0 8 DEC 2003 WD 00175394 PCT/ EPOO/ 04438 -1 A doped di anond-Iike carbon
coating Field of the invention. The invention relates to a doped 08 DEC 7003
di anond-1i ke carbon coating and to a 5 process for depositing such a

coati ng W0 W/23str at e. Background of the invention. Anor phg-p/gpmymggenat ed
carbon (a-C H), known as dianond-1|ike canbon (DLC), shows several
attractive characteristics. Coatings having a 10 di anond-1i ke carbon
conposi tion ar eAsitipedidiemandiidectaroaricoatifgst ant, sel f | ubricant and
corrosion resistant coatings. However, high internal conpressive stresses
(up to several GPa) are present in the material as a result of which the
adherence to theepdBfiHeAhTendion,N0Ot always sufficient. This limts the
application of This—matertat_as 15 coating material. Because of the high

i nternal stressBig Imﬁmtjprcr@atemtg:a Yeped diatnond-tilkelcarbbh ckaeasariy e appl i ed.
Anot her dr awback oat,l t the friction coefficient increases
consi derabl y w?rﬁgﬁﬁ%gdfggpsmﬁg é’c ﬁ'l‘ﬁoﬁ?f'%of' ﬁe’suﬁ’ﬁgﬁﬁeeat i on of DLC coatings
20 as low friction coating in humd environment or in water. Several
attenpts have been nade to inprove the adhesion to the substrate. It is
known from EP M&Eﬂﬂﬂﬁl&ﬂh&ﬂsatlon of an internediate silicon 25

stoel or iron uporroreUTpaREabaTle PR Mteoignbi et " °

di anond- | i ke na(rmmmwstseve(ammctlvamarammrlsm S@tﬁ!ﬂh@@h@wb@éor e the
depositjon of a .DLC DLN coatings conpris enerally two

i nter pehgt rati n‘aaWQPQ\@%/?(EarQO%COFPP%ﬁ’W” e syitagje gy hﬁr%dwﬂ?re"eﬁ'ﬁ@ﬁhs%l% Dyl yn(r).

Summary of the |juBNEM bﬁd‘cor'résldnsreagtaﬁbd:&(ﬁhgé o provide a silicon-nitrogen
doped di anond-|i ke carbon
However, high internal compressive stresses (up to several GPa) are

present in the material as a result of which the adherence to the substrate
is not always sufficient. This limits the application of this material as

15 coating material.
Because of the high internal stresses, only coatings with a limited
thickness may be applied.
Another drawback of DLC coatings is that the friction coefficient increases
considerably with humidity. This inhibits the application of DLC coatings

20 as low friction coating in humid environment or in water.

Several attempts have been made to improve the adhesion to the

substrate.

It is known from EP 600 533 that the application of an intermediate silicon
25 layer may improve the adherence of coating with a DLC compaosition on a

steel or iron substrate.

W088/33948 describes the deposition of a diamond-like nanocomposite

(DLN) layer on the substrate before the deposition of a DLC layer. DLN

coatings comprise generally two interpenetrating networks a-C :H and a-
30 Si:0; and are known as Dylyn®.

Summary of the invention.

It is an object to provide a silicon-nitrogen doped diamond-like carbon
coating, having a high hardness, a good adhesion to the substrate and

35 which is further characterised by non-sticking properties.



coating, having a high hardness, a good adhesion to the substrate and 35
which is further characterised by non-sticking properties. D8 DEE §g03 WO
00/ 75394 7 PCT/ EPO0/ 04438 It is another object to provide a nultil &§dkedi0d
coating wiwboas7gssad adhesion to the substrate. Moreover, th?; [lrgqlxti I%%ered
. coating shows low total internal stresses, even for rather SIS ?ngs.
Further, it is an aimto provide a process for depositing a coating 5
according to the invention on a substrate. According to a first aspect of
the invention a silicon-nitrogen doped dianond-|ike carbon coating is
provi ded. This coating conprises the elenments C, H Si and N The
concentration ranges of the elenments C, 10 Si and N expressed in proportion

to the sum of C, iiSé anotheNoBESt BDrodide hAHiL: b &% Goqg Lo 50 at% Si
and 5 to 40 at% N..  Preferabl §3the concerllta){%tgldtocﬁatgg‘ﬁmﬂ? eB’é’gv\/een 40 and 50

at% the concentalda?$i6‘htQ)‘I"'ESiU%iiﬁatﬁemenveIBtranduiﬂ@yéﬁe%@éﬂné BRows low
concentration of i 12 and 20 at% 15 It has been shown that the
tdbl ih g ts%&é‘ésné}r?n %ﬁﬁ%ﬂ?r tgfck

coating can further contain™a s ORYR@. This presence can be
due to diffusionFafthexytdean aim & ploRidesrobsds fof BERIRYY cg{%m owever linited
to a few gercents maé_i mumand is the highest closest “to evouter surface
of the codting | Z§HdINgdP hednvantie pRe seibstrate. coating according to the

i nvention, expressed by neans of the critical |oad, as nmeasured in a
scratch test, is greater than 22 N. The doped di anond-1i ke carbon coati ng

can be consi der edcerrdingrion-firdaspetioiithg inventidrg siliforRARGIgRhIdop¥gt O expr ess
t he non-sticking Lour_of coatings is by neans of their surface
d e o) 9%;” i i i
energy. In nost cases, a | OW SUrTHce erfeyigyd- doissconting compriserithei t h an
i mprovement of t blememts 61 HCBI & N. The concentration ranges of the elements C,
10 Si and N expressed in proportion to the sum of C, Siand N are as
follows : 30 to 90 at% C, 5 to 50 at% Si and 5 to 40 at% N.
Preferably, the concentration of C is between 40 and 50 at%, the
concentration of Si is between 15 and 40 at% and the concentration of N
is between 12 and 20 at%.
15 It has been shown that the coating can further contain a small amount of
oxygen. This presence can be due to diffusion of oxygen into the
coating. The amount is however limited to a few percents maximum and

is the highest closest to the outer surface of the coating layer.

20 The adhesion of the coating according to the invention, expressed by

means of the critical load, as measured in a scratch test, is greater than
22 N.

The doped diamond-like carbon coating can be considered as a non-

25 sticking coating.
A possibility to express the non-sticking behaviour of coatings is by
means of their surface energy. In most cases, a low surface energy
goes hand in hand with an improvement of the non-sticking
characteristics.

30 For the purposes of this application, a coating is considered to have non-

sticking characteristics if its surface energy is below 40 mN/m. More



characteristics. 30 For the purposes of this application, a coating is

considered to have non- sticking characteristics if its surface energy is

bel ow 40 niNVrn. Mre WO 00/75394 -3 0 B DEC 2003 PCT/ EPOO/ 04438 08 DEF 2003
o]

pr ef er abl wo gov@aggur f ace energy i s bel ow 33 MV m and nost pr gf e
30 MV m In addition to its non-sticking properties, the cog,t(ﬁ?\%%hs‘“sp

characterised by a 5 high hardness. It has been shown that the hardness is
hi gher than 12 GPa. In nost cases, the hardness is even higher than 15 GPa.
Because of its |low surface energy, the cohating is very suitable as a
coating for a substrate for applications where non-sticking characteristics
10 are desired. Exanples are noul ds used for plastic injection noul ding,

| ow sur ace. eners agy anp R e BRT U S AR b BRI L car bon

- low surface energy and a high Ss gl ves ope

coating | ayer exwgwiB0maN/ncharacteristics and 15 nakes this type of
coating feasible for many industrial applications. The coating |ayer can
further be doped with one or nore additional elenents such as fluorine or

a transition netiglagariohs itexemsliekity plipefles, tHe- coblifg Y §558G8r&ld BELal 1 ic
dopi ng el enents has an influence on the 20 thermal and/or electrical

conducti vty of higRhewsaeshgh hambsensapwn thaithepardaes indighardnan 821 ed anount
of metallic dopi@gg,elenpat éﬁﬁe@g%ﬁiwg@s% ev&%{q@%r tﬁlglgﬁ%gélgsle conductivity

of the coating may be control presence ments can al so
be desired to control the surface energy. 25 Also an inert gas, such as

Ar, Kr or Ne can,be incgrtgﬁ)r a%%fj into th coating conposition, by

i ntroduci ng an iMESGAS"Y U HEATEEREHY: N9 RYEH FUBRYESASE on. 30

According to a semEng fersdafistrate BHABpIcANENCANERHINGickmgRinaVi dstics
10 are desired. Examples are moulds used for plastic injection moulding,

tablet or powder punches and implants such as stents.

The combination of a iow surface energy and a high hardness gives the
doped diamond-like carbon coating layer exceptional characteristics and

15 makes this type of coating feasible for many industrial applications.

The coating tayer can further be doped with one or more additional
elements such as fluorine or a transition metal as for example W, Zr or
Ti. The presence of metallic doping elements has an influence on the
20 thermal and/or electrical conductivity of the coating. This means that by
adding a controlled amount of metallic doping element(s), the thermal
and/or electrical conductivily of the coating may be controlied. The

presence of doping elements can also be desired to control the surface

energy.

25
Also an inert gas, such as Ar, Kr or Ne can be incorporated into the
coating composition, by introducing an inert gas in the vacuum chamber
during deposition.

30 According to a second aspect, a multilayered coating is provided.

This multilayered coating comprises at least one layered structure. Such

a layered structure comprises



This multilayered coating conprises at | east one |layered structure. Such a
| ayered structure conprises 0 8 DEC 2093 WO 00/ 75394 -4 PCT/EPCE¥04%38
first layer closest to the substrate conprising a silicon-nitrogen dﬁzdmﬂ3
di anmond- | iwe oeas3en coating conprising the elements C, H Sipe Foo'\%ﬂs a
second layer on the top of the first layer conprising a dianond-lTitke 5
carbon conposition; a transition |ayer between the first and the second

| ayer conprising a mxture of the silicon-nitrogen doped di anond-Iike
carbon coating and the dianond-I|ike car bbn conposition. For coatings
conprising nore than one |ayered structure, there is an 10 internedi ate

| ayer conprising a mxture of the dianond-Iike carbon conposition |ayer

and the doped di anomfirst iaker clesdsoto fHeadiibagate c%ﬁﬂﬁ‘ﬂé/ingf}ﬁgii&ﬁ,tmﬁﬁ efach pair of
consecutive | ayered structures. The transition | ayér gradua é/] changes from

a conposition conpri®efgiamondrike carbpn seating qommisitigathe etrierite Oc &, 150N
conposition |ayer. ghyeyi nternedi ate |ayer, on the other hand gradually
changes from a di anond-1i ke carbon conposition layer to a conposition
conmprising C, H,- Sia serenillayer omtiel hepsoidhe freshiyeeosmpssing b didRomenigonc! uded

that the first |ay 0 tions as an excel |l ent adhesi on pronoting | ayer
for the C l ayer. %{f‘ﬁ%%c?érﬁ‘l[’]‘gsgfonr oad is considerable increased in

i ith a B@nst briH ' | is}
conparison with a ngitimpager Ue@ﬂeéﬁ#@ﬂrﬁ%&h?%gccﬂid l%gérj Iﬂ%}:sﬁr%e? .

substrate. Furthernore, the adhesion pronoting l[ayer accor
present invention MX&re REthERIkRR-THEOIRNdoPst Ittamenthiie catbar coatingng | ayer s,

such 25 as sili corhddqugagam&gp{keiéargai%@ﬁ&%itg%fers a good adhesi on, but

that it is also characterised by ara "hardness. As a result
t hereof, the nul Er eoatingsicomatising mtas tranarcdagssd whielirs a@e i$hese to the

har dness]o of a %%r&%ﬂ&é‘%ﬁ? goerﬁprising a mixture of the diamond-like carbon
composition layer and the doped diamond-like carbon coating,

sandwiched between each pair of consecutive layered structures.

The transition layer gradually changes from a composition comprising C,
15 H, Si and N to a diamond-like carbon composition layer. The intermediate
layer, on the other hand gradually changes from a diamond-like carbon

composition layer to a composition comprising C, H, Si and N.

From adhesion measurements, it can be concluded that the first layer
20 functions as an excellent adhesion promoting layer for the DLC layer.

The critical load is considerable increased in comparison with a DLC

composition layer deposited directly on the substrate.

Furthermore, the adhesion promoting layer according to the present

inveqtion has the advantage over other adhesion promoting layers, such
25 as sflicon layers, that it not only offers a good adhesion, but that it is also

characterised by a rather high hardness. As a result thereof, the

multilayered coating has a hardness which comes close to the hardness
of a DLC coating layer.

30 The repeated altemation of a layer comprising €, H, Si and N and a DLC
composition layer allows it to deposit thicker coatings, for example

coatings with a thickness of more than 10 pm. The number of layered



30 The repeated alternation of a layer conprising C H Si and N and a DLC
conposition layer allows it to deposit thicker coatings, for exanpl gg Ugcﬁﬂﬂé
coatings with a thickness of nore than 10 pm The nunber of |ayered

1003 WO OOWwebP#434aCTI EPOO/ 04438 -5 structures can vary from }-4Gpaf@fhagnd
Is for exanple situated between 5 and 50. A nultilayered coating according

to the present invention shows greatly reduced internal stresses. This is
due to the |l ower Young's nodulus 5 (higher elasticity) of the
silicon-nitrogen doped di anond-1ike carbof- coating |ayer sandw ching the
DLC coating layer. Even for thick coatings, the total internal stresses of
the coating remain low. In order to control the thermal and/or electrical

conduct i vi 1y andlsgiciuhes cvallioht $1£80PE bNEAAAL G QNI of the

‘mul tilayered coating can be doped, tfor exanple wt uorrne or w a
transition netal .anBéfendi ng on the desired properties of the rrultllayered

coating and dep n. the. applicati the outer top | ayer of the
_coating may be %Sgl\ll/]g'?ay%de d W‘?é[ﬂgfcﬁr r\gatﬁé € Préesa'étdﬁg?”ct’é?g Sﬁﬁwﬁﬁﬁe%h’ t he
nul tilayered coatrédgedtih@rdlafréess Wnsldwﬂcwﬁ%rlo%ﬁ?agﬁ%é hlaufs typical
for a DLC type coating prevail. This inplies that ositing a DLC

| ayer on Pop of ahighek lpskcity bef tB@ét"F%n@!’OIﬂgHomwaam:.‘larlheaartmm resi stance

coating is 20 ob [ t he nyentional DLC
coatings can be%gé{@myggéﬁqﬁﬁﬁ@thg lﬂ'@égsés}?gq%y% 35’8@ f%rftp'éf plications are
the coating of metahﬂugsf threntoted) :ntemasStaemdes ektheleatveeeirisn idwd the case a

doped di anond-1i ke carbon coating conprising the elenents C, H Si and N
is deposited on the top, the multilayered coating is 25 characterised by a

| ow surface ener gy oRRe t&¥omrdl @V fhekrfhi Qﬂf&%@éoﬁﬂlﬁu EhductiVi hﬁar{q?& thk! CKi ng

properties of such a coating, make it suitable for many “applications, in
particul 32 as a GUEESHENEISY Opthesedating rgradayes theouLtiayare cqatingean pr essi ng

tools. be doped, for example with fluorine or with a transition metal.

Depending on the desired properties of the multilayered coating and
depending on the application, the outer top layer of the coating may be

15 varied.
When a DLC layer is deposited on top of the multilayered coating, the
hardness and low-wear characteristics, typical for a DLC type coating
prevail. This implies that by depositing a DLC layer on top of a
multitayered coating a high wear and abrasion resistance coating is

20 obtained. Thicknesses higher than these of conventional DLC coatings
can be deposited in this way. Possible fields of applications are the
coating of metal forming tools and textile needles.
In the case a doped diamond-like carbon coating comprising the elements
C, H, Si and N is deposited on the top, the muitilayered coating is

25 characterised by a low surface energy and by a low friction coefficient.
The non-sticking properties of such a coating, make it suitable for many
applications, in particular as a coating for plastic injections moulds and

powder pressing tools.

30 Other possibilities for the outer layer are for example a layer comprising
C. H, St and O; a Si-C doped layer; a C-F doped layer; a Si-F-C doped
layer or a 5i-F-O-C doped layer.



30 O her possibilities for the outer |layer are for exanple a | ayer
conprising C, H Si and 0; a Si-C doped |ayer; a CF doped |ayer; %ﬂ%kfﬁmﬁ
doped layer or a Si-F-0-C doped |ayer. 08 DEC 1003 WD 00/75394 -6

PCT/ EPOO/ O¥43gh/Assor ding to a third aspect a substrate coated with a doped
di amond-1i ke carbon coating or with a nultilayered coating A&dGFIEPAE3B0
the invention is provided. 5 This substrate could be rigid or flexible.
Possi bl e substrates are hardened steel (e.g. 100Cr-6), alum nium silicon,
titani umor glass. According to a further-éaspect a process for coating a
substrate at least in part is provided. 10 The substrate is brought into

t he vacuum chanber and is fixed to the substrate plate by any suitable
nmeans. Preferably, the surface of the substrate is cleaned before the
deposition of the coating. This can, for exanple, be done by bonbarding
the substrate wifasordingtogd third aspectta gutstratectoasd Mth adofld dsmonBlife 15

pretreatment acti rface and renmoves residual inpurities form
the substrate surc}l’g%:@scc},&“ﬁgj égm@&ma}f'%ﬁerﬁpﬁoﬁ”@ gfcAfingde éme investiam sor s,
conprising the eliepmvided. CC H Si and N, is brought into the vacuum
chanber, pl asr’rﬁ s fornmed 20 fromthe introduced precursor and the
conposi tioh of tHESFRstate courbhbr Eoida flenbleh Pansiing sassrdies #fai ch a negative

bi as vol tage has gk d%‘PéE' . enthe substrate has been coated with an
adhesi on | ayer of suffici erllgég'Z [:ﬁsﬁakgﬁg@@“?hﬁ'ﬁ?ﬂ’béﬁﬁuﬂﬂf@ﬁéﬁ- conpri ses
the follow ng steps. The precursor conposition is gradually exchanged by a

hydr ocar bon Wt;&%“%ﬁfto pi 8]ht he gl ow di scharge. Subsequently, the plasm
is formed from TH1& G2 UBPet #P°6t @ placsss fareating atspbisuatard trasaind a

transition | ayer phro§pfRidddm xture is deposited on the substrate to which a

10 The substrate is brought into the vacuum chamber and is fixed to the
substrate plate by any suitable means.
Preferably, the surface of the substrate is cleaned before the deposition
of the coating. This can, for example, be done by bombarding the
substrate with ions of an inert gas such as Ar, Kr or Ne. This

15 pretreatment activates the surface and removes residual impurities form
the substrate surface.

A precursor or a mixture of different precursors, comprising the elements
C, H, Siand N, is brought into the vacuum chamber, a plasma is formed
20 from the introduced precursor and the composition of the plasma is

deposited on the substrate to which a negative bias voltage has been
applied.

Once the substrate has been coated with an adhesion layer of sufficient
25 thickness, the process further comprises the following steps.

The precursor composition is gradually exchanged by a hydrocarbon

without stopping the glow discharge. Subsequentiy, the plasma is

formed from the mixture of the precursor and the hydrocarbon and a

transition layer from said mixture is deposited on the substrate to which a
30 negative bias voltage has been applied. The mixture gradually changes

from a composition comprising the elements C,H,SiandNtoa



30 negative bias voltage has been applied. The m xture gradually Ch@%ﬁé
froma conposition conprising the elenents C, H Si and Nto a O B elilc]
WO 00/ 75344 PCTI EPOQ 04438 -7 di anond-1i ke carbon conposition, conprising
only the &Y@AYHB84C and H. Once the coating conprises a di apondpdoidsss
carbon conposition, the plasma deposition is continued to deposit a

di anond-1i ke carbon 5 conposition |ayer fromthe hydrocarbon until the
desired thickness is obtained. Wen the gultilayered coating conprises
nore than one |layered structure, the process further conprises, for each
additional l|ayered 10 structure, the steps of - gradually exchangi ng said
hydrocarbon by a precursor conprising the elements C, H Si and N, formng
continuously a pHP@smndilikgeattes conyanstioar bomprsing saly theeleerwsrsoC smd
rdepositing an ingernediate layer fromsaid mxture; 15 - continuing the

pl asma deposition ' fromthe precursor conprising the elenments C, H S and

N, gradual |y excbmogitgcssing cﬁfr@ﬁgé§9rdié$b(orﬂi—lh<\é4!a%{@Hbosiﬁﬁr@%éti ng a DLC
- conposition layer fromsaid hydrocarbon. 20 The plasnma may be generated and
deposi ted on t heP@gB&deRPitipR s cpntinyedin depegt a diampadstikeroarbiobl e met hod t o

generate pl as ' Y ey : : radi of requency gl ow
di schargeg( RF) gg%ﬂln?%%ﬁ{?dgﬁ herdgﬁﬁ)rgett?}g{?g%rgge{ﬁtg “?ér)ggédgegjcw"ciige%&en bet ween

1 MHz and 28 MHzOoblamgdi s preferably 13.56 MHz. A bias voltage between 50
and 1000 V is applied to the substrate. Another possible nethod to
generate the plasma is by applying a 30 negative DC- bias or m dfrequency

(MF) bias vol t agwieh tROhuitdayk?@Dcdbting comiRises Rdré 8l ol @ybfeg@uency of the
M= bias vol tage gt%]ctt\fr%f Yheb;:ﬁ%ge\%eé‘r}urther comprises, for each additional ia d
yere
10 structure, the steps of
- gradually exchanging said hydrocarbon by a precursor comprising
the elements C, H, Si and N, forming continuously a plasma from the
hydrocarbon and said precursor and depositing an intermediate layer
from said mixture,
15 - continuing the plasma deposition from the precursor comprising the
elements C, H, Si and N;
- gradually exchanging said precursor by a hydrocarbon;

- depositing a DLC composition layer from said hydrocarbon.

20 The plasma may be generated and deposited on the substrate in
different ways.

A first possible methed to generate a plasma is by means of a capacitivly
coupl_ed radiofrequency glow discharge (RF) applied to the substrate.

25 The'frequency is chosen between 1 MHz and 28 MHz, and is preferably
13.56 MHz. A bias voltage between 50 and 1000 V is applied to the

substrate.

Another possible method to generate the plasma is by applying a
30 negative DC-bias or midfrequency (MF) bias voltage of 200 to 1200 V to

the substrate. The frequency of the MF bias voltage can vary between
30 and 1000 kHz.



30 and 1000 kHz. 0 8 DEC 2003 WO 00/ 75394 -8 PCTI EPOQ 04438 More ,
preferably, the plasma is generated by an electron assisted di SCha[WF n@ﬁf
filament current is preferably between 50 and 150 A, the negative 2}

bi as DC vojbaggsiat ween 50 and 300 V and the plasma current_between 0.1
and 20 A. 5 A further possibility to generate the plasm is ByTREUHW4K 3
bi polarly pulsed DC source. "Bipolarly" neans that a negative and a
positive voltage pulse are applied alternately. 10 Either symetri cal

bi pol ar pul ses (equal anplitude for positive and negative pul se) or
asymmetric- bipolar pulses (anplitude of the voltage during negative pul se
hi gher than the anplitude of the voltage during positive pul se) can be

used. 15 By appl the deposi tion of t he coati ng,
the plasma is fmc{?ﬁgfeflgﬁa?)gﬁgﬁ%pﬁ%ﬁg%ggﬁérgg ?qg? Prassised appl i ed by

means of an i ndu@tslchergeofﬂhe fifdree meynet i ﬁrefefatbly 5et%@ﬁ%baéﬂd>’15®el§ ween 10
and 30 Gauss. 20 I atlv bee sho t hat si licon-nitrogen doped
di amond- | i ke car 5'0 c?oé?’l’ﬁ@ ‘f%tagﬁ elyseRpOand3aQ Viangd thﬁs glasfeequency,

for exanple 13. 56ureri2be$\h@éb$0\4%“rw ZpRd non-sticking characteristics. A
l'iquid or _gaseous conponent conprising the elenents C, H Si and N 25 to
be dep05|§ed in suitable proportions can be used as precursor. A preferred

precursor is a shlfg;tﬁg}ep t?r ametg I di sil azane
hexanet hyi di si | azane. O%gmﬁegenje{%\?%h%vﬁ *PRds H?ﬁi’r‘@(ﬂfacbéﬁpﬁé’ a nixture
of different conpleﬁérﬁlths.OLfroe exanple a mxture of a silane, a hydrocarbon

and 30 nitrogen ILn .such that the m xture conprises the el enents
C, @ la”y meansath\?g negattve and a positive voltage pulse are

applied alternately.
10 Either symmetrical bipolar pulses (equal amplitude for positive and
negative pulse) or asymmetric bipolar pulses (amplitude of the voltage

during negative puise higher than the amplitude of the voltage during
positive pulse) can be used.

15 By applying a magnetic field during the deposition of the coating, the
plasma is further intensified. The magnetic field can be appiied by

means of an inductive coil. The magnetic field is preferably between 10
and 30 Gauss.

20 It has been shown that a silicon-nitrogen doped diamond-iike carbon

coating deposited by using a RF with a high frequency, for example 13.56

MHz shows very good non-sticking characteristics.

A liquid or gaseous component comprising the elements C.H, Siand N
25 to be deposited in suitable proportions can be used as precursor.
A preferred precursor is a silazane such as 1,1,3,3-tetramethyldisiiazane
or hexamethyldisila: ane.
In an alternative way the precursor can be a mixture of different
components, for example a mixture of a silane, a hydrocarbon and
30 nitrogen gas in such a way that the mixture comprises the elements C,
H, Siand N in suitable proportions.



..

H Si and N in suitable proportions. 0 8 BEC 2003 WD 00/ 75394 QBQEEZWS
PCT/ EPOQ' 04438 -9 The hydrocarbon can be a saturated or an unsaturate
acyclic or cyclic hydrocabon, with the nunber of carbon atons varying from
1 to 20. Avewo0/7338dstituted hydrocarbons are suitabl e as precprseprwokasdnpl es
of precursors are nethane, propane, butane, pentane, 5 cycl opentane,

et hyl ene, acetylene and aromatic or substituted aromatic hydrocarbons such
as benzene and substituted benzene. The ppessure in the vacuum chanber is
between 1.10-3 and 1 nbar and preferably“between 5.10"3 and 1.10"" nbar,
for exanple 2.10-2 nbar. 10 The flow of the precursor may vary between 0.1
g/ hour and 25 gl hour. Preferably, the flow of the precursor is between 1

and 3 gl hour. Th&helhgdrocefoonteanibees satgrsed boan eXedtlffeheydis oPBjieen 10 and
500 mM/mn. Preferably, t“thﬁ Rr ecursor_and the argon gas ‘are introduced
into the vacuum QRN WENANG BUTPET PlcarbRly atopsnvanisodom twAr dlsoed 15

evaporat i on and glisdiges HpekERlbre JapEEM sishamal | ows it to control

the precursor flow as well as the argon ependently of each other.
By the CEM syst efpxamplessi peecsssasaareomethantr piopeade dagahe penfEne, deposi ti on

time may Re vari | r I red thickness. 2Q Brief description of
the drawi lr’?’gs. Thg |I?Jveg%'fgo%ﬂ]\;éﬁq]e’ ﬁg‘%}k"ﬁee&BQﬁ?'ﬂa Pht SHB‘r‘%Jﬁfé’f’}ﬁt'P with

ref erence to thehydrocanpaspidrgasibendenganoheibsiitited tfirBeRE 1 shows a
substrate coated with a silicon-nitrogen doped dianond-I|ike carbon |ayer.

25 - FIGURE 2, 3 and 4 show substrates coated with different types of
mul tilayered coatrhg@fessbRSAMhE VhQAR® EndMBemE BERIdG SR TIN5 o8% the
invention. Wth reference to the draw ngs, sone preferred CoR i ng types
are 30 descri be@refeyaglyretve®03 10° and 1.10" mbar, for example 2.102 mbar.
10 The flow of the precursor may vary between 0.1 g/hour and 25 g/hour.
Preferably, the flow of the precursor is between 1 and 3 g/hour. The flow
of the inert gas, for example Ar, is between 10 and 500 mi/min.
Preferably, the precursor and the argon gas are introduced into the
vacuum chamber in a controlled way by means of a controlled
15 evaporation and mixing system (CEM). The CEM system aliows it to
contro! the precursor flow as well as the argon flow independently of
each other. By the CEM system, the process can be controlled easily.

The deposition time may be varied according to required thickness.

20 Brief description of the drawings.

The invention will now be described into more detail with reference to the
accompanying drawings wherein
- FIGURE 1 shows a substrate coated with a silicon-nitregen doped
diamond-like carbon layer.
25 - FIGURE 2, 3 and 4 show substrates coated with different types of
multilayered coatings.

Description of the preferred embodiments of the invention.

With reference to the drawings, some preferred coating types are
30 described.



WO 00/ 75394 PCT/ EPO0O/ 04438 _10 Wth regard to figure 1, a substrat eza:lﬂlnEiEsm]
coated with a silicon-nitrogen doped dianond-Ilike carbon coating 12 by
means of a RF gl ow di scharge. The substrate was brought in the vacuum
chanber aNdOOMH#53p4 xed to the 5 substrate plate. The surfaceCifErto®4438
substrate was cl eaned by plasma etching the substrate by neans of Ar ions
during 10 mnutes. After the cleaning 1,1, 3,3-tetranethyldisilazane was

i ntroduced into the vacuum chanber at a,flow rate of 1.8 g/hour, whereas
Ar was introduced at a flowrate of 10 7% m /mn. The disilazane precursor
and the argon gas were introduced into the vacuum chanber in a controlled
way by nmeans of a controlled evaporation and m xing system (CEM. |n order
to generate the plasma, a radi ofrequency of 13.56 MHz was applied to the
substrate pl ate.,, Lhe bi ol t age 00, V. 15 The pressure in the vacuum
chanber was 1.6 Vi’-tgh Qegf%tifq f\{gf‘ﬁ%qd%fil\é%%ﬁaf%% Is\rQatedayiy %ﬂ"%””&?ﬂq’hg 60

m nutes. The corgpedidisof-iken@rsaidatsg ha%em )e(ggﬁa@#andséaﬁa bstrate is

determ ned by X-ray Photoel ectron Spectrtoscopy ) e coating 20 has a
carbon content ofhesibgtrate wasshrpbgiin therasnem chadhbenarid wasifixed tnithe ogen

cont ent 034‘ 14 at%nD J&g (fé}gcentration of hydrogen is left out of

consi deration. 1T Ras Been shown that a small amount of oxygen, nanely 3%

is present. 25 The swfacetdfehe aghsphanpess tlesnad By pahaali@indihedet er mini ng t he
surface energy of the coati ng nd the contact angle of a water droplet on

a coated surfacbstale MSE’F 110 dung Hominikes. afgrahetleanigt er dropl et
on the coated SHli),%_t,i-i@h%ngétHﬁ&si@az‘éﬁva@%tint%étQ}ﬁﬁﬁ ﬂ]{toﬁ#eva%gmm%,ﬁﬁgrf ace

energy of the deposited coatlng equals 30. spersive component
is 24.9 nN rn, tdie fror ate obmSateeur, whergag Aras intbodcBEGt 20108 MA@ 60/ 75394

PCTl EPOO{(P 4438 75 ml/min. The disilazane precursor and the argon gas were introduced
into the vacuum chamber in a conirolled way by means of a controlled
evaporation and mixing system (CEM).
in order to generate the plasma, a radiofrequency of 13.56 MHz was
applied to the substrate plate. The bias voltage was 300 V.

15 The pressure in the vacuum chamber was 1.6 102 mbar. The deposition

was carried out during 60 minutes.

The composition of the coating layer deposited on the substrate is

determined by X-ray Photoelectron Spectroscopy (XPS). The coating
20 has a carbon content of 43 at%, a silicon content of 40 at% and a

nitrogen content of 14 at%. The concentration of hydrogen is left out of

consideration. It has been shown that a small amount of oxygen, namely

3%, is present.

25 The Hon-sticking properties are evaluated by determining the surface
energy of the coating and the contact angle of a water droplet on a
coated surface.

The measurement of the contact angle of a water droplet on the coated
substrate gives a contact angle of 81°.

30 The surface energy of the deposited coating equals 30.5 mN/m. The

dispersive component is 24.9 mN/m, the polar component is 5.8 mN/m.



-11 The hardness is determ ned by a nano-indentation test. The penetration
depth was 300 nm By this nethod the nanohardness is determned to %%E%%mﬂ
0.4 GPa. The adhesion of the coating is determ ned by carrying out g
scratch t esb.eo/78398he scratch experinents are perfornmed on 4 g&y@pddhssisee!
plates. The <critical load (Lc2), where the first hints of delam nation can
be seen, was 22 N Furthernore, the coating is characterised by a high
elasticity, which is expressed by Young's nodulus. This nodulus is

determ ned to be 125 10 2 GPa. In an artkrnative nethod a coating |ayer
conprising the elements C, H Si and N as shown in figure 1, is deposited
on a substrate by neans of an electron assisted DC-discharge I n

conbi nati on wi t h TneMarbh@s igppleisited by ér%ﬁdlﬁdéﬁl?ﬁérf@sﬁ THY SSTLNRS
i ntroduced in the vacuum chanber in order to cl ean and actlvate tﬂe

" substrate surfacdepPtupnaggienm By thisimstheditee nameahdiess $s teteamieedds
I ntroduced into & hanber at a flow rate of 7.2 g/hour, while Ar
. was introduced a:blé 25085@%?#r ate of 500 m/mn. The flow rates are
controll ed by a cusyladshpsmemtnmmeatm@smiatsmr@erm@rcatrﬁdgbnpénsefattﬁaéﬁd filanment

I n conbi nation V\AT&}E %\C bi as applied on the substrate. The bias voltage
on the suBstrate WaSED V‘Peﬁﬁ@”&%ﬂ?ﬁ E‘Ei'ﬂerde‘?ﬂ“ﬁi@;M@ stegsplates; ihenegat i ve
filament bias DCcyigd fe@ (V85 wHR Ve i rTm.rnéaﬁdyfam»ﬁ@.dn@a%rbﬁééeﬁdw%zépp' ying

a magnetic field. The magnet current was pressure i h € vacuum
chanber was 8.5 1.3 nbar. The coating |ayer was deposited during 60

mnutes. 30 The g I ayer erm ned by XPS.
The conposition O?ﬂﬂ@ﬁ—g& eOJoa Iji}'glsas ?gr{t%g 4@959%5&:& Sat % N and
expressed by Young s modulus. This modulus is determined to be 125 +
10 2 GPa.

In an alternative method a coating layer comprising the elements C, H,
Si and N as shown in figure 1, is deposited on a substrate by means of
an electron assisted DC-discharge in combination with a MF bias applied
15 to the substrate.
Argon was introduced in the vacuum chamber in order to clean and
activate the substrate surface.
Subsequently, 1,1,3,3-tetramethyldisilazane was introduced into the
vacuum chamber at a flow rate of 7.2 g/hour, while Ar was introduced at
20 a flow rate of 500 mi/min. The fiow rates are controlled by a CEM
system.
The plasma is generated from a heated filament in combination with a
DC bias applied on the substrate,
The bias voltage on the substrate was 600 V. The plasma current was 1
25 A, the negative filament bias DC voltage was 100 V.
The plasma was intensified by applying a magnetic field. The magnet
current was 5 A,
The pressure in the vacuum chamber was 8.5 10° mbar. The coating
layer was deposited during 60 minutes.
30
The composition of the deposited layer was determined by XPS. The
composition of the coating is as follows : 45.2 at% C, 15.2 at% N and



0 8 DEC 2003 WO 00/ 75394 PCTI EPOQ 84438 -12 39.7 at% Si. These .
concentrations are expressed in proportion to the sumof C N and§SEf &0 O
Simlar experinents were perforned using the foll owi ng paraneters :

Tet r anet hywdiosi7sz@gzane flow : 10.3 g/ hour Argon flow : Bias ;
Filament bias : Magnet current : Pressure : Deposition tiﬁr/r(ghg:@@@énr%/
200 V 100 V 5A 8.5 10"3 nbar 60 mn After analysis by XPS, it has been
shown that the coating conprises 46.0 at% C, 16.1 at% N and 37.9 at% Si,
expressed in proportion to the sumof Cl2N and Si. 15 20 25 30 Figure 2
represents a substrate 11 coated with a nultilayered coating 13. This
coating conprises a first layer 14 closest to the substrate conprising C
M Siand N ands7 sendnd TRe: omtentbldrbk 8Ustbsden in HIRDUARA 14 ife 17 st and

the second layer, there is a transition |ayer
sum of C, N and Si.

Similar experiments were performed using the following parameters :

5 Tetramethyldisilazane flow : 10.3 g/hour
Argon flow : 500 ml/min
Bias voltage : 200V
Filament bias : 100 v
Magnet current : S5A
10 Pressure : 8.5 10" mbar
Deposition time : 60 min

After analysis by XPS, it has been shown that the coating comprises
46.0 at% C, 16.1 at% N and 37.9 at% Si, expressed in proportion to the
sum of C, N and Si.

15
Figure 2 represents a substrate 11 coated with a multilayered coating 13.
This coating comprises a first layer 14 closest to the substrate
comprising C, H, Si and N, and a second DLC composition tayer 15.
Between the first and the second layer, there is a transition layer 16,

20 gradually changing from a layer comprising the elements C, H, Siand N
to a layer with a DLC composition.

For the deposition of the first layer of the bilayered coating,

tetramethyldisitazane was introduced in the vacuum chamber at a flow
25 rate of 1.8 g/hour, argon was introduced at a flow rate of 75 mifhour. A

RF of 13.56 MHz was applied to the substrate, the bias voltage was 300

V. In the vacuum chamber there was a pressure of 1.6 102 mbar. The

first tayer was deposited during 30 minutes.

After the deposition of the first layer, the 1,1,3,3-tetramethyldisilazane
30 precursor was gradually exchanged by CH,.

In order to deposit a DL.C composition layer, CH, was introduced in the

vacuum chamber at a flow rate of 80 ml/min, together with H, at a flow

rate of 20 ml/min.



gradual ly changing froma |layer conprising the elenments C, H, Si anjﬂwgtéﬂ
a layer with a DLC conposition. For the deposition of the first |ayer { 03
the bilayered coating, tetranmethyldisilazane was introduced in the vacuum
chanber aW®0Wi53¥ rate of 1.8 g/ hour, argon was i ntroducedP&I/EPIHP4IS r at e
of 75 m/hour. A RF of 13.56 Mz was applied to the substrate, the bias

vol tage was 300 V. In the vacuum chanber there was a pressure of 1.6 10.2
nbar. The first |layer was deposited durjjpg 30 minutes. After the
deposition of the first layer, the 1,1, 3,3-tetranethyl disilazane precursor
was gradually exchanged by CH4. In order to deposit a DLC conposition

| ayer, CH4 was introduced in the vacuumchanber at a flow rate of 80

m /mn, togetherTh biRs Mpltage wag BEMW, thetpsessur@ i tne/maicnum @hanbEEC 12063 WO

00175344 PCT[ EPQ 4 - The .hi 350 V, th in th
" vacuum chanbEar 1"9%%.' gﬁ%n%%D§SI‘$ﬁél%g‘§)f3\é$ﬁﬁgf{r%‘,\a?‘r%'tw B "'L‘ﬁ_s% rGr;zgirte i |02 ©

| ayer was 120 mmnimuteds. The total thickness of the nultilayered coating is

2.5 pm 5 The deposited bilayered coating has a hardness of 21.4 0.7 GPa.
Thellold

A scratch test, otR &Rjcliesa ohtherpulieyeredioaingise2. S¢owed a critical | oad,
Lc2 of 257 4 N Young's nodulus is determned to be 135 2 GPa . 10 It
can be concluded fromthe adhesi on neasurenent that the first |layer offers
the coating an ekuetépositedtimerahcoainghassumstnedseof Jine+ori GRal  load is
consi derabl e inc eas?qg i n €9 ari son w t{] a DLC | ayer decf)osi_ted directly
on the substrat ¢ S§BIPRPHLEERBET OpR¢ 91 My sleshiplaisashened a catical legder i sed by
a high hardness.| Apfostrarpfti ve method for depositing a bilayered coating
as represented

Young's modulus is determined to be 135 + 2 GPa .

10
It can be concluded from the adhesion measurement that the first layer
offers the coating an excellent adhesion to the substrate. The critical
load is considerable increased in comparison with a DLC layer deposited
directly on the substrate.

15 Furthermore, the bilayered coating is characterised by a high hardness.

An alternative method for depositing a bilayered coating as represented
in figure 2 is as follows.
A tetramethyldisilazane precursor is introduced in the vacuum chamber
20 at a flow rate of 7.2 g/hour. Argon is added as a carrier gas at a flow
rate of 500 ml/min. A bias voltage of 500 V is applied to the substrate.
The plasma current was 1 A, the filament bias 100 V and the magnet
current 5 A. The pressure in the vacuum chamber was 8.5 10 mbar.
The first layer is deposited during 30 minutes.
25 Subsequently, the tetramethyldisilazane precursor is exchanged by
C.H,, precursor. A bias voltage of 600 V is applied to deposit the DLC
composition layer. This DLC composition layer was deposited during 3

hours. The thickness of the coating was 1.3 pm.

30 The bilayered coating obtained in this way demonstrates a high
hardness (21GPa). Adhesion measurements by performing a scratch

test on a 4 cm? M2 steel plate showed a critical load of 28 + 0.7 N.



in figure 2 is as follows. A tetranethyldisilazane precursor is introduced
in the vacuum chanber 20 at a flowrate of 7.2 g/hour. Argon is addddjfis?(a)
carrier gas at a flow rate of 500 m/mn. A bias voltage of 500 Vis
applied t %o dEIS%strate. The plasma current was 1 A the fpdpEpBEnipsdsas
100 V and the magnet current 5 A The pressure in the vacuum chanber was
8.5 10'3 nbar. The first layer is deposited during 30 m nutes. 25
Subsequently, the tetranethyl disilazane precursor is exchanged by C4H10
precursor. A bias voltage of 600 V is apj ﬁl'ed to deposit the DLC
conposition |ayer. This DLC conposition |ayer was deposited during 3
hours. The thickness of the coating was 1.3 pm 30 The bil ayered coati ng
obtained in this way denonstrates a high hardness (21 GPa). Adhesion

measur enents by rf ing a_scr.atc test on a 4 cn2 M steel plate showed

a critical |oad Iﬂﬁurggf%v% %?“?Pt?t%gé%%ﬁ Willi? owitreyeoed peating 04438 - 14

Figure 3 shows artesibsdtingtedniskisedatmpst Iwérm@cd%ﬁéidfégﬁ?giﬁeﬁ{ﬂgg 13. This
, Sian ,

coating conprises a first |ayer 14 conprising C "a second
| ayer 15 conpri SeREAIRYERHD REDPIiRieg eatianmand dke ositon comboditiposi t ed on t he

first layer and i ' e sane . conpesition as the first
| ayer depjgsi t ed %ﬁbgﬂﬂ{%@?’ig@m@gﬁi@%ﬂ&' |'aYRd18 W'EEPt?'Pé"’r?g?eti on layer 16 is
situated in betweepdshienfadsrtheé fiest thyleh eepesieachnl 1B¥ @p of Bfd ¥e&MdlBRrsecond and

the third | ayer, }her.e i% an internediate |ayer. The first |ayer, closest
to the substrat & VATHEN ByEr HRIsAiugieddabsivern the drdend ¢he ageand 1ayes. DLC

composi {1 on | 2y Beidleantid aston e AR ANRTONT BBl pBbyes T he

mul tilayered coating the required hardness. e ou rayer
deposi ted on t hdhelftsidaygosipsesio thasubstiates duridtiens epat iadgesibe desired

non-sti ckd Ng pr opghbi Total internal stresses of the coating are | ow
Fi gure 4 shows ?wﬁt‘ﬁ%’éged coating 13 conprising tw | ayered

The DLC composition layer deposited on this adhesion promoting layer
gives the multilayered coating the required hardness.

Finally, the outer layer deposited on the DLC composition layer gives the
coating the desired non-sticking properties.

15 Total internal stresses of the coating are low.

Figure 4 shows a muitilayered coating 13 comprising two layered
structures 19. Each layered structure comprises closest to the substrate
a first coating layer 14 comprising the elements C, H, Si and N, a second
20 DLC composition layer 15 deposited on top of the first layer and a
transition layer between said first and second layer. In between the two

consecutive layered structures, there is an intermediate bonding layer
17.

25 If the multilayered coating comprises more layers, the above described
steps could be repeated.



structures 19. Each | ayered structure conprises closest to the substrate a
first coating |ayer 14 conprising the elenents C, H Si and N, a seg¢qnd 20
DLC conposition |layer 15 deposited on top of the first |ayer and a 6 DEC 2003
transition |layer between said first and second | ayer. In between the two
consecutive |layered structures, there is an internmedi ate bonding | ayer 17.
25 If the multisaxgled coating conpri sé&-nore | ayers, the above descri bed
steps could be Tepeated. 0 8 DEC 1003 CLAIMS -15 1 . A multilayered coating
(13) conprising at |east one |ayered structure (19), each |ayered

structure conprjsi,n - afirst layer (14) clgsest tg the substrate

coml:J)ri gi ng am;i 1'i g\o yﬁﬁyp%!elﬁoaizagézﬁ)qﬂ ‘Tﬂici§%5 @zﬁ'?gﬂ?regéﬁf"ﬁt@'@ - a

second | ayer (15) , bdeh oeredfststie kbiptisihayer conprising a dianond-1ike
(19} 9éreds frip ?

carbon conposition;_ - a transition layer (16) between said first and said
second layer 10 c@rfpstilayaid14) dpsasiiethsrsubsiralegenmerrisingasiigonnikeogear bon

coating and sai d.dggéﬂrﬂﬁﬂidﬂdklﬁ(ecﬂrﬁ) o psition. 15 20 25 2. A

mul tilayered coating according to clarm 17 whereby said silicon- nitrogen
doped di anond- |4 ke seaohdiayep &t5) mg the gy ofsesdd Hat layencaBprising 290 at % C,

between 5 and 50 ﬁF()/O?ﬁf"ﬁ&%d bgt ween 5 .and 40 at% N, these concentrations
bei ng expressed i aﬁﬁ of Ci SO HCPRROYR:of  al | el enents being part of the

coating w th the exesslionteywr (16) Betwlemshidiflrtypidesic Saddnddapscor ding to any
one of the preceding clains, whereby said silicon-nitrogen doped

di anondi®i ke car bBH'%PB%Ef'Q Rgmidure of gaid doped Aimend-tie cathes cealingat essed by
means of the Critis§i€|diaﬁ@@dilikééaﬂﬁﬁﬁ%ﬁﬁﬁ;@siﬁan_a scratch test, greater than 22

N.
2. A multilayered coating according to claim 1, whereby said silicon-
nitrogen doped diamond-like carbon coating comprises between 30
15 and 90 at% C, between 5 and 50 at% Si and between 5 and 40 at%
N, these concentrations being expressed in proportion to the sum of
all elements being part of the coating with the exception of H.

3. A multilayered coating according to any one of the preceding claims,
20 whereby said silicon-nitrogen doped diamond-like carbon coating is
characterized by an adhesion, expressed by means of the critical

load, as measured in a scraich test, greater than 22 N.

4. A multilayered coating according to any one of the preceding claims,
25 whereby said silicon-nitrogen doped diamond-like carbon coating
comprises in proportion to the sum of all elements being part of the
coating with the exception of H, 40 to 50 at% C, 15 to 40 at% Si and
5 to 40 at% N.

30 5. A multilayered coating according to any one of the preceding claims,
whereby said silicon-nitrogen doped diamond-like carbon coating
has a hardness greater than 15 GPa.

B. A multilayered 'coating according to any one of the preceding claims,
35 whereby said silicon-nitrogen doped diamond-like carbon coating
has a surface energy less than 40 mN/m.



4. A mltil ayered coating according to any one of the preceding clains,

whereby said silicon-nitrogen doped di anond-1i ke carbon coating co rmieﬁ
in proportion to the sumof all elenents being part of the coating 03
the exception of H 40 to 50 at% C, 15 to 40 at% Si and 5 to 40 at% N. 30
5 A multilayered coating according to_any one of the preceding clains,
whereby said silicon-nitrogen doped dr &fond-1i ke carbon coating has a

har dness greater than 15 GPa. 35 6. A nultilayered coating according to any
one of the preceding clains, whereby said silicon-nitrogen doped

di anond-1i ke carbon coating has a surface energy less than 40 M m 08 DEC
1003 -16 7. A multilayered coating according to any one of the preceding

cl ai s, vvhereté?/ sai d silicon-nitrogen doped di anond-1ike carbaon coating
has a surface ehefghulifig¥eredznating agrpreingsogny angaf the alRsEERgRIFENg

according to any qReredl sraftﬁsiﬁéc_ﬁ‘fﬁ'%agn ﬁgﬁéﬁia moDSkE RersdH Ebati

silicon-nitrogen doped”di anond ilke carbon coating has a surpgce ener gy

| ess than 33 niV nmhahd skrfage energy legsethenB33 rolam 15 GPa. 10 9. A nultil ayered
coating 5accordi ng to any one of the preceding clains, whereby said
silicon-"nitrogen doped di anond-1i ke carbon coating is doped with fluorine
and/ or with at 8. eAstullagetedaststing @ocordingl to ah oh8.of Aerplecetingetatiscoat i ng

according to any one of the preceding claips, conprising at |east two

| ayered structure¥ e(ﬂ%@ﬁ@ﬁﬁs'gﬂ’r\" rQQE%GP%?AgE'amggRFfﬂb NBing a

m xture of said dpped sdifac®adelgyHessCRERGB mIPRbHAG rEN& gledieprond- | i ke
carbon conposition bej ngpgandvm’ ched between each pair of consecutive

| ayered struct uredan’®
10

9. A multilayered coating according to any one of the preceding claims,
whereby said silicon-nitrogen doped diamond-like carbon coating is
doped with fluorine and/or with at least one transition metal.

15 10. A muliilayered coating according to any one of the preceding claims,
comprising at least two layered structures, whereby an intermediate
layer (17) comprising a mixture of said doped diamond-like carbon
coating and said diamond-like carbon composition being sandwiched
between each pair of consecutive layered structures.

20

11. A multilayered coating according to any one of the preceding claims,
whereby a silicon-nitrogen doped diamond-like carbon coating (18} is
present on the top of said coating.

25 12. A multilayered coating according to any one of the preceding claims,

whereby at least one of said layers is doped with fluorine and/or with
a transition metal.

13. A multilayered coating according to any one of the preceding claims,
30 whereby the total thickness of the coating is between 2 and 20 pm.

14. A substrate covered at least partially with a coating according to any
one of claims 1 t0 13.



11. A multilayered coating according to any one of the preceding clains,
whereby a silicon-nitrogen doped di anond-1i ke carbon coating (18) isf§ []5[ an
present on the top of said coating. 25 12. A nultilayered coating accordi ng
to any one of the preceding clains, whereby at |east one of said layers is
doped with fluorine and/or with a transition netal. 13. A nmultilayered
coating according to any one of the prézedi ng clainms, 30 whereby the total
t hi ckness of the coating is between 2 and 20 pm 14. A substrate covered at
| east partially with a coating according to any one of clains 1 to 13. 0 8
OEC 1003 -17 15. A process for coating in a vacuum chanber a substrate at

| east in part15.dapcpepinssoatingipra vacgm thepbermsswyistrate gl lggstdnet chi ng t he
substrate by bo r.d t r ions of an inert gas; 5 b.
introducing int en\‘/g%@&r'ﬁ% sgg’%@#gﬁ%r@%fﬂ orOfcorrpri sing the elenments C

H Si and N toabelatemmeicheed the sabsttaiblby borniodineoins!,the Sobstratg by pl asma from
the introduced pr_ecurfsor. agd depositing the conposition of the plasm on
the substrate to ' ¥PHREFEEI ve bias voltage is applied. 10 15 16. A

processsfor cogt ijfeoduciiein theleciafs ensthper 4 Bredupioncdmphisihgige  conpri sing
the steps of c. gradual I'y exchangi ng said precursor by a hydrocarbon,
forming a pl asmelgrmentstthdl.ifiandMNetcope gerosiied d pdisbleREPRORENSy dr ocar bon,
and depositing : I Ay fi | ] r . trate to
Whi ch o negat | ve Brac ofiedfa iBHAhe AR il ef o e

deposi tion of theodipmsitied-df theeplesmban the sopsisateito whichya negatiye biag d

hydr ocar bon. 20 %uag% %r%iﬁiga according to claim 16, further conprising for
each :

10
16. A process for coating a substrate according to claim 15 further
comprising the steps of
c. gradually exchanging said precursor by a hydrocarbon, forming a
plasma from the mixture of the precursor and the hydrocarbon, and
15 depositing a transition layer from said mixture on the substrate to
which a negative bias voltage is applied;
d. continuing the plasma deposition of the diamond-like carbon

composition layer from said hydrocarbon.

20 17. A process according to claim 186, further comprising for each
additional layered structure (19) of the coating, the steps of
e. gradually exchanging said hydrocarbon by a precursor comprising
the elements C, H, Si and N, forming a plasma from the hydrocarbon
and said precursor and depositing an intermediate layer from said
25 mixture;
"~ f. continuing the plasma deposition from the precursor comprising the
elements C, H, Siand N;
g. gradually exchanging said precursor by a hydrocarbon;
h. depositing a diamond-like carbon composition layer from said
30 hydrocarbon.

18. A process according to any one of claims 15 to 17, whereby a

radiofrequency between 1 and 28 MHz is applied on the substrate.




additional |ayered structure (19) of the coating, the steps of e. gradual
exchangi ng sai d hydrocarbon by a precursor conprising the elenentsﬂdim&Zﬁﬁ
Si and N, formng a plasma fromthe hydrocarbon and said precursor and
depositing an internediate |ayer fromsaid f. 25g. h. 30 m xture;

continuing the plasm deposition fron1L§e precursor conprising the

elements C, H Si and N, gradual |y exchangi ng said precursor by a

hydr ocarbon; depositing a dianond-|i ke carbon conposition |ayer from said
hydr ocarbon. 18. A process according to any one of clains 15 to 17, whereby
a radiofrequency between 1 and 28 MHz is applied on the substrate. 0 8 DEC

2003 -18 19. A1prapesesaaccurdingdo boy an¥ odRRirmé 156 @l mewhAdrebg al7, whereby a
negati ve DC bias or bi as voltage of 200 to 1200 Vis ap IIied to the

a : § . !
substrate. 5 20. W%F‘B%Ngé%b‘é%%ﬁ&ﬁ iag yoliage 8he0lie 0N Yds aBPlied 87, wher eby
a pul sed DC bi aspyelbapfei s applied to the substrate. 21. A process
according to claim 19, whereby the frequency of the M= bias voltage is
bet ween 30 and 1000 Hz. 10 22. A process according to any one of clains 16

roma STl ameRy gogsf Sihxumade 3hi e By B8 IF ATohBgBURERIRD C2i 6
el ectron em ssi orDCdiasolmitape édagpfiedno theshbstmateassi st ed di scharge using a

filament current of 50 to 150 A a negative filament DC bias voltage of 50
to 300 V

21. A process according to claim 19, whereby the frequency of the MF
bias voitage is between 30 and 1000 Hz.
10
22. A process according to any one of claims 16 to 21, whereby said

plasma is a stimulated plasma using electron emission from a
filament.

15 23. A process according to claim 22, whereby said electron emission is
obtained by an electron assisted discharge using a filament current
of 50 to 130 A, a negative filament DC bias voltage of 50 to 300 V
and a plasma current between 0.1 and 20 A.

20 24. A process according to any one of claims 16 to 23, whereby a

magnetic field is applied to intensify the plasma.

25. A process according to any one of claims 15 to 24, whereby said
precursor containing C, H, Siand N is a silazane.
25
26. A process according to claim 25, whereby said silazane is 1,1,3,3-

tetramethyldisiiazane or hexamethyldisilazane.

27. A process according to any one of claims 16 to 26, whereby the
30 hydrocarbon is selected from the group comprising saturated and

unsaturated acyclic or cyclic hydrocarbons comprising 110 20 C
atoms.



and a plasma current between 0.1 and 20 A. 20 24. A process according to
any one of clains 16 to 23, whereby a magnetic field is applied t
intensify the plasnma. 25 30 25. A process according to any one of ﬁmdﬁﬁsmqk
to 24, whereby said precursor containing C, H Si and Nis a silazane. 26.
A process according to claim25, whereby said silazane is 1,1, 3, 3-
tetranet hyl di sil azane or hexanethyldisi azane. 27. A process according to
any one of clainms 16 to 26, whereby the hydrocarbon is selected fromthe
group conprising saturated and unsaturated acyclic or cyclic hydrocarbons
conprising 1 to 20 C atons. 0 8 DEC 2003 -19 28. A process according to
claim 26, wherghw frocessymicordintydraimr 180 whereblyehe eywic dydrmcshiontis t ut ed

benzene. ,
benzene or a substituted benzene.



