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(S7) Abstract

The invention relates to a substrate (1)
covered at least in part with a coating (6) com-
prising a number of layered structures (2), each
such structure comprising a first diamond like
nanocomposite composition layer (3) closest to
the substrate, which composition comprises in-
terpenetrating networks of a.C:H and a.51:0, a
second diamond like carbon composition layer
(4) on top of said first layer, a transition layer (5)
between said first and second layer comprising a
mixture of said diamond like nanocomposite and
said diamond like carbon composition; and when
the number of layered structures (2) is greater
than one, then the coating (6) comprises an in-
termediate layer (7) comprising a mixture of said
diamond like carbon and diamond like nanocom-
posite compositions sandwiched between each
pair of consecutive layered structures (2). It also

relates to a process for manufacturing such a cov-
ered substrate.

ARSIl ¢ T AR SO ATV A AL ] AL AR nGinil i RARARR Ok L | L R A S0 INCEACE R 4 T L S B At sl A PRS- R TN Crint: - Mt RIS Mivy: e TR0 SRR UUMI i Sk bbbl ¥ PP

5: aA- *y Bekaert*

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification © : (11) International Publication Number: WO 98/33948 |
C23C 14/00, 16/02, 16/30, 28/04 Al |
(43) International Publication Date: 0 August 1998 (06.08.98)
— — - — - — — — — - |
(21) International Application Number: PCT/EP98/00527 | (81) Designated States: CA, JP, US, European patent (AT, BE, CH,

02277977 1999-07-21

oy

| Published

DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT,
SE).

With international search report.

Before the expiration of the time limit for amending the

claims and to be republished in the event of the receipt of
amendments.

\\\\\\\\\\\\\\\\\\\\\\\\

.90, 070.9.90.0. 0.0

Q000 0.0 0000 0¢.

L L L L 7

474V a" QVAVAVA"A“'AVAVAVAVA"A"A"A'A'A"A'AVAVA"a‘

AT

OGO 0,0,0.0. 04 0. 0,0,0.0.0,0.0,0.00.6.6.000.0.0,5,7,°

a¥ava% 0" 0. @,

L e s/

e X KA X A X AN X AW Y SANANAARA RN

9
4
5
3
7
4
5
IR N 3




10

15

20

25

30

35

WO 98/33948

CA 02277977 1999-07-21

A COATING COMPRISING LAYERS OF DIAMOND [IKE CARBON AND DIAMOND LIKE
NANOCOMPOSITE COMPOSITIONS.

Field and background of the invention

The invention relates to rigid or flexible substrates covered with a
thin coating of diamond-like material which thereby render the
substrate surfaces i.a. very hard, corrosion and wear resistant and

self-lubricating at the same time. The invention relates also to
certain vacuum processes for coating the substrates.

It is generally known to coat substrates with films of diamond-1ike
carbon. Diamond-Like Carbon (DLC) films are amorphous hydrogenated
carpon films (a-C:H) that display high hardness and high elasticity
combined with good corrosion protection, chemical inertness and a
smooth surface. These properties make these films feasible for indus-

trial applications such as hard, wear resistant, self lubricating and
corrosion resistant coalings.

However, DLC films show several drawbacks that impede their succesful
commercial introduction. The most important practical probiem is the
difficuit adhesion to several substrates, particularly steel sub-
strates. This difficulty is caused by the high compressive residual
stresses, up to several GPa, present in the material. Other disadvan-
tages are the low thermal stability, 1imiting the working temperature
to about 300°C. the low transmission for visible light and the
increase of the coefficient of friction with increasing air humidity.

Doping DLC with both metals (Ti, Zr. W, Nb. Ta) and non-metallic
elements (Si, F, 0, B, N) favourably influences many properties but
generally lowers the hardness. Likewise, the interposition of Si. SiC
or metal (Al, Ti) between the substrate and a DLC-layer. although

mmproving its adhesion to the substrate, provides only for a soft
interface.
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It is also known from U.S. patent 5,352,493 to coat substrates with
certain diamond-like nanocomposite compositions (DLN). Diamond-Like
Nanocomposite coatings consist of an amorphous structure, comprising
generally two 1interpenetrating networks a-C:H and a-Si:0: DLN. or
Dylyn™. DLN exhibits several attractive properties when compared with
Diamond-Like Carbon (a-C:H, DLC). Besides the higher temperature
stability, the retaining of mechanical properties upon doping with
metals and the low internal stress facilitating adhesion. the very
low coefficient of friction (< 0.1), often even in humid air and

under water, 1s of prime importance for many industrial tribological
applications.

However, with the present state-of-the-art deposition technology for
DLN using a liquid polyphenyimethylsiloxane precursor, the hardness
of the DLN coatings, as measured by depth-sensing indentation. varies
generally between 12 GPa and 17 GPa. For several applications, such
as abrasive applications, situations of impact erosion or severe
tribological applications. this hardness value may be insufficient.
In those cases. a hardness of 20 to 25 GPa may be desirable.

Objects and summary of the invention

There is presently a high demand in the market for substrate coatings
which can largely retain the favourabie intrinsic properties of DLC-
layers throughout the entire coating thickness and thereby avoid its
drawbacks, in particular its bad adhesion to the substrates and its

sensibility to compressive stresses. It is a first object of the
invention to provide such improved coatings.

It is a second object of the invention to provide such coatings which
have low stresses throughout their entire thickness., also for
substantially thick coatings. It is a third object of the invention
to provide such coatings with improved tribological properties. in
particular under humid conditions. It is a further object to produce
such coatings with controlled wettability or non-sticking properties
(low surface energy). In this manner they can become a substitute for

PCT/EP98/00527
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Teflon™which is very soft, or they can be used as a hard release
coating in moulds. It is another object to produce such coatings with
controlled transparency and/or heat or electrical conductivity.

It is also an object to design and produce such coatings - in parti-
cular relatively thick coatings - in a flexible manner compared to
the conventional vacuum deposition processes for DLC- or modified
DLC-coatings.

According to the invention the substrate is covered, at least 1n
part, with a multilayer coating comprising a number of layered
structures each such structure comprising

. a first diamond Tike nanocomposite composition layer closest to
the substrate, which composition comprises interpenetrating networks
of a-C:H and a-S1:0,

- a second diamond like carbon composition layer on top of said
first layer, and

- a transition layer between said first and second layer compri-
sing a mixture of said diamond 1ike nanocomposite and said diamond
like carbon compositions. When the number of said layered structures
is greater than one, then the coating includes an intermediate layer
comprising a mixture of said diamond like carbon and diamond 1ike
nanocomposite compositions sandwiched between each pair of such
consecutive layered structures.

The building up in this manner of a stack of very thin slices of DLC
alternated with DLN allows indeed to deposit thicker coatings which
display low stress and which thereby resist better abrasion and wear
forces.

According to the invention said first layer can have a thickness of
more than 0.10 and up to 3 tm. Said second layer is thinner than said
first layer and has preferably a thickness of between 0.1 and 2 pm
whereas said transition layer has preferably a thickness of between
0.1 and 1 um.
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Another top layer can be added which comprises a specific diamond
like nanocomposite composition at 1its outer surface in view of

controtling in addition the wettability or non-sticking properties of
the top surface of said coating.

To improve further the tribological properties of the coating, the
nanocomposite compositions will preferably comprise in proportion to
their sum of C-, Si- and O-content in at%, 40 to 90 % C. 5 to 40 % Si
and 5 to 25 % 0. To influence 1its conductivity, the coating can
further be doped with a transition metal (of the Group IV to VII) in
at least one of said first., second., transition or intermediate
layers. In particular W, Zr and Ti are well suited. Any of said

layers can further contain 0.5 to 5 at% of an inert gas such as N, Ar
or Kr.

A fiexible process for manufacturing the covered substrate according
to the invention comprises the steps of

a) depositing in a vacuum chamber said first Tayer starting from
a continuously 1introduced fluid organic precursor containing the
elements C, H, 51 and O to be deposited in a suitable proportion,
forming continuously a plasma from said precursor and depositing said
composition from the plasma on the substrate to which a negative bias
voltage is applied :

b) gradually exchanging said precursor by a hydrocarbon, forming
continuously a plasma from the mixture of the precursor and the
hydrocarbon and depositing a transition layer from said mixture in

plasma form on the negatively charged substrate covered meanwhile
with the diamond 1ike nanocomposite composition whereby said mixture

composition gradually changes from a diamond 1ike nanocomposite
composition to a diamond 1ike carbon composition :

c) continuing the plasma deposition of the diamond like carbon
composition layer from said hydrocarbon and, when more than one
layered structure has to be deposited, then per deposition of another
such layered structure :

d) firstly gradually exchanging said hydrocarbon from step ¢ by
a suitable organic precursor, forming continuously a plasma from the

PCT/EP98/00527



10

15

20

25

30

CA 02277977 2005-08-09

mixture of the hydrocarbon and said precursor and depositing an
intermediate layer from said mixture in plasma form on the negatively
charged substrate covered meanwhile with the previous structure
whereby said mixture composition gradually changes from a diamond
1ike carbon composition to a diamond 1ike nanocomposite composition ;

and
e) secondly repeating te steps a to c.

This process is quite easy to monitor since changes in only two mate-
rial flows (precursor and hydrocarbon) have to be kept under controtl.
After all, instead of using Si or a metal bridge layer between a DLC-
layer and the substrate (according to the state of the art), the
application of DLN-layers in the stack which alternate with DLC-
layers provides a reasonably hard and wear resistant coating with
good adhesion. The necessity is thereby avoided of having to deposit
a thick DLC-Tayer on said bridge layer.

The 1liquid organic precursor 1is preferably a siloxane such as
hexamethyldisiloxane (with a relatively high content of Si and 0) or
a polyphenylmethylsiloxane (with a lower content of Si and 0). The
hydrocarbon is preferably an aliphatic saturated or unsaturated
hydrocarbon gas from the series C1 to C5, such as etylene, acetyiene,
propane, butane, cyclopentane. It can also be an aromatic hydrocarbon
liquid, such as benzene or a substituted benzene. The higher the
molecular weight of the hydrocarbon, the higher the deposition rate.

To increase the deposition rate a stimulated plasma can be appiied in
step a) to e), using electron emission from a hot filament. This
stimulated plasma comprises eg. an electron assisted DC-discharge
using a filament with a filament current of 50-150 A, a negative
filament DC bias voltage of 50-300 V and a plasma current between 0.1

and 20 A as described in wo 97/40207. This thermionic electron
emission from a hot filament is used to sustain the plasma at low

pressures or to increase the plasma density.
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In view of the production of DLN-1ayers in step a) with a composition
comprising 0.4 < C/C+Si+0 < 0.9 and 0.05 < Si/C+Si+0 < 0.4 and 0.05
< 0/C+Si+0 < 0.25, a negative DC-bias or negative RF self-bias
voltage of 200 to 1200 V is preferably applied to the substrate in
order to attract ions formed in the plasma. The freguency of the RF-
voltage is thereby quite Tow: between 30 and 1000 kHz as described in
wo 97/40207. For the deposition of the diamond 1ike carbon
composition layers a negative bias voltage 1is applied of 150 to
800 v to the substrate 1in order to attract ions formed in the
plasma. Wwhen hexamethylsiloxane 1is used as a precursor the
proportions of Si and 0 in the DLN can even be higher. This will

favour the non-wettability or non-sticking behaviour of the coating,
in particular with a DLN-layer at its top surface.

During any of the steps a to e, an inert gas can be introduced in the
vacuum chamber, ionised and incorporated by ion bombardment of the
growing layer. As a result the nanohardness of the deposited film may
increase. This gas can be introduced separately or as a carrier gas
for the 1iquid siioxane precursor. In the latter case it enabies an
easy evaporation of the precursor as will be described below. This
favours the stability and reproducibility of the deposition process.
By admitting this gas. the operating pressure rises to 10° - 10°
mbar. This favours. a homogeneous deposition eg. aiso on substrates
with a compiex shape.

When a hydrocarbon gas is used as or added to the inert carrier gas,
the C-content of the deposited layer can be infiuenced as well. If
desired, during any of the steps a to e, at least one transition
metal can be codeposited by ion sputtering or by thermal evaporation
to fine tune i.a. the conductivity of the coating.

Brief description of the drawings

Figure 1 shows an exploded view of the arrangement of a possible
stack of different layers building up the coating on a substrate.
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Detailed description

As shown in figure 1, the arrangement of the different layers on the
substrate 1 is as follows. The coating 6 comprises two layered
structures 2 each such structure comprising a first diamond like
nanocomposite composition layer 3 closest to the substrate, which
composition comprises interpenetrating networks of a-C:H and a-Si:0.
a second diamond 1ike carbon composition layer 4 on top of said first
layer and a transition layer 5 between said first and second layer

comprising a mixture of said diamond like nanocomposite and said
diamond 1ike carbon compositions.

Sandwiched between the two 1layered structures 2 the coating 6
includes an intermediate bonding layer 7 comprising a mixture of said
diamond 1ike carbon and diamond 1ike nanocomposite compositions.

On top of the outermost layered structure 2 a top layer 8 can be
present which comprises a diamond 1ike nanocomposite composition at
1ts outer surface and a sublayer 9 comprising again a mixture of DLC
and DLN to secure a good bond to the layered stucture 2 in contact
therewith.

The deposition of a bilayer stack will now be described as an exem-
plary embodiment of the invention. With a bilayer stack is meant one
layered structure 2 comprising the first layer 3. second layer 4 and
interlayer 5 as defined above. In a vacuum reactor as described in

wO 97/40207 hexamethyldisiloxane is introduced with Ar as a carrier
gas. The mixture gas/precursor 1is 1in fact delivered 11n a
controllable manner to the vacuum chamber through a controlled
evaporation mixing system. The 1liquid siloxane is passed through a
1iguid mass flow controller to a mixing valve where it 1s combined
with the carrier gas stream. From there it is transferred to a
mixing chamber which 1is heated to about 80°C to 200°C. The
siloxane evaporates in the mixture and the hot mixture enters the
vacuum chamber whereby the pressure in the chamber rises to between

10-3 and 102 mbar. The deposition rate 1s about 2 um per
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hour. This 1is much higher than with the introduction of a

polyphenyimethylsiloxane through a porous body and without a carrier
gas.

Precursors with a high content of Si and O such as tetraethytorto-
silicate or hexamethyldisiloxane can result in g DLN-Tayer with a
S1/C+0+51 up to about 36 % and a 0/C+0+Si up to about 17 %. After a
thickness has been reached of eg. 1 um. the flow of the stloxane 1is
gradually reduced to a zero value. At the same time methane is
introduced and the transition layer 5 is formed with a thickness of

between 0.1 and 0.5 um. The pressure in the chamber rises thereby up
to about 5.10° mbar.

The simultaneous introduction of gases into the chamber during the
deposition of DLN, has the advantage of providing an easy way of
changing the composition of the deposited layer. The Si or O content
n the DLN layer can be lowered by adding a specific flow of C-
containing gas, thereby increasing the relative content of C eg. 1in
the transition layer 5. Changing the composition of the DLN layer by
Changing during deposition the composition of the liquid precursor is
more difficult and certainly less instantaneous. In principle, the
possibility of easily changing and adapting the gas flow compositions
entering the vacuum chamber renders the process extremely flexibel
and allows for the production of any desirable gradient in the compo-
s1tion throughout the thickness of the coating.

The further deposition of DLC from the methane precursor continues
thereafter in view of building the DLC top layer 4 with a thickness
of typically 0.5 to 1 ym or even up to 2 um. This layer provides the
coating with the required hardness, improved abrasion and scratch
resistance. The top DLC layer also ensures surface biocompatibility
of the deposit (and may for some applications eliminate extended
Investigations on the biocompatibility of DLN compositions).

IT 1s also desirable to subject the substrate to a reactive ion
etching (RIE) step before depositing the DLN-layer in step a. This

PCT/EP98/00527
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can be done by a bombardment of the substrate by ions of an inert gas
such as Ar. The surface is thereby activated and residual oxydes are
removed from said surface.

Applying DLC as a top layer has the advantage that the deposition run
can be instantaneously stopped by shutting down the gas flow, while
for ending a pure DLN deposition without carrier gas (eg. by intro-
ducing the polyphenylmethylsiloxane precursor through a porous body).
10 to 15 minutes at a low deposition rate are needed because of the
ongoing evaporation of remaining liquid precursor.

The provision of the bilayer structure however enables a good adhe-
sion to the substrate which is demonstrated by favourable results
from a scratch test for adhesion assessment. In this test, the coated
substrate is loaded with a Rockwell indenter with a 200 tm tip
radius. The load is gradually increased while moving the tip late-
rally over the coating surface. The place where cracks or delamina-
tion appear is an indication of the normal load at which failure of
the coating occurs. In the following test, we only consider the
critical load (in N) to be reached when the first delamination of the
coating takes place. The scratch experiments are all performed on
high-speed M2 steel, having a hardness of 10 - 12 GPa, since the
critical load also depends on the substrate hardness.

The manifold published difficulty of adhesion of hard DLC films was
demonstrated in our process by depositing DLC directly on steel
substrates, using a methane gas precursor. These coatings, deposited
on stainless steel 304 and M2 steel substrates, delaminated sponta-
neously upon removing them from the deposition chamber. On the

contrary, DLN films deposited using the process described 1n
wO 97/40207, exhibit excellent adhesion manifested by a critical
load of 25 to 40 N 1n the scratch test.

When during the deposition of the top DLC layer a substrate DC self-
bias of 150 to 800 V is applied, the DLN/DLC bilayers have a nano-
hardness of 17 to 20 GPa. These nanohardness values are obtained
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through a nano-indentation test for determination of the wear

resistance. In the scratch test, these DLN/DLC bilayers reveal a
critical load of 25 to 35 N, similar to pure DLN films.

The DLN/DLC bilayers thus succeed in combining the good adhesion of
pure DLN films and the higher hardness value of pure DLN films. This
unique combination of industrially attractive properties opens up
many tribological applications of these coating structures.

Standard ball-on-disk experiments have been performed on these
DLN/DLC bilayers using a 100Cr6 stee] 1/4" bearing ball as counter-
body with a 10 N normal load, in air of approximately 50 %¥ RH and a
linear velocity of 0.17 m/s. The experiment was carried out for
100000 cycles after which the wear factor was determined using
profilometric measurements of the wear track. For pure DLN films.
wear factors of 2x10°’ mm’/Nm are obtained. while for DLN/DLC bilayers
a wear factor of 0.5x10 'mm’/Nm has been reached. despite the fact that
the coefficient of friction of DLN/DLC bilayers is slighly higher
(about 0.1) than the coefficient of friction of pure DLN (about

0.06). Therefore, DLN/DLC bilayers are an excellent candidate for
low-wear sliding applications.

In conclusion, DLN layers can be considered as the ultimate adhesion-
promoting underlayer for DLC films, increasing the adhesion to criti-
cal loads above 30 N. Other adhesion-promoting underlayers such as
>1, 351C or metal layers have often been used for DLC films but
rarely these high critical loads have been reached. A DLN underiayer
has the additional advantage that the DLN layer on itself already

provides a reasonabiy good wear resistance due to its hardness of 12-
15 GPa, which is higher than Si or metal layers.

For applications requiring both high hardness and low friction
(< 0.1), another structural combination of DLN and DLC can be
proposed. The low-friction properties of DLN coatings, in normal and
humid air and under water. are most probably caused by the specific
nature of the transfer layer deposited on the steel counterbody in a

PCT/EPI8/00527
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ball-on-disk experiment. This transfer layer has been observed on the
steel ball after several experiments with DLN coatings, although
detailed structural investigations of the transfer layer are still
ongoing. Transfer Tlayers have frequently been observed on the
counterbody in ball-on-disk experiments with DLC or doped DLC
coatings. To obtain low friction in a tribological application. a
transfer layer should be able to be built up on the surface of the
sliding partner. Therefore. a top DLN layer should be applied.

The ideal structure providing a combination of hardness and Tow-
friction may be a DLN/DLC multilayer comprising a stack 6 built up of
a series of layered structures 2 with intermediate layers 7 and
finally covered with a toplayer 8, having a DLN outer surface and a
bonding sublayer 9. On the one hand the alternation of DLN-layers 3
and DLC-Tayers 4 solves the internal stress and adhesion problem for
thick Tayerstacks. On the other hand the provision of DLN at the top
surface (layer 8) produces a low friction coefficient and a low
surtace energy (low contact angle). To control this surface energy
properly, the Si- and O-content in the outer surface can be adjusted.
An increase in Si and 0 will thereby increase the contact angle and
thereby generally also improve the coating's aptitude as a release or
non-sticking coating or as a barrier layer against humidity. An
average increase of Si- and O- content in the stack may further
improve its overall optical transparency. In the multilayer stack the

total number of layers 3. (respectively 4) may range between 3 and
25, and preferably between 5 and 10.

The bilayer or multilayer stack according to the invention can be
used in a great number of applications. Their composition can be
adjusted specifically to meet preset requirements for products having
surfaces with low friction, high hardness. abrasion and wear
resistance, corrosion resistance and nonsticking properties (high
contact angle versus certain liquids, gases or even solids). The
stacked coating can thus be used as surface layer in certain cutting
tools for eg. paper and textiles or in metal working tools eg. for
shaping aluminium workpieces. The coating can serve as a low friction
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agent for Dbiomedical prosthesis eg. for hip and knee joint
replacement. It can be used as release coating for shaping molds for
ptastics (press molding, injection molding) for deep drawing dies and
stamping of tablets and capsules for the pharmaceutical, food and

5 other chemical industries and on sealing elements (eg. plastic
sealing bars).

Low wear and low friction coatings according to the invention can be
applied 1n alumina water tap valves and on all kinds of sliding
10 elements and friction parts in textile machines and in automotive.

food and pharmaceutical industry to replace lubricants (eg. bearings.
pistons and gears).

The DLN/DLC coating stacks are in particular useful as release
15 coatings in high precision stamping or molding devices for tablets
and capsules since they may allow the deletion of 1lipophyle or
hydrophyle lubricants such as magnesium- or zinc stearate,
respectively natriumbenzoate, boric acid. leucine etc. Besides
tablets for medicinal use, the DLN/DLC release coatings are also
20 applied for preparing tablets in molds for chocolates., sweets. for

detergent powders, for effervescent tablets and even for tablets
containing metal powder.
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Claims

1. A substrate covered at least in part with a coating
comprising a number of layered structures each such
structure comprising:

- a first diamond 1ike nanocomposite composition layer
closest to the substrate, which composition comprises
interpenetrating networks of a-C:H and a-S1:0,

- a second diamond like carbon composition layer on top
of said first layer,

- a transition layer between said first and second layer
comprising a mixture of said diamond like
hanhocomposite and said diamond T1ke carbon
compositions; and

when the number of layered structures 1s greater than one,
then the <coating comprises an 1ntermediate layer
comprising a mixture of said diamond 1ike carbon and
diamond 1ike nanocomposite compositions sandwiched between
each pair of consecutive layered structures.

2. The substrate according to claim 1 wherein said
first layer has a thickness of more than 0.1 and up to 3

um.

3. The substrate according to claim 2 wherein said
second layer 1s thinner than said first layer and has a
thickness of between 0.1 and 2 um.

4, The substrate according to claim 1 whereby the
transition layer has a thickness of between 0.1 and 1 um.

5. The substrate according to claim 1 having on top of

said coating a top layer comprising a diamond Tlike
nanocomposite composition at 1ts outer surface.

6. The substrate according to claim 1 wherein the
nanocomposite composition comprises 1in proportion to the

sum of C, S1 and O in at%, 40 to 90 % C, 5 to 40 % Si and
5 to 25 % O.
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7. The substrate according to claim 1 wherein at
least one of said first, second, transition or

intermediate 1layers 1is further doped with a transition
metal.

8. The substrate according to claim 1 wherein at
least one of said first, second, transition or
intermediate layers contains 0.5 to 5 at% of an i1nert gas.

9. A process for manufacturing a covered substrate
according to claim 1 comprising the steps of:

a) depositing 1in a vacuum chamber said Tfirst Tlayer
starting from a continuously 1introduced fluid organic
precursor containing the elements C, H, S1 and O to be
deposited n a suitable proportion, forming
continuously a plasma from said precursor and
depositing said composition from the plasma on the
substrate to which a negative bias voltage 1s applied;

b) gradually replacing said precursor by a hydrocarbon,
forming continuously a plasma from the mixture of the
precursor and the hydrocarbon and depositing a
transition layer from said mixture 1in plasma form on
the negatively charged substrate covered meanwhile with
the diamond 1ike nanocomposite composition whereby said
mixture composition gradually changes from a diamond
11ke nanocomposite composition to a diamond 1ike carbon
composition;

c) continuing the plasma deposition of the diamond Tlike
carbon composition layer from said hydrocarbon and,
when more than one layered structure has to be
deposited, then per deposition of another such layered
structure;

d) firstly gradually replacing said hydrocarbon from step
c by a suitable organic precursor, forming continuously
a plasma from the mixture of the hydrocarbon and said



CA 02277977 2005-08-09

- 15 -

precursor and depositing an 1intermediate layer from
said mixture in plasma form on the negatively charged
substrate covered meanwhile with the previous structure
whereby said mixture composition gradually changes from
a diamond 1like carbon composition to a diamond like
nanocomposite composition; and

e) secondly repeating the steps a to c.

10. The process according to claim 9 wherein the
l1quid organic precursor 1s a siloxane.

11. The process according to claim 10, wherein the
s1loxane 1s hexamethyldisiloxane.

12. The process according to claim 9 wherein the
hydrocarbon 1s an aliphatic hydrocarbon gas from the
series Cl to CS5.

13. The process according to claim 9 wherein the
hydrocarbon i1s an aromatic hydrocarbon 1iquid.

14. The process according to claim 13 wherein the
11quid 1s benzene or a substituted benzene.

15. The process according to claim 9 whereby the

plasma 1s a stimulated plasma using electron emission from
a hot filament.

16. The process according to claim 15 whereby the
stimulated plasma deposition comprises an electron
assisted DC-discharge using the filament with a filament
current of 50-150 A, a negative filament DC bias voltage
of 50-300 v and a plasma current between 0.1 and 20 A.

17. The process according to claim 9 or 15 whereby,
for the deposition of the nanocomposite composition layers
on the substrate, a negative DC-bias or negative RF self-
bias voltage of 200 to 1200 v 1is applied to 1t, and for
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the deposition of the diamond 1like carbon composition
layers a negative self bias voltage of 150 to 800 Vv 1s

applied to the substrate in order to attract i1ons from the
plasma.

18. The process according to claim 17 wherein the
frequency of the RF-voltage i1s between 30 and 1000 kHz.

19. The process according to claim 9 whereby, during
any of the steps a to e, an inert gas 1s i1ntroduced 1n the
vacuum  chamber, ionised and 1incorporated by 10n
bombardment of the growing layer.

20. The process according to claim 9 wherein for the
deposition of the diamond 1ike nanocomposite compositions,
the siloxane precursor 1s mixed with a carrier gas for
introduction in the vacuum chamber and the mixture 1is
heated to evaporate the precursor.

21. The process according to claim 20 wherein the

carrier gas comprises an 1inert gas and/or a hydrocarbon
gas.

22. The process according to claim 9 whereby, during
any of the steps a to e, at least one transition metal 1s
codeposited by ion sputtering or by thermal evaporation.

23. The process according to claim 9 whereby, before

carrying out the step a, the substrate 1s plasma etched by
a bombardment of 1ons of an inert gas.
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