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1
METHOD FOR PRODUCING AN
ELECTRODE LEAD OR A CATHETER, AND
ASSOCIATED SEMIFINISHED PRODUCT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application claims the benefit of and priority
to co-pending German Patent Application No. DE 10 2016
101 619.5, filed on Jan. 29, 2016 in the German Patent
Office, which is hereby incorporated by reference in its
entirety.

TECHNICAL FIELD

The present invention relates to a method for producing a
medical electrode lead or a catheter, and also to an associ-
ated semifinished product.

BACKGROUND

In the field of electrical engineering, a large number of
techniques have been developed with which electrical con-
tact can be produced in a permanent manner. The term
“contacting” is understood here to mean a secure electrical
connection between two conductors. The purpose of an
electrical connection is thus to conduct an electrical current
via this contact point. Here, there is of course a contact
resistance, which normally should be as low as possible.

The electrical connection technique is a key factor in the
production of electrical modules and ultimately electrical
apparatuses and ensures the connection of the components to
one another and also the connection to the outside world. A
large number of electrical contact points are also sometimes
found inside components.

Non-detachable electrical connections or connection tech-
niques include, for example:

welded connections (welding),

bonded connections, bonding,

adhesive connections, adhesion (with conductive adhe-

sive),

press-fit connection, crimp connectors, butt connectors

(for example, by means of cable shoes or press-fit
sleeves), and

riveted connections.

A further subdivision can be made into soldered connec-
tions and solder-free connections. For medical products
intended for intracorporeal use, solder-free connections
should preferably be created.

Depending on the configuration in the design phase,
detachability or conditional detachability is provided in the
case of larger and more costly apparatuses. In the case of
products for one-time use, the selected connection method is
focused rather on the economical production process for the
manufacturer and hardly takes reparability into consider-
ation at all. Catheters and electrodes for medical use belong
to the more recent product range, in which flexible materials
in particular are used. These products thus generally include
cable-like parts, in which there are embedded one or more
conductors in a flexible insulator. The production of such
flexible conductor portions for catheters and electrodes is
currently subject to a length restriction on account of the
manufacturing process. Cable portion lengths from approxi-
mately 60 cm and more for this reason have to be created by
combining a number of individual portions. The electrical
connection of the individual portions must be permanent and
reliable and should use only biocompatible materials. There
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is thus an ongoing need for an economical connection
technique that is suitable for medical use.

The present invention is directed toward overcoming one
or more of the above-mentioned problems.

SUMMARY

One or more disadvantages of the prior art are eliminated
are at least mitigated with the aid of the method according
to the present invention for producing an electrode lead or a
catheter, and also the associated semifinished product. The
semifinished product comprises a cable having at least one
electrical conductor, which is embedded in a sheath made of
an electrically insulating, thermoplastic material. It is char-
acterized in that the cable, at least at one cable end, forms a
connection point, via which the conductor can be attached
permanently and non-detachably to further components,
wherein:
part of the surface of the conductor is exposed in the
region of the connection point and forms a contact face,
and
the sheath has, in the region of the connection point, a
recess that is continuous in the longitudinal direction of
the cable.
The method according to the present invention for pro-
ducing an electrode line or a catheter comprises the follow-
ing steps accordingly:
a) providing a first and second semifinished product,
wherein each semifinished product comprises a cable
having at least one electrical conductor, which is
embedded in a sheath made of an electrically insulat-
ing, thermoplastic material, and characterized in that
the cable, at least at one cable end, forms a connection
point via which the conductor can be attached perma-
nently and non-detachably to further components,
wherein:
part of the surface of the conductor is exposed in the
region of the connection point and forms a contact
face, and

the sheath has, in the region of the connection point, a
recess that is continuous in the longitudinal direction
of the cable,

and wherein a contour of the recesses of the connection
point of the first semifinished product corresponds
substantially to a contour of the sheath in the region
of the connection point of the second semifinished
product;

b) positioning the two semifinished produets in a tool in
such a way that the connection points rest on one
another in a matching manner, such that the contact
faces of the two conductors contact one another and the
contours of the connection points of the two semifin-
ished products engage with one another; and

c¢) thermally melting the thermoplastic material in the
region of the connection points.

The present invention is based on the finding that a
reliable electrical connection of the individual components
of a flexible medical electrode or a flexible catheter can be
produced with the aid of specifically formed connection
points and without the addition of further materials in order
to create the connection. Specifically, the semifinished prod-
ucts necessary for this purpose have a cable, inside which
one or more electrical conductors for signal transfer or
current conduction are disposed. At least at one end of the
cable there 1s disposed the aforementioned connection point.
The second cable end can also have a connection point, such
that the semifinished product is a middle piece when manu-
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facturing an electrode and a catheter from at least three
individual parts. If this semifinished product is an end piece,
the second cable end, for example, carries elements which
serve to sense the later function of the electrode or catheter.

The connection point provided at the cable end of the
semifinished product serves to create a permanent and
non-detachable electrical connection between two semifin-
ished products having complementary connection points.
For this purpose, part of the surface of the conductor is freely
accessible in the region of the connection point. The elec-
trical contact to a second semifinished product having a
complementary connection point will be created later via
this freely accessible region. It should be noted that the
electrical conductor is only partially exposed over the entire
length of the connection point, i.e., at least an underside of
the three-dimensional conductor structure is always covered
by part of this sheath made of the electrically insulating
thermoplastic material. In other words, the parts of the
sheath still present in the region of the connection point
serve as carrier for the electrical conductor. A contour and
dimensioning of the connection points of two complemen-
tary semifinished products should therefore be created such
that the mechanical integrity of said connection points is
always maintained.

As already mentioned a number of times, the electrical
conductor is at no point completely sheathed in the region of
the connection point. Rather, the connection point has a
recess that is continuous in the longitudinal direction of the
cable. The shape of this recess corresponds at least largely
to the shape of a connection point of a second semifinished
product, such that the two connection points, laid on one
another, surround the electrical conductor to be contacted
(almost entirely) without gaps. The material in the region of
the connection point and in the further portions of the cable
can be the same, but does not necessarily have to be the
same. The same is also true for the material selection of the
sheath in the region of the connection point and the further
regions of the cable. However, at least the material of the
sheath in the region of the connection point and in the other
portions of the cable is particularly preferably identical.

The individual cables of the semifinished products there-
fore have specially formed ends which fit one another in
accordance with the key-and-lock principle and, as appro-
priate, can be laminated on one another by a suitable
deformation, such that an electrically faultless and perma-
nent connection is created. The necessary connection of
individually produced cables consequently can be estab-
lished more economically and more reliably.

Cable bundles of individually produced semifinished
products can thus be permanently connected for the manu-
facture of electrodes or catheters by means of an automat-
able thermal joining process (with application of pressure as
appropriate). Here, a plurality of leads electrically insulated
from one another can also be reliably contacted within the
cable without significantly increasing the electrical resis-
tance. The resultant joint is hermetically sealed and cannot
be seen without optical aids.

Catheters and electrodes for medical uses which are
produced from flexible printed circuit boards can thus be
made longer by means of an interlocking connection. The
method according to the present invention also differs from
conventional connection methods in that no additional mate-
rials (for example, solder material or conductive adhesive)
are used. In the method according to the present invention,
the electrical contact is established by contact between the
metal structures in the region of the connection points. The
stability of the electrical connection is provided by the
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securely surrounding plastics body, which permanently
maintains the contact of the metal structures.

Step ¢) (thermal melting) preferably comprises a heating
of the material from a temperature in the range of 80° C. to
450° C. for a period in the range of 1 sec to 30 min. The
connection points can also be exposed in step ¢), or imme-
diately after step c), to a pressure in the range of 1 to 40 bar.
Under the specified method conditions, the electrical con-
nection can be established particularly reliably. The thermal
melting of the material can be performed or at least assisted
in particular by ultrasonic treatment. In accordance with a
further preferred variant, the connection between the contact
faces of both conductors is supported by an additional
ultrasonic treatment before, after, or during the melting.

It is also preferred when the conductor, at least in the
region of the contact face of the connection point, consists
of a metal layer applied to the sheath. The metal layer can
be formed: (i) from at least one noble metal or at least one
noble metal alloy, or (ii) from a copper line covered by at
least one noble metal or at least one noble metal alloy. In
particular, gold, silver, palladium, or alloys thereof are
suitable for the aforementioned purposes. The noble metals
at the free surface of the conductor prevent the formation of
an oxide layer. In particular, the metal layer can have a width
ranging from 5 to 100 pm. A thickness of the metal layer lies
preferably in the range of from 0.1 to 25 pm. The production
of metal layers structured in this way, for example, on a
plastics support, is an established technique. In particular,
complex conductor structures having a multiplicity of dif-
ferent contact faces and conductors can be produced in this
way in highly automated processes.

It is also preferred when the contact face is 1 pm® to 1
mm? in size.

In accordance with a further embodiment, the metal layer
has an elevation, preferably in the region of the contact face.
Due to the elevation, for example, in the form of a partially
applied particle (or also bond ball) made of a high-grade
conductive metal or a metal alloy, in particular, copper, gold,
or palladium, the electrical contact can be established par-
ticularly reliably and with minimal waste. This particle is
deformed during the thermal melting and thus bridges a
potential gap between the two conductors to be connected.
The contact face can be minimized by the use of the particle.

The thermoplastic material of the sheath is preferably a
plastic, in particular, a thermoplastic having a processing
temperature of less than 350° C., preferably less than 250°
C. The plastic is preferably selected from the group com-
prising polyethylene (PE), polypropylene (PP), polycarbon-
ate (PC), polyvinyl chloride (PVC), acrylonitrile-butadiene-
styrene copolymer (ABS), polyethylene terephthalate
(PET), liquid-crystal polymers, polyurethane, polyether
ether ketone (PEEK) and copolymers of polyurethane. The
plastic is particularly preferably selected from the group
comprising liquid-crystal polymers, polyurethane and copo-
lymers of polyurethane. The specified materials are charac-
terized by particularly good processability for the connec-
tion method according to the present invention. The
connection points of the semifinished products can also be
produced particularly easily with use of these materials. By
way of example, a metal coating of the specified plastics is
readily possible in order to produce the electrical conduc-
tors.

As already mentioned, the connection points have to be
designed so that their mechanical integrity in the separated
semifinished product is ensured and at the same time the
connection method according to the present invention is
supported. Consequently, the complementary connection
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points of two semifinished products must be coordinated
with one another. This can occur particularly reliably and
easily in accordance with a first embodiment, in which the
contour of the recess and the sheath in the region of the
connection point when combined give a cylinder which
surrounds the conductor, and the recess has the shape of a
segment of a circle of which the angle subtended by an arc
at the center a has a value in the range of from 90° to 270°,
in particular 135° to 225° With segment heights smaller
than the radius, the volume of the recess (with the exception
of the region of the contact face) can also be limited to the
chord of the circle. The segment height of the segment of a
circle is then given accordingly.

In a further, preferred embodiment, which can be imple-
mented particularly easily, provision is made so that the
contours of the recess and of the sheath in the region of the
connection point when combined form a cuboid which
surrounds the conductor, and a volume of the recess lies in
the range of from 75% to 125% of the volume of the sheath
in the region of the connection point. The cuboid of the
sheath can, in particular, have a thickness ranging from 10
to 500 pm.

It is also preferred when a contour of the recess is not
congruent with a contour of the remaining part of the sheath
in the region of the connection point. In accordance with this
preferred embodiment, provision is therefore made so that
the connection points matching one another of two semifin-
ished products are not completely identical. In this way,
semifinished products cannot be connected arbitrarily to one
another, and instead only one connection with matching
shaping is possible. By way of example, in the case of the
above-described cylindrical embodiment of recess and
sheath, the angle subtended by an arc at the center in the case
of both complementary semifinished products is defined as
deviating from 180°. Is also conceivable, in the case of the
cuboidal connection point also described above to, define
the volume of the recess as unequal to the volume of the
sheath in the region of the connection point. Of course, the
contour of the recess can be varied arbitrarily in respect of
a customization of the connection point.

Further preferred embodiments, features, aspects, objects,
advantages, and possible applications of the present inven-
tion can be inferred from the dependent claims and the
following description in combination with the Figures.

DESCRIPTION OF THE DRAWINGS

The present invention will be explained in greater detail
hereinafter on the basis of exemplary embodiments and the
associated drawings, in which:

FIG. 1 shows a schematic illustration of part of a semi-
finished product in the region of the connection point
according to the present invention;

FIG. 2 shows a heavily schematic illustration of a cuboi-
dal connection point in accordance with a further embodi-
ment;

FIG. 3 shows a schematic illustration of two complemen-
tary, cuboidal connection points;

FIG. 4 shows a schematic illustration of the method for
producing the electrical connection;

FIG. 5 shows a schematic sectional view through the
region of the connection point after completion of the
connection method;

FIG. 6 shows a further alternative embodiment of the
connection point; and
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FIG. 7 shows a further schematic illustration of a con-
nection point between two complementary semifinished
products in accordance with a further embodiment.

DETAILED DESCRIPTION

FIG. 1 shows, in a heavily schematic way, a region of a
semifinished product 10 serving for the production of a
flexible electrode or a flexible catheter for medical use. The
semifinished product 10 contains, inter alia, a cable 12
having a cable end 14 embodied in a particular way. An
electrical conductor 16, which is surrounded by a sheath 18
made of an electrically insulating and thermoplastic mate-
rial, such as, for example, a liquid-crystal polymer or
polyurethane, is disposed in the cable 12. The cable 12 can
also have a further sheathing, provided this is advisable for
the particular application.

As can be seen, the cable end 14 is part of the cable 12,
i.e., the same sheath material is used for the connection point
20 described below in greater detail.

The connection point 20 is characterized in that parts of
the sheath 18 have been removed. This therefore results in
the recess 22 indicated by the dashed line, and in the
embodiment illustrated here the sheath 18 assumes the form
of a half-cylinder 24 in the region of the connection point 20.
Of course, the angle subtended by an arc at the center o can
also be defined as deviating from 180°, such that a contour
of the recess 22 and of the sheath 18 in the region of the
connection point 20 is no longer identical.

A metal layer 26 is applied to the half-cylinder 24 of the
sheath 18 in the region of the connection point 20. By way
of example, such a structure can be produced by metal
deposition of gold or palladium. It is also conceivable to first
apply a copper layer, the surface of which is in turn refined
with gold or palladium. The specified materials have a
particularly high conductivity.

FIG. 2 in a heavily simplified manner shows merely a
particular embodiment of the connection point 20 in which
the part of the sheath 18 still present assumes the form of a
cuboid. A metal layer 26 made of gold is in turn applied to
this cuboid. The cuboid can consist of a thermoplastic
liquid-crystal polymer.

FIG. 3 now illustrates how an identically constructed
mating piece is oriented and positioned relative to the
connection point 20 illustrated in FIG. 2 such that the metal
structures come to lie on one another at a point and therefore
provide an electrical contact face between the two conduc-
tors. Here, connection points 20 each having a conductor 26
running longitudinally are illustrated. However, a plurality
of conductors running in parallel or conductors running
differently can also be connected to one another. It is also
conceivable for the metal structures to contact one another
only at individual points when they are laid one on top of the
other.

By means of a suitable tool 30, for example, a metal die
with integrated heater, a pressure of from 1 to 40 bar is
applied in order to produce the electrical connection, and the
tool 30 is temporarily heated from the ambient temperature
to between 80° C. and 450° C. and is cooled again (see FIG.
4). As can be seen, the contact faces of both conductors 26
of the corresponding connection points 20 lie opposite one
another. The thermal treatment is maintained for 1 sec to 30
min. After cooling to ambient temperature, the tool 30 is
removed again. The tool 30 can have a form which is molded
into the plastic material during the heating process. The tool
30 can also be coated with Teflon or a ceramic so as to
prevent the thermoplastic from adhering to the tool 30. After
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the pressing, a homogeneous plastics body is produced, in
which the metal layers 26 are embedded in a manner lying
against one another (see FIG. 5).

In order to improve the contact faces between the metal
structures and the connection point 20, a gold particle 32 can
be added (see FIG. 6). The particle 32 can lie in a small
opening in the plastic and is deformed during the pressing.

FIG. 7 shows a further embodiment of the connection
point 20 of two complementary semifinished products. Here,
the two connection points 20 have structures that are coor-
dinated with one another in a matching manner. The con-
nection point 20 illustrated on the left-hand side in FIG. 7
thus forms a niche 40, for which the connection point
illustrated on the right-hand side has a corresponding lug 42.
In this way, the contact faces of the two conductors 26 can
lie on one another in an exact manner. The dimensions, for
example, comprise 5 to 100 um width of the metal struc-
tures, 0.1 to 25 pm thickness of the metal structures, and
approximately 1 um? to 1 mm® size of the contact face
(overlap of opposing metal layers 26).

The metal layers can be applied to the plastic material
chemically, electrochemically (galvanically) or by vacuum
processes or combinations thereof. It is also conceivable to
laminate metal onto the support and to structure this using
known methods.

It will be apparent to those skilled in the art that numerous
modifications and variations of the described examples and
embodiments are possible in light of the above teachings of
the disclosure. The disclosed examples and embodiments
are presented for purposes of illustration only. Other alter-
nate embodiments may include some or all of the features
disclosed herein. Therefore, it is the intent to cover all such
modifications and alternate embodiments as may come
within the true scope of this invention, which is to be given
the full breadth thereof. Additionally, the disclosure of a
range of values is a disclosure of every numerical value
within that range.

LIST OF REFERENCE NUMERALS

10 semifinished product
12 cable

14 cable end

16 conductor

18 sheath

20 connection point
22 recess

24 half-cylinder

26 metal layer

30 tool

32 gold particle

40 niche

42 lug

We claim:

1. A semifinished product for producing an electrode lead

or a catheter, which semifinished product comprises:

a cable having at least one electrical conductor, which is
embedded in a sheath made of an electrically insulat-
ing, thermoplastic material. wherein the cable, at least
at one cable end, forms a connection point, via which
the conductor can be attached permanently and non-
detachably to further components, and wherein:

part of a surface of the conductor is exposed in a region
of the connection point and forms a contact face, and

the sheath has, in the region of the connection point, a
recess that is continuous in a longitudinal direction of
the cable,
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wherein contours of the recess and of the sheath in the
region of the connection point when combined give a
cylinder which surrounds the conductor, and the recess
has a shape of a segment of a circle of which an angle
subtended by an arc at a center « has a value in a range
of from 90° to 270°.

2. The semifinished product according to claim 1, in
which the conductor, at least in a region of the contact face
of the connection point, consists of a metal layer applied to
the sheath.

3. The semifinished product according to claim 2, in
which the metal layer is formed: (i) from at least one noble
metal or at least one noble metal alloy, or (ii) from a copper
line covered by at least one noble metal or at least one noble
metal alloy.

4. The semifinished product according to claim 2, in
which the metal layer has a width ranging from 5 to 100 pm.

5. The semifinished product according to claim 2, in
which the metal layer has a thickness ranging from 0.1 to 25

6. The semifinished product according to claim 2, in
which the metal layer has an elevation in the region of the
contact face.

7. The semifinished product according to claim 1, in
which the contact face is 1 um? to 1 mm? in size.

8. The semifinished product according to claim 1, in
which the thermoplastic material of the sheath is selected
from the group comprising polyethylene (PE), poly-propyl-
ene (PP), polycarbonate (PC), polyvinyl chloride (PVC),
acrylonitrile-butadiene-styrene copolymer (ABS), polyeth-
ylene terephthalate (PET), polyether ether ketone (PEEK),
liquid-crystal polymers, polyurethane, and copolymers of
polyurethane.

9. The semifinished product according to claim 1, in
which the arc at the center o has a value in a range of from
135° to 225°.

10. A semifinished product for producing an electrode
lead or a catheter, which semifinished product comprises:

a cable having at least one electrical conductor, which is

embedded in a sheath made of an electrically insulat-
ing, thermoplastic material, wherein the cable, at least
at one cable end, forms a connection point, via which
the conductor can be attached permanently and non-
detachably to further components, and wherein:

part of a surface of the conductor is exposed in a region

of the connection point and forms a contact face, and

the sheath has, in the region of the connection point, a

recess that is continuous in a longitudinal direction of
the cable,

wherein contours of the recess and of the sheath in the

region of the connection point when combined form a
cuboid, which surrounds the conductor, and a volume
of the recess lies in a range of from 75% to 125% of the
volume of the sheath in the region of the connection
point, and

wherein the cuboid of the sheath has a thickness ranging

from 10 to 500 um.

11. A semifinished product for producing an electrode
lead or a catheter, which semifinished product comprises:

a cable having at least one electrical conductor, which is

embedded in a sheath made of an electrically insulat-
ing, thermoplastic material, wherein the cable, at least
at one cable end, forms a connection point, via which
the conductor can be attached permanently and non-
detachably to further components, and wherein:

part of a surface of the conductor is exposed in a region

of the connection point and forms a contact face, and
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the sheath has, in the region of the connection point, a
recess that is continuous in a longitudinal direction of
the cable,

wherein a contour of the recess is not congruent with a
contour of a remaining part of the sheath in the region
of the connection point.

12. The semifinished product according to claim 11, in
which the contours of the recess and of the sheath in the
region of the connection point when combined form a
cuboid, which surrounds the conductor, and a volume of the
recess lies in the range of from 75% to 125% of the volume
of the sheath in the region of the connection point.

13. A method for producing an electrode line or a catheter,
wherein the method comprises the following steps:

a) providing a first and a second semifinished product,
wherein each semifinished product comprises a cable
having at least one electrical conductor, which is
embedded in a sheath made of an electrically insulat-
ing, thermoplastic material, and wherein that the cable,
at least at one cable end, forms a connection point via
which the conductor can be attached permanently and
non-detachably to further components, wherein:
part of the surface of the conductor is exposed in the

region of the connection point and forms a contact
face, and

20

10

the sheath has, in the region of the connection point, a
recess that is continuous in the longitudinal direction
of the cable,

and wherein a contour of the recesses of the connection
point of the first semifinished product corresponds
substantially to a contour of the sheath in the region of
the connection point of the second semifinished prod-
uct;

b) positioning the two semifinished products in a tool in
such a way that the connection points rest on one
another in a matching manner, such that the contact
faces of the two conductors contact one another and the
contours of the connection points of the two semifin-
ished products engage with one another; and

¢) thermally melting the thermoplastic material in the
region of the connection points.

14. The method according to claim 13, in which step ¢)
(thermal melting) comprises a heating of the material from
a temperature in the range of 80° C. to 450° C. for a period
in the range of 1 sec to 30 min.

15. The method according to claim 13, in which the
connection points in step ¢) are exposed in step c), or
immediately after step c), to a pressure in the range of 1 to
40 bar.
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