at least partially
covering the polymer core, the cladding material
having a refractive index lower than the refrac-
tive index of the polymer core and the polymer
core comprising a dielectric material.
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