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(54) Set coil

(57) A cable (100) for use in a telecommunications
equipment such as a mobile telephone to connect an
antenna to a telecommunications circuit is described.
The cable (100) comprises a plurality of coaxial cables
(110) embedded within a jacket (160). The coaxial ca-

bles (110) each have an inner conductor (120), a dielec-
tric insulator (130) surrounding the inner conductor
(120), and a shield (140) surrounding the dielectric in-
sulator (130). The cable (100) of the design has suffi-
cient resilience to allow it to return to its original position
without degrading its electrical properties.
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Description

Field of the Invention

[0001] The invention relates to an electrical cable hav-
ing a plurality of coaxial cables embedded within a jack-
et. The invention furthermore relates to a telecommuni-
cations apparatus having an extendable antenna which
is connected to a telecommunications electronics circuit
in the telecommunications apparatus by means of the
cable.

Prior Art

[0002] Mobile telecommunications equipment such
as cell phones, walky-talkies or radios all possess an
aerial or antenna to transmit and receive signals. De-
pending on the size of the equipment and the frequency
of the signals, these antennas may be extendible out-
side of the casing of the telecommunications equipment
to allow the user to pull the antenna out of the casing
and thus obtain better reception or transmission. After
use, the user pushes the antenna back into the casing
to ensure that it is not damaged.
[0003] The antenna is connected to the electronic tel-
ecommunications signal processing circuits within the
equipment by means of a cable which must be capable
of extension and retraction within the casing of the mo-
bile telecommunications equipment. The frequent ex-
tension and retraction of the antenna over time affects
both the mechanical and electrical performance of the
cable. It is found, for example, that the electrical atten-
uation of the cable increases whilst the memory effect
of the cable, i.e. its ability to return to its original position
after retraction into the casing decreases.
[0004] The increasing trend towards miniaturisation
of telecommunications equipment means that the space
within the casing of the equipment able to incorporate
the cable diminishes. Thus conventional solutions for
improving the attenuation of the cable by providing thick-
er central conductors in a coaxial cable are not possible.
Similarly the space is not available to provide sturdier
jackets or thicker dielectric materials to improve the me-
chanical stability of the cable.

Summary of the Invention

[0005] It is therefore an object of the invention to pro-
vide an improved extendable cable for use in a telecom-
munications apparatus.
[0006] It is furthermore an object of the invention to
provide a cable which after multiple extension still main-
tains a memory effect.
[0007] It is furthermore an object of the invention to
provide a cable in which electrical attenuation is sub-
stantially undiminished after multiple extension.
[0008] These and other objects of the invention are
solved by providing a cable with a plurality of coaxial

cables embedded within a jacket. Each of the coaxial
cables comprises an inner conductor, a dielectric insu-
lator surrounding the inner conductor and a shield sur-
rounding the dielectric insulator. It has been found that
a construction of this design allows the use of coaxial
cables with adequate electrical properties for the appli-
cation whilst the jacket ensures that the cable has suf-
ficient mechanical stability to withstand multiple exten-
sions and also to have sufficient resilience to provide a
sufficient memory effect, i.e. returns to its original (un-
extended) position. The jacket can be made from a va-
riety of materials such as material selected from the
group of polymers comprising polyester, polyurethane,
polyethylene and polyvinylchloride. Tests have shown
that the best material for ensuring sufficient resilience
has a Shore hardness of 36D. In one preferred embod-
iment of the invention this is achieved by using a poly-
urethane for the jacket.
[0009] In a preferred embodiment of the invention, the
coaxial cable is provided with a protective layer about
the shield to which the jacket is attached. This protective
layer serves to provide sufficient mechanical stability
and resiliency. In a preferred embodiment of the inven-
tion, the protective layer is made from polyimde.
[0010] The dielectric insulator is made from a material
selected from the group of dielectric materials compris-
ing polyethylene, polyester, perfluoralkoxy, fluoroethyl-
ene-propylene, polypropylene, polymethylpentene, pol-
ytetrafluoroethylene or expanded polytetrafluoroethyl-
ene PTFE and most preferably from expanded PTFE
which offers excellent electrical performance in small di-
mensions.
[0011] In a preferred embodiment of the invention, the
coaxial cable is provided with a protective layer about
the shield to which the jacket is attached. This protective
layer serves to provide sufficient mechanical stability
and also to increase the resiliency. In one embodiment
of the invention, the protective layer is made from a ma-
terial selected from the group of polymers comprising
polyester, polyimide, polyetheretherketone or polycar-
bonate. In the most preferred embodiment of the inven-
tion polyester is used which is found to provide sufficient
resilience to the cable.
[0012] The cable preferably incorporates three coax-
ial cables which is found to be ideal for applications such
a mobile telephones.
[0013] In a telecommunications application the cable
is connected to an extendable antenna and is spirally
wound within the casing of the application. The cable
has in an unextended position a certain predefined un-
extended length. After extension of the antenna outside
of the casing, the cable has a specified extended length.
The ratio of the extended length to the unextended
length is found to be greater than 1:7 which is found to
offer the best compromise between the space required
to store the cable within the casing in an unextended
position and the length required to allow sufficient ex-
tension of the antenna outside of the casing.
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Description of the Drawings

[0014]

Fig. 1 shows a mobile telephone in accordance with
the invention

Fig. 2 shows the cable used to connect the antenna
electronic circuit of the invention to the tele-
communications electronic circuit in the mo-
bile telephone.

Fig. 3 shows a cross section of the cable of Fig. 2.

Detailed Description of the Invention

[0015] Fig. 1 shows a mobile telephone 10 in accord-
ance with the invention. The mobile telephone 10 has a
casing 15 and an antenna 20 which has both an extend-
ed position A outside of the casing 15 shown as a dotted
line in the Figure and an unextended position B. In the
latter position B the antenna 20 is substantially or com-
pletely positioned within the casing 15 of the mobile tel-
ephone 10. Attached to the antenna 20 is an antenna
electronic circuit 30 which is connected by means of a
cable 100 to a telecommunications electronic circuit 40
also within the casing 15 of the mobile telephone 10. In
the unextended position B of the antenna 20, the cable
100 is substantially spirally wound as is shown in the
Figure. In this position B the cable 100 has a length C
and a spiral diameter D and is enclosed within a cable
storage department 50 within the casing 15. In the ex-
tended position A of the antenna 20 the cable 100 is
substantially straight and has a length E as shown in the
Figure. At intermediate positions the cable is spirally
wound and has a spiral diameter less than that of D and
a length between the lengths C and E. In use the anten-
na 20 will be pulled out of the casing 15 by the user of
the mobile telephone 10 when the mobile telephone 10
is being used and then pushed into the casing 15 when
the mobile telephone 10 is no longer being used.
[0016] In one example of a mobile telephone 10, the
antenna 20 can be extended by 100 mm. The dimen-
sions of the cable storage department 50 are approx.
14 mm x 14 mm. However, these dimensions are not
limiting of the invention. Although this invention is de-
scribed with respect to a mobile telephone 10, it should
be noted that it can also be used in any apparatus in
which an extendible cable is required. Examples of such
apparatus include radios and walky-talkies.
[0017] The construction of the cable 100 used in the
mobile telephone 10 is shown in Figs. 2 and 3. In the
preferred embodiment, the cable 100 has three coaxial
cables 110 arranged equidistant about a centre 105 of
the cable 100. Each of the three coaxial cables 110 has
an inner conductor 120 made from a metal conductor
such as copper, tin plated copper or silver plated copper.
The inner conductor 120 is surrounded by a dielectric
insulator 130 made from a material selected from the
group of dielectric materials comprising polyethylene,

polyester, perfluoralkoxy, fluoroethylene-propylene,
polypropylene, polymethylpentene, polytetrafluoroeth-
ylene or expanded polytetrafluoroethylene (PTFE).
Preferably a fluoropolymer such as expanded PTFE is
used.
[0018] The dielectric insulator 130 is surrounded by a
shield 140 which may braided or surfed from metal wire
or may be made from a metallised fabric, such as met-
allised polyester fabric. Finally a protective layer 150 is
placed about the shield 140. The protective layer 150 is
made from a material selected from the group of poly-
mers comprising polyester, polyimide, polyetherether-
ketone or polycarbonate. Preferably polyimide is used
as the protective layer 150.
[0019] The three coaxial cables 110 are then extruded
within a jacket 160 made of a material selected from the
group of polymers comprising polyester, polyurethane,
polyethylene and polyvinylchloride. Preferably poly-
urethane is used. The jacket 160 has a Shore hardness
of 36D since this is found to provide the cable 100 with
sufficient resilience that it returns to its original position
after extension.
[0020] The cable 100 is formed into a spiral coil by
wrapping it about a cylindrical former with an appropri-
ate diameter. Depending on the material from which the
protective layer 150 and the jacket 160 are made, the
cable 100 is heated at a temperature between 100°C
and 150°C for between 30 minutes and 2 hours after
which time the cable 100 has assumed a spiral form.
[0021] The invention may also find application other
areas such as mini-robots or sensors such as position
sensors, temperature sensors or marking sensors.

Example I

[0022] A cable 100 is made in accordance with the
design shown in Figs. 2 and 3. The inner conductors
120 are made of silver plated copper and have a diam-
eter of AWG 30 (0.3mm). The dielectric insulator 130 is
made of ePTFE tapes which are wrapped about the in-
ner conductors 120 to form a layer of 0.2 mm thickness
and the shield 140 is made of silver plated copper wire
of AWG 44 (0.05 mm) wrapped about the dielectric in-
sulator 130. The protective layer 150 of thickness 0.04
mm is made from polyester which is extruded about the
shield 140. The three coaxial cables 110 are then
passed through an extruded to form the polyurethane
jacket 160. The cable 100 has a diameter of 2.4 mm and
is cut into lengths of 200 to 250 mm.
[0023] The cut lengths are then spirally wound by
winding the cable 100 around a cylindrical former and
heated to between 120°C and 130°C for between 70
and 120 minutes. The cable 100 assumes a spiral form
and is then ready for placing into the casing 15 of the
mobile telephone 10. The spirally wound cable 199 has
an unextended length of 14 mm and a diameter of 13.8
mm. It can be extended by 100 mm.
[0024] Tests carried out on the cable 100 show that at
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2.2 GHz it has an attenuation of 2.36 dB/m after manu-
facture.

Example 2

[0025] A cable 100 was made using the same method
as described in Example 1 except that the spirally
wound cable had a length of 45 mm and an spiral outside
diameter of 13,8 mm in the unextended position. In the
extended position the cable 100 had a length of 300 mm.
The cable 100 of this example is also for use in a mobile
telephone 10.

Claims

1. Cable (100) with

a plurality of coaxial cables (110) embedded
within a jacket (160),
wherein at least one of the plurality of coaxial
cables (110) comprises:

- an inner conductor (120),
- a dielectric insulator (130) surrounding the

inner conductor (120), and
- a shield (140) surrounding the dielectric in-

sulator (130).

2. Cable (100) according to claim 1, wherein the at
least one of the plurality of coaxial cables (110) fur-
ther comprises a protective layer (150) surrounding
the shield (140).

3. Cable (100) according to claim 1, wherein three co-
axial cables (100) are embedded within the jacket
(120).

4. Cable (100) according to claim 1 wherein the jacket
(160) is made from a material having a Shore hard-
ness of36D.

5. Cable (100) according to claim 1 wherein the jacket
(160) is made from a material selected from the
group of polymers comprising polyester, poly-
urethane, polyethylene and polyvinylchloride.

6. Cable (100) according to claim 5 wherein the jacket
(160) is made from polyurethane.

7. Cable (100) according to claim 1 wherein the die-
lectric insulator (130) is made from a material se-
lected from the group of dielectric materials com-
prising polyethylene, polyester, perfluoralkoxy,
fluoroethylene-propylene, polypropylene,
polymethylpentene, polytetrafluoroethylene or ex-
panded polytetrafluoroethylene (PTFE).

8. Cable (100) according to claim 7 wherein the die-
lectric insulator (140) is made from expanded PT-
FE.

9. Cable (100) according to claim 1 wherein the pro-
tective layer (150) is made from a material selected
from the group of polymers comprising polyester,
polyimide, polyetheretherketone or polycarbonate.

10. Cable (100) according to claim 9 wherein the pro-
tective layer (150) is made from polyimide.

11. Telecommunications apparatus (10) comprising:

- an extendible antenna (20) with an antenna
electronic circuit (30) and having an extended
position (A) and an unextended position (B);

- a telecommunications electronic circuit (40),
connected to the antenna electronic circuit (30)
by means of a cable (100); and

- a cable storage compartment (50) in which the
cable (100) is substantially positioned when the
extendible antenna (20) is in an unextended po-
sition (B);

wherein said cable (100) is substantially spirally
wound and has an unextended length when the ex-
tendible antenna (20) is in an unextended position
(B) and has an extended length when the extendible
antenna (20) is in an extended position and the ratio
of the unextended length to the extended length is
greater than 1:7.

12. Telecommunications apparatus (10) according to
claim 11 wherein said cable (100) contains at least
one coaxial cable (110).

13. Telecommunications apparatus (10) according to
claim 12 wherein said cable (100) contains three co-
axial cables (110).

14. Telecommunications apparatus (10) according to
claim 11 wherein the at least one coaxial cable (110)
comprises:

- an inner conductor (120),
- a dielectric insulator (130) surrounding the in-

ner conductor (120), and
- a shield (140) surrounding the dielectric insula-

tor.

15. Telecommunications apparatus (10) according to
claim 11 wherein the at least one coaxial cable (110)
further comprises a protective layer (150) surround-
ing the shield (140).

16. Telecommunications apparatus (10) according to
claim 11 wherein the at least one coaxial cable (100)
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is embedded within a jacket (120).

17. Telecommunications apparatus (10) according to
claim 16 wherein the jacket (120) is made from a
material having a Shore hardness of 36D.

18. Telecommunications apparatus (10) according to
claim 16 wherein the jacket (160) is made from a
material selected from the group of polymers com-
prising polyester, polyurethane, polyethylene and
polyvinylchloride.

19. Telecommunications apparatus (10) according to
claim 16 wherein the jacket (160) is made from poly-
urethane.

20. Telecommunications apparatus (10) according to
claim 16 wherein the dielectric insulator (130) is
made from a material selected from the group of di-
electric materials comprising polyethylene, polyes-
ter, perfluoralkoxy, fluoroethylene-propylene, poly-
propylene, polymethylpentene, polytetrafluoroeth-
ylene or expanded polytetrafluoroethylene (PTFE).

21. Telecommunications apparatus (10) according to
claim 14 wherein the dielectric insulator (140) is
made from expanded PTFE.

22. Telecommunications apparatus (10) according to
claim 15 wherein the protective layer (150) is made
from a material selected from the group of polymers
comprising polyester, polyimide, polyetheretherke-
tone or polycarbonate.

23. Telecommunications apparatus (10) according to
claim 22 wherein the protective layer (150) is made
from polyimide.
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