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the layer of dielectric material so that the foil has overlapping edges;
and applying a copper braid The present invention relates to electrical ca-
over the foil; characterised by -passing the braided bles and, more
specifically, to a flexible coaxial  cable through a bath of a molten metal
which cable having excellent shield effectiveness over a   5   bonds to the
braid and the foil so that any opening broad frequency range.
between the edges of the foil is closed and inter- Shielded cables are
typically classified as flexi-  stices of the braid are closed. ble,
semirigid or rigid, with cables having greater    The new cable offers
effective shielding over a rigidity typically having more predictable
electrical  wide frequency range and can undergo relatively properties. A
flexible shielded cable usually has a   10  sharp bending without the use
of any special tools shield formed of braided copper. While such a      and
without damage to the shield. The cable also is shield may perform
satisfactorily at low frequen-   usable at higher operating temperatures
than cop- cies, the openings in the braid permit high fre-   per tubing
coaxial cables. Additionally, the cable quency energy transfer thus
limiting the use of    can be made in very long continuous lengths as such
cables.                                   15  opposed to semirigid cable
with a solid copper A common type of semirigid coaxial cable in-    tubing
shield, which is limited in length because a cludes a copper tubing into
which the core assem-   length of dielectric core must be shoved into the
bly (made up of the central conductor and its      copper tubing prior to
swaging. The cable has long dielectric jacket) is inserted. This type of
coaxial  service life, is reliable in use and is easy and [err] is
relatively expensive because it is not man-  20  economical to manufacture.
ufactured in a continuous process. A length of the core assembly is
inserted into a length of the     In the accompanying drawings: tubing, and
the tubing shrunk by swaging resulting in a tight fit. While the formed
copper tubing does   FIG. 1 is a cross-sectional view of a shielded provide
a smooth, continuous inner shield surface   25  cable embodying various
features of the present for effective shielding over a wide frequency
range,  invention; it does have severe mechanical shortcomings. This
FIG. 2 is a perspective view of the cable of FIG. type of coaxial cable is
relatively heavy, it Is not  1, with various components removed to
illustrate very flexible, and special tools are required for     underlying
components, having a shield made bending without kinking or breaking the
shield. The   30  up in part by a longitudinally wrapped foil; use of the
copper tubing, which has minimum           FIG. 3, similar to FIG. 2,
illustrates an alternative elasticity, also limits the maximum operating
tem-    embodiment of the shielded cable of the present perature of the
cable.                                invention wherein the foil is
helically wound; A recently proposed coaxial cable includes a       FIG. 4
is a diagram illustrating application of the layer of conductive or
semi-conductive matter sur-  36    foil and application of a braid about
the core rounding the dielectric. A shield, which may be a     assembly of
the cable of FIG. 1; braid, is embedded in the layer which is softened
FIG. 5 is a diagram, partly block in nature, by heating. For further
information regarding the     depicting application of solder or tin which
structure and operation of this cable, reference      bonds the braid to
the foil and closes the open- may be made to US-A-4,486,252.
40    ings of the braid; and GB-A-2130430 discloses a flexible shielded ca-
FIG. 6, similar to FIG. 1, illustrates another alter- ble comprising at
least one elongate, flexible metal  native embodiment of a cable embodying
var- conductor; a layer of a flexible dielectric material  ious features of
the present invention wherein a disposed about the conductor; and a
flexible metal-   plurality of insulated conductors are present in lic
shield disposed about the layer, the shield in-  45    the core assembly.
cluding a copper foil having overlapping edges,        FIGS. 1 and 2 show a
cable 20 having a core and a copper braid about the foil; and, according to
assembly 22 made up of an elongate, flexible cen- the present invention,
such a cable is characterised  tral metallic conductor 24 which is
preferably cop- in that the shield also includes a layer of metal  per and
could be either solid or made up of a which closes any opening between the
overlapping   so  number of strands. While only a single conductor edge,
bonds the braid and the foil and closes       24 is illustrated in the core
assembly in FIGS. 1-3, interstices of the braid whereby the shield is
flexi-  it will be appreciated that a number of conductors ble and has no
openings therein.                   insulated from each other, could be
included. En- The invention also includes a method of for-    compassing
the conductor 24 is a flexible layer 26 ming a metallic shield about at
least one flexible  55  of dielectric material in intimate contact with the
metal conductor encompassed by a layer of dielec-  conductor. Disposed
about the dielectric layer 26 is tric material to form a flexible coaxial
cable, the  a flexible metallic shield 28 made up of a copper method
comprising wrapping a copper foil about     foil 30, a copper braid 32
about the foil 30 and a 2    



3                 EP 0 236 096 B1                   4 layer 34 of metal
such as solder or tin which bonds  applied by passing the incipient cable
through a the braid 32 to the foil 30 and closes the openings  molten bath
of tin or solder. This causes the molten or interstices of the braid.
metal (which is drawn in by wicking action - capil- As best shown in FIG.
2, the foil 30 has over-  lary attraction) to fill the braid openings and
to lapping, longitudinally extending edges 36. The lay-   5   close any
hairline opening between the overlapping er 34 of metal also bonds the
overlapping edges   edges 36. During the application of the molten tin 36
together to provide the shield 28 with an inner  or solder component, the
copper foil 30 functions surface 37 which is substantially smooth and has
as a heat barrier to insulate the dielectric material no openings through
which energy could be radi-   from the high temperature of the molten
metal. But ated. It will be appreciated that this approximates  io  for the
foil, the molten metal would directly contact the smooth inner surface of
the copper tube of a  the core insulation material. The use of the foil 30
semirigid coaxial cable. Thus the shield 28 greatly  allows polymers having
less heat resistance than reduces undesirable energy or signal transfer
Teflon to be used for dielectric layer 26 because through the shield due to
electrical, magnetic or  the foil conducts heat away from layer 26.
electromagnetic fields. The cable 20 can be used   15  The cable 20 is
flexible and can be bent with- over a broad frequency range, from dc to 20
out the use of special tools such as are required to gigahertz. Grounding
of the shield 28 results in  prevent kinking or breaking of the cable
having a predictable cable impedance and signal attenu-    copper tubing
shield. Due to its flexible compo- ation.
nents, the bend radius of the cable 20 is approxi- More specifically, the
copper foil (which prefer-  20  mately equal to the outside diameter of the
cable ably has a thickness in the range of .003 to .0003  which is
preferably in the range of .047 inch to .50 inch (.076 to .0076 mm)
functions to limit high   inch (1.194 to 12.7 mm). frequency signal
penetration. It will be appreciated  Referring to FIG. 4, there is shown
the applica- that the only discontinuity in the foil, where the  tion of
the foil 30 and the braid 32 about the core edges 36 overlap, extends in
the axial direction of  25  assembly 22. After the core assembly is taken
off a the cable. Current tends to flow in the direction of  pay-out reel
38, it passes through a first station 40 the discontinuity. Because the
discontinuity does  which applies the foil wrapping 30, taken from a foil
not take an arcuate path, there is no substantial  pay-out reel 42, so that
the edges 36 of the foil increase in inductive signal coupling through the
overlap. Next the partially completed cable passes shield 28 due to the
presence of the discontinuity.   so  through a second station 44 which
weaves strands The braid 32 functions to limit penetration of  of copper
wire, taken from a plurality of wire spools low frequency signals. The use
of the braid 32 over  46, to form the braid over the copper foil 30. The
the foil 30 results in low radio frequency leakage  incipient cable next is
taken up on a reel 48. Idler and low susceptibility to electrical noise.
The braid  wheels 50, 52 and 56 are provided for guiding the 32 being
bonded to the foil 30 by the metal layer  35  core assembly 22, the foil 30
and the cable with 34 also offers several mechanical advantages. The  the
foil wrapping and the braid, respectively. presence of the braid prevents
tearing of the foil    As shown in FIG. 5, the reel 48 can be used as when
the cable 20 is bent. Furthermore, the braid  the pay-out reel for the tin
or solder application. offers a degree of elasticity, permitting the cable
to  The foil wrapped, braided incipient cable passes have a higher
operating temperature than an other-  40  through a bath 56 of molten
solder or tin. Because wise comparable semirigid cable incorporating a
the incipient cable is submerged in the molten shield of copper tubing. The
prior art cable is   metal, the interstices of the braid 32 are filled, the
limited to an operating temperature of about 150 C  braid is bonded to the
copper foil 30, and the because the tubing has minimal elasticity so that
hairline opening due to the presence of the over- any substantial expansion
of the dielectric must be   45  lapping edges 36 of the foil is closed.
Finally, the in the axial direction. Operation of this prior art  shielded
cable 20 passes through a cooling station cable at higher temperatures can
result in damage  58 and then is taken up on a reel 60. It is not to the
tubing and/or to other components of the   economically feasible to combine
the foil wrapping cable. The cable 20 of the present invention has a
station, braiding station and tin or solder application maximum operating
temperature of about [err]   50  in a single, continuous process because
the several because the braid provides a greater degree of    stations
operate at greatly differing speeds. The elasticity, allowing some radial
expansion of the  braid application station, with its weaving function,
dielectric layer 26.                              is by nature the slowest.
However, the cable 20 is The dielectric layer 26 is preferably formed of
made in very long continuous lengths compared to a flexible thermoplastic
polymer such as Teflon (a  55  semirigid cable with the solid copper tubing
shield, registered trademark of DuPont for synthetic resins  which is
limited because a length of dielectric core containing fluorine),
polyethylene, polypropylene  must be pushed into the copper tubing prior to
and cellular forms thereof. The layer of metal 34 is  swaging. 3    



5                 EP 0 236 096 B1                     6 Referring to FIG.
3, an alternate embodiment of  5. A cable according to any one of claims 1
to 3, the cable of the present invention is shown by         wherein the
layer (34) of metal is tin. reference character 20A. Components of cable
20A corresponding to components of cable 20 are in-    6. A cable according
to any one of the preceding dicated by the reference numeral applied to the
5    claims, having an outer diameter in the range component of the cable
20 with the addition of the     of 1.194 to 12.7 mm. suffix "A". The
primary difference between cable 20A and cable 20 is that the foil 30A is
applied   7. A cable according to any one of the preceding helically so
that the overlapping edges 36A of the     claims, wherein the dielectric
material (26) is a wrapped foil form an arcuate path. The presence of  10
thermoplastic. this arcuate path, along which current tends to flow, may
result in undesirable inductive signal coupling  8.  A cable according to
any one of the preceding through the shield 28A reducing shield perfor-
claims, wherein the conductor (24) and the mance at higher frequencies.
shield (28) are coaxial. Another alternative embodiment of the cable of  is
the present invention is shown by reference char-  9. A cable according to
any one of claims 1 to 7, acter 20B in FIG. 6. Components of the cable 20B
wherein a plurality of the flexible conductors corresponding to components
of cable 20 are in-        (24B), each insulated from the other conduc-
dicated by the numeral applied to the component        tors, are
encompassed by the layer (26) of [err] the cable 20 with the addition of
the suffix "B".  20  flexible dielectric material. [err] the cable 20B, the
core assembly 22B is made up of several conductors 24B, which could be
10. A method of forming a metallic shield (28) either solid or formed of a
number of strands. Each    about at least one flexible metal conductor (24)
of the conductors has a jacket 62 of flexible insula-  encompassed by a
layer (26) of dielectric ma- tion. Encompassing the conductors 24B is a
flexi-  25  terial to form a flexible coaxial cable, the meth- ble layer
26B of dielectric material tightly holding   od comprising wrapping a
copper foil (30) the conductors which may run in parallel relation-
about the layer (26) of dielectric material so ship or may be cabled,
twisted about the axis of       that the foil has overlapping edges (36);
and the cable. The remainder of the cable 20B is sub-      applying a
copper braid (32) over the foil; stantially identical in construction to
cable 20.  30  characterised by passing the braided cable through a bath
(56) of a molten metal which Claims
bonds to the braid (32) and the foil (30) so that any opening between the
edges (36) of the foil 1. A flexible shielded cable (20) comprising at
is closed and interstices of the braid (32) are least one elongate,
flexible metal conductor  35   closed. (24); a layer of a flexible
dielectric material disposed about the conductor; and a flexible
PatentansprUche metallic shield (28) disposed about the layer, the shield
including a copper foil (30) having  1. Flexibles, abgeschirmtes Kabel
(20). das we- overlapping edges (36), and a copper braid  40     nigstens
einen lAnglichen, flexiblen Metalleiter (32) about the foil; characterised
in that the     (24); eine um den Leiter herum angeordnete shield also
includes a layer (34) of metal which   Schicht eines flexiblen,
dielektrischen Materi- closes any opening between the overlapping
als; und eine um die Schicht herum angeord- edges (36), bonds the braid
(32) and the foil      note, flexible, metallische Abschirmung (28) (30)
and closes interstices of the braid (32)  45  umfafit, wobel die
Abschirmung eine Kupferfo- whereby the shield is flexible and has no open-
lie (30) mit Oberlappenden Kanten (36) und ein ings therein.
Kupfergeflecht (32) um die Folie herum urn- falt; dadurch gekennzeichnet,
dal die Abschir- 2. A cable according to claim  1. wherein the
mung auch eine Metallschicht (34) umfaft, die overlapping edges (36) of the
foil (30) extend   50  jede Offnung zwischen den Uberlappenden
longitudinally.                                    Kanten (36) schlielt,
das Geflecht (32) und die Folie (30) verbindet und Lucken in dem Ge- 3. A
cable according to claim  1, wherein the          flecht (32) schlielt,
wodurch die Abschirmung overlapping edges (36A) are helical.
flexibel ist und keine Offnungen darin besitzt. 58 4. A cable according to
any one of the preceding   2. Kabel nach Anspruch 1, wobei die Oberlappen-
claims, wherein the layer (34) of metal is sol-    den Kanten (36) der
Folie (30) sich longitudinal der.
erstrecken. 4    



5                 EP 0 236 096 B1                     6 Referring to FIG.
3, an alternate embodiment of  5. A cable according to any one of claims 1
to 3, the cable of the present invention is shown by         wherein the
layer (34) of metal is tin. reference character 20A. Components of cable
20A corresponding to components of cable 20 are in-    6. A cable according
to any one of the preceding dicated by the reference numeral applied to the
5    claims, having an outer diameter in the range component of the cable
20 with the addition of the     of 1.194 to 12.7 mm. suffix "A". The
primary difference between cable 20A and cable 20 is that the foil 30A is
applied   7. A cable according to any one of the preceding helically so
that the overlapping edges 36A of the     claims, wherein the dielectric
material (26) is a wrapped foil form an arcuate path. The presence of  10
thermoplastic. this arcuate path, along which current tends to flow, may
result in undesirable inductive signal coupling  8. A cable according to
any one of the preceding through the shield 28A reducing shield perfor-
claims, wherein the conductor (24) and the mance at higher frequencies.
shield (28) are coaxial. Another alternative embodiment of the cable of  15
the present invention is shown by reference char-   9. A cable according to
any one of claims 1 to 7, acter 20B in FIG. 6. Components of the cable 20B
wherein a plurality of the flexible conductors corresponding to components
of cable 20 are in-        (24B), each insulated from the other conduc-
dicated by the numeral applied to the component        tors, are
encompassed by the layer (26) of [err] the cable 20 with the addition of
the suffix "B".  20  flexible dielectric material. In the cable 20B, the
core assembly 22B is made up of several conductors 24B, which could be
10. A method of forming a metallic shield (28) either solid or formed of a
number of strands. Each    about at least one flexible metal conductor (24)
of the conductors has a jacket 62 of flexible insula-  encompassed by a
layer (26) of dielectric ma- tion. Encompassing the conductors 24B is a
flexi-  25  terial to form a flexible coaxial cable, the meth- ble layer
26B of dielectric material tightly holding   od comprising wrapping a
copper foil (30) the conductors which may run in parallel relation-
about the layer (26) of dielectric material so ship or may be cabled,
twisted about the axis of       that the foil has overlapping edges (36);
and the cable. The remainder of the cable 20B is sub-      applying a
copper braid (32) over the foil; stantially identical in construction to
cable 20.  30  characterised by passing the braided cable through a bath
(56) of a molten metal which Claims
bonds to the braid (32) and the foil (30) so that any opening between the
edges (36) of the foil 1. A flexible shielded cable (20) comprising at
is closed and interstices of the braid (32) are least one elongate,
flexible metal conductor   35  closed. (24); a layer of a flexible
dielectric material disposed about the conductor; and a flexible
PatentansprUche metallic shield (28) disposed about the layer, the shield
including a copper foil (30) having  1. Flexibles, abgeschirmtes Kabel
(20), das we- overlapping edges (36), and a copper braid  40    nigstens
einen langlichen, flexiblen Metalleiter (32) about the foil; characterised
in that the      (24); elne um den Leiter herum angeordnete shield also
includes a layer (34) of metal which    Schicht eines flexiblen,
dielektrischen Materi- closes any opening between the overlapping
als; und eine um die Schicht herum angeord- edges (36), bonds the braid
(32) and the foil       note, flexible, metallische Abschirmung (28) (30)
and closes interstices of the braid (32)  4s  umfaBt, wobei die Abschirmung
eine Kupferfo- whereby the shield is flexible and has no open-     lie (30)
mit Oberlappenden Kanten (36) und ein ings therein.
Kupfergeflecht (32) um die Folie herum um- fal~t; dadurch gekennzeichnet,
daI die Abschir- 2. A cable according to claim  1, wherein the
mung Auch elne Metallschicht (34) umfalt, die overlapping edges (36) of the
foil (30) extend   so  jede Offnung zwischen den Oberlappenden
longitudinally.                                    Kanten (36) schlielt,
das Geflecht (32) und die Folie (30) verbindet und LUcken in dem Ge- 3. A
cable according to claim  1, wherein the          flecht (32) schilelt,
wodurch die Abschirmung overlapping edges (36A) are helical.
flexibel ist und keine Offnungen darin besitzt. 55 4. A cable according to
any one of the preceding   2. Kabel nach Anspruch 1, wobei die Oberlappen-
claims, wherein the layer (34) of metal is sol-    den Kanten (36) der
Folie (30) sich longitudinal der.
erstrecken.    7                 EP 0 236 09B B1                   8 



3  Kabel nach Anspruch 1, wobei die Uberlappen-       en ce que le blindage
comporte 6galement den Kanten (36A) schraubenformig sind             une
couche (34) de m6tal qui ferme toute ouverture entre les bords qui se
chevauchent 4. Kabel nach einem  der vorhergehenden An-          (36),
relie la tresse (32) et la feuille (30) et sprOche, wobei die Metallschicht
(34) ein Lot-   5  ferme les interstices de la tresse (32) de fagon mittel
ist.                                       que le blindage soit flexible et
ne comporte pas d'ouvertures. 5. Kabel nach einem der AnsprUche 1-3, wobel
die Metallschicht (34) Zinn ist.               2. CAble selon la
revendication 1, dans loquel les 10      bords qui se chevauchent (36) de
la feuille (30) 6. Kabel nach einem  der vorhergehenden An-
s'etendent longitudinalement. sprUche, das einen Au.8endurchmesser im Be-
reich von 1,194 bis 12,7 mm besitzt.           3. CAble selon la
revendication 1, dans lequel les bords qui se chevauchent (36A) sont
hdlicof- 7. Kabel nach einem der vorhergehenden An-  t5        daux.
sprUche, wobei das dielektrische Material (26) ein Thermoplast ist.
4. CAble selon l'une quelconque des revendica- tions pr6c6dentes, dans
lequel la couche (34) 8  Kabel nach einem der vorhergehenden An-
de metal est de la soudure. sprUche, wobei der Leiter (24) und die Abschir-
20 mung (28) koaxial sind.                        5. Cable selon l'une
quelconque des revendica- tions 1 a 3, dans lequel la couche (34) de 9.
Kabel nach einem der AnsprUche 1-7, wobei          metal est de l'etain.
eine Mehrzahl der flexiblen Leiter (24B), die jeweils von den anderen
Leitern isollert sind,  26  6. CAble selon l'une quelconque des revendica-
von der Schicht (26) aus flexiblem, dielektri-    tions pr~cedentes, ayant
une diametre exte- schem Material umgeben sind.                      rieur
dans une gamme comprise entre 1,194 et 12,7 mm. 10. Verfahren zum
Herstellen einer metallischen Abschirmung (28) um wenigstens einen flexi-
3o  7. CAble selon l'une quelconque des revendica- blen, metallischen
Leiter (24) herum, der von     tions prdo6dentes, dans lequel le mat6riau
die- einer Schicht (26) eines dielektrischen Materi-   lectrique (26) est
un materiau thermoplastique. als umgeben wird, um ein flexibles Koaxialka-
bel zu bilden, wobel das Verfahren umfaBt: das  8  CAble selon l'une
quelconque des revendica- Wickoln einer Kupferfolie (30) um die Schicht  35
tions precedentes, dans lequel le conducteur (26) aus dielektrischem
Material, so daB die      (24) et le blindage (28) sont coaxiaux. Folio
Uberlappende Kanten (36) besitzt; und das Anbringen eines Kupfergeflechts
(32) Uber  9. CAble selon l'une quelconque des revendica- die Folio;
gekennzeichnot durch das DurchfUh-     tions 1 4 7, dans lequel plusiours
conducteurs ren des geflochtenen Kabels durch ein Bad   40    flexibles
(24B), isol6s chacun des autres (56) aus einem geschmolzenen Metall, das
das      conducteurs, sont entour~s par la couche (26) Geflecht (32) und
die Folie (30) miteinander      de mat6riau dielectrique flexible.
verbindet, so dat jede (5ffnung zwischen den Kanten (36) der Folie
geschlossen wird und     10. Proc6d6 de formation d'un blindage metallique
LUcken in dem Geflecht (32) geschlossen wer-  45  (28) autour d'au moins un
conducteur de m~tal den.
flexible (24) entour6 par une couche (26) de materiau didlectrique pour
former un cable Revendlcations
coaxial flexible, le proced6 consistant a enrou- ler une feuille de cuivre
(30) autour de la 1. Cable blindd flexible (20) comprenant au  5o
couche (26) de materiau dielectrique de fagon moins un conducteur de m6tal
flexible de for-     que la feuille alt des bords qui se chevauchent me
allongee (24); une couche de materiau          (36); et a appliquer une
tresse de cuivre (32) didlectrique  flexible  disposde  autour du       sur
la feuille; caracterise en ce que l'on fait conducteur; et un blindage
m6tallique flexible    passer le cAble tress6 dans un bain (56) d'un (28)
dispos6 autour de la couche, le blindage  s5  metal fondu qui lie la tresse
(32) et la feuille comportant une feuille de cuivre (30) ayant des   (30)
de fagon que toute ouverture entre les bords qui se chevauchent (36), et
une tresse      bords (36) de la feuille soilt fermee et que les de cuivre
(32) autour de la feuille; caracterise  interstices de la tresse (32)
soient ferm6s. 5    


