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DLC layer system with improved slipping characteristics and process for the prodnc­
tion of such layer systems 

The present invention concerns a layer system in accordance Claim l, a process in accor­
dance Claim 21 and a device in accordance with Claim 41. Prefe1red embodiments of the 
invention are disclosed in dependent Clmms 2 to 22, 22 to 39 and 41, as also in the desc1ip­
tion, examples and drawings. 

Notwithstanding the outstanding prope1iies of diamond-like carbon layers (DLC layers), 
which include great hardness and excellent slipping prope1iies, and many years of world­
wide research activities, it has not so far proved possible to produce any pure DLC layers 
that - even in the case of more substantial layer thiclmesses (> 1 µm) - have a layer adhe­
sion sufficient for industtial use in typical wear protection applications and also have a suf­
ficient conductivity to avoid the high-frequency (HF) process for their production and the 
many difficulties associated therewith. 
Among the typical wear protection applications mention may here be made not only of ap­
plications in connection with machine construction, among them protection against sliding 
wear, pitting, cold bonding, etc., especially machine paiis that move with respect to each 
other, such as, for example, geai· wheels, pump and moulding die (cup) rams, piston rings, 
injection needles, complete bearings or their individual components, and vaiious others, but 
also applications in the material processing sector for the protection of the tools employed 
for chipping or cold working and in die casting. 

Apfili from these mai1y-sided application possibilities in connection with wear protection, 
express mention should here be made also of co!Tosion protection as another highly promis­
ing ai·ea in which such DLC layers may be used. 

Pure DLC layers, given their high internal stresses and the rather problematical adhesion 
that is associated therewith, especially when highly stressed surfaces have to be protected 
against wear, can today be deposited only in thiclmesses that are insufficient for many ap­
plications or, alternately, have to be modified by the incorporation of other atoms, for ex­
ample silicon, vaiious metals and fluorine, which also modifies their prope1iies. However, 
the reduction of the stresses within the layer and the consequently improved adhesion ob­
tained in iliis marmer was always associated with a clear loss of hardness and this, especially 
in wear protection applications, will often have negative effects as regards the useful life of 
the coated object. 

An additional deposition of mnning-in layers containing such mate1ials as graphitic cai·bon 
and/or a mixture of metals or metallic cai·bides and carbon could not therefore be taken into 
consideration, because the minimrnn layer thiclmesses required to obtain the rumnng-in ef­
fect not only built up fmiher hai111ful internal sh·esses, but would also rendered problemati­
cal the adhesion to pure carbon layers. But it is only layer systems of this type that, given 
the combination of the very hai·d carbon or diainond layer and the slipping or mmling-in 
layer deposited thereon, call meet the ever greater demai1ds that are nowadays being made 
on paiis used, for example, in modern automobile engines. 
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In view of the high electrical resistance of hard DLC layers, the plasma-based processes for 
the production of DLC layers that are nonnally used today often seek to avoid the build-up 
of disturbing charges during the coating by using an HF bias or plasma (hereinafter HF = 
high-frequency is to be tmderstood as refening to frequencies greater than 10 MHz), espe­
cially at the industrial frequency of 13.56 MHz. The known drawbacks of this technique are 
interference with electronically sensitive process control tmits that are difficult to avoid or 
dominate (HF feedbacks, sender effect, etc.), greater costs to avoid HF spark-overs, ante1ma 
effect of the substrates that have to be coated and a relatively large minimum distance be­
tween the materials to be coated materials associated therewith, which prevents optimal ex­
ploitation of the space and area available in the coating chamber. When HF processes are 
used, great care must therefore be talcen to assure that such factors as an excessive charge 
density or wrong substrate/supp01i clearances, etc., will not lead to the overlapping of dark 
spaces and the consequent production of secondary plasmas. Such secondary plasmas not 
only constitute energy sinks and therefore create extr·a loads for the plasma generators, but 
such local plasma concentrations often lead to thermal overheating of the substr·ates and 
m1desired graphitization of the layer. 

Since the substrate voltage in HF processes is exponentially dependent on the substr·ate slll"­
face in accordance with the equation 

where U stands for voltage, C for capacitance, A for surface area, while the subscripts S and 
E indicate, respectively, the substrate and the cotmter-electrode, the substrate voltage Us 
will dinlinish rapidly as the substrate area As increase and this will be accompanied by a 
substantial uptnm of the power loss. Consequentiy, depending on the capacity of the eni­
ployed plasma generators, only a certain maximum area can be coated. Otherwise it will 
either prove impossible to introduce sufficient power into the system or the potential differ­
ence (substrate voltage) ca1111ot be set sufficiently high to obtain the necessary ion plating 
effect to assme dense and well adhering layers. 

Furthermore, when HF processes are used, it is usually necessary to introduce additional 
equipment into the installation in order to dynamically adapt the generator and plasma im­
pedances to each other dming the process by means of appropriate electrical networks, a so­
called matchbox for example. 

The next few paragraphs will now be dedicated to giving a brief listing of various processes 
and/or layers systems lmown to prior art. 

EP 87 836 discloses a DLC layer system with a 0.1 -49.1% share of1netallic components 
that is deposited by means of cathodic sputtering 

DE 43 43 354 Al describes a process for the production of a Ti-containing multi-layer layer 
system with mechanically resisting layers consisting of titanium nitrides, titanitrm carbides 
and titanitrm borides and a friction-reducing smface layer containing carbon, where the tita­
nitrm and nitrogen are continuously reduced in the direction of the surface. 
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The process for the production of DLC layers described in US 5 078 848 avails itself of a 
pulsed plasma jet. Owing to the directional paiiicle radiation from a source with only a 
small output opening, such processes are only conditionally suitable for a uniform coating 
oflarger surfaces. 

Various CVD processes and/or mixed SiDLC/DLC layers produced by means of such proc­
esses are described in the following documents: 

EP-A-651 069 described a friction-reducing weai· protection system of2 - 5000 alternating 
DLC ai1d SiDLC layers. A process for the deposition of a-DLC layers with an intermediate 
Si layer and an a-SiC:H transition zone adjacent thereto to improve the adhesion is de­
scribed in EP-A-600 533. EP-A-885 983and EP-A-856 592 likewise describe various proc­
esses for the production of such layers. In EP-A-885 983, for example, the plasma is pro­
duced by means of filainent heated by direct current, while a direct voltage or an MF be­
tween 20 ai1d 10,00 kHz is applied to the substrates (MF= medium frequency is hereinafter 
to be understood as referring to the frequency range between 1 and 10,000 kHz). 

US 4 728 529 describes a method of depositing DLC by means of the use of an HF plasma, 
the layer being formed in a pressure range between 103 and 1 mbar from an oxygen-free 
hydrocai·bon plasma to which, if necessary, inert gases or hydrogen may be added. 

The process described in DE-C-195 13 614 utilizes a bipolar substrate voltage with a shorter 
positive pulse duration in a pressure range between 50 and 1000 Pa. It obtains the deposition 
of layers in the range between 10 nm and 10 µm ai1d a hardness between 15 and 40 GPa. 

A CVD process with a substrate voltage produced independently of the coating plasma is 
described in DE-A-198 26 259, the applied substrate voltages being preferably bipolai·, but 
other periodically modified voltages may also be used. But this calls for a relatively costly 
electricity supply unit for carrying out the process, because it has to be provided in dupli­
cate. 

Furthennore, processes providing a combination of traditional hard-material layers with a 
carbon-rich cove1ing layer with good slipping properties have been !mown for a longish 
time. 

US 5,707,748, for exainple, discloses a layer combination consisting of metal-containing 
hard-material layers (TiN, TiAlVN, WC) and a less hard metal carbide layer with an in­
creasing content of graphitically bound carbon (i.e. carbon in sp2 hybridization). Given the 
good slipping properties of metal/carbon and/or metal carbide/carbon (MeC/C) layers, fuese 
are preferably used in tribosystems when, over and above protection of the coated paii, 
these are to obtain also a reduction of the fi:iction forces and/or protection of the body with 
which they come into contact ( counterbody). Me/CIC layers with a high carbon component 
have proved particularly effective in this connection, because the soft covering layer pro­
duces a rumring-in effect, while the transfer of carbon particles malces it possible to obtain a 
lubricating effect for the entire tribosystem. Sinlllar layer combinations with an adbesion­
irnproving metallic intermediate layer between the hard-mate1ial layer and the Me/C or 
Me/C/C layer containing graphitic carbon are described in WO 99-55929. 
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The present :invention therefore sets out to provide relatively thick DLC layer systems char­
acterized by considerable hardness and excellent adhesion, where the systems are also to 
possess a sufficiently high conductance to pe1mit fueir being deposited wifuout HF bias, 
fuereby malcing it possible to use a process and a device that are not associated wifu sub­
stantial costs and are yet highly effective for industrial use. Accord:ingly, it is another task of 
the present :invention to malce available an appropriate process and an appropriate device. 

This task is solved by a layer having the characteristics of Feature 1 and a process in accor­
dance with Feature 11 and a device :in accordance with Featme 30. Advantageous embodi­
ments are described :in the dependent features. 

Surpris:ingly it has also been found that it is possible to provide even relatively thick DLC 
layers with an additional layer with particularly favourable slipp:ing and, if desired, rmming­
:in properties without thereby worsen:ing the adhesion. For the first time it has fuus become 
possible to combine the great hardness of DLC layers with the favourable slipping proper­
ties of metal carbon layers. This can be done not only by depositing slipping layers on DLC 
layers in accordance with the invention, but also by the use of one of the described proc­
esses for the deposition of a slipping layer on !mown DLC layers and/or !mown DLC layer 
systems. 

It is tlierefore the task of the present invention to provide also a DLC and/or a diamond layer 
with an excellent adhesion and a high wear resistance tliat, as compared witli conventional 
DLC and/or diamond layers, will have improved slipping and - if desired - nrnning-in 
properties. Such a DLC-slipping layer system can be of advantage for wear protection, cor­
rosion protection and the improvement of tlie slipping prope1iies, and this especially when 
properties that have hitherto been difficult to realize in a layer system are also desired. 

It is a further task of the invention to malce available a process and a device for tlie produc­
tion of a DLC-slipping layer system in accordance with the invention. 

In accordance with tlie invention this task is absolved as in the first paragraph of the de­
scription. 

LAYER SYSTEM 

A DLC layer system in accordance with the invention is obtained by the production of a 
layer with the following layer structure. 

An adhesion layer with at least one element from the group of elements of subgroups IV, V 
and VI and silicon is situated directly on the substrate. Preference is accorded to an adhesion 
layer of the elements chromium or titanimn, which have proved particularly suitable for this 
purpose. 

This is followed by a transition layer that is preferably f01med as a gradient layer, :in which 
the metal content diminishes in tlie direction at right angles to tlie substrate surface, while 
the carbon content increases. 
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The transition layer comprises essentially carbon and at least one element of the group of 
elements that constitute the adhesion layer. In a preferred embodiment it may also contain 
hydrogen. Over and above this, both the transition layer and the adhesion layer contain in­
evitable impurities constituted by, for example, atoms incorporated into the layer from the 
surrounding atmosphere, for example, atoms of such inert gases as argon or xenon used in 
the process. 

When the transition layer is deposited in the fonn of a gradient layer, the increase of carbon 
in the direction of the covering layer can be obtained by an increase of the possibly different 
carbide phases or an increase of the free carbon or by a mixing of such phases with the me­
tallic phase of the transition layer. As is well known to persons skilled in the art, the thick­
ness of the gradient layer and/or the transition layer can be set by setting appropriate process 
ramps/slopes. The increase of the carbon content and/or the reduction of the metal phase 
may be either continuous or consist of individual steps, and in at least a part of the transition 
layer a series of individual layers rich in metal and rich in carbon may also be provided for a 
further reduction of layer stresses. By means of the mentioned ways of fanning the gradient 
layer the material properties (modulus of elasticity, structure, etc.) of the adhesion layer and 
the adjacent DLC layer are matched to each other in a substantially continuous manner and 
this counteracts the danger of cracks fanning along a boundary surface that would otherwise 
form between the metal or silicon and the DLC. 

The end of the layer package is constituted by a layer that consists essentially exclusively of 
carbon and preferably hydrogen and, as compared with the adhesion layer and the transition 
layer, also has a greater thiclmess. In addition to carbon and hydrogen, this layer may once 
again contain inert gases like argon or xenon. But in this case it is altogether essential that 
there should be no additional metallic elements or silicon. 

The hardness of the entire DLC layer system is set to a value greater than 15 GPa, prefera­
bly greater than/equal to 10 GPa, and the attained adhesion is better or equal to HF 3, pref­
erably better or equal to HF 2, especially equal to HF 1 according to VDI 3824 Sheet 4. The 
hardness as measured by the Knoop method will amount to 0.1 N Last, i.e. correspond to 
HK 0.1: The surface resistance of the DLC layer will lie between o = 1 o-6 'Q and o = 5 MO, 
preferably between 1 'Q and 5 00 ill, with an electrode gap of 20 mm. At the same time, the 
DLC layer lmder consideration will be distinguished by a typical friction coefficient that is 
low for DLC, preferablyµ.$ 0.3 in the pin/disk test. 

The layer thicknesses total > 1 ~un, preferably > 2 ~n, where the adhesion layer and the 
transition layer will preferably have layer thiclmesses of between 0.05 µm and 1.5 ~, es­
pecially between 0.1 µm and 0.8 µm. while the covering layer will preferably have a thick­
ness between 0.5 µm and 20 µm, especially between 1 µm and 10 µm. 

The hydrogen content in the cove1ing layer is preferably 5 to 30 atom%, especially 10- 20 
atom%. 

REM photographs show that DLC layer systems deposited in accordance with the invention 
have fracture surfaces that, in contrast with conventional DLC systems, do not have a glass­
like amorphous structure, but rather a fine-grained structure, where the grain size preferably 
amounts to $ 300 mm, especially$ 100 mm. 
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In tribological tests under substantial loads the coating proves to have a usefol life several 
times greater than such other DLC layers as, for example metal/carbon layers, especially 
WC/C layers. On an injection nozzle for internal combustion engines provided with a DLC 
layer, for example, only slight wear was ascertained in the test after 1000 h, whereas a noz­
zle coated with a WC/C layer failed in the same test after 10 h on accotmt of substantial 
surface wear that reached right down to the base material. 

The layer roughness of the DLC layer in accordance with the invention preferably has a 
value of Ra= 0.01 - 0.04, where Rz, measured in accordance with DIN, amounts to< 0:8, 
preferably<0.5. 

The advantages of a layer system in accordance with the invention having the aforesaid 
properties are constituted by the first successfol combination of large layer thiclmesses with 
excellent adhesion, supplemented by a conductance that is still sufficient to render possible 
a relatively simple process procedure in indushial production. 

Notwithstanding the substantial hardness of> 15 GPa, preferably~ 20 GPa,, the layer, due 
to its structure and the process steps in accordance with the invention, shows a clearly im­
proved adhesion. Conventional layer systems here stand in need of doping in the fonction 
layer (DLC) in order to reduce the layer stresses, though the doping also reduces the hard­
ness. 

REM photographs of the fracture surface of the layer in accordance with the invention re­
veal, in contrast with previously !mown DLC layers, which have the typical fracture of a 
brittle amorphous layer with partly seashell-like depressions, a fine-grained and straight 
fracture surface. Layers with the above-described property profile are particularly suitable 
for applications in machine construction, for example for the coating of heavily loaded 
pump or die holder pistons and valve drives, cams and/or camshafts as used in internal 
combustion engines and gears for motor vehicles, but also for the protection of heavily 
loaded gearwheels, plungers, pmnp spindles and other components that are required to have 
a particularly hard and smooth surface with good slipping properties. 

In the tool sector, these layers - given their great hardness and very smooth surface - can be 
advantageously used for tools for non-cutting operations (pressing, punching, deep drawing, 
... ) and for injection moulding dies, but also for cutting tools, albeit subject to certain re­
strictions when processing ferrous mate1ials, especially when the application calls for a 
small coefficient of friction in combination with great hardness. 

The growth rate of the DLC layer is of the order of 1 - 3 µm/h, the layer stress for the entire 
system is about 1 - 4 GP a and thus within the customary range of hard DLC layers. In view 
of the remarks made above, the conductance will be set to between Ii = 1 o-6 

Q and Ii = 5 
MQ, preferably betw.een Ii = 10-3 Q and Ii = 500 kQ (what was measured in this case was 
the surface resistance with a measuring electrode gap of20 mm). 

Although the slipping properties obtained with DLC layer systems deposited in accordance 
with the invention are more favourable than those of other hard-material surfaces, for exam­
ple hard nitride and/or carbide layers, they do not reach the exceptionally small :fi.iction co-
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efficients that can be realized with metal/carbon layers and are not suitable for rnnning-in 
layers. 

If the slipping and/or running-in properties of the DLC layer or the DLC layer system are to 
be further improved, it is recommended to terminate the system by applying also a softer 
slipping layer containing a relatively large proportion of graphitic carbon. Such a layer can 
also be advantageously applied to DLC layers and layer systems not in accordance with the 
invention, especially to nanocristalline diamond layers. 

We shall now describe a DLC-slipping layer system in accordance with the invention that 
may advantageously consist of a DLC layer system as described above and a slipping layer 
deposited thereon, though this is not to be regarded as being in any way limitative. It has 
surprisingly been found that with very differently structured slipping layers it is possible not 
only to improve the slipping and possibly also the nnming-in properties, but-notwithstand­
ing the greater layer thiclmess - obtain also the excellent adhesion of the DLC layer system 
for the DLC-slipping layer system. 

An advantageous embodiment of the friction reducing layer that is particularly suitable for 
use on the above-described DLC layer system in accordance witl1 the invention consists of 
applying a DLC structure without an additional metallic element, but with an increasing 
proportion of sp2 bonds, preferably in a graphitic layer structure, thereby reducing the hard­
ness of the covering layer and improving its slipping properties, where necessary also its 
nnming-in prope1iies. 

Another advantageous embodiment of the slipping layer can be obtained by forming a sec­
ond inverse gradient layer in which the metal content increases in the direction of t11e sur­
face, while the carbon content diminishes. The metal content is increased until the coeffi­
cient of friction attains a desired low value. Preferably one or more metals of subgroups N, 
V and VI [of the periodic table] are used for this purpose, as well as silicon. Particularly 
preferred are chromium, tungsten, tantalum, niobimn and/or silicon. The metal share of the 
layers should lie between 0.1 and 50 atom%, preferably between 1 and 20 atom%. 

Another preferred embodiment of the friction-reducing layer can be produced by depositing 
a metallic or carbidic intermediate layer, especially of chromimn or WC, on tl1e layer that 
essentially consists exclusively of carbon and hydrogen, this being once again followed by a 
covering layer with a diminishing metal content and an increasing carbon content fanned in 
a marmer similar to the first gradient layer. In this connection it will be advantageous but not 
essential to use t11e same metallic element or elements as in the first gradient layer in order 
to keep the complexity of the coating device to a reasonable minimmn. Here, too, the metal 
part of the layers should lie between 0.1 and 50 atom%, preferably between 1 and 20 
atom%. 

Surprisingly it has been found that slipping layers containing metals are particularly suitable 
for bringing about a clear performance improvement even when applied to DLC layers de­
posited by conventional means. A reason for the small influence that is thereby exerted on 
tlie overall adhesion of such systems could be due to the fact that the inh·oduced additional 
layer stresses are small and can be readily set. 
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With all three possibilities it has been found advantageous to provide a terminal region with 
an unchanged (i.e. constant) layer composition, in order to maintain the layer properties 
(friction coefficient, surface tension, wettability, etc.), optimized for each particular applica­
tion, notwithstanding a ce1iain wear of the layer and render possible a ruuning-in of the 
layer. 

Depending on the metal that is used and the residual excess of graphitic carbon, the coeffi­
cient of fiiction may be set to between µ = 0.01 and µ = 0.2 (the figures relate to the 
pin/disk test in a normal atmosphere with about 50% hmnidity). 

The hardness of the DLC layer is preferably set to a value greater than 15 GPa, preferably 
greater than/equal to 20 GPa, while the hardness of the softer tenninal slipping layer may be 
set as required in each particular case. 

The integral hydrogen content of the layer system in accordance with the invention is pref­
erably set to between 5 and 30 atom%, preferably between 10 and 20 atom%. 

The layer roughness can be set to an Ra value ofless than 0.04, preferably less than 0.01, or 
fill RzoIN value ofless than 0.8, preferably less than 0.5. 

The advantages of snch a DLC-slipping layer system in accordance with the invention con­
sist of the combination of the great hardness of the DLC layer with slipping properties that, 
as compared with the already good slipping behaviour of the DLC layer, are improved by up 
to one order of magnitude. The coefficient of fiiction, for example, cm1 thus be reduced to 
less than µ = 0.1. Furthermore, due to initial layer reduction m1d graphitic lubrication of the 
body with which it comes into contact, it thus becomes possible for the first time to confer 
running-in behaviour even upon DLC layers, so that that the wear of the other body can be 
clearly diminished even when it is devoid of a protective coating. 

Moreover, use of one of the pure DLC layers described above malces it possible to set a 
smaller Rz or Ra number, i.e. a smaller roughness of the coated surfaces, than could be set 
with conventionally used hard-material layers, especially layers deposited by means of the 
arc process. Due to specially hard rouglu1ess peaks, such lmown combinations of hard mate­
rials and slipping layers often disturb and even prevent the rmming-in behaviours of the 
tribosystem, so that the surface of the otlier body may be partly or wholly destroyed, espe­
cially when the other body is not itself protected by a hard layer. This is particularly impor­
tant in tribosystems with a high slipping component, for exmnple, tipping and slipping lev­
ers on cup phmgers, different gears, etc .. 

Here the superiority ofDLC-slipping layer systems as compared with both lmown combina­
tions of hard materials and slipping layers and pure DLC layer systems came to the fore in 
various applications. 

Given their great hardness and very smooth surface, these layers can also be used to good 
advm1tage in the tool sector, especially in tools for non-cutting operations (pressing, plU!ch­
ing, deep drawing, ... ) and injection moulding dies, but also for cutting tools, though in this 
case subject to certain limitations when ferrous materials have to be processed., especially 
when a particularly small coefficient of friction is needed, possibly in combination with a 
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defined running-in effect. When using drill bits coated in accordance with the invention, for 
example, a polishing effect was observed on the machined surfaces already after a single use 
Gust one hole), and this is of advantage, for example, when deep holes have to be drilled. 
The use of tools coated in accordance with the invention can thus avoid costly after" 
polishing of the machined surfaces. 

DLC-slipping layer systems in accordance with the invention can be deposited with a 
smoother surface than conventional combinations of hard materials and slipping layers (for 
example TiAINl!WCIC) deposited - for example - by means of arc vaporizers and can be 
integrated in a continuous process more simply than, for example, known Ti-DLC II MoSx 
layer combinations. 

PROCESS 

The process for the production of the DLC layer system in accordance with the invention is 
fi.uiher distinguished by the following characteristics. 

The parts to be coated are cleaned in a known manner appropriate for PVD processes and 
mounted in a holder device. In contrast with HF processes, it is possible to use for this pur­
pose holder devices with 1, 2 and even 3 - the exact number depends on the particle geome­
try - essentially parallel rotation axes, and this malces it possible to obtain a greater loading 
density. The holder device with the parts to be coated is introduced into the process chamber 
and, following pumping down to a starting pressure ofless than 10-4 mbar, preferably 10-5 
mbar, the processing sequence is commenced. 

The first part of the process, the cleaning of the substrate surface, is carried out - for exam­
ple - as a heating process, thereby removing any volatile substances that still adhere to the 
surface of the parts. To this end use is preferably made of an ine1i gas plasma igiJ.ited by 
means of a high current/low voltage discharge between one or more negatively biased fila" 
ments arranged in an ionization chamber adjacent to the process and the positively biased 
holder devices with the parts. This produces an intensive electron bombardment and there­
fore heating of the parts. The use of an argon-hydrogen mixture proved to be particularly 
favourable in this connection, because the reducing effect of the hydrogen also exerts a 
cleaning effect on the surfaces of the parts. The high current/low voltage discharge can be 
controlled with either a static or, advantageously, an essentially locally variable mobile 
maguetic field. The place of the ionization chamber described above may also be talcen by a 
hollow cathode or some other know ion or electron source. 

Alternatively, of course, it is also possible to use other heating processes, for example, ra­
diation heating or induction heating. 

After attaimnent of a temperature level that has to be specified in accordance with the base 
material of the paiis, it is also possible to staii an etc!J.ing process as an additional or alterna­
tive cleaillng process by igiJ.iting a low-voltage arc between the ionization chamber ai1d an 
auxiliary electrode, the ions being directed onto the parts by meai1s of a negative biasing 
voltage of 50-300 V. The ions will thus bombard the surface of the parts and remove the 
residual impurities. A clean surface is thus obtained. In addition to such inert gases as argon, 
the process atmosphere may also contain hydrogen. 
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The etching process may also be carried out by applying a pulsed substrate biasing voltage 
with or without the support of a low-voltage arc as has just been described, use being pref­
erably made of a medium-frequency bias in the range between 1 and 10,000 kHz, especially 
between 20 and 250 kHz. 

With a view to assuring the adhesion of the DLC layer system to the substrate, a preferably 
metallic adhesion layer, especially a layer consisting of chromium or titanium, is deposited 
by means of a known PVD or Plasma-CVD process, such as arc vaporization or va1ious ion 
plating processes, but preferably by means of cathodic sputtering of at least one target. The 
deposition is supported by applying a negative substrate biasing voltage. The ion bombard­
ment and the layer compaction that is thereby effected during the sputter process may be 
additionally supported by means of a low-voltage arc operated in parallel and/or a magnetic 
field applied to stabilize and /or intensify the plasma and/or the application of a DC biasing 
voltage to the substrate or the application between the substrate and the process chamber of 
a medium-frequency bias in the range from 1to10,000 kHz, especially from 20 to 250 kHz. 

The thickness of the adhesion layer is set in a known manner by choosing the sputtering or 
deposition time and the power in keeping with the particular geometry pf the given plant. 

When the plant geometry is as described below, for example, chromium is sputtered for a 
period of 6 minutes from two targets - advantageously arranged opposite each other - at a 
pressure between 10-4 to 10-3 mbar, a substr·ate bias of Ubias = - 7 5 V and a power of about 
8 kW in an argon atmosphere. 

Following the application of the adhesion layer, the invention calls for the deposition of a 
transition layer to assure as gradual as possible a transition between the adhesion layer and 
the DLC-layer. 

The transition layer is deposited in such a manner that the plasma-supported deposition of 
the components of the adhesion layer is accompanied by the deposition of carbon from the 
gaseous phase. This is preferably done by means of a Plasma-CVD process in which a gas 
containing carbon, preferably hydrocarbon gas, especially acetylene, is used as reaction gas. 

A special "pulsed" biasing voltage of medimn frequency is applied to the substrate during 
the application of the transition layer, si.1perposing also a magnetic field. 

In order to obtain the preferred formation of a gradient layer, the proportion of carbon de­
posited is increased as the deposition of the transition layer proceeds, which may be done 
either continuously or in steps, m1til eventually only essentially pure carbon is deposited. 

At this stage of the process the diamond-like carbon layer is then produced by means of 
plasma-CVD deposition of carbon from the gaseous phase, where a gas containing carbon, 
preferably hydrocarbon gas, especially acetylene, is used as reaction gas. While this is done, 
the substrate biasing voltage is maintained and the superposed magnetic field likewise con­
tinues to act. 



0 5 OCT 2004 
- 11 -

In a preferred embodiment the reaction gas used to deposit the carbon for forming the transi­
tion layer and the covering layer with diamond-like carbon may consist not only of the gas 
containing carbon, but also of hydrogen and inert gases, preferably argon and xenon. The 
pressure set in the process chamber amom1ts to between 10-4 and 10-2 mbar. 

During the deposition of the covering layer from diamond-like carbon the proportion of the 
gas containing carbon will preferably be increased, while the proportion of inert gases, es­
pecially argon, will be reduced. 

The biasing voltage applied to the substrate during the process steps for the deposition of the 
adhesion layer, the transition layer and the covering layer, especially during the fortnation of 
the transition layer and the covering layer, may be a direct voltage (DC) with superposed 
AC or pulse or a modulated direct voltage, especially a mlipolar (negative) or bipolar sub­
strate biasing voltage, pulsed in a medium-frequency range between 1 and 10,000 kHz, 
preferably between 20 and 250 kHz. The pulse fonn used for this purpose may be either 
symmetrical - the fonn being, for example, sinusoidal, rectangular or in the manner of saw 
teeth - or asymmetric in such a way as to apply long negative and short positive pulse peri­
ods or large negative and small positive amplitudes. 

Over and above this, a longitudinal magnetic field with a mrifonn field line pattern will 
preferably be applied during the entire coating process, where the magnetic field should be 
capable of being varied laterally and/or spatially, either continuously or in steps. 

When a DC bias is used for the deposition of the adhesion layer, a medium-frequency gen­
erator is preferably connected to the holder device, the generator being such as to deliver its 
voltage pulses (control by means of vaiiation of the power supply is also possible, but is not 
preferred) in the fonn of a sinusoidal or some other bipolar or even mlipolar signal pattern. 
The employed frequency range will be from 1 to 10,000 kHz, preferably from 20 to 250 
kHz, while the amplitude voltage may lie between 100 ai1d 3000 V, preferably between 500 
and 2500 V. Preferably the change of the substrate voltage will be obtained by the switclling 
of a generator specially designed for the delivery of direct and medilUll-frequency voltages. 
In another advai1tageous embodiment a medilllll-frequency voltage is applied to the sub­
strates also for the carrying out of the etching process and the deposition of the adhesion 
layer. When a bipolai· substrate voltage is used, it has been fotmd to be particularly advanta­
geous to apply asymmetric pulse fonns: for example, the positive pulse may be applied ei­
ther for a shorter period or with a smaller voltage than the negative pulse, because the elec­
trons follow the field more quickly and upon impact, given their small mass, will produce 
above all additional heating of the parts ai1d tins can lead to damage due to overheating, 
especially in the case of temperature-sensitive base materials. Even when other signal pat­
terns are employed, this danger can be counteracted by providing a so-called "OFF-time", 
i.e. interposing a zero signal between the application of individual or several signal periods 
with a power component ("ON-time"). 

Either simultaneously with the application of the medimn-frequency or with a certain delay 
thereafter when a DC bias is used for the application of the adhesion layer, or after deposi­
tion of the layer thickness desired for the adhesion layer when a medilllll-frequency is used, 
a hydrocarbon gas, preferably acetylene, is allowed to enter the recipient at a flow rate that 
is increased either in steps or, preferably, continuously. Likewise either at the saine time or 
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with a possibly different delay time, the power of the at least one metallic or silicon target is 
reduced either in steps or continuously. In this connection it is preferred to reduce the power 
of the target to a minimum power at which stable operation without poisoning phenomena is 
still possible and which a person skilled in the art can readily determine in accordance with 
the attained hydrocarbon flow rate. Subsequently, the at least one target is screened off from 
the process chamber, preferably by means of one or more shields arranged in a movable 
manner, and switched off Th.is measure substantially prevents the target becoming covered 
with a DLC layer, so that it becomes possible to do without the otherwise necessary free 
sputtering between individual DLC coating charges. When the next charge is carried out, it 
will be sufficient to re-establish. the power of the at least one target while keeping the shield 
closed in order to render the target surface completely blank and therefore suitable for the 
deposition of the adhesion layer. 

An important contribution to the stabilization of the DLC coating process in accordance 
with the invention is made by the fonnation of a longitudinal magnetic field. If not already 
used in the previous process step for the application of the adhesion layer, this field will be 
established at substantially the time when the substrate voltage is switched to the medium­
frequency generator. The magnetic field will be so designed as to obtain as unifonn as pos­
sible a field line pattern within the process chamber. To this end current is preferably passed 
through two electromagnetic coils that essentially delimit the process chamber on two oppo­
site sides in such a mam1er 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 ap­
proximately unifonn distribution of the medium-frequency plasma even over rather substan­
tial 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 cer­
tain geometric and electromagnetic boundary conditions are satisfied. This can be c01mter­
acted by means of the fmmation of a second and spatially variable magnetic field, for which 
purpose the coil currents are varied either in unison or, preferably, in opposition. For exam­
ple, 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 cmTent 
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 continuously 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. 

It is only due to the use of the magnetic field and the consequently attained significant in­
crease of the plasma intensity that it becomes possible to obtain a stable CVD process for 
the deposition of pure DLC layers with high deposition rates in the range between 0.5 and 5 
µm/h, preferably between 1 and 4 µm/h, even in lower pressure ranges, for example, at 
pressures between 10-3 and 10-2 mbar, this in contrast with the present state of the art. Not 
only the substrate current, but also the plasma intensity is directly proportional to the activa­
tion of the magnetic field. Both parameters also depend on the magnitude of the available 
surfaces to which a biasing voltage is applied. The use of lower process pressures makes it 
possible to deposit smoother surfaces with a smaller number of growth errors and also with 
less pollution due to the interference of alien elements. 
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Apart from the process parameters, the growth rate also depends on the loaded materials and 
the holder device. In this connection it is particularly important whether the parts to be 
coated are fixed to magnetic holder devices with one, two or three rotation axes or are 
clamped or plugged. The total mass and the plasma permeability of the holding devices are 
of importance, and faster growth rates and an on the whole better layer quality can be ob­
tained 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-intensifying magnetic field. Patiicularly advantageous in this 
connection is an an·angement in which - in addition to at least one magnetron magnet sys­
tem of the at least one target - fi.uiher preferably permanent magnet systems ai·e 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 magne­
tron magnetic systems or the further magnetron magnetic systems may be given the satne 
structure or, preferably, a reversal of the polarity. In this way it is possible to form the indi­
vidual 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 chatnber. 

Only a combination of the essential characteristics (features) of the process in accordance 
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 appropriately 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 se­
quence and/or the combination of direct cunent and medimn-frequency plasma can be used 
in an optimal maimer for the deposition of a DLC layer. 

Different process are used for building up the different slipping layers. 

When a graphitized DLC layer is to be deposited, the application of the pure DLC layer is 
followed by setting the biasing voltage - given parameter settings that are otherwise either 
identical or similar - to a value greater than 2000 V, preferably between 2000 and 2500 V, 
either continuously or in steps. As the voltage increases, the proportion of the carbon atoms 
with a graphitic sp2 bond will also increase. In this way improved slipping properties cat1 be 
confened upon the previously described pure DLC layer in a patiicularly simple mat111er. 

There are various way in which an inverse gradient layer may be deposited. In the simplest 
case the process can be commenced by retaining the parameters that were used for the pre­
vious DLC layer but with the addition of one or more metals or metal carbides. But it has 
been found to be advantageous to begin by either reducing the hydrocarbon component of 
the gas flow or to increase the inert gas component or to take both these precautions, thus 
avoiding target pollution and the consequent unstable process conditions. Furthennore, 
starting up the target behind shields that are at first kept closed may prove advantageous in 
order to avoid possible droplets reaching the substrate. Thereafter the power of the at least 
one target is increased - either in steps or, preferably, continuously- to a value at which the 
layer will posses the desired properties (coefficient of friction, etc.). The remaining parame-
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ters are preferably left unchanged, but an additional adjustment, if desired, is possible at any 
time. The process is then continued, preferably with constant parameter settings, until the 
desired overall thiclmess of the inverse gradient layer is obtained. 

A further advantageous possibility for the fo1mation of an inverse gradient layer is obtained 
if - either in addition to the previously mentioned hydrocarbon gas or in place thereof -
gases that contain silicon or silicon and oxygen or nitrogen, for example: mono- or disilane, 
siloxane, hexamethyldisiloxane, hexamethyldisilazane, dimethyl-diethoxysilane, tetrame­
thylsilane, etc., are introduced in order to influence the prope1iies of the layer, especially its 
hardness and coefficient of friction. In this way it is possible - even without the additional 
use of one or more sputter targets - to obtain a gradient layer with a silicon, oxygen and/or 
nitrogen content that increases, for example, in the direction of the surface. 

A slipping layer as gradient covering layer may be applied either directly on a DLC layer 
or after the deposition of a metallic or carbidic transition (intermediate) layer. 

For example, the at least one source used for the production of the friction-reducing cover­
ing layer can be used in a mam1er sinlllar to what has ah"eady been described above, but 
after a more marked reduction of the carbon content of the process gas, if necessary to 0%. 
Carbidic or metallic targets can be used for the production of the friction-reducing covering 
layer, the carbidic targets offering the advantage that they render possible a larger overall 
carbon content and thus render the layers more resistant. The content of graphitic carbon is 
once again set by the introduction of a carbon-containing reaction gas, where the gas flow 
will be advantageously increased - either as from the moment of switching on the target 
used for the production of the MeC/C layer or with fill appropriate delay - by mean of a 
ramp fimction and maintained constant for a ce1iain period of time at the end of the coating. 

A pfiliicularly advantageous embodiment of the layer is obtained when a thin (0.01 - 0.9 
µm) carbidic layer, a WC layer for example, is first deposited on the DLC layer. It has sur­
prisingly been found that carbidic layers are paiiicularly suitable for assuring good adhesion 
on fill ah"eady deposited DLC layer. The layer strncture is tenninated on the outside by a 
WC/C layer with an increasing carbon content and a thickness of about 0.1 - 05 µrn. Advfill­
tageously, the thiclmess of the MeC/C layer is so chosen as to be smaller thfill that of the 
pure DLC layer. 

A further preferred embodiment of a DLC-slipping layer system in accordance with the in­
vention is obtained when the te1minal slipping layer is applied to a diamond layer that has 
been deposited - for example - by means of a high current/low voltage discharge or hot 
filament tech"nique. 

PLANT 

The task set out above is fiuiher absolved by making available a device for the carrying of 
the coating process in accordance with one of features 1 O to 26, said device comprising a 
vacuum chamber with a pumping system for the production of a vacmun in the vacuum 
chamber, substrate holders for receiving the substrates that are to be coated, at least one gas 
supply unit for feeding and dosing the process gas, at least one vaporizer device to provide 
coating material for deposition, fill arc production device ti ignite a low voltage d.c. arc, a 
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device for the production of a substrate biasing voltage and at least one or more magnetic 
field production devices for the formation of a magnetic field. 

The magnetic field production devices are preferably constituted by at least one Hehnholtz 
coil and, preferably, by a pair ofHehnholtz coils. 

When Hehnholtz coils are used, the magnetic field and/or the density of the magnetic flux 
can be controlled both positionally and in time by means of the current flowing in the coils. 

A further possibility for the production of a longitudinal magnetic field is obtained when 
two magnetrons are arranged on opposite sides of the recipient and each of these is associ­
ated with at least one electromagnetic coil. The at least one coil associated with each mag­
netron is advantageously attached in such a manner as to substantially delimit the entire side 
face of the magnetron magnet arrangement. The polarities of the opposite magnetron mag­
net systems are orientated so as to be diametrically opposed, i.e. the North pole of one sys­
tem faces the South pole of the other system and vice versa. At the same the coils associated 
with the magnetrons are connected to a current source in such a manner that the fields of the 
magnetic coils complement each into a closed magnetic field in accordance with a Hehn­
holtz arrangement and the polarity of the outer poles of the magnetron magnet systems and 
the magnetic coils act in the same direction. Such devices can be advantageously used both 
to intensify the magnetron plasma and to increase ionization during the plasma-CVD proc­
ess. 

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 paiiicularly suit­
able 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 vap01izers and the like. In this connection it is advanta­
geous 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 fonn of 
inductive heating, radiation-heating or the like, in order permit the substrates being cleaned 
by meai1s of a heating step. But plasma ignition is preferred for this purpose. 

To this end, ainong others, the device is provided with a low-voltage arc production device 
that comprises an ion source with a filament, preferably a refractory filament, especially 
made of tungsten, tantalum or similar, inside an ionization chamber, as well as an anode and 
a direct voltage supply. Preferably, the positive pole of the direct voltage supply will be ca­
pable of being selectively cormected to the anode or the substrate holder devices, so that a 
low-voltage arc can be ignited between ion source and anode or between ion source and 
substrates. Similarly to the vaporizer device, the ion source can also be sepai·ated from the 
actual process chamber by means of, for example, a diaphragm made of, for example, tung­
sten, tantalum or a similar refractory metal. 
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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 Hehnholtz coil arrangement, which can also be realized by means oflaterally mounted 
coils enveloping two opposite targets, it has become possible for the first time to utilize a 
stable medium-frequency plasma for carrying out a DLC process on an industrial scale even 
at low pressures. As compared with DLC layers produced by means of other systems, the 
layers produced in this way have greatly improved properties. 

Using the coating plant here described and the previously described process, it is now possi­
ble for the first time to produce thick layers of pure DLC with excellent adhesion. By chang­
ing the process parameters, moreover, it is also possible to carry out a large part of the 
!mown plasma processes for the production of metal-carbon layers or mixed layers with 
other elements, silicon or :fluorine for example, and for the production of multi-layer layer 
systems or simple !mown layer system deposited by means of PVD and/or CVD processes. 

It is also possible to deposit DLC-slipping layer systems with settable slipping and rmming­
in behaviour. 

Further advantages characteristics and features of DLC-slipping layer systems are contained 
in the "Set of Features" appended to the present description. 

Further advantages, characteristics and features of the invention are brought out by the de­
tailed description about to be given of some prefe1Ted embodiments and the drawings at­
tached hereto. The figures, albeit always in a ptu-ely schematic mam1er, show: 

Figure 1 
Figure2 
Figure 3 
Figure 4 
Figme 5 
Figure 6 

Figure 7 
Figme 8 
Figure 9 
Figure 10 
Figure 11 

a cross section through a device in accordance with the invention 
the device in accordance with the invention ofFigtu-e 1 seen from above 
influence of the coil current on the substrate current 
the process parameters dming slipping layer deposition 
the process parameters during DLC layer deposition 
an REM photograph of the fracture surface of a DLC layer in accordance with 
the invention 
the process parameters during deposition of a DLC layer system 
the process parameters dming deposition of a graphitized DLC layer 
the process parameters during deposition of an inverse gradient layer 
the process parameters during deposition of a gradient layer 
the process parameters during deposition of a hydrogen-rich layer 

Figure 1 shows a schematic cross section tlu-ough the process chamber 1 of a coating plant 
in accordance with the invention. The parts to be coated 2 are mom1ted one or more holding 
devices 3 that comprise means for the production of at least a simple rotation 4 and, if nec­
essary, also second rotation 5. In a particularly advantageous embodiment the holding de­
vices 3 are positioned on a stage 7 that can itself rotate about the plant axis 6. 
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The various process gases, especially argon and acetylene, can be fed into the process 
chamber through the gas inlets 8 and appropriate regulation devices that are not show in the 
drawing. 

A pumping set 9 capable of producing a high vacuum is attached to the chamber by means 
of a flanged connection. 

An ion source 10 is preferably arranged in the region of the plant axis and is connected to 
the negative output of a direct voltage supply 11. Depending on the particular process step, 
the positive pole of direct voltage supply 11 can be connected by means of a switch 12 on 
the stage 7 either to the holder device 3 and therefore 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 the gradient layer. In 
another embodiment of the vaporizer source 14, which is not here illustrated, this source can 
be arranged as an anodically switched crncible in the floor of process chamber I. The mate­
rial for the production of the transition or gradient layer is brought into the gaseous phase by 
means of heating by the low-voltage arc 15. 

The chamber is further provided with an additional electric voltage supply 16, which can be 
used to apply to the substrates a periodically variable medium-frequency voltage in the 
range between 1 and 10,000 kHz, preferably between 20 and 250 kHz. 

The electromagnetic coils for the production of a longih1dinal magnetic field permeating the 
entire plasma space are aITanged on opposite walls of process chamber 1 and are fed by at 
least one or, preferably, two separate direct voltage sources (not here shown) in such a way 
as to act in the same direction. 

All the coating tests were earned with a processing chamber similar to the one shown in 
Figure 1 that had the following dimensions: 

Chamber height 920 mm, diameter 846 mm, volume 560 litres. 

As additional measures to intensify the magnetic field and/or to render the field and there­
fore also the medium-frequency plasma 18 more uniform, magnet systems 20 for the forma­
tion of several near fields 21 may also be attached to the side walls 19 of the plasma cham­
ber 1. In this connection it will be advantageous, possibly by using the at least one magne­
tron magnet system 22, as shown - for example - in Figure 2, to aITange the magnet systems 
alternately with NSN and SNS polarity, thereby enclosing the plasma in the process cham­
ber in a hmnel- or loop-shaped magnetic envelope. 

The magnet systems 20 for the production of the near fields are preferably formed as mag­
netron magnet systems. 

The individual systems of the coating plant are advantageously are preferably inteITelated 
by means of a process control. In this way it will be possible to flexibly adapt to each other 
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and to optimize for different processes not only the basic functions of a vacuum coating 
plant (pmnping set control, safety control circuits, etc), but also the various plasma produc­
tion systems, such as the magnetrons with the magnetron supply (not here described in de­
tail), 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 cun-ent when Helm­
holtz coils are used to build up a magnetic field. It can be seen that the substrate 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 supe1posed magnetic 
field. 

By way of example, Figure 4 illustrates the variation of individual parameters during 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 voltage to a middle frequency­
with an amplitude voltage between 500 and 2500 V and a frequency between 20 and 250 
kHz. After about 2 minutes an acetylene ramp is started at 50 seem and then stepped up to 
350 seem over a period of about 30 minutes. About 5 minutes after the switching on of the 
medium-frequency generator, the power of the employed chromium target is brought up to 7 
kW and then brought back to 5 kW, after another 10 minutes, where it is kept constant for a 
further 2 minutes. The shields are then moved out to in front of the targets, which are 
switched off, thus connnencing the deposition of the "pure" DLC layer, which is essentially 
made up of carbon, small quantities of hydrogen and even smaller quantities of argon atoms. 

In the simplest case this process can be completed with the vaporizer source switched off, 
but with all the other parameters as they were for the previous gradient layer. But it has been 
folllld to be advantageous if during the course of the deposition of a pure DLC layer one 
either increases the carbon content of the gas flow or reduces the inert gas content or, pref­
erably, adopts both these measures. Here, once again, the fmmation of a longitudinal mag­
netic field as desc1ibed above becomes particularly important for the maintenance of a sta­
ble plasma. 

Figmes 4 and 5, by way of example, illustrate the variation of individual parameters during 
the application of the pure DLC layer. Following the switching off of the employed chro­
mium target, while both the medium-frequency supply and the argon flow are kept at their 
previous values, the acetylene ramp commenced during the deposition of the gradient layer 
is stepped up mrif01mly to between about 200 and 400 seem over a period of about 10 min­
utes. Subsequently the argon flow is continuously diminished over a period of about 5 min­
utes to a flow rate of the order of 0 to 100 seem. The process is then completed during the 
next 5 5 minutes with constant parameter settings. 

Figure 6 shows a raster electron microscope photograph of the fracture surface of a DLC 
layer system in accordance with the invention. It can clearly be seen that the region of the 
covering layer of diamond-like carbon has a fine-grained structure, so that the DLC layer 
has a polycrystalline character. 
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Figure 7, again by way of example, illustrates the overall variation of the individual parame­
ters during the application of a DLC layer system in accordance with the invention. 

Figure 8 shows another example, this time the overall vaiiation of the individual process 
parameters during the application of a DLC-slipping layer system in accordance with the 
invention. To this end the application of the DLC layer is followed - depending on the de­
sired layer thiclmess, possibly after the deposition has continued for between 33 and 60 
minutes - by setting the pulsed substrate bias by means of a voltage ramp to a value be­
tween 1500 and 2500 V and then depositing a running-iI1 layer tmder constant conditions, all 
other process parameters remaining as before. 

Figure 9 shows by way of example the overall variation of the individual parameters dming 
the application of a DLC-slipping layer system in accordance with the invention with an 
inverted gradient layer. To this end the application of the DLC layer is followed - depend­
ing on the desired layer thickness, possibly after the deposition has continued for between 
33 and 60 miimtes - the power of the at least one target is first kept at 5 kW for 10 milmtes 
while the target is freely sputtered behind closed screens, after which the screens are opened 
and the power is raised to 7 kW over a period of about 30 minutes. At the same time the 
acetylene ramp may be staited at, say, 350 seem and reduced to 50 seem over about 30 1nin­
utes. Subsequently the process is completed, preferably keeping the paraineters constant 
until the desired thiclmess of the rumring-in layer is attained. 

Figure 10 gives an example of the variation of the illdividual process pai·ameters during the 
deposition of a gradient layer as slipping layer. This can be done ill a manner sinrilar to the 
transition layer, but also without a metallic adhesion layer. Here, too, a numillg-ill layer can 
be advai1tageously provided as terminal layer, keepillg the paraineters constant. 

Figure 11 shows an example of the overall variation of individual process paraineters dming 
the application of a DLC-slippillg layer system ill accordance with the iiwention with a slip­
pillg layer rich ill hydrogen. Here the deposition of the DLC layer is followed by a methane 
rainp during which the supply is stepped up, for example from 0 to 100 seem ill about 30 
millutes. An acetylene ramp is staited at the saine time, at 250 seem for example, and then 
reduced to 120 seem ill the course of about 30 minutes. The nmnillg-ill layer is deposited 
with constai1t parameters as termllial layer. 
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Examples of the carrying out of the invention 

Process Example 1 

Heating process 

The process chamber is evacuated to a pressure of about 10-5 mbar, after which the process 
sequence is commenced. A heating process is carried as the first part of the process in order 
to raise the temperature of the substrate that is to be coated and free it from volatile sub­
stances adhering to its surface. To this end and argon-hydrogen plasma is ignited by means 
of a low-voltage arc between the ionisation chamber and the an auxiliary anode. The follow­
ing Table 1 sets out the process parameters of the heating process: 

Argon flow 75 seem 
Substrate biasing voltage [VJ 0 
Current of the low-voltage arc lOOA 
Hydrogen flow 170 seem 
Current of upper coil Fluctuating between 20 and 10 A 
Current of lower coil Fluctuating between 20 and 5 A in oppo-

site direction 
Duration of period between maximum and 1.5 minutes 
minimmn coil cmTent 
Heating time 20minutes 

The Hehnholtz coils are used to activate the plasma and are cyclically controlled. The cur­
rent in the upper coil varies between 20 and 10 A with a period of 1.5 minutes, while the 
current in the lower coil vaiies between 5 and 20 A with the saine period but in the opposite 
direction. 

The substrates wann up and the disturbing volatile substances adhering to their surfaces are 
driven into the gas atmosphere, whence they ai·e sucked away by the vacuum pumps. 

Etching process 

Once ai1 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 intensity of the plasma are sup­
ported by the pair of Hehnholtz 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 seem 
Substrate voltage -150V 
Current oflow-voltage arc 150A 



- 21 - 0 5 OCT 2004 

Chromium adhesion layer 

The deposition of the chromium adhesion layer is commenced by activating the chromium­
magnetron sputter targets. The argon flow is set to 115 seem. The chromium sputter targets 
are operated at a power of 8 kW and the substrates are then rotated past the targets for ape-
1iod of 6 minutes. The pressure that becomes established will lie between 10-3 and 10-4 

mbar. The sputter process is supported by the switching on of the low-voltage arc and the 
application to the substrates of a negative direct biasing voltage of 7 5 V. 

The low-voltage arc is switched off after half the chromirnn sputter time has elapsed and for 
the remainder of the chromimn sputter time the deposition is continued only with the help of 
the active plasma in front of the targets. 

Gradient layer 

After this time has elapsed, a plasma is ignited by switching on a sinusoidal oscillator. 
Acetylene is introduced into the chamber at an initial pressure of 50 seem and the flow is 
then increased by 10 seem each minute. 
The sinusoidal plasma generator is set to an amplitude voltage of 2400 V at a frequency of 
40 kHz. The generator ignites a plasma discharge between the substrate holders and the 
chamber wall. The Hehnholtz coils attached to the recipient are both activated with a con­
stant current throughput, the cun-ent amounting to 3 A in the lower coil and 10 A in the up­
per coil. The clu·omium target are deactivated when the argon flow reaches 230 seem. 

DLC coating 

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

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

Argon flow 50 seem 
Acetylene flow 350 seem 
Excitation current in upper coil lOA 
Excitation cun-ent in lower coil 3A 
Voltage amolitude 2400V 
Excitation frequency 40kHz 

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 established in the coating 
process will be in the range between 0.5 and 4.0 µmlh, the precise value depending also on 
the areas that have to be coated in the process chamber. 

At the end of the coating period the sinusoidal generator and the gas flow are switched off 
and the substrates are removed from the process chamber. 
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The properties of the resulting layer are smnmarized iu the followiug table: 

Properties - Example 1 
Micro hardness about 2200 fil( 
Deposition rate 1-2 µm/h 
Adhesion HFl 
Resistance <lOkQ 
Hydrogen content 12% 
Coefficient of friction 0.2 
Internal stress about2 GPa 
Fracture behaviour Not glass-like 

Process Example 2 

Process Example 2 involves a procedure similar to that of Example 1. In contrast with Ex­
ample 1, however, the plasma is now produced by a pulse generator. The excitation fre­
quency is of the order of 50 kHz with an amplitude voltage of700 V. 

The parameters of the example are set out i11 the following table: 
. 

Argon flow 50 seem 
Acetylene flow 350 seem 
Excitation current in upper coil lOA 
Excitation cmTent in lower coil 3A 
Voltage amplitude 700V 
Excitation freouency f 40kHz 

The coating produced in this example has a hardness of25 GPa, an adhesion ofHFl, and a 
coefficient of friction of 0.2. 

Properties - Example 2 
Micro hardness about 2400 HK 
Deposition rate about 1.5 um/h 
Adhesion HFl 
Resistance >500kQ 
Hydrogen content 13% 
Coefficient of friction 0.2 
Internal stress about2 GPa 
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Process Example 3 

Process Example 3 involves a procedure similar to that of Example 1. In contrast with Ex­
ample 1, however, the plasma is now excited by a unipolar pulsed voltage. 

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

Argon flow 50 seem 
Acetylene flow 350 seem 
Excitation current in upper coil lOA 
Excitation current in lower coil 3A 
Voltage amplitude 1150V 
Excitation frequency f 30kHz 

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

Properties - Example 3 
Microhardness >2400HK 
Deposition rate about 1.8 µm/h 
Adhesion HFl 
Resistance >l kQ 
Hydrogen content 12-16% 
Coefficient of :friction 0.2 
Internal stress about2 GPa 

Process Example 4 

As compared with Process Example 1, Example 4 involved a process without the support of 
a longitudinal magnetic field. The cun-ent 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 seem 
Acetylene flow 350 seem 
Excitation current in upper coil OA 
Excitation current in lower coil OA 
Voltage amplitude 2400V 
Excitation frequency f 40kHz 

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 process pressure - it is also slower than in 
Example 1. At the desired process pressures it was not possible to obtain the f01mation of a 
plasma without the use of a second plasma source, a target for example, or the switching on 
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of the filament. Only the use of the Hehnholtz coils made it possible to stabilize the plasma 
in the process chamber and to obtain a homogeneous deposition over the height of the proc­
ess chamber. Without the use of the coils, moreover, a plasma ignited in the region of the 
ionisation chamber, where high local temperatures are produced and one therefore has to 
fear destruction. 

Properties - Example 4 
Micro hardness Inhomogeneous 1200 - 2500 HK 
Deposition rate Inhomogeneous 
Adhesion Inhomogeneous 
Resistance >l kO 

Slipping layer systems 

The subsequent process examples were use to apply different slipping to the DLC layers 
described above in order to produce layer systems in accordance with the invention. When 
this is done, care must be taken to ensure that the process, inclusive of all the preliminaiy 
treatments of the plasma ai1d the coating steps, are carried out continuously and without 
interruption of the vacuum in order to obtain an optimal layer adhesion. 

Table 5 sets out the details of the different process examples, each of which produced a 
graphitised slipping layer. 

Process example 5 6 7 
DLC layer system , Example as 1, but voltage as 2 as 3 

ainplitude 1000 V 
Argon flow 50 seem 50 seem 50 seem 
Acetylene flow 350 seem 350 seem 350 seem 
Excitation current in uooer coil JOA IOA IOA 
Excitation current in lower coil 3A 3A 3A 
Substrate voltage amplitude 2400V 2400V 2400V 
Voltage ramp 15 minutes 25 minutes 15 minutes 
Excitation frequency f 40kHz 40kHz 30kHz 
Excitation type AC sinusoidal bipolar pulse Unipolar pulse 
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Table 6 shows various possible ways of fanning a slipping layer, for example a tenninal 
gradient layer (No.8), an inverse gradient layer (No.9), or a hydrogen-rich carbon layer 
(No.10). 

Process example 8 9 10 
DLC layer, No. 1 2 2 
Argon flow 1 30 seem 50 seem 50 seem 
Argonflow2 30 (100) seem - -
Argon ramp 0 (10) minutes - -
Acetylene flow 1 Osccm 350 seem 350 seem 
Acetylene flow 2 350 seem 350 seem 350 seem 
Argon ramp 15 minutes 20 minutes 20minutes 
Methane flow 1 - - 0 seem 
Methane flow 2 - - 150 seem 
Methane ramp - - 20minutes 
Power chromium target 1 8kW 7kW -
Power chromium target 2 7kW - -
Chromimn target ramp 20 minutes 30 minutes -
Excitation current upper coil lOA lOA lOA 
Excitation current lower coil 3A 3A 3A 
Substrate voltage amplitude 2400V 700V 1150V 
Excitation :frequency f 40kHz 40kHz 30kHz 
Excitation type AC sinusoidal bipolar pulse unipolar pulse 

* The acetylene ramp in this case may be connnenced also 5-10 minutes after the chromium 
targets have been switched on. Such a procedure is particularly advantageous when the DLC 
layer and the slipping layer are deposited in different process chambers or coating plants. A 
direct voltage source may be used to apply the biasing voltage to the substrate in place of 
the sinusoidal generator. 

Further, the graphite component can be increased by Co-sputtering of carbidic targets, pos­
sibly WC and/or graphite targets, which may be switched on either simultaneously or like­
wise with a time delay. If one wants to exploit the particularly favourable slipping properties 
of tungsten or tantalum layers or niobium/carbon layers, it will be advantageous to switch 
off the chromilUll targets after the formation of an adhesion and/or gradient layer or to step 
them down and complete the process only with the appropriate metal or metal carbide tar­
gets: 

The properties of the resulting DLC layer are s=arized in Tables 8 and 9 below. 

Table 8 

Test No. 5 6 7 
Adhesion HF 1 HF 1 HFI 
Resistance < lOOkQ < 100 kQ < lOOkQ 
Coefficient of :friction about 0.08 about 0.07 about 0.13 
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Table9 

Test No. 8 9 10 
Adhesion HF 1 HF I HF 1 
Resistance <I kQ <I kQ < IOOkQ 
Hydrogen content n.s. n.s. >30atom% 
Coefficient of friction about 0.08 about 0.07 about 0.13 
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Features of a DLC layer system 

1. A layer system for wear protection, conosion protection and improvement of the slip­
ping properties and the like with an adhesion layer to be ananged on a substrate, a 
transition layer to be ananged on the adhesion layer and a covering 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 transition layer comprises carbon and at least one ele­
ment of the group that contains the elements of the fourth, fifth and sixth subgroups 
and silicon, and the covering 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 Feature 1, characterized in that the transition 
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 mai.mer 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 features, characterized in 
that the covering layer has a greater thickness than either the adhesion layer or the 
transitions layer. 

4. A layer system in accordance with any one of the preceding features, characterized in 
that the transition layer ai.1d/or the covering layer also comprises hydrogen and tm­
avoidable pollutions, where the tmavoidable pollutions comprise inert gases,· espe­
cially argon ai.1d xenon. 

5. A layer system in accordance with Feature 4, characterized in that the coveling layer 
contains either exclusively carbon or carbon and hydrogen. 

6. A layer system in accordance with Feature 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 features, characterized in 
that the at least one element of the group that comprises the elements of the fomih, 
fifth ai.1d sixth subgroup is titai.rimn ai.1d/or chromimn. 

8. A layer system in accordance with any one of the preceding features, characterized in 
that both the adhesion layer and the h·ansition layer have a thickness of from 0.05 µm 
to 1.5 µm, preferably from 0.1 µm to 0.8 µm. 

9. A layer system in accordance with any one of the preceding features, characterized in 
that covering layer has thickness of from 0.5 ~Lm to 20 µm, preferably from 1.0 µm to 
lOµm. 

10. A layer system in accordance with ai.1y one of the preceding features, characterized in 
that the covering layer consisting of diaJ.Hond-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 Feahn·es 1 to 10, characterized in that the process 
comprises: 
a) introducing the substrate into a vacumn chaJ.Hber ai.1d evacuating the chaJ.Hber U11til 

a pressure ofless than 104 mbar, preferably less thai.1 10-5 mbar, is attained, 
b) cleaning the substrate surface, 
c) plasma-supported deposition of the adhesion layer on the substrate, 
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d) depositing the transition layer on the adhesion layer by the simultaneous plasma­
supported deposition of the adhesion layer component and deposition of carbon 
from the gaseous phase, 

e) application of a diamond-like covering layer on the transition layer by means of 
plasma-supported deposition of carbon from the gaseous phase, 

wherein a substrate biasing voltage is applied to the substrate at least during process 
steps c(, d) and e) and the plasma is stabilized by means of a magnetic field at least 
during process steps d) and e). 

12 A process in accordance with Feature 11, characterized in that the cleaning of the 
substrate surface comprises a heating step and/or an etching step. 

13. A process in accordance with Feature 12, characterized in that the heating step con­
sists of radiation heating, inductive heating and/or bombardment with electrons. 

14. A process in accordance with Feature 13, characterized in that the electron bom­
bardment is effected by igniting a low-voltage arc and the simultaneous 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 Feahrre 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 continuous negative bias­
ing voltage is applied to the substrate. 

16. A process in accordance with Feahrre 10, characterized in that the etching step is 
carried out by means of ion etching with an inert gas, preferably argon, and/or hydro­
gen 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 Features 10 to 16, characterized in that the 
deposition of the adhesion layer is canied out by means of Plasma-CVD processes, 
PVD processes, especially arc vapmization, ion plating processes or cathodic sputter­
mg. 

18. A process in accordance with Feature 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 Feahu·e 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 ofFeahrres 10 to 19, characterized in that an 
inert gas or an inert gas/hydrogen mixture, preferably an argon/hydrogen mixture, is 
introduced into the vacuum chamber for the ignition of a plasma. 

21. A process in accordance with any one of Features 10 to 20, characterized in that the 
transition layer is formed by the simultaneous deposition of at least one element of the 
group that contains the elements of the fourth, fifth and sixth subgroup and silicon by 
means of a process in accordance with any one of Features 17 to 20 and plasma­
supported deposition of carbon from the gaseous phase, wherein a carbon-containing 
gas, preferably a hydrocarbon gas, especially acetylene, is used as an additional reac­
tion gas. 
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22. A process in accordance with Feature 21, characterized in that the percentage share 
of the carbon deposition is increased, either continuously or in steps, as the thiclrness 
of the transition layer increases. 

23. A process in accordance with any one of Features 10 to 22, characterized in that the 
diamond-like carbon layer that constitutes the covering layer is produced 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 Features 21 or 23, characterized in that the 
reaction gas for the deposition of carbon comprises not only the carbon-containing 
gas, but also hydrogen and/or inert gas, preferably argon and/or xenon. 

25 A process in accordance with Feature 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 dming the deposition of the covering layer. 

26. A process in accordance with any one of Features 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 Feature 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 Features 10 to 27, characterized in that a 
longitudinal magnetic field with a unifonn field line pattern is superposed on the sub­
strate during the cleaning and/or the application of the adhesion layer and/or the transi­
tion 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 Features 10 to 28, characterized in that the 
deposition of the adhesion layer and/or the transition layer and/or the covering layer of 
diamond-like carbon is carried out at a pressure of from 104 to 10-5 mbar. 

30. A device for coating one or more substrates, especially for carrying out the coating 
process in accordance with any one of Features 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 sup­
ply unit (8) for dosing the supply of process gas, at least one vaporizer device (14) to 
make available coating material for deposition, an arc generation device (10, 13) to ig­
nite a low-voltage d.c. arc, a device (16) for the generation of a substrate biasing volt­
age and with at least one or several magnetic field generator devices (17) for the for­
mation of a far magnetic field. 

31. A device in accordance with Feature 30, characterized in that the magnetic field 
generator device (17) consists of at least one Hehnholtz coil. 

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

33. A device in accordance with any one of Features 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 Features 30 to 33, characterized in that the 
vaporizer device (14) comprises sputter target, especially magnetron sputter targets, 
arc sources, thermal vaporizers and the like. 
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35. A device in accordance with any one of Features 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 Features 30 to 35, characterized in that the 
device also comprises substrate heating in the form in the form of inductive heating, 
radiation heating and the like. 

37 A device in accordance with any one of Features 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 co1111ected to the negative 
pole of the direct current supply (11 ). 

38. A device in accordance with Features 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 Features 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 ionization chamber and can be 
separated by means of a shield, preferably a refractory shield, especially of tungsten, 
tantalum or similar, from the process chamber (1). 

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

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

1. A layer system for wear protection, corrosion protection and improvement of the slip­
ping 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 DLC or difilt10nd layer, 
characterized in that on the DLC or diamond layer there is arrfil1ged a slipping layer 
having a chemical composition that is different from the composition of the DLC or 
diamond layer. 

2. A layer system in accordance with Claim 1, characterized in that the percentage 
share of sp2 bonds and/or the sp2/sp3 ration in the slipping layer is greater thfil1 in the 
DLC or diamond layer. 

3. A layer system in accordance with Claim 1 or Claim 2, characterized in that the 
hydrogen content of the slipping layer is greater than the hydrogen content of the DLC 
or diamond layer and that its carbon content is smaller. 

4. A layer system in accordance with Claim 3, characterized in that the slipping layer 
has a hydrogen content of from 20 to 60 atom%, preferably from 30 to 50 atom%. 

5. A layer system in accordance with any one of Claims 2 to 4, characterized in that the 
chfil1ge of the bond ratio filld!or the increase of the hydrogen content over the thiclmess 
of the slipping layer takes place either continuously or in steps. 

6. A layer system in accordfil1ce with Claim 1, characterized in that the metal content 
of the slipping layer is greater than the metal content of the DLC or difilnond layer. 

7.. A layer system in accordance with Claim 1, characterized in that the metal content 
of the slipping layers increases in steps or, preferably, continuously, while the carbon 
content diminishes. 

8. A layer system in accordance with Claim 5 and Claim 6, characterized in that that 
the DLC or diamond layer is followed by at first a layer with a high metal content, 
preferably a metallic or carbidic layer, and then by a layer with a diminishing metal 
content and fill increasing cfil·bon content. 

9. A layer system in accordance with any one of the preceding claims, characterized in 
that in that a region of constant chemical composition is arranged in the part of the 
slipping layer close to the surface. 

10 A layer system in accordance with filly one of the preceding claims, characterized in 
that the coefficient of friction of the surface of the slipping layer is smaller than µ = 
1.5, preferably smaller thanµ= 1.0, and that the adhesion of the layer system is better 
than 3 HF, especially better than 2 HF .. 

11. A layer system in accordance with filly one of the preceding claims, characterized in 
that the thickness of the transition layer amounts to between 5 and 60%, preferably 
between IO filld 50%, of the total thickness. 

12. Layer systems in accordfillce with filly one of the preceding claims, characterized in 
that the adhesion layer, the trfillsition layer, the DLC or diamond layer filld!or the slip­
ping layer comprises also hydrogen filld!or unavoidable impurities, while the unavoid­
able impurities comprise inert gases, especially argon fil1d xenon. 

13. A layer system in accordfillce with filly one of the preceding claims, characterized in 
that the DLC or difilnond layer has a thickness of from 0.05 ~L111 to 10 µm, preferably 
from 0.5 µm to 5 µm. 

15. A layer system in accordfillce with filly one of the preceding claims, characterized in 
that the DLC or diamond layer of diamond-like carbon has a fine-grained layer struc­
ture or consists of nfillocrystalline difilnond. 
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16. A layer system in accordance with any one of the preceding claims, characterized in 
that the slipping layer is applied on a DLC layer system. 

17. 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 16, characterized in that the process com­
prises the following process steps:: 
a) introducing the substrate into a vacuum chamber and evacuating the chamber until 

a pressure ofless than 10-3 mbar, preferably less than 10-5 mbar, is attained, 
b) cleaning the substrate surface, 
c) plasma-supported deposition of the adhesion layer on the substrate, 
d) depositing the transition layer on the adhesion layer by the simultaneous plasma­

supported deposition of the adhesion layer component and deposition of carbon 
from the gaseous phase, 

e) applying the DLC or diamond layer on the transition layer by means of plasma­
supported deposition of carbon from the gaseous phase, 

f) applying the slipping layer on the DLC or diamond layer by means of the deposi-
tion of carbon from the gaseous phase, 

wherein a substrate biasing voltage is applied to the substrate at least during process 
steps c ), d), e) and f) and the plasma is stabilized by means of a magnetic field at least 
during process steps d) and e). 

18. A process in accordance with Claim 17, characterized in that at least during one of 
process steps b) to f) a bipolar or unipolar biasing voltage is applied to the substrate, 
where said biasing voltage, which may be sinusoidal or of some other shape, is pulsed 
in the medium-frequency range between 1 and 10,000 kHz, preferably between 20 and 
250kHz. 

19. A process in accordance with Claim 17 or Claim 18, characterized in that at least 
during one of process steps b) to f), preferably at least during the process steps d) and 
e ), there is applied a longitudinal magnetic field with a uniform field line pattern that 
envelops the substrates and is capable of being varied in time and/or in space either 
continuously or in steps. 

20. A process in accordance with any one of Claims 17 to 19, characterized in that that 
the transition layer and the slipping layer are formed by the simultaneous deposition of 
at least one element of the group of elements that contains the elements of the fourth, 
fifth and sixth subgroup [of the periodic table] and silicon by means of a process in ac­
cordance with Claim 30 or Claim 31 and plasma-supported deposition of carbon from 
the gaseous phase, where a carbon-containing gas, preferably a hydrocarbon gas, espe­
cially acetylene, is used as reaction gas. 

21. A process in accordance with any one of the preceding claims, characterized in that 
for the purposes of applying the slipping layer a metal-containing layer, preferably a 
metallic or carbidic layer, is first deposited on the DLC or diamond layer and that the 
percentage share of the carbon deposition is increased in the direction of the surface 
either continnously or in steps as the thickness of the slipping layer increases. 

22. A process in accordance with Claims 17 to 21, characterized in that the percentage 
share of the carbon deposition is diminished in the direction of the surface either con­
tinuously or in steps as the thickness of the slipping layer increases and the percentage 
share of the metal or hydrogen deposition is increased. 

23. A process in accordance with Claims 17 to 22, characterized in that the DLC or dia­
mond layer is produced by plasma-CVD deposition of carbon from the gaseous phase, 
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where a carbon-containing gas, preferably a hydrocarbon gas, especially acetylene, is 
used as reaction gas. 

24. A process in accordance with any oue of Claims 17 to 23, characterized in that proc­
ess step b) to f) are carried out at a pressure of 10-4 mbar to 10-2 mbar. 

25. A device for coating one or more substrates, especially for carrying out the coating 
process in accordance with any one of Claims 17 to 24, with a vacuum chamber (1) 
with a pumping system (9) for the production of a vacuum in vacuum chamber (1 ), 
substrate holding 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 deposition, 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 several magnetic field generator devices (17) for the 
formation of a far magnetic field, wherein the device for the production 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 can be 
rendered either unipolar or bipolar with a frequency in the medium-frequency range. 

26. A device in accordance with Claim 25, characterized in that the magnetic field gen­
erator device for the formation of a far magnetic field comprises at least two electro­
magnetic coils, each of which laterally envelops one of two magnetron devices ar­
ranged opposite each other, wherein the polarities of the opposite magnetron magnet 
systems are so orientated that the North pole of one system faces a South pole of the 
other system and that the coils associated with each system are simuitaneously con­
nected to a current source in such a manner that the fields of the magnetic coils com­
plement each other into a closed magnetic field and the polarity of the outer poles of 
the magnetron magnet systems and the magnetic coils act in the same direction. 

t 


