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METHOD FOR SURFACE TREATMENT OF
AN ELECTRICAL CONTACT ELEMENT AND
CONTACT ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of the filing date
under 35 U.S.C. § 119(a)-(d) of German Patent Application
No. 102021130188.2, filed on Nov. 18, 2021.

FIELD OF THE INVENTION

[0002] The present invention relates to a method for
surface treatment of an electrically conductive contact ele-
ment for an electrical connector. Furthermore, the invention
relates to an electrically conductive contact element whose
surface is treated by such a method.

BACKGROUND

[0003] Electrical connectors and their contact elements are
known in numerous designs. Flectrical connectors are
intended to be mated with a suitable mating connector to
establish an electrical connection. Electrical connectors are
generally used either for signal transmission or for power
transmission. For this purpose, electrical connectors gener-
ally have electrically conductive contact elements that come
into contact with a contact element of the mating connector
when the connector is mated. Frequently, the contact ele-
ments of one connector element are designed as contact pins
and those of the mating connector as contact springs. When
the connector and mating connector are mated, the contact
springs exert elastic spring forces on the contact pins to
ensure a reliable electrically conductive connection.

[0004] Electrical connectors are used in motor vehicles,
for example, to transmit power and network electrical and
electronic systems. In motor vehicles, connectors are
exposed to strong temperature fluctuations, vibrations, mois-
ture, and corrosive media. An increase in operating tem-
peratures results in increased wear, particularly in the case of
the widely used tin-plated copper-based contact elements.
[0005] In particular, base metal contact surfaces, e.g. with
tin, nickel or their alloys, have a tendency to fretting
corrosion (“fretting” or “scuffing”) in the event of small
relative movements. Furthermore, in the case of high-pole
connectors, the mating forces are often outside the required
forces, especially during initial mating, and in the case of
noble contact surfaces, e.g. noble metal-based, the tendency
to cold welding represents a known problem.

[0006] In addition to high wear resistance, low mating and
drawing forces are therefore required to facilitate the assem-
bly and maintenance of connectors. To increase occupational
safety, the specified mating force must not exceed certain
limits, especially during initial mating.

[0007] In addition, partial abrasion takes place on the
contact surface of a contact element during mating of a
connector with a mating connector. This wear caused by
abrasion limits the mating frequency of connectors and thus
reduces their operating times.

[0008] The German patent specification DE 10 2016 214
693 B4 describes an electrical contact element of a connec-
tor in which caverns filled with an auxiliary material are
arranged under the contact surface. The contact surface was
previously textured by laser irradiation. After the connector
has been mated for the first time into a mating connector, the
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caverns break open causing the auxiliary material to escape
and to cover the contact surface with a lubricating film. This
lubricating film results in reduced mating force when the
connector is mated again. The treatment of a surface with an
interference pattern from laser radiation, in which exemplar-
ily a dimpled structure is created, is referred to below as a
textured surface.

[0009] However, assembly boundary conditions also
define standards for the mating force when the connector is
first mated with a mating connector. This initial mating force
is of particular importance when assembling connectors with
a high number of contacts. There is an additional require-
ment for the contact surface of the connector to be heat-
resistant, as the connectors can also be further processed in
warm regions. Applying a lubricating film to the contact
surface of the connector is therefore not a suitable solution,
as the lubricating film would evaporate at warm tempera-
tures.

[0010] Therefore, there is a need for a cost-effective and
reliable process that treats the contact surface of an electrical
connector in such a way that the initial mating force can be
reduced when mating with a mating connector, and the
surface treatment does not lose its effect even under adverse
environmental conditions.

SUMMARY

[0011] A method for treating an electrically conductive
contact element includes applying a lubricant to at least a
partial region of a contact surface of the electrically con-
ductive contact element. The contact surface is metallic. The
contact surface is changed by plasma treatment to produce
a coating of a solid lubricant on the partial region of the
contact surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention may be understood by reference to
the following description taken in conjunction with the
accompanying figures, in which:

[0013] FIG. 1 is a schematic sectional view of a contact
surface in a process step of a method according to an
embodiment;

[0014] FIG. 2 is a schematic sectional view of a contact
surface in a process step of a method according to another
embodiment;

[0015] FIG. 3 is a schematic diagram of a surface treat-
ment of the contact surface by plasma in a further process
step; and

[0016] FIG. 4 is a schematic sectional view of the contact
surface after plasma treatment.

DETAILED DESCRIPTION OF THE
EMBODIMENT(S)

[0017] The present invention will be explained in more
detail with reference to the examples of embodiments shown
in the figures. In this context, identical parts are provided
with identical reference signs and identical component des-
ignations. Furthermore, some features or combinations of
features from the different embodiments shown and
described may also represent independent, inventive solu-
tions or solutions according to the invention.

[0018] FIG. 1 shows, at a contact surface of an electrically
conductive contact element, a first process step according to
a method according to the invention. The method is for
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surface treating an electrically conductive contact element
100. The contact element 100 for an electrical connector 300
is electrically conductive and comprises a base material 104.
The base material 104 may comprise, for example, tin,
nickel, silver, copper or alloys of tin, nickel, silver, copper
and/or other elements. One side of the contact element 100
forms a metallic contact surface 102. The contact surface
102 comes into contact with the contact surface of the
mating connector when the connector 300 is mated to a
mating connector.

[0019] The contact surface 102 is coated on at least a
partial region thereof with a lubricant 106, shown in FIG. 1.
For example, the lubricant 106 may comprise oil, grease, a
paste, an acid, or another solid lubricant such as graphite,
carbon nanotubes, MoS,, or mixtures thereof. The thickness
of the applied lubricant may have values between 0.1 um
and 5 um.

[0020] In an embodiment, the contact surface 102 of the
contact element 100 may have a surface texture 112 of
elevations 124 and recesses 122. These elevations 124 and
recesses 122 may be formed periodically alternating at least
in sections. In this regard, the recesses 122 form trenches
and the elevations 124 form walls between them. The
elevations 124 may be in the order of 0.1 um to 2 pm, by way
of example. However, it is by no means necessary for the
method according to the invention that the surface texture
112 comprises elevations 124 and recesses 122. It is under-
stood that the contact surface 102 may have any surface
texture 112, such as smooth or with other roughness.
[0021] FIG. 2 shows another embodiment of a contact
surface 102 of an electrically conductive contact element
200 in a first process step according to a method according
to the invention. The contact element 200 for an electrical
connector 400 is electrically conductive and comprises a
base material 204. The base material 204 may comprise, for
example, tin, nickel, silver, copper or alloys of tin, nickel,
silver, copper and/or other elements. One side of the contact
element 200 forms a metallic contact surface 202, and the
contact surface 202 comes into contact with the contact
surface of the mating connector when the connector 400 is
mated with a mating connector.

[0022] In the embodiment shown, caverns 208 are
enclosed under the contact surface 202 and are filled with an
auxiliary material 210. Due to the fact that the filled caverns
208 are located under the contact surface, negative effects
such as gumming can be avoided. In addition, undesirable
losses of the auxiliary material 210 due to the solid embed-
ding are excluded. In the embodiment shown, the caverns
208 are spaced apart from each other at regular intervals
under the contact surface 202. In this embodiment, the
surface texture 212 has exemplary elevations 224 and
recesses 222. These elevations 224 and recesses 222 may be
formed periodically alternating, at least in sections. In this
regard, the recesses 222 form trenches and the elevations
224 form walls between them. The elevations 224 can be in
the order of 0.1 um to 2 pm, by way of example.

[0023] These filled caverns 208 break open in the course
of the first mating of the connector with a mating connector,
allowing the auxiliary material 210 to escape and develop its
effect. This allows the mating force to be reduced in the first
mating process and even more so for all subsequent mating
processes.

[0024] The arrangement of the caverns 208 below the
contact surface 202 means that the caverns 208 do not have
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an outlet at the contact surface 202 or, at most, an outlet of
such narrow dimensions that auxiliary material 210 filled
into the caverns 208 cannot be reached without creating a
breakthrough from the contact surface 202 into the cavern
208.

[0025] The caverns 208 may also be irregularly spaced
from one another and at varying depths under the contact
surface 202. Furthermore, it is also possible for the caverns
208 to be enclosed under the contact surface 202 if the
contact surface 202 does not have elevations 224 and
recesses 222. For the method according to the invention, it
is not necessary that the surface texture 212 comprises
elevations 224 and recesses 222. It is understood that the
contact surface 202 may have any surface texture 212, such
as smooth or with other roughness.

[0026] The auxiliary material 210 enclosed in the caverns
208 may comprise, for example, oil, grease, a paste, or
another solid lubricant such as graphite, carbon nanotubes,
MoS8,, or mixtures thereof. According to another advanta-
geous embodiment of the present invention, the auxiliary
material 210 is selected from the group consisting of anti-
oxidants, corrosion inhibitors, lubricants, another solid
lubricant, and acids. This group of substances facilitates,
after leakage to the contact surface 202, the mating of this
connector with a mating connector. The contact surface 202
is coated with a lubricant 206 on at least a partial region
thereof. For example, the lubricant 206 may comprise oil,
grease, a paste, an acid, or another solid lubricant such as
graphite, carbon nanotubes, MoS,, or mixtures thereof. The
thickness of the applied lubricant may have values between
0.1 um and 5 pm.

[0027] FIG. 3 shows the contact element 100 according to
a first embodiment in a further process step of the method
according to the invention. The figure shows a schematic
representation of the surface treatment of the contact ele-
ment 100 using plasma. Plasma is understood to be partially
or completely ionized gas. In one possible embodiment, a
plasma generator 118, for controlling and monitoring the
plasma system, is shown schematically with a plasma nozzle
114 directed at the material to be treated. The directed
plasma nozzle 114 is used to generate and propagate the
plasma, cold or hot. Various nozzle systems, such as single
nozzles or rotating nozzles, can be used as plasma sources.
From the plasma nozzle 114, a plasma flame 116 is used to
treat the contact surface 102. The distance d of the plasma
nozzle 114 to the contact surface 102 is in the range of 5 mm
to 100 mm.

[0028] Inside the nozzle 114, the plasma is generated by
high voltage between a stator and a rotor. Through an
arc-like high-voltage discharge, the ionized gas is directed
onto the surface to be treated. For example, hydrogen, argon,
nitrogen or compressed air can be used as the gas to be
ionized.

[0029] In this process, it is possible to generate the plasma
flame 116 in a pressure range of 1 mbar to 8 bar, thus, for
example, treatment of surfaces can also be carried out at
atmospheric pressure. No vacuum chamber is required. This
has the advantage that liquid chemicals can be dispensed
with entirely. For this purpose, non-hazardous gases such as
nitrogen or compressed air can be used for plasma genera-
tion. Alternatively, the plasma can be excited under low
vacuum or slight overpressure.

[0030] The power of the plasma flame 116 is in a range of
50 W to 5 kW. In this case, the treatment of the contact
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surface 102 is part of a continuous process in which the
contact element 100 passes through the plasma flame 116 at
a speed of 100 mm/s or 200 mny/s, for example. The dwell
time of the contact surface 102 under the plasma flame 116
is then between 5 ms and 500 ms. This has the advantage
that the edges of the contact surface are also treated uni-
formly. As a result, a uniformly thin layer of a solid lubricant
can advantageously be obtained, as a result of which the
contact surface has a high degree of homogeneity.

[0031] It is clear, however, that the values given are only
given by way of example and are intended to aid under-
standing, but in no way limit the invention to these values.
Both the passage speed, the distance, and the dwell time can
be adjusted as desired and can be adapted to different values
of the power of the plasma flame 116.

[0032] FIG. 4 shows an exemplary first embodiment of a
contact surface 102 of an electrically conductive contact
element 100 after surface treatment with plasma. The plasma
treatment has produced a coating 120 of a solid lubricant, in
an embodiment carbon, on at least a partial region of the
contact surface 102. The coating 120 of a solid lubricant can
be, for example, carbon, carbonaceous, or sulfide-based. A
carbon layer is understood to be a thin layer consisting
predominantly of the chemical element carbon. This
includes, for example, graphite layers or diamond-like car-
bon layers.

[0033] This coating 120 of a solid lubricant may have a
thickness of 1 nm to 300 nm and may be transparent. At least
part of the applied lubricant from the previous process step
thus has been at least partially converted into a coating of a
solid lubricant, in an embodiment consisting of carbon.
[0034] In a second embodiment, it is quite possible to
likewise create a coating 120 of a solid lubricant on the
contact surface 202 if, as in a previously mentioned second
embodiment of the previous process step, caverns filled with
an auxiliary material are enclosed under the contact surface
102. The caverns remain unchanged by the plasma treat-
ment.

[0035] Advantageously, in addition to the carbon or car-
bon-containing coating, the surface properties of the contact
element can be improved by the plasma treatment. Accord-
ingly, the treatment reduces unevenness in the contact sur-
face 202, thus achieving a lower square roughness and
greater homogeneity. Experimental investigations have
shown that the square roughness of a surface after treatment
with plasma is less than 0.3 pm. This value is 0.1 um lower
than the value of the square roughness for a surface not
treated by the process according to the invention.

[0036] Surface roughness is the degree of unevenness of a
solid surface below its shape or waviness, but above the
irregularity of crystal lattice structures. Roughness can affect
material properties such as friction. One of the roughness
characteristics is the square roughness. This can be detected
by optical measurement methods. The evaluation of the
measurements was based on the DIN EN ISO 4287 and DIN
EN ISO 11562 series of standards. For mating a connector
with a mating connector, the roughness in the mating direc-
tion is of particular importance. Therefore, in the present
case, the measurement is aligned to the mating direction. In
one embodiment, this alignment can be made along the
surface texture. If the surface texture has elevations and
recesses, as in the above-mentioned embodiment, the align-
ment of the measurement takes place along the elevations
and recesses.
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[0037] Advantageously, a higher hardness of the coated
surface can additionally be achieved, e.g. by selectively
creating intermetallic phases IMPS or a nanocrystalline
microstructure. The hardness of the connector surface can be
determined by nanoidentification. An indenter with a known
geometry is pressed into the surface to be tested with a
defined force curve. When the specified maximum force is
reached, the indenter is released again in a controlled
manner. The indentation depth is recorded both during
loading and unloading. Various parameters can be calculated
from the applied force, the shape of the indenter and the
indentation depth. For a measurement of the surface hard-
ness, at least two measuring points are approached at a
predefined distance. The mean value of all measuring points
on a surface can be used as a comparable measure of surface
hardness. The measurement is first performed on an
untreated surface and then a second time after plasma
treatment. In an exemplary measurement with 51 measuring
points at a distance of 100 pm, an exemplary average
hardness value of 450 N/mm® can be determined for the
untreated surface. However, for a textured and plasma-
treated surface, an exemplary mean value of 750 N/mm?> can
be determined.
[0038] Thus, surfaces exhibit a higher hardness after
plasma treatment. When comparing the mean values, an
increase in hardness of 40% to 80% can be observed in
particular for contact surfaces textured before plasma treat-
ment compared to untreated surfaces.
[0039] Finally, a spatially resolved characterization of the
plasma-treated surface in terms of roughness, hardness and
chemical composition can reveal a significantly more uni-
form image than contacts that have been stamped or elec-
troplated, for example.
[0040] These advantageous properties occur indepen-
dently of each other and lead independently of each other to
a smaller variation of the coefficient of friction, reducing the
initial mating force when mating the connector with a
mating connector. Within a surface, a narrower distribution
of the standard deviation of the coefficient of friction can
thus be demonstrated by means of the method according to
the invention.
[0041] It should be noted that it is quite possible to achieve
the same advantageous properties using a different plasma
generation method. For example, the plasma flame can be
generated in a low-pressure plasma chamber under vacuum.
What is claimed is:
1. A method for treating an electrically conductive contact
element, comprising:
applying a lubricant to at least a partial region of a contact
surface of the electrically conductive contact element,
the contact surface is metallic; and
changing the contact surface by plasma treatment to
produce a coating of a solid lubricant on the partial
region of the contact surface.
2. The method of claim 1, wherein the contact surface has
a surface texture including a plurality of elevations and a
plurality of recesses.
3. The method of claim 1, wherein a plasma in the plasma
treatment is excited in a pressure range from 1 mbar to 8 bar.
4. The method of claim 1, wherein a power of a plasma
in the plasma treatment is in a range of 50 W to 5 kW.
5. The method of claim 1, wherein the electrically con-
ductive contact element has a plurality of caverns enclosed
under the contact surface.
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6. The method of claim 5, wherein the caverns are filled
with an auxiliary material.

7. The method of claim 6, wherein the auxiliary material
is selected from the group consisting of: antioxidants, cor-
rosion inhibitors, lubricants, another solid lubricant, and
acids.

8. The method of claim 1, wherein the plasma treatment
in the changing step is part of a continuous process in which
the electrically conductive contact element passes through
the plasma treatment.

9. The method of claim 1, wherein the plasma treatment
includes irradiation with a plasma flame.

10. The method of claim 9, wherein a dwell time of the
electrically conductive contact element in the plasma flame
is between 5 ms and 500 ms.

11. The method of claim 9, wherein the plasma flame exits
from a plasma nozzle.

12. The method of claim 11, wherein a distance of the
contact surface to the plasma nozzle is 5 mm to 100 mm.

13. The method of claim 1, wherein the costing of the
solid lubricant has a thickness of 1 nm to 300 nm.

14. The method of claim 1, wherein a thickness of the
lubricant applied to the contact surface is between 0.1 um
and 5 um.
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15. An electrically conductive contact element, compris-
ing:
a metallic contact surface having a coating of a solid
lubricant produced by treatment of a lubricant layer
with a plasma.

16. The electrically conductive contact element of claim
15, further comprising a plurality of caverns are disposed
below the contact surface.

17. The electrically conductive contact element of claim
16, wherein the caverns are filled with an auxiliary material.

18. The electrically conductive contact element of claim
17, wherein the auxiliary material is selected from the group
consisting of: antioxidants, corrosion inhibitors, lubricants,
another solid lubricant, and acids.

19. The electrically conductive contact element of claim
15, wherein the metallic contact surface includes tin, and/or
nickel, and/or silver, and/or copper, and/or alloys of tin,
nickel, silver, and copper.

20. The electrically conductive contact element of claim
15, wherein a square roughness of the metallic contact
surface in a mating direction is less than 0.3 pm.
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