ELECTRICAL CONTACT ELEMENT

The present invention relates to an electrical contact element for a plug-in connector.

Prior art

Electrical plug-in connectors generally have one or more electrical contact elements and
one or more insulating bodies. The contact elements are here usually designed as male
elements or as female elements. These are produced from base materials which are not
resistant to corrosion. Often these are copper alloys. In order to ensure the function of
the contact elements over the lifetime of the plug-in connector, thin layers of other
metals are therefore applied to the base material. These can comprise an intermediary
layer and a wear layer.

The intermediary layer can have various tasks. It can improve the adhesion of the wear
layer on the base material, produce a mechanical compensation between base material
and wear layer and prevent diffusion processes between the wear layer and the base
material taking place. The intermediary layer often consists of copper or nickel.

The wear layer, which is also referred to as the functional layer, is located on the
intermediary layer. The wear layer extends the technically useful life of the contact
element, can improve the electrical transmission, and protect the layers lying below it
from corrosion. It can consist of soft, non-inert metals, such as tin or silver. In plug-in
connectors in the automotive industry, silver, for example, is very prevalent as the wear
layer. In plug-in systems with particularly high requirements of reliability and lifetime,
wear layers made of very expensive, corrosion-resistant noble metals or alloys thereof
are often used. Thus, gold-cobalt alloys or palladium-nickel alloys, for example, are
used.

An object of the present invention is to provide an electrical contact element, which is
suitable for use in an electrical plug-in connector and can be produced more cost-
effectively than conventional electrical contact elements. Here, the reliability and lifetime

of conventional contact elements is nevertheless to be obtained.

Disclosure of the invention




This object is solved by an electrical contact element for a plug-in connector which has a
metallic base body or a wear layer applied to the base body. The wear layer can here be
applied directly on the metallic base body or one or more further layers can be arranged
between the metallic base body and the wear layer. The wear layer consists of the
following alloy elements: 50 to 100 % w/w ruthenium, 0 to 30 % w/w nickel, 0 to 20 %
w/w chromium, 0 to 20 % w/w cobalt, 0 to 20 % w/w platinum and 0 to 1 % w/w further
alloy elements. Here, the sum of the alloy elements is 100 % w/w. The wear layer can
thus consist both of pure ruthenium or of a ruthenium alloy, which can include up to 50%
further alloy elements. While nickel, chromium, cobalt and platinum can be alloyed in the
specified amounts, amounts of further elements are preferably avoided. An amount of up
to 1% w/w of further alloy elements in the alloy, for example impurities, is, however,
acceptable. In an embodiment of the electrical contact element in which the wear layer
substantially consists of pure ruthenium, this contains 99 to 100 % w/w and a maximum
of 1% w/w further alloy elements, wherein the sum of the alloy elements is, in turn, 100%
w/w. According to the invention, it has been found that the use of such a wear layer
offers a similarly good electrical transmission and a similarly good corrosion protection
as can be achieved, for example, with the wear layer made of silver. The use of pure
ruthenium or the ruthenium alloy described, however, enables a more cost-effective
production of the electrical contact element in comparison.

To ensure a good degree of corrosion protection, it is preferred that the wear layer has a
thickness in the range of from 0.15 um to 1.50 um. Particularly preferably, the thickness
ranges from 0.30 um to 1.00 um. The wear layer used according to the invention offers
such a good degree of corrosion protection and such a good electrical transmission that
these properties cannot further be substantially improved by a further increase of the
layer thickness. In contrast, for example when using a conventional wear layer made of
silver, a layer thickness of at least 3 um is usually required, so that the electrical contact
element at least fulfils the requirements placed of corrosion resistance and electrical
transmission. Accordingly, the invention not only enables the production of the electrical
contact element when using more cost-effective materials, but also a saving of the

amount of material by using a particularly thin wear layer.

A metallic intermediary layer is arranged between the base body and the wear layer.

Preferably, the intermediary layer is the only layer that is arranged between the wear



layer and the base body, such that the base body is directly connected to the
intermediary layer and the intermediary layer is directly connected to the wear layer. As
in the conventional construction of the electrical contact element, the intermediary layer
improves the adhesion of the wear layer on the base body, ensures a mechanical
compensation between the base body and the wear layer and prevents diffusion
processes between the wear layer and the base body.

In an embodiment of the contact element, the intermediary layer contains 99 to 100 %
w/w copper and 0 to 1 % w/w further alloy elements. In another preferred embodiment of
the contact element, the intermediary layer contains 99 to 100 % w/w nickel and 0 to 1
% w/w further alloy elements. The sum of the alloy elements is here 100 % w/w. The
amount of further alloy elements should preferably be as small as possible, yet their

presence can possibly not be completely precluded because of impurities.

The thickness of the intermediary layer is 1.5 um to 4.0 um and preferably 2.0 um to
3.0 um.

Furthermore, it is preferred that a metallic and/or organic slide layer is arranged on the
wear layer. On the one hand, the slide layer can improve the slide properties of electrical
contact elements, in particular of female elements and male elements. Thus, it
contributes to the wear layer remaining functional under mechanical frictional stress. On
the other hand, it can also optimise the electrical transmission between the electrical
contact elements. When the slide layer contains both metallic and organic components,
it is then preferred that a metallic partial layer is attached directly to the wear layer and
an organic partial layer is attached to this metallic layer. The metallic partial layer and
the organic partial layer then together form the slide layer.

A particularly suitable metallic material for the slide layer is pure gold or a gold alloy,
which consists of the following alloy elements: 98.5 to 100.0 % w/w gold, 0 to 0.5 % w/w
cobalt and 0 to 1.0 % w/w further alloy elements. The sum of the alloy elements is here
100 % w/w.

Particularly suitable organic materials of the slide layer are at least one fluoropolymer
and/or at least one fatty acid salt. The fluoropolymer can be, for example,



perfluoropolyether (PFPE) or polytetrafluoroethylene (PTFE). The fatty acid salt can be,
for example, lithium-12- hydroxystearate.

The thickness of the slide layer is preferably in the range of from 0.05 um to 0.25 pm.
Already such thin slide layers are sufficient in order to give the electrical contact element
good slide properties, such that a substantial thickness increase of the entire coating is
not carried out by applying the slide layer to the wear layer.

The wear layer of the electrical contact element according to the invention can
particularly advantageously be used when the base body consists of copper, a low
alloyed copper alloy or a brass. In this case, it consists of the following alloy elements:
50 to 100 % w/w copper, 0 to 45 % w/w zinc and 0 to 5 % w/w further alloy elements.
The sum of the alloy elements is here 100 % w/w. Even though the sum of the further
alloy elements herein can be up to 5 % w/w, it is preferred that each individual further
alloy element does not constitute more than 2 % w/w of the entire alloy. Furthermore, it
is preferred that only the further alloy elements beryllium, chromium, iron, cobalt,
magnesium, manganese, nickel, phosphorous, sulphur, silicon, tellurium, titanium, tin,
and zirconium may be contained in the alloy in each case up to 2 % w/w and all further
alloy elements not mentioned in this list are present in each case to a maximum of 1 %

w/w.
The electrical contact element according to the invention can be produced with good
technical properties, without having to use large amounts of expensive noble metals in

the process.

Brief description of the drawings

Exemplary embodiments of the invention are depicted in the drawings and are explained
in more detail in the description below.

Figure 1 shows a schematic longitudinal sectional depiction of an arrangement

made of two electrical plug-in connectors.

Figure 2 shows a cross-sectional depiction of a contact region between two

electrical contact elements in a comparative example.



Figure 3 shows a cross-sectional depiction of a contact region of two electrical

contact elements according to exemplary embodiments of the invention.

Exemplary embodiments of the invention

Figure 1 shows the schematic construction of a plug-in connector pair. A first plug-in
connector 10 has an electrical contact element 11 in the form of a male element. This is
surrounded by a first insulation body 12 made of a plastic. A second plug-in connector
20 has a second electrical contact element 21 in the form of a female element. This is
surrounded by a second insulation body 22 made of a plastic. When the two plug-in
connectors 10, 20 are plugged into each other in the manner depicted, then the second
insulation body 22 is pushed into the first insulation body 12, wherein the first electrical
contact element 11 is led into the second electrical contact element 21. In doing so, it
bends the tongues of the second contact element 21 apart, which are then pressed
fixedly onto the first contact element 11 by their spring force. In a contact region 30 in
which the two contact elements 11, 21 are contacted, an electrical transmission is then

possible.

In electrical plug connectors 10, 20, which have contact elements 11, 21 according to
the prior art, the construction, depicted in Figure 2, of the contact elements 11, 21 is
present in the contact region 30. The first contact element 11 has a base body 111, an
intermediary layer 112 arranged on the base body and a wear layer 113 arranged on the
intermediary layer. The second contact element 21 has a base body 211, an
intermediary layer 212 arranged on the base body 211 and a wear layer 213 arranged
on the intermediary layer 212. The base bodies 111, 211, the intermediary layers 112,
212 and the wear layers 113, 213 each have the composition in weight percent specified
in Table 1:

Table 1
Base body Intermediary | Wear layer
layer
111, 211 112, 212 113, 213
Ag 100




Au
Co
Cu 100
Ni 100
Ru

PTFE

In the present example, the intermediary layers 112, 212 each have a thickness di12,
d212 of 3 um, and the wear layers 113, 213 each have a thickness of di13, d213 of 4 um.
The wear layers 113, 213 come into contact in the contact region 30, wherein it can lead
to an attrition of silver. The large amount of silver necessary for the production of the
wear layer leads to the production of the electrical contact elements 11, 21, being
expensive.

Figure 3 shows the construction of the electrical contact elements 11, 21 according to
several exemplary embodiments of the invention, which can be used in the pair of plug-
in connectors 10, 20 according to Figure 1. In addition to the construction of the
electrical contact elements 11, 21 already depicted in Figure 2 made of base bodies
111, 211, intermediary layers 112, 212 and wear layers 113, 213, the contact elements
11, 21 each have an additional slide layer 114, 214 on their wear layers 113, 213
according to these exemplary embodiments of the invention. This leads to no contacting
of the wear layers 113, 213 in the contact region 30, but instead there is a contacting of
the slide layers 114, 214. While the thickness of the intermediary layers 112, 212 in the
exemplary embodiments of the invention is in accordance with the thickness of the
intermediary layers 112, 212 in the comparative example, the exemplary embodiments
according to the invention make do with substantially thinner wear layers 113, 213, the
thickness d113, d213 of which is respectively only 0.65 um. This leads to a considerable
material saving over the comparative example. In the exemplary embodiments
according to the invention, the slide layers 114, 214 each have a thickness di14, d214 Of
0.10 um. Each wear layer 113, 213 itself, together with its respective slide layer 114,
214, is thus thinner than the wear layer 113, 213 in the comparative example.

In a first exemplary embodiment of the invention, the components of the contact

elements 11, 21 have the composition in weight percent stated in Table 2.



Table 2

Base body Intermediary | Wear layer | Slide layer
layer

111, 211 112, 212 113, 213 114, 214
Ag
Au 99.8
Co 0.2
Cu 100
Ni 100
Ru 100
PTFE

The intermediary layer, which consists of pure silver in the comparative example, thus
consists of pure ruthenium in the first exemplary embodiment. This leads to cost
savings, not only because of less metal being used for the wear layer, but also because
of the use of a more cost-effective metal. The slide layer consists of an alloy of gold and
cobalt, which enables outstanding electrical transmission and, in addition, due to the
softness of this alloy, has better slide properties than the silver used in the comparative

example. However, the slide layer is so thin that it does not lead to any mentionable cost

increase of the contact elements 11, 21 despite the noble metal used.

In a second exemplary embodiment of the electrical contact elements 11, 21 according
to the invention, their components have the composition stated in Table 3 in weight

percent:
Table 3

Base body Intermediary Wear layer| Slide layer

layer

111,112 112, 212 113, 213 114, 214
Ag
Au 99.8
Co 0.2
Cu 100




Ni 100
Ru 100
PTFE

The pure ruthenium of the wear layers 113, 213 according to the first exemplary
embodiment have here been replaced by a ruthenium-nickel alloy. It has been
established that the properties of the electrical contact elements according to the
comparative example in relation to corrosion resistance and electrical transmission can

also still be achieved or even exceeded when using such an alloy.

In a third exemplary embodiment of the electrical contact elements 11, 21, their

components have the composition stated in Table 4 in weight percent:



Table 4

Base body Intermediary | Wear layer | Slide layer
layer
111, 211 112, 212 113, 213 114, 214
Ag
Au
Co
Cu 100
Ni 100 10
Ru 90
PTFE 100

In comparison to the first exemplary embodiment, the metallic slide layers 114, 214 have

been replaced by organic slide layers, which each consist of PTFE. It has been

established that, by dispensing with an expensive noble metal, outstanding slide
properties of the contact elements 11, 21 can nevertheless be achieved in the third

exemplary embodiment, wherein the electrical transmission is nevertheless not inferior

to that of the electrical contact elements 11, 21 in the comparative example.

All three exemplary embodiments described of the electrical contact elements 11, 21
according to the invention enable a cost-effective replacement of the electrical contact
elements 11, 21 according to the comparative example, without this leading to an

impairment of the properties relevant to the contact elements 11, 21.




Claims
1. Electrical contact element (11, 21) for a plug-in connector (10, 20), having a
metallic base body (111, 211) and a wear layer (113, 213) applied to the base body

(111, 211), wherein the wear layer (113, 213) consists of the following alloy elements:

50 - 100 % w/w ruthenium

0 —30 % w/w nickel

0 —-20 % w/w chromium

0—-20 % w/w cobalt

0—-20 % w/w platinum

0—-1%w/w further alloy elements,

wherein the sum of the alloy elements is 100 % w/w, and a metallic intermediary layer
(112, 212) is arranged between the base body (111, 211) and the wear layer (113, 213),
which has a thickness (d112, d212) ranging from 1.5 um to 4.0 pm.

2. Electrical contact element (11, 21) according to claim 1, characterised in that the
wear layer (113, 213) has a thickness (d113, d213) ranging from 0.15 um to 1.50 um.

3. Electrical contact element (11, 21) according to claim 1 or 2, characterised in that
the intermediary layer (112, 212) consists of the following alloy elements:

99 — 100 % w/w copper or nickel
0—-1%w/w further alloy elements,

wherein the sum of the alloy elements is 100 % w/w.
4, Electrical contact element (11, 21) according to one of claims 1 to 3,
characterised in that a metallic and/or organic slide layer (114, 214) is arranged on the

wear layer (113, 213).

5. Electrical contact element (11, 21) according to claim 4, characterised in that the
slide layer (114, 214) contains an alloy which consists of the following alloy elements:
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98.5 - 100.0 % w/w gold
0—-0.5% w/w cobalt

0-1.0 % w/w further alloy elements,

wherein the sum of the alloy elements is 100 % w/w.

6. Electrical contact element (11, 21) according to claim 4 or 5, characterised in that
the slide layer (114, 214) contains at least one fluoropolymer and/or at least one fatty
acid salt.

7. Electrical contact element (11, 21) according to one of claims 4 to 6,
characterised in that the slide layer (114, 214) has a thickness (d114, d214) ranging from

0.05 pm to 0.25 pm.

8. Electrical contact element (11, 21) according to one of claims 1 to 7,
characterised in that the base body (111, 211) consists of the following alloy elements:

50 — 100 % w/w copper
0 —45 % wiw zinc

0-5 % w/w further alloy elements,

wherein the sum of the alloy elements is 100 % w/w.
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