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Only a conbination of the essential characteristics (features) of the
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Furt her advantages, characteristics and features of the invention are
brought OLIt -by the detail ed description about to be given of sone
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By w ay of exanple, Figure 4 illustrates the variation of individual
paraneters during the application of a_gradient |ayer: whereas all the
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1anoe Wine sub rate voi‘tave“wﬂl be obtained by the switching of a generator
spec1ally designed for the delivery of direct and medium-frequency voltages. In
another advantageous embodiment a medium-frequency voltage is applied to the
substrates also for the carrying out of the etching process and the deposition of the
adhesion layer. When a bipolar substrate voltage is used, it has been found to be
particularly advantageous to apply asymmetric pulse forms: for example, the posi-
tive pulse may be applied either for a shorter period or with a smaller voltage than
the negative pulse, because the electrons follow the field more quickly and upon
impact, given their small mass, will produce above all additional heating of the
parts and this can lead to damage due to overheating, especially in the case of tem-
perature-sensitive base materials. Even when other signal patterns are employed,
this danger can be counteracted by providing a so-called “OFF-time”, i.e. inter-
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target abeledfarid asatoeshisireas i &foathganp ddsihie raefielldeSn2 3@ttsgawithin the proc-
ess chamber. To this end current is preferably passed through two electromagnetic
coils that essentially delimit the process chamber on two opposite sides in such a
manner as to produce identically orientated magnetic fields in both coils that will
therefore intensify each other. When smallish process chambers are used, an ade-
quate effect may also be obtained with just a single coil. In this way one obtains an
approximately uniform distribution of the medium-frequency plasma even over
rather substantial chamber volumes. Nevertheless, due to the different geometries
of the parts to be coated and/or the holder devices, secondary plasmas may still
form in individual cases. when certain geometric and electromagnetic boundary
conditions are satisfied. This can be counteracted by means of the formation of a
second and spatially variable magnetic field, for which purpose the coil currents are
varied either in unison or, preferably, in opposition. For example, the current
flowing through the first coil may at first be kept greater than the current in the
second coil for a period of 120 seconds. During the subsequent 90 seconds the cur-
rent values will be inverted, so that the second magnetic field will be stronger than
the first. These magnetic field settings can be varied periodically, either continu-
ously or in steps as previously described, so that the formation of stable secondary
plasmas can be avoided by an appropriate choice of the respective coil currents.
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dll’lC’ devices are of importance, and faster growth rates and an on the
Whole better layer quality can be obtained with, for example, more lightly built
holder devices, for example, by the use of spoke disks rather than full disks.

In addition to the longitudinal magnetic field that permeates the entire process
chamber (far field), other local magnetic fields — the so-called near fields — may be
provided to obtain a further increase of the plasma- 11'1ten81fy1n<J magnetic field.
Particularly advantageous in this connection is an arrangement in which - in addi-
tion to at least one magnetron magnet system of the at least one target — further
preferably permanent magnet systems are attached to the walls delimiting the
plasma chamber that have either a similar or the same magnetic effect as the at
least one magnetron magnet system. In this connection either all the magnetron
magnetic systems or the further magnetron magnetic systems may be given the
same structure or, preferably, a reversal of the polarity. In this way it is possible to
form the individual near field of the magnet systems and/or the magnetron magnet
system as if they were a magnetic envelope surrounding the process chamber,

thereby preventing the absorption of the free electrons by the walls of the process
chamber.

Only a combination of the essential characteristics (features) of the process in ac-
-cordance with the invention makes it possible to produce a layer as described
hereinabove. Only use of plasmas stabilized by magnetic fields and use of an ap-
propriately coordinated substrate biasing voltage makes it possible to use the holder
devices optimized for conventional PVD processes with high packing density and
process certainty. The process shows how the sequence and/or the combination of
direct current and medium-frequency plasma can be used in an optimal manner for
the deposition of a DLC layer.

The task set out above is further absolved by making available a device for the car-
rymg of the coatlng process in accordance with one of features 10 to 26, said de-
vice comprlsln0 a vacuum chamber with a pumping system for the production of a
vacuum in the vacuum chamber, substrate holders for receiving the substrates that
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The device further comprises a device for the production of a substrate biasing
voltage that can modify the applied substrate biasing voltage either continuously or
in steps and can also be operated in an appropriately unipolar or bipolar manner.
The device is particularly suitable for the production of a pulsed substrate biasing
voltage in the medium-frequency range.

The vaporizer devices used with the device comprise sputter targets, especially
magnetron sputter targets, arc sources, thermal vaporizers and the like. In this con-
nection it is advantageous for the vaporizer device to be capable of being separated
from the remainder of the process chamber, for example, by means of swivelling
shields.

The device is advantageously provided with substrate heating, which may take the
form of inductive heating, radiation heating or the like, in order permit the sub-
strates being cleaned by means of a heating step. But plasma ignition is preferred
for this purpose.

To this end, among others, the device is provided with a low-voltage arc production
device that comprises an ion source with a filament, preferably a refractory fila-
ment, especially made of tungsten, tantalum or similar, inside an ionization cham-
ber, as well as an anode and a direct voltage supply. Preferably, the positive pole of
the direct voltage supply will be capable of being selectively connected to the an-
ode or the substrate holder devices, so that a low-voltage arc can be ignited be-
tween lon source and anode or between ion source and substrates. Similarly to the
vaporizer device, the ion source can also be separated from the actual process
chamber by means of, for example, a diaphragm made of, for example, tungsten,
tantalum or a similar refractory metal.

With a view to rendering possible a uniform coating process for all sides of the
substrate, the substrate holder devices are mounted in a mobile manner and are
preferable capable of rotating about at least one or more axis.

Due to the advantageous combination of the medium-frequency substrate voltage
supply and a Helmholtz coil arrangement, which can also be realized by means of
laterally mounted coils enveloping two opposite targets, it has become possible for
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also to the parts 2 in electric contact therewith (heating process) or to the auxiliary
anode 13 (etching process or, if necessary, also during the coating processes).

Attached to the walls of process chamber 1 is at least one vaporizer source 14,
preferably a magnetron or an arc vaporizer for the application of the adhesion and
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gas, wheremagagirANCIgnACsslipefposed bi asi ng vol tage, especially a pul sed

bi asi ng voltage, preferably of nmediumfrequency, is applied to the
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but also the various plasma production systems, such as the magnetrons with the
magnetron supply (not here described in detail), ionization chamber 1 and auxiliary
anode 13 and/or stage 7 and direct voltage supply 11, as also stage 7 and medium-
frequency generator 16, and the appropriate settings of the gas flows, as well as the

possibly different coil currents.

Figure 3 illustrates the relationship between substrate current and coil current when
Helmholtz coils are used to build up a magnetic field. It can be seen that the sub-
strate current — and therefore also the plasma intensity — is directly proportional to
the coil current and the build-up of the magnetic field. This brings out the positive
effect of a superposed magnetic field.

By way of example, Figure 4 illustrates the variation of individual parameters dur-
ing the application of a gradient layer: whereas all the other parameters remain as
they were for the adhesion layer, the substrate bias is switched from a direct volt-
age to a middle frequencywith an amplitude voltage between 500 and 2500 V and a



18. A process in accordance with claim 17, characterized in that the

deposition of the adhesion layer is supgoerted by an additional |ow voltage
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superposed on the substrate during the cleaning and/or the application of
t he adhesion |ayer and/or the transition |ayer and/or the covering |ayer of
di anond- | i ke carbon, where the magnetic field is capable of being varied in
time and/or in space either continuously or in steps. 29. A process in
accordance with any one of clainms 10 to 28, characterized in that the
deposition of the adhesion |ayer and/or the transition |ayer and/or the
covering layer of dianond-like carbon is carried out at a pressure of from
10- '~ to 10-5 nbar. 30. A device for coating one or nore substrates,
especially for carrying out the coating process in accordance with any one
of claims 10 to 29, with a vacuum chanber (1) with a punping system (9) for
t he production of a vacuumin the vacuum chanber, substrate hol der devices
(3) to receive the substrates to be coated, at |east one gas supply unit
(8) for dosing the supply of process gas, at |east one vaporizer device
(14) to nake avail able coating material for deposition, an arc generation
device (10, 13) toignite a lowvoltage d.c. arc, a device (16) for the
generation of a substrate biasing voltage and with at | east one or
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Etching process

Once an even temperature has been attained, an etching process is commenced by
using a negative biasing voltage of 150 V to draw ions from the low-voltage arc
onto the substrates. To this end the orientation of the low-voltage arc and the inten-
sity of the plasma are supported by the pair of Helmholtz coils, both of which are
fixed with a horizontal alignment. The parameters of the etching process are set out

in the table reproduced below.

Argon flow 75 scem
Substrate voltage -150V
Current of low-voltage arc 150 A
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Gradient layer -

After this time has elapsed, a plasma is ignited by switching on a sinusoidal oscil-
lator. Acetylene is introduced into the chamber at an initial pressure of 50 sccm and
the flow is then increased by 10 scem each minute.

The sinusoidal plasma generator is set to an amplitude voltage of 2400 V at a fre-
quency of 40 kHz. The generator ignites a plasma discharge between the substrate
holders and the chamber wall. The Helmholtz coils attached to the rec1p1ent are
both activated with a constant current throughput, the current amounting to 3 A in
the lower coil and 10 A in the upper coil. The chromium target are deactivated
when the argon flow reaches 230 sccm.

DLC coating

When the acetylene flow reaches a value of 350 sccm, the argon flow is cut back to
a value of 50 scem..

The table below gives an overview of the parameters of this example.

Argon flow 50 sccm
Acetylene flow 350 sccm
Excitation current in upper coil 10 A
Excitation current in lower coil 3A
Voltage amplitude 2400V
Excitation frequency 40 kHz

These conditions assure a high deposition rate and the ionisation of the plasma is
maintained with the help of the argon. The deposition rate that now becomes estab-
lished in the coating process will be in the range between 0.5 and 4.0 um/h, the

precise value depending also on the areas that have to be coated in the process
chamber.



105 105$>1096& () - &3- #1096& () - S& ) #1096& () - Al

9JdEbCs- T#10% 0& () - & g#10% 0& () - $T#10% 0& ()- g#10% o0& () - 10% o0& () -
@10% 0& () - JUMKAAbCO#10%& () - 9#10%& ()= 10%& ()- 10'0 10'0 10' 0

7g#10% 0& () - 0g#10% 0&' () - ™

t #$dEDCs 1" 1098 () - & @ #109%& () - YL" #109%&' () - @ SH10%&' ()- L#109%& ()- 49

#1098 () - SYRI % %) %& ' (bCg#10% 0& () - Sy @10% 0& () - S#10% 0&' () - 3f 10% 0&' (
)- 10 10, 10s96#10%&..() - (- J/ 2222. 2 30CO#1Q%& () - 10%& ()- 10' 0 _10'0

Lo ol og #1058 0dt ) 1666 5eS ik gﬁaf‘o%nggo e &ﬁﬁ%aﬁ/&% 95410
oR () -- SHIEdES OFL a0 1R Eu S A HATGORETOVE OPRPECESELIRARDCL L ==] 290 C- #10% &
"()- @10% & ()-MD#10% & ()-y10% & ()- 10 10 _

10931#1 05k ¥rpP QCRIFHOIR| 'S REMIXAHT A0 0B 8intyrized gy the following table:

Properties — Example 1

Microhardness about 2200 HK
Deposition rate 1-2 um/h
Adhesion HF1
Resistance <10 kQ
Hydrogen content 12%
Coefficient of friction 0.2

Internal stress about 2 GPa
Fracture behaviour Not glass-like

Process Example 2
Process Example 2 involves a procedure similar to that of Example 1. In contrast
with Example 1, however, the plasma is now produced by a pulse generator. The

excitation frequency is of the order of 50 kHz with an amplitude voltage of 700 V.

The parameters of the example are set out in the following table:

Argon flow 50 scem
Acetylene flow 350 scem
Excitation current in upper coil 10 A
Excitation current in lower coil JA
Voltage amplitude 700 V
Excitation frequency f 40 kHz

The coating produced in this example has a hardness of 25 GPa, an adhesion of
HF1, and a coefficient of friction of 0.2.

Properties — Example 2

Microhardness about 2400 HK
Deposition rate about 1.5 pm/h
Adhesion HF1

Resistance > 500 kQ
Hydrogen content 13%
Coefficient of friction 0.2

Internal stress about 2 GPa
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The parameters of the example are set out in the following table:

Argon flow 50 sccm
Acetylene flow 350 scem
Excitation current in upper coil 10 A
Excitation current in lower coil 3JA
Voltage amplitude 1150 V
Excitation frequency f 30 kHz

The coating produced in this example has the properties described in the following

table:

Properties — Example 3

Microhardness > 2400 HK
Deposition rate about 1.8 um/h
Adhesion HF1
Resistance > 1 kQ
Hydrogen content 12-16%
Coefficient of friction 0.2

Internal stress about 2 GPa

Process Example 4

As compared with Process Example 1, Example 4 involved a process without the
support of a longitudinal magnetic field. The current flowing through the two coils
was reduced to a value of 0 A. The process parameters are set out in the following

table:

Argon flow 50 scem
Acetylene flow 350 sccm
Excitation current in upper coil 0A
Excitation current in lower coil 0A
Voltage amplitude 2400 V
Excitation frequency f 40 kHz

As compared with Example 1, the plasma that becomes established in the chamber
becomes stable only at higher pressures., is inhomogeneously distributed over the
chamber and very strongly influenced by geometric effect. For this reason, the
deposition rate in the process chamber is not homogeneous and ~ due to the set
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PATENT CLAIMS

1. A layer system for wear protection, corrosion protection and improvement of
the slipping properties and the like with an adhesion layer to be arranged on a
substrate, a transition layer to be arranged on the adhesion layer and a cover-
ing layer of diamond-like carbon, characterized in that the adhesion layer
comprises at least one element of the group that contains the elements of the
fourth, fifth and sixth subgroups [of the periodic table] and silicon, the transi-
tion layer comprises carbon and at least one element of the group that contains
the elements of the fourth, fifth and sixth subgroups and silicon, and the cov-
ering layer comprises essentially diamond-like carbon, where the layer system
has a hardness of at least 15 GPa, preferably at least 20 GPa, and an adhesion
of at least 3 HF

2. A layer system in accordance with claim 1, characterized in that the transi-
tion layer is a gradient layer that may be either a single layer or a multi-layer
system and has a composition that changes either continuously or in steps and,
more precisely, in such a manner that the carbon component increases in the
direction away from the substrate, while the component of the at least one
element of the group that contains the elements of the fourth, fifth and sixth
subgroups and silicon diminishes.

3. A layer system in accordance with any one of the preceding claims, charac-
terized in that the covering layer has a greater thickness than either the adhe-
sion layer or the transitions layer.

4. A layer system in accordance with any one of the preceding claims, charac-
terized in that the transition layer and/or the covering layer also comprises
hydrogen and unavoidable pollutions, where the unavoidable pollutions com-
prise inert gases, especially argon and xenon.

5. Alayer system in accordance with claim 4, characterized in that the covering
layer contains either exclusively carbon or carbon and hydrogen.

6. A layer system in accordance with claim 4, characterized in that the covering
layer has a hydrogen content of from 4 to 30 atom%, preferably 10 to 20
atom%.

7. A layer system in accordance with any one of the preceding claims, charac-
terized in that the at least one element of the group that comprises the ele-
ments of the fourth, fifth and sixth subgroup is titanium and/or chromium.

8. A layer system in accordance with any one of the preceding claims, charac-
terized in that both the adhesion layer and the transition layer have a thickness
of from 0.05 um to 1.5 um, preferably from 0.1 pum to 0.8 pm,

9. A layer system in accordance with any one of the preceding claims, charac-
terized in that covering layer has thickness of from 0.5 um to 20 um, prefera-
bly from 1.0 pm to 10 pm.

10. A layer system in accordance with any one of the preceding claims, charac-
terized in that the covering layer consisting of diamond-like carbon has a fine-
grained layer structure.

11. A process for the production on a substrate of a layer system, especially a
layer system in accordance with any one of claims 1 to 10, characterized in
that the process comprises:

a) introducing the substrate into a vacuum chamber and evacuating the
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application of a substrate biasing voltage that may be continuous, AC or AC-
superposed, especially a pulsed positive substrate biasing voltage.

15. A process in accordance with claim 10, characterized in that the etching step
is carried out by means of ion etching, wherein a low-voltage arc is ignited
with an inert gas, preferably argon, and/or hydrogen as process gas and a con-
tinuous negative biasing voltage is applied to the substrate.

16. A process in accordance with claim 10, characterized in that the etching step
is carried out by means of ion etching with an inert gas, preferably argon,
and/or hydrogen as process gas, wherein an AC or AC-superposed biasing
voltage, especially a pulsed biasing voltage, preferably of medium frequency,
is applied to the substrate.

17. A process in accordance with any one of claims 10 to 16, characterized in
that the deposition of the adhesion layer is carried out by means of Plasma-
CVD processes, PVD processes, especially arc vaporization, ion plating proc-
esses or cathodic sputtering.

18. A process in accordance with claim 17, characterized in that the deposition
of the adhesion layer is supported by an additional low-voltage arch discharge
and that a negative biasing voltage is applied to the substrate.

19. A process in accordance with claim 17, characterized in that the deposition
of the adhesion layer is supported by an additional pulsed substrate biasing
voltage, which may be an AC or AC-superposed biasing voltage, especially a
pulsed substrate biasing voltage in the middle-frequency range between 1 and
20,000 kHz, preferably between 20 and 250 kHz.

20. A process in accordance with any one of claims 10 to 19, characterized in
that an inert gas or an inert gas/hydrogen mixture, preferably an ar-
gon/hydrogen mixture, is introduced into the vacuum chamber for the ignition
of a plasma.

21. A process in accordance with any one of claims 10 to 20, characterized in
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22. A process in accordance with claim 21, characterized in that the percentage
share of the carbon deposition is mcreased, either continuously or in steps, as
the thickness of the transition layer increases.

23. A process in accordance with any one of claims 10 to 22, characterized in
that the diamond-like carbon layer that constitutes the covering layer is pro-
duced by means of plasma-CVD deposition of carbon from the gaseous phase,

a carbon-containing gas, preferably a hydrocarbon gas, especially acetylene,
being used as reaction gas.

24. A process in accordance with any one of claims 21 or 23, characterized in
that the reaction gas for the deposition of carbon comprises not only the car-
bon-containing gas, but also hydrogen and/or inert gas, preferably argon and/or
Xenon.

25. A process in accordance with claim 24, characterized in that the percentage
share of the carbon-containing gas is increased and/or the percentage share of
the inert gas, especially argon, is reduced during the deposition of the covering
layer.

26. A process in accordance with any one of claims 21 to 25, characterized in
that the a unipolar or bipolar biasing voltage pulsed in the middle-frequency
range from 1 to 10,000 kHz, preferably from 20 to 250 kHz, is applied to the
substrate.

27. A process in accordance with claim 26, characterized in that the substrate
biasing voltage is pulsed either sinusoidally or in such manner as to apply long
negative and short positive pulse signals or large negative and small positive
amplitudes.

28. A process in accordance with any one of claims 10 to 27, characterized in
that a longitudinal magnetic field with a uniform field line pattern is super-
posed on the substrate during the cleaning and/or the application of the adhe-
sion layer and/or the transition layer and/or the covering layer of diamond-like
carbon, where the magnetic field is capable of being varied in time and/or in
space either continuously or in steps.

29. A process in accordance with any one of claims 10 to 28, characterized in
that the deposition of the adhesion layer and/or the transition layer and/or the
covermc layer of diamond-like carbon is carried out at a pressure of from 10
to 10~ mbar.

30. A device for coating one or more substrates, especially for carrying out the
coating process 1n accordance with any one of claims 10 to 29, with a vacuum
chamber (1) with a pumping system (9) for the production of a vacuum in the
vacuum chamber, substrate holder devices (3) to receive the substrates to be
coated, at least one gas supply unit (8) for dosing the supply of process gas, at
least one vaporizer device (14) to make available coating material for deposi-
tion, an arc generation device (10, 13) to ignite a low-voltage d.c. arc, a device
(16) for the generation of a substrate biasing voltage and with at least one or
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field generator device (17) consists of at 1east one Helmholtz coil

32. A device in accordance with claim 31, characterized in that the Helmholtz
coil can be regulated as regards the magnetic flux density it can produce.

33. A device in accordance with any one of claims 30 to 32, characterized in that
the device for the generation of a substrate biasing voltage is so designed that
the substrate biasing voltage can be varied either continuously or in steps as
regards both its sign and its magnitude and/or can be rendered either unipolar
or bipolar with a frequency in the medium-frequency range.

34. A device in accordance with any one of claims 30 to 33, characterized in that
the vaporizer device (14) comprises sputter target, especially magnetron sput-
ter targets, arc sources, thermal vaporizers and the like.

35. A device in accordance with any one of claims 30 to 34, characterized in that
the vaporizer device (14) can be separated from the remainder of the process
chamber (1).

36. A device in accordance with any one of claims 30 to 35, characterized in that
the device also comprises substrate heating in the form in the form of induc-
tive heating, radiation heating and the like.

37. A device in accordance with any one of claims 30 to 36, characterized in that
the arc generator device (10, 13) comprises an ion source (10) and an anode
(13), as well as a direct voltage supply (11),, where the ion source (10) is con-
nected to the negative pole of the direct current supply (11).

38. A device in accordance with claims 37, characterized in that the positive pole
of the direct voltage supply (11) may be selectably connected to the anode (13)
or the substrate holder devices (3).

39. A device in accordance with any one of claims 37 or 38, characterized in that
the ion sources (10) comprises a filament, preferably a refractory filament,
especially of tungsten, tantalum or similar, that is arranged within an ioniza-
tion chamber and can be separated by means of a shield, preferably a refrac-
tory shield, especially of tungsten, tantalum or similar, from the process cham-
ber (1).

40. A device in accordance with any one of claims 30 to 39, characterized in that
the substrate holder devices (3) are mobile and preferably can rotate about at
least one or more axes.

41. A device in accordance with any one of claims 30 to 40, characterized in that
additional permanent magnets (20) are provided for the production of a near
magnetic field. '

42. A device in accordance with any one of claims 30 to 32, characterized in that
the additional permanent magnets are arranged in a ring around the vacuum
chamber (1), preferably with an alternating pole orientation, and are especially
designed as magnetron electron traps.



List of reference numbers

Process chamber
Parts to be coated
Substrate holder device
Simple rotation
Double rotation
Plant axis

Rotating stage

Gas inlet

Pump set

Ion sources

Direct voltage supply
Switch

Auxiliary anode
Vaporizer source
Low-voltage arc
Voltage supply
Electromagnetic coil
MF plasma

Side wall

Magnet systems

Near fields
Magnetron magnet fields
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