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(54) Coaxial Cable

(57) The invention relates to a coaxial cable compris-
ing a first conductor (1), a second conductor (3) and a

foamed perfluoralkoxy (2) disposed between the first
conductor (1) and the second conductor (3).
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Description

[0001] The present invention relates to coaxial cables
in particular for radio frequency (RF) transmission.
[0002] An RF transmission line has a considerable im-
pact on a system’s efficiency which decreases with in-
creasing attenuation of the RF transmission lines since
a part of RF energy is converted into thermal energy. The
RF attenuation depends on dimensions of the transmis-
sion line, on conductivity of conductors and on losses of
dielectric layers.
[0003] Commonly, cables with small dimensions of
typically 0.141 inch (3.58 mm) and 0.250 inch (6.35 mm)
are used which is defined by handling requirements and
the limited space in case of cabling inside of racks or
base station antennas for mobile communication sys-
tems. Such small cables are e.g. defined by the standard
MIL-C-17/129 and MIL-C-17/130.
[0004] Known coaxial cables as e.g. described in GB
734,679 may comprise a sheath formed continuously in
succeeding steps from a thin metal strip as a tube spaced
from the core having corrugations traverse to the cable
length. Other known coaxial cables may comprise a solid
polytetrafluorethylene (PTFE) dielectric with tin soaked
copper braid as outer conductor or with an expanded
PTE (PTE: Polytetraethylene) with corrugated outer con-
ductor. However, coaxial cables with a diameter of 3.58
mm made of solid PTFE dielectric and tin soaked copper
braid outer conductor have an attenuation of 58 dB/100
m at 2 GHz. In addition, coaxial cables comprising an
expanded PTE and a corrugated outer conductor have
an attenuation of 52.2 dB/100 m at 2 GHz.
[0005] It is the object of the invention to provide a co-
axial cable having a reduced attenuation compared to
existing solution while maintaining the standardized out-
er conductor diameters.
[0006] This object is achieved by the features of the
independent claims.
[0007] The invention is based on the finding that the
attenuation of a coaxial cable may be reduced when coat-
ing an inner conductor of the coaxial cable with foamed
perfluoralkoxy (PFA) forming a dielectric layer. Further
improvements may be achieved when using an outer
conductor made of solid copper instead of tin soaked
copper braid. The outer conductor may further be heli-
cally or annularly corrugated for improving the bending
properties of the cable.
[0008] The inventive coating contributes to an attenu-
ation reduction of 3.58mm cables by more than 10dB/
100m at 2GHz when compared with the attenuation as-
sociated with solid PTFE dielectric cables having a tin
soaked outer conductor and by more than 5dB/100m at
2GHz when compared with the attenuation associated
with cables with the expanded PTE which corresponds
to an improvement of 19% and 10%, respectively.
[0009] The invention exploits the fact that the attenu-
ation in coaxial cables depends on the conductivity of the
inner and outer conductor and on the dissipation factor

of dielectric materials in the cable. When using a foamed
dielectric instead of a solid the dielectric loss can be re-
duced significantly. Besides this the propagation velocity
is increased and the permittivity is reduced when using
a foamed dielectric. Since the application of said small
cables requires an operating temperature of more than
200°C commonly used foamable dielectric materials like
polyethylene cannot be used. Instead, this invention de-
scribes a cable made with a foamed PFA dielectric. An-
other positive effect of a foamed dielectric is the reduced
permittivity. To accomplish the same characteristic im-
pedance at a given outer conductor diameter a cable
made with a foamed dielectric may be made with a larger
inner conductor compared to a cable made with the same
dielectric material that is not foamed but solid. A larger
inner conductor contributes to an additional attenuation
reduction. These two phenomena may collectively con-
tribute to a reduction of attenuation of the inventive co-
axial cable.
[0010] Some applications of small cables require a
minimum of electrical delay time of multiple cable runs
which are cut to the same geometrical length. Since com-
monly used manufacturing cutting processes have a lim-
ited accuracy the minimal achievable delay time differ-
ence within a number of cable runs is limited accordingly.
Due to the lower permittivity of a cable with foamed die-
lectric, the same geometrical length offset leads therefore
to a smaller delay time difference compared to a cable
with solid dielectric and higher permittivity.
[0011] In order to fulfil high power rating requirements
the dielectric material has been chosen so as to have a
high thermal stability. Preferably, foamed PFA dielectric
is used which has a high foaming ratio of more than 57%.
Such a high foaming ratio may be achieved by an extru-
sion process for extruding the foamed PFA onto the inner
conductor.
[0012] The tin layer of cables made with tin soaked
braided outer conductors cracks after a few bends of the
cable. As a consequence the shielding efficiency is re-
duced and passive intermodulation performance is wors-
ened. The outer conductor of this invention may be
formed from solid copper and may be a closed corrugated
shape which increases the flexibility of the cable and pro-
vides a high screening efficiency and long term good pas-
sive intermodulation performance also after multiple
bends. However, if the described foamed PFA dielectric
is used with tin soaked braided outer conductors, it pro-
vides a lower attenuation also for such a construction.
[0013] Thus, the inventive cable is characterized by a
reduced attenuation, by an increased power rating, by
high homogeneity of the electrical delay time and by a
simplified handling of the cable. Hence, the inventive ca-
ble may be used in base station antennas in the context
of a distribution network and similar applications.
[0014] The invention relates according to an aspect to
a coaxial cable comprising a first conductor, a second
conductor and a foamed perfluoralkoxy disposed be-
tween the first conductor and the second conductor. The
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foamed perfluoralkoxy forms preferably a dielectric layer
coating the first conductor. The first conductor preferably
forms an inner conductor and the second conductor pref-
erably forms an outer conductor of the coaxial cable.
[0015] According to an embodiment, the first conduc-
tor and/or the second conductor are helically or annularly
corrugated.
[0016] According to an embodiment, the first conduc-
tor or the second conductor comprise copper or silver
plated copper or aluminium or are formed by a bimetallic
conductor or metal braid.
[0017] According to an embodiment, the foamed per-
fluoralkoxy coates the first conductor, wherein the sec-
ond conductor surrounds the foamed perfluoralkoxy.
[0018] According to an embodiment, the foamed per-
fluoralkoxy may have a foaming ratio of at least 57%
and/or may be extruded.
[0019] According to an embodiment, a thin layer of sol-
id perfluoralkoxy is applied between inner conductor and
the foamed dielectric.
[0020] According to an embodiment, an outer sheath
formed from a fluorinated ethylene propylene FEP is pro-
vided to coat the second conductor.
[0021] According to an embodiment, the first conduc-
tor may have a diameter between 0.5, 1 and 1.5 mm,
preferably 1 � 0.5 mm, the second conductor having a
diameter between 3.08, 3.58 and 4.08 mm, preferably
3.58 mm � 0.5 mm.
[0022] According to an embodiment, a solid per-
fluoralkoxy layer is disposed between the first conductor
and the foamed perfluoralkoxy.
[0023] The invention relates according to a further as-
pect to the use of the inventive coaxial cable for connect-
ing a base station to an antenna in a radio frequency
band at 2GHz or within a frequency interval between
900Mhz and 3.5Ghz or to the use of the inventive coaxial
cable in a distribution network of antennas in the radio
frequency band at 2GHz or within the frequency interval
between 900Mhz and 3.5Ghz.
[0024] The invention relates according to a further as-
pect to a method for manufacturing a coaxial cable. The
method comprises providing a first conductor, extruding
foamed perfluoralkoxy onto the first conductor and ar-
ranging a second conductor around the foamed per-
fluoralkoxy.
[0025] Alternatively a thin layer of solid perfluoralkoxy
is extruded on the inner conductor prior to the application
of the foamed perfluoralkoxy.
[0026] According to an embodiment, the step of ex-
truding the foamed perfluoralkoxy comprises melting a
perfluoralkoxy using a single screw or a double screw
extruder, injecting gas, preferably nitrogen, into the ex-
truder, mixing the gas and the melted perfluoralkoxy to
obtain the foamed perfluoralkoxy and coating the first
conductor with the foamed perfluoralkoxy.
[0027] Further embodiments of the invention will be
described with reference to Fig. 1 showing an embodi-
ment of a coaxial cable.

[0028] The coaxial cable comprises a first conductor
1 forming an inner conductor of the coaxial cable and a
dielectric material surrounding or coating the first con-
ductor 1. Preferably, the dielectric material is foamed
PFA. The coaxial cable further comprises a second con-
ductor 3 forming an outer conductor of the coaxial cable
and surrounding the first conductor 1 and the foamed
PFA 2. Thus, the foamed PFA 2 is disposed as a dielectric
layer between the first conductor 1 and the second con-
ductor 3. The coaxial cable further comprises an outer
sheath 4 surrounding the second conductor 3. The outer
sheath 4 is preferably be made from FEP (FEP: Fluori-
nated Ethylene Propylene) to enable a high operating
temperature. The foamed PFA dielectric 2 may optionally
be corrugated or arranged to form closed spirals sur-
rounding the first conductor 1.
[0029] The second conductor 3 may comprise a heli-
cally or annularly corrugated copper, aluminium or a bi-
metal. Due to the helically or annularly corrugated struc-
ture, a flexibility of the coaxial cable is increased.
[0030] Preferably, the first conductor 1 is made of cop-
per or silver plated copper and has a diameter of 1.0 �
0.5 mm. The dielectric PFA 2 is foamed having a foaming
ratio of preferably more than 57% which can be achieved
by a continuous extrusion using a gas and an appropriate
nucleating agent, preferably boron nitride. The second
conductor 3 forming the outer conductor may consist of
aluminium, copper or silver plated material preferably be-
ing corrugated and having an outer diameter of 3.58 �
0.5 mm. The sheath material 4 is preferably solid FEP
surrounding the inner structure of the coaxial cable.
[0031] If the inner conductor 1 and the outer conductor
2 are bimetallic conductors then the highly conductive
layer of the inner conductor is placed on the outside and
the highly conductive layer of the outer conductor is
placed on the inside.
[0032] In order to manufacture the coaxial cable shown
in Fig. 1, the inner conductor 3 may be drawn first. In a
further manufacturing step, the foamed PFA 2 may be
extruded onto the inner conductor 1. In this step, a single
screw extruder or a double screw extruder may be used.
A PFA material is first melted in the extruder and gas,
preferably nitrogen or other gases, is injected into the
melted PFA. The gas may preferably be mixed into the
melted polymer in a mixing zone of the extruder. The
resulting melted material may then be formed into the
desired shape in a head of the extruder. Then, the inner
conductor 1 may be coated with the melted PFA to form
the dielectric 2. In a next manufacturing step, the outer
conductor 3 may be formed and the jacket 4 may be
extruded.

Claims

1. A coaxial cable comprising a first conductor (1), a
second conductor (3) and a foamed perfluoralkoxy
(2) disposed between the first conductor (1) and the
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second conductor (3).

2. The coaxial cable according to claim 1, the first con-
ductor (1) or the second conductor (3) being helically
or annularly corrugated.

3. The coaxial cable according to claim 1 or 2, the first
conductor (1) or the second conductor (3) comprising
copper or silver plated copper or aluminium or being
formed by a bimetallic conductor or metal braid or
tin soaked metal braid.

4. The coaxial cable according to anyone of the claims
1 to 4, the foamed perfluoralkoxy (2) having a foam-
ing ratio of at least 57%.

5. The coaxial cable according to anyone of the claims
1 to 5, further comprising an outer sheath (4) being
formed from a fluorinated ethylene propylene.

6. The coaxial cable according to anyone of the claims
1 to 6, the first conductor (1) having a diameter be-
tween 0.5, 1 and 1.5 mm, the second conductor (3)
having a diameter between 3.28, 3.58 and 4.08 mm.

7. The coaxial cable according to anyone of the claims
1 to 7, further comprising a solid perfluoralkoxy layer
disposed between the first conductor (1) and the
foamed perfluoralkoxy (2).

8. The use of the coaxial cable according to anyone of
the claims 1 to 8 for connecting a base station to an
antenna or in a distribution network of antennas in a
radio frequency band at 2GHz or within a frequency
interval between 900Mhz and 3.5Ghz.

9. A method for manufacturing a coaxial cable, the
method comprising:

- providing a first conductor (1);
- extruding a foamed perfluoralkoxy (2) onto the
first conductor; and
- arranging a second conductor (3) around the
foamed perfluoralkoxy (2).

10. The method according to claim 9, the step of extrud-
ing the foamed perfluoralkoxy (2) comprising:

- melting a perfluoralkoxy using a single screw
or a double screw extruder;
- injecting gas, preferably nitrogen, into the ex-
truder;
- mixing the gas and the melted perfluoralkoxy
to obtain the foamed perfluoralkoxy; and
- coating the first conductor (1) with the foamed
perfluoralkoxy.
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