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{54) Title: COMPOSITE COATINGS
(57) Abstract

The invention describes composite coatings, in particular comprising carbon and another metallic element such as silicon or aluminium.
These coatings have improved properties compared with pure tetrahedral amorphous carbon coatings, in that they have reduced stress leveis
and can be deposited at higher thicknesses, whilst retaining acceptable hardness and other useful mechanical properties. Also described -
are methods of making composite coatings, materials for making the coatings and substrates coated therewith. Specifically, a method of
applying a coating to a substrate using a cathode arc source, comprises gemerating an arc between a cathode target and an anode of the
source and depositing positive target ions on the substrate to form the coating, wherein the coating is a cornposite of at least first and second

sments and the target comprises said at least first and second elements. A composite coating comprises tetrahedral amorphous carbon
1 and a metallic element other than carben, the composite coating having an sp? content of at least 60 %. A target for use in a cathode arc
source comprises a mixture of carbon and a metallic element other than carbon,




The present invention relates to conposite coatings, in particular such
coatings conprising carbon and another netallic el enent. I

i nvention r eVQU¥es4ES al so to nmet hods of maki ng conposite &;%%E%g%@gri al s
for making the coatings and substrates coated with the coatings. Anorphous
silicon-carbon alloys (a-Sil ,C.,) have-attracted nuch recent attention
not only due to the conposition dependent variability of their optical 10
band gap but al so because of t h&OMPRSITE GRATINGS as i nternedi ate | ayers
for the growth of dianond filnms on crystalline silicon and non-di anond
substrate. Several attenpts have been made to deposit (a-Sil ,,C,) filns
usi ng exi st iThg préd@rtrimberciemelstts @pompodiep osatingsnin favijuler syphasaingssi st ed

CVD techni ques, . but these techniques ipvo]ve high deposition tenperatures
whi ch my. dESTIRBIFTSC bR AR GHARG MEEHLR PIertPivel o PSR A SEOTARIRS VD

techni qges BrwetdisAsthomR! 8f rRAEIAYT CorfiPFRIRY RESHNGS,C hatdrRid REE PIGR) §hdue to
their toxicity. It is known to deposit hard thin filnms, such as tetrahedral

anor phous c&PBUNGs pnd-supstrgiamgoaiedi withrthe coatingsle arc (MKenzie et al

1991, Fallon et al 1993, 20 Martin et al 1988). These ta-C fil ns have
interesting and useful properties, such as extrene hardness (-70 Gpa),

t hermal st aBimdrphouli glicehwarbor atlloyseda-Sii W,k yhavei drafded wpthcadceband gap

(-- 2.5eV), _smm surfac nd. low frigctio and tran re . n W de
Spectral  aRQENRE LY ERBFSuAR8 mHompbs o ikmelfen: VEBAEK SEainoR st ¢ o
7370/() i nr(?t hebénd lgl_ap Iﬁ{tldmmyeafausélm_éﬂ:i\?ighnﬂamaﬁm!e &Ejihft_smegl’até |'&§'efé fofgh&an
imt their applicatijons, speci a hen |t is desired to deposit a
relatively gIMR B |dipmaid, Hiahs PPn?feéVVmﬁ gligeqeyd PeRidanind allttatee. 30
I'n order toseeshdfatidngpisMiBidBbes eSS t8fddpdse (BldiNK,) &Rfs BindNeBEi/IPt to
i nprove adhesion of thick filnms of this t)ype,I differfent nodifications have
R

been nade, thengw! alemical yaeeu FrRASHIELG IR SR asTisteehe VIHmabnEtuesnhi | st
he i 5. -2-
the 'nternabuft%e§?2%@lﬁ%ﬁﬁe@9%lvé’ﬁg??fle %‘éﬁ%np&%%&s%l r;m"zh rfay a%ét?oi? can

be reduced a litt S 1S not s ient to ni fican
i ncreadbs i or dapbye niddynsubitokaegateripls. Adsh tinonyn CNErtechniques badyasediges t o

metal organic compounds which are undesirable due to their toxicity.

It is known to deposit hard thin films, such as tetrahedral amorphous carbon
(ta-C), using a filtered cathode arc {McKenzie et al 1991, Fallon et al 1993,
20 Martin et al 1988). These ta-C films have interesting and useful properties,
such as extreme hardness (~70 Gpa}, thermal stability, high electrical
resistivity, wide Tauc optical band gap {~2.5eV]}, smooth surface and low
friction, and transparency in wide spectral range because of the high sp®
fraction of carbon atoms {up to 87%) in the film.
25
However, the high internal stress in the fiilms can limit their applications,

especially when it is desired to deposit a relatively thick film, as the film may

flake away from the substrate.

30 In order to reduce the internal stress of ta-C films, and in an attempt to improve
- adhesion of thick films of this type, different modifications have been made,

such as nitrogen incorporation into the films. However, whilst the internal



“incorporation of nitrogen into these films as so doing can harm many of the
mechani cal properties of the filns. 5 Metal-containing di atb8ebtémber-20a8bon

(DLC) mmat erivgbanedsss known potentially to have useful el ect picaabogidgss
mechani cal properties, wear resistance and friction (D mgen et at 1987).
I't has been reported that such filnms coptaining certain |ow percentages of
netal s can have conparabl e wear resistance and friction 10 coefficient with

the a-C H fdldi®, cANhdB¥dBAE aDRUESthRIRCAGORUFRIENE to SUPHiE aélij@&ific?ﬂ —

I ntroducing certain netal elements such as alum numinto the

reduce fil mmerepses in egabbmfiym dhicknessiniacedgitianl eherrpanrsdisetivantagesetthani cal
properties, ] J O , 428 54 escri bes
t he use of .%§¢+§§ H?tﬁ)angrf gﬁl[gﬁ?i nﬁﬁgom}(g%u%lﬁ"ns{a? %Fb L@éﬁgﬁﬁﬁﬁgh} é}agg’t &f {Le

(opti onal | ynedlemnicaigdrogenigseofl thatfimel de rare-earth netal) for preparing
conposite filnms, said filns having inproved electrically resistive

propertﬁ es (ie. a high surface resistivity and a | ow tenperature

co-ef fi ci eNeRi-cohBihivlg dibh¥nd-liléeafidnBLE) tfeeia apfkSvAP RNy & C
| anp"” techniques (see I'ines 20 18-34 of colum 4). This is al so evjdent
formthe ghgie usald eecticakanhimeghanical propgriiesy Wear yedisieace anstfiiction | anp

techni ques (bRRELAMN 3 PIERLEENAT P RARINEA tHAHENER rffhs COMRBRMIR LA

macroparticl es ich are emtted fromthe target during evaporation
t her eof . Theweperaentgestdfohets|s casghavrecompatablehwede s¢sigt@dnceidnd frintitiong

partigl.es, d be incopporated into the fil f 3, 1_25..whi ch,
as a (r:]gsul F\,égt\#lbﬂ?r& 5’?’)‘ geérge ﬁia%ﬁdiﬁp{ﬁé'r ﬁép g{a&eggvgr%%@?rt iaéé%% %’é’l éél 1fh\ygn
associ at ed subsfratonugbdiuocinal ceHialrmme tBetdméntsnaichvaas alumdtumpdasesse BECept abl e -

wear and/or_ hardness charﬁct eristics r 9ui red for protective wear/resistive
coatings, fUPsdRaKgieduse Hayaireen lf‘&ro'ﬁ e NS H ARaRtAP RS 2hd™ ool s.
I'n  contr agiecHdnfodd 688 ies NN 49 RaRifREO¥Ad g s MsRlusat hodi ¢ arc
source 30 process, and provides a substantially macroparticle-free
conposite coating having reduced stress properties. 17 Septenber 2003 WO

00/ 68435 POH 1BROs BBy estribdAtHIOHisE S CarbBHL Ghdt SCHRBhGAY gréthd As@R not
filtered cathodic arc source
containing target (optionally also including a lanthanide rare-earth metal} for

preparing composite films, said films having improved electrically resistive
properties (ie. a high surface resistivity and a low temperature co-efficient of
resistivity). The films are prepared using early "arc lamp" techniques (see Iineé
20 18-34 of column 4). This is also evident form the grant date of this patent (ie.
18 February 1969). Such arc lamp techniques inherently produce an excessive
number of contaminating macroparticles which are emitted from the target
during evaporation thereof. These macroparticles, together with the desired
film-forming particles, would be incorporated into the films of US 3,428,541
25 which, as a result, would possess high internal stress properties typically
associated with conventional films. Such films would not possess acceptabie
wear and/or hardness characteristics required for protective wear/resistive
coatings, for example as required for precision machining parts and tools. In
contrast, the present invention employs the filtered cathodic arc source
30 process, and provides a substantially macroparticie-free composite coating

having reduced stress properties.



t echnol ogy, has been previously considered for preparing i al -
containing filns, see for exanple US 4,842,710 and US 4, 8§8§%¥§m5%

met hods havewemoksiged a target conprising two or nore metal PCTABUWEILIS as an
5 alloy. As nmentioned in US 4,839,011 (see lines 36-41 and |ines 65-67 of
colum 1 in US 4,839,6011), problens haye been encountered in preparing
conposite coatings froma single cathode target conprising netal alloys by
cat hode ar cCafhodechnolsogsce terhpalogyc dlthough tncafitaredvesthdidid iagdlIsbubee

control the rEEid m@n&rr%tp of the arc spot agcross the target surface and
thus to preg5rROOgYsiNes ifen RIGKIGYSIY: &PNs fﬁ%ggf PrePHIG coOPesitetRetal ¢ spot
may junmp ofdordtBRid g, e tRCexarApld @S apsuat £ mmoagm,ss@é,ohhe éﬁrﬂet

support apparatus, thereby introducing further contam nants into e
deposi t ed fPFHCdsdiavgrampieyehbatargpt ¢HBPEH0g tWe arpvertemetalasiuallyias anrandom
t ar get gvearau%tg,q | eads to deterioration of a snoboth evaporation surface.
This, in turn, affects the vapour conposition and reduces the effective
operation tine of a target. Wiere filtered cathodic arc source techni ques

have been eppl oyed tq .pr ar bon-c i ni coatings 96/ 26532) ,
Lo avord « Hov aversd B Bresn 601 e PEscRel ebhetBhigl s boRiRnd uee of
a singl e cahhoslicssar@et), padigihs $ialg beBharicoant«se ial mepatingrdmpediteer ,
towards the simultaneous use of two or nore cathode targets consisting of

di fferent &OaYEREITODH YpYsCotesle Geastqomarising meta! afoys Purgiiode®Si sti ng
of carfpn. {YORKAIZED 3 paticRad e6ikdd BFed afilit R0 RBAGREMOFaRd Bl Vet

sequentially to a carbon electrode to produce a nulti-layer coating (See,
for exanpl &f Peger®sporiasrassr isntaiget sudace andothysajerpregare [$ONSEARIthg wer e
derived fr | S figr &lsngat : ' ' not e
t hat the rruq{gtr?ﬁ(% ét%er c’cr)]g?i lﬂ s?té#tﬁ%g%?%%%zﬂnl&%y @?@éﬁﬂgggra gé%aﬁ?}ég/atgrgs, each
| ayer consiastdiavgpofata cempghentsoipwrterget siheort pppa@ses gheegipyligtrnguaingecond

(or nore) layer on first lLayer, in a |ti.-layer 17 Septe r, 2003 . WO
00/ 68455 PCITBOGREBREENE. 1BainengoPedtes! T Tpbrd Bhysreal feheral
properts es rabvdrhést rekalfin.raridiem t@igepaieli 88d fade aodesdricratibe of awhsdéaht i al | y
honogenous) coatings a¥e c_?rrpl_etelr?/ ..

evaporation surface. This, in turn, affects the vapour composition and reduces

the effective operation time of a target.

Where filtered cathodic arc source techniques have been employed to produce
20  carbon-containing coatings (W096/26532), to avoid the above-mentioned
problems, the art teaches away from the use of a single cathodic target
comprising more than one element and, rather, towards the simultanecus use

of two or more cathode targets consisting of different elements.

25 WQ096/26532 describes the use of a target consisting of carbon. W086/26532
also describes use of a non-carbon electrode sequentially to a carbon electrode
to produce a muiti-layer coating (see, for example, page 8). The carbon and

non-carbon layers of the coating were derived from different cathode targets.

30 It is also important to note that the muiti-layer coatings of W096/26532
comprise discrete layers, each layer consisting of a single component. The

purpose of applying a second {or more} layer on a first layer in a multi-layer



different to those of multi-layer coatings. In this respect, there is no
teaching in W96/26532 of a coating conprising carbon and Serewber003
non- car bon welcemsewss (especially a netal) in substantially hamaga@dsst or m
it is therefore an object of the invention to provide conposite coatings
that solve or at |east aneliorate the aforementioned problenms. In
particular it is an object of specific enbodinents of the invention to

provi de compisigt B €0akbagy U thlsi@ihBIicdIe HaRISL T 68 First 4 SRAR! | NO
deposition of relatively thick coatings whilst retalning acceptablé
har dness. PEEBHILES RGF9MPOSHe fieesdpgtanticbnhomngpnovsidemtinigs aae tompteteigpect, a

nmet hod of g; i ' r usin iltered cathode are
sour ce, 1d§ﬁgﬂ[oyr?%Irt?gtljﬁsgézggﬁldg?eﬁfenrgcién{%bﬂh@%lg\zé?ﬁea&(:g‘??{&d@ egehinand an
anode of tieVOSH26532 aofda 2 atieygosbivipmigingosattiore ahdr gakcbAd sndicirBen
substrate the goatin wherein t.h oating is a conposite of at.

| east %ar bet(')%n%&(rj@gpg%’ég‘ﬁ& @Ieg%m S”BT%BF'alﬁﬁgﬂ WSdREM: he t ar get
conprises said at | east carbon and a second el enment other than carbon
whi ch has been obtained by sinterin m xture of the carbon and the

second el éH?nTtl".e_refSr erRB QE?JFFEPE&"%&'F‘{?@%@%'F% PEQNifle carereritageatingsathahi que
met hod of sdRRAsH 41i1B8kt HALEGHAS AL §f&§ﬁ%&§§h$ﬂ§§6£%ﬁ§s..iﬁ”}.’:%r{?&ﬁaPﬁ?s” o

described in, for exanple, W96/265 invention enables the
pr oduct i o®bisict ebaperific embalimenbsohithd iavbytion torpgeride sprgaaitengatingom

t A hat i,nt . [ ,
cormoront Sean it £BAEHSBEE R B E RO Rt st RSB Riner mber
2003 WO 0d1iB843ainhed AtBOOYabOH6BErdriessf i | N6 can easily be produced using the

filtered cathode arc process, and wthout the need for introduction of
gaseous conpounds into the arc vacuum chanber. Conposite filns were

previ ous| ycasslinglg] Mge proserfXialBhBondprolaiRRl §f a HAlt8dpaRd Shydiipgaspon gas,
SiH4 gas or a netal organic conpound in vapour
applying a coating to a substrate using a filtered cathode arc source,

15 comprising:-

generating an arc between a cathode target and an anode of the source;

and

20 depositing positive target ions on the substrate to form the coating,

wherein the coating is a composite of at least carbon and a second element
other than carbon and the target comprises said at least carbon and a
second element other than carbon which has been obtained by sintering a

mixture of the carbon and the second element.
25

The filtered cathode arc source technique is a unique method of depositing

cations on a substrate surface, and has been described in, for example,
WO096/26531.

30  Thus, the invention enables the production of composite ({ie. substantially
homogenous) coatings from targets used in a cathode arc that contain two or

.more coating components. It is an advantage of the method that composite



5 formintroduced typically close to the substrate. The I s%l ant fil had
hi gh hydrogen content and suffered from poor nechani cal gr ep??mﬁ)%rsé.oogﬁe
met hod of twWeewesdsnti on avoi ds the necessity for gaseous cdi¥gFdR¥&Sand
enabl es production of filns that have | ower hydrogen contents than and

I nproved nechani cal properties than pogsible hitherto. Filns of the

i nvention typically 10 have- a hydrogen content of 20% or |ess, preferably
10% or | esdfijlmandam reasgpdee farodecdrbdisimenttbe diltdarbd carhede iz rsubstsardridal | y

hydr ogen-free coati ngs e. produced. It is a further option for the nmethod
Lo deposi ¢ WiRont Mrgaraler il aduiar peseie el M HeYaclifond and
third el emuMasnzdrdCohpicRite flife waegrbvioQeRthads usimigfforlexh@pil agagomr,
second and third el enments. Alternatively, the coating can be a conposite

of at |eastiatARLIRGN, MEULEAP AN i 98P Grengtal I9ERE cOFIRMNT IR ¥APPYfses
said atg] e%PrﬂgﬂfrBQGc@d"Qyﬁiﬁﬁmﬁglo‘%EQcBBcﬂESSLﬁJ%_?fatt@.?Tﬁ@fr&QﬂaﬁPﬂPﬁé R&S high

I ntroducing t hird element” into the coating in a gaseous or liquid form
20 The t ar dedrpgest eerlsing andniffesred frate pdef | asoey ofreprrties.nTHenme

adm xture e t ' : I ed or
si ntered. Jctr?'e T g?ﬁ@ ’3 ag)éﬁr%sflhj'séle n? g%&gg‘]?ﬁﬁg%%%o%%ﬁﬁgﬁéﬁg%tnanﬁa% y in

t heir el emgirbdlictiar mf fdnd tiodt Bsvealmeebhgdrogdih tbniesite tivars age dmiphatedt he

met hod of the invention is of application without limt. to.the chqjce of

target mat @?%@'C%&BP?W@&I 11"5?,“ ‘F%'c@%tm@'ﬁrﬁ?agﬂlénﬁc?ta? lﬁ'l"feg}t'o'bg%'ﬂcag!i'r ried

out Usi®g hahRr §HydrBdén CUMERS 85 DN ledy, QsHefdrablya10%abl Ngsspfandain

conposite conprising tetrahedral anorphous carbon., The target égreferabl y 30
é]O

contains, &pesdcaabedimmsis of hejprantionpebstapgally BRGQEEN HEeeAosEPds 858 | v
conducti ng, r§8uﬁéd1_er target materials may be chosen that are non-netallic,
provi ded trfat the target is sufficiently conducting to be used as a cat hode
19- 04- 2001 1 B 000000635 17 Septenber 2003 -6 target in a cathode are

deposi tion I?%paah%huesr ‘'option for the method to deposit a coating that is a composite of
15  at least carbon, second and third elements and wherein the target comprises

said at least carbon, second and third elements. Alternatively, the coating can

be a composite of at least carbon, second and third elements and the target

comprises said at least carbon and second elements and the method comprises

introducing the third element into the coating in a gaseous or liquid form.

20
The target preferably comprises the defined components in intimate admixture
(ie. in substantially homogenous form}, for example pressed or sintered. Such
targets comprise the defined components substantially in their elemental form
and not as a carbide.
25

It is envisaged that the method of the invention is of application without limit
to the choice of target materials. Specifically, the method has successfully
been carried out using a target that comprises carbon, producing a coating of
a composite comprising tetrahedral amorphous carbon. The target preferably
30 contains, as second element, a metal. The target should be electrically
conducting, so other target materials may be chosen that are non-metallic,

provided that the target is sufficiently conducting to be used as a cathode



Th jelement of the target is preferably selected fromthe gr
coﬁ‘s%sg%f%gg of titanium nickel,.chromum alumnum silicon, and tu%&f’é’ﬂ‘m%

5 Aluminiumis the preferred second el enent. As an atomc{ per cent a%e of-
target, aluminiumis preferablyy present at a naxi num of tefehas 2003
preferably at a maxi nrum of 10% and nost preferably at a maxi num of 5%
Particularly good hardness characteri sti_cimhave been 10 achi eved at between
1 and 2% al umi ni um especially at approxitately 1.5% alum nium The ot her
second el.ene V4 f working atom c percentages of
up to 50% ﬁtr S%er al{@% C% Ssm @rﬁﬁ Ref erence to elenent is
intended to be reference to the elenent mhether present in elenental or

ionic or Comwmécbﬁ&f@ieﬂa%nifbf'rﬂié Qbfgértalls Q@é@BW%e%E&PQr&ﬁa{Hé‘gﬁogﬁ not

possess opti a S| St ance erties., The introductli a second
el enent i nt &fr}?ést'% éL 'ta 'u”%(bB\‘fg Ii g%‘émt RUBRERY) $i ‘Eﬁf?;rl F‘Pgégr‘ﬂ?t%ch
coati ngs? i rAlyaminiuoulisathegibneferged Becmledintmmjerttrr ttleness. In a-particularly
preferred enbodi nent of the invention the nethod conprises depositing a

| ayer of a ,grrposr te filmof carbon and silicon, suitably using a target
whi ch cont ai’h8 &t 3tRTEG PERRRTNAgS A tarAet, r AHEIIRIHET IHEreigraklyshresentiat ya

sili con. Themarimosiof €0Sh -1Gofd praferabhy Medmagimurses 1lcr%rmdﬁmeaérergﬁrw

field 25 Ao Hisamhntot igom eahdlliad, 63BaRREd %@a{gab{ﬁ °Vedp%%p ‘o

tribol ogi cal pr operties uce ess n'gss co
known DL€ arRf Weéa%tézﬁtwqer\n% anfcd %r AHEENIL, PSpEcichy stighpLeximately 1.5%
fspecrh ficati cumérfiems The athefisectnd Widraests @é]cie@tamvwr&@esér@ﬁ@%d wrk .
urther part tion
AVENDED gHEéfS%@ggY?&{n%%g [é’ggf? \%WES‘&%’% ’ﬁ%%rf’@ e E? n‘;{j f ses
deposi ting &8 QSPé\CBO‘fO sleawiposi tnéefi“i‘ﬁ%t@fb%aﬁfﬁtﬁm&n@ sherslemant whether
present in elemental or ionic or compound form.

15
Tetrahedral amorphous carbon coatings do not possess optimal impact
resistance propert'ies. The introduction of a second element into the target as
- above improves the overall qualities of such coatings, in particula‘r giving it
reduced brittleness.
20

. In a-particularly preferred embodiment of the invention the method comprises
depositing a layer of a composite film of carbon and silicon, suitably using a
target which contains at least 40% carbon, the remainder being substantially
silicon. The composite Si-C film obtained has uses in the semiconductor field.

25 Also the Si-C film obtained can be used for its improved tribological properties
of reduced stress and high hardness compared to known DLC and DC-based
films.

Reference to "%" throughout this specification refers to atomic %, unless
30 otherwise stated. '

In a further particularly preferred embodiment of the invention the method

AMENDED SHEET



suitably using a target which contains at |east 80% carbqn,. the renmainder
bei ng substantially alumi num 5 The use of conposite tar BZtSsepf'Fé'%bec"%m
advant age t heo dotés4ss possi bl e according to the invention teclapesicss
coatings that have a high proportion of spa bonds. 1[It is preferred that

t he deposited coating has an spa conte[n7 of at least 60% nore preferably
at least 70% and in specific enbodi nent's of the invention sp3 percentages

of 80% and ahapRiset UHRRIEERIRer 10 FBEMOBERE Ginr CABRBANaGP TRARiriGm! a7 0CL S
in the cathodic arc nethod of the present invention, the arc spot nobvenent
across the suitajdy waimg gctargelywhich pemteinsubialegt 8084y catthers they rernamdel ocal

er osi on of t . ulting in undesirable pit formation

whi ch, in t%'?iﬁg %t%%%%%geﬁ?ﬁ'eﬁug%erati on time of 15 such targets. In order

to extend the operation effective operation tine, a nunber of process

nmodi ficatio may be enpl oyed. For_exanple: first, the target surface may
be 1ot abed IhE BP\AIccqBORIG tpTie haeHBP sy SBEGEaT AL 18 RBATOAF O 1 he
target surfaceddveRfioans depesit chatirdd ®atr Bhvd BhidRpafiortTBH of 4@ R nds.
intermttent or continuous; secondly, a fresh target surface may

be
present ed tb i$ REctgrredsthat thy derariiedrrpatigodiasan e7° sontenhpfjat laast 5%,
proxi mal. t R plBratfiplar RERY L, ol ifspbaiif! difbodifitb 6P RAROERAGALD! e,
the pitted sectPon may sinply be sliced oft. I'n one 25 enbodi nent, the
cat hode t arpmtentagdseof B0t exdiabdes amd asigenableand associated with a feeder.
Thus, Qllowi ng slicing, the cathode target may be fed further into the
arc apparatus so that the new surface assunes substantially the sane
posi ti on aswHe @hpWiydug catbohasenpasite 3bgets irhtietythotiitearar metiiyd bétisd npl y
stopped and then restruck. e abave sol uti 0{113513e

Two or nore of th nayggﬁ)
enpl oyed t FYECRBE NG00 Shgy AthEPTt TEYRREDHAL O 1HBIBESE S8 TIPSR eifber
2003 -8 opepaticalhrkyl sBwWRITHs il dRlis@ i didibr 8f tHietaPgsaitiadd el

in undesirable pit formation which, in turn, may reduce the operation time of
15 such targets. In order to extend the operation effective operation time, a

number of process modifications may be employed. For example:-

first, the target surface may be rotated vis-a-vis the arc spot, thereby exposing
a new portion of the target surface to the arc spot. Rotation of the target may

20 be intermittent or continuous;

secondly, a fresh target surface may be presented to the arc spot by removing
a slice of the target surface proximal to the arc. For example, once a target
surface becomes pitted, the pitted section may simply be sliced off. In one
25 embodiment, the cathode target may be, for example, elongate and associated
with a feeder. Thus, following slicing, the cathode target may be fed further
into the arc apparatus so that the new surface assumes substantially the same

position as the previous surface; and
30 . thirdly, the arc may be simply stopped and then restruck.

Two or more of the above solutions may be employed together to prolong the



The i v | on "additionally provides in the first aspect a nethod of
deagéﬂ%gﬁ@i a conposite coating of at least first and second elenenll%,cmoooosca5
conprising: 5 generating an arc between an anode and a C@?@%ﬂﬁatﬁ#ﬁﬁés

wherein the cathode target, conprises said first and second el enents, so

as to generate positive ions of said first and second el enents; and 10
depositing said ions on a substrate to fggmthe conposite coating. The

target used in the nmethod can conprise carbon and the conposite coating

conpri se t etgadhatlbaltinrser RhRsetCaicBRiing A ithe préseManeémtigit of at | east
70% 15 In a second aspect of the invention there is provided a conposite

coating conprising carbon and an el enent other than carbon. In an
enbodi nent ofhd hevantioenadditioaalbopnoedesendabatfiraty aspegira sesthbdtaf adepdsiting

amor phous cagbgp, Qﬂe%aﬁbﬁb@% rirgén%ﬁfrs{ b s%@&h@%lerﬂ&“s?%gw#is% retallic

4
20 elenment.. in a turther a conposite coating co | SES
tetrahed?al anorphous carbon-and has an sp3 content of at |east 60% The
spa content in predfreramty af Gt bagseers aptarotiesdnd/d Yathithdd fargeth avherai theof

the invention a co | t,e_cqQating..CONpLi 9 - 80% bon..and 0.1-20%
Lo i om | Thece G080 dBreRtobhMBHSARRIE TTs0 And; Sk BleRiEud Gpi a8 €
properties as norgenspeiei pasitive ipnseaf said first antbseseuthelemdndsioand 30 | n
further enbodi ments of the invention a conposite coating conprises 99.9-
40% car bon and 0. 1-60% sili.can. These ,have been found to exhibit.
barticulrly  dedleRASIING,FRiAdPES 88 Subirate R ALITBEIJMRIS L SRAtNg-t e

exanpl es bel ow. An advantage of filns of the invention is that they have

stress |evel-s,d fabefliSed RrnesfbGRd R Gsd LarBYhSaricPere cfdrhﬂ&si' éa\rkﬁjat'

t herefore _fi-ﬁ‘rrs Q?etﬁe inventerﬁon can b@eg %Sle? eg at gr eater t ’ch ne!sn es

than pure tRamprisgietralipdralamerphgys carbog iy ean sPdreRENt 1of af 5%k 7871 hei r

structure, filnms of the invention retain a AMENDED SHEET 19-04-2001 | -9
15 In a second aspect of the invention there is provided a composite coating

comprising carbon and an element other than carbon.

In an embodiment of the invention a compos_ite coating comprises tetrahedral
amorphous carbon and an element other than carbon, optionally a metallic
20 element.

In a further embodiment a composite coating comprises tetrahedral amorphous
carbon-and has an sp® content of at least 60%. The sp® content in preferred
coatings is at ieast 70%. :

25 .
In embodiments of the invention a composite coating comprises 99.9-80%
carbon and 0.1-20% aluminium. These have been found to exhibit particularly
desirable properties as more specifically set out in the examples below.

30 In further embodiments of the invention a composite coating comprises 99.9-
40% carbon and Q.1-60% silicon. These have been found to exhibit particularly
desirable properties as more specifically set out in the examples below.

An advantage of films of the invention is that they have stress levels that are
35  reduced compared to pure ta-C films, and therefore films of the invention can
be deposited at greater thicknesses than pure ta-C films, but retain an
acceptable hardness. In terms of their structure, films of the invention retain a

AMENDED SHEET



5 17 Septenber 2003 significant proportion of the structyre n
%Bg%g?c films, such- as a high |evel of spa bonding. The fil NSE&O%%%OES%

speC| fic enmbodi nents of the invention have additionally Jpg Prﬁ)%
exhi bit increased adhesion to substrates and to have a goo I Cl ent of
friction. In this respect, the coatings of the present application have a
low friction coefficient. For exanple, th§ al um ni unf carbon coatings. have
a friction coefficient of approximately 0706, whereas conventional
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machi ne tools t 00 ro ate an
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second aspect_of the fa Ke I'nvent 1 on ? at

# an advant
o d ok ceafYeribhal dVERrP kegtioss Hal arr -G Teetlisientngr &Y eesta y
has a thi cknésgonfofupOt bighepnThé Ocodtowsnade of pusef ar alpblicationscasierd SuH 1

m cron), norgoNeefied alley &Tu ﬁPm RS Mtﬁﬂ's)on itﬂcjolls fied hfia%e%oggtr ce, '

aspect of t he |nveBt|on OVI des a tar get for us ¢at hod

conpri si 1Hg assmicenAdctar %cﬁ?“&ﬁ’ﬁl’ea‘tﬁé’ﬁ appyids @FB‘P@ﬁ‘E‘/ imprtiqramgetdsyadies
conpri se ](c:al’dm\:dl pumthes] Mbenpreset mt:&gma\&ep@ﬁrm @ﬁm:caagnafd#%éﬁt"ﬂ H
T t t

argets of tf Eh&%{%@% fher Mﬁetol%?se%tg%e%ﬁvélg? %r%ﬁ.&edﬂé deﬂﬂ% |}u§§cﬁ%§ee €

i nventi on as descr I'n nore detaill
advant ageousepiEPEReNtSs. The target may al so conprise carbon and anot her
el ement, such as a netallic elenent selected fromtitanium chrom um

oL okel 1800, RSB} S hop3 3P P BIN Bl B ol A PR e,

t he presenceCHNPaSkE ,s;@@tlnglﬁgs;og@ng to the second aspect of the invention, It is an

advantage of the invention that hard thick coatings are obtainable, and the

composite coating typically has a thickness of up to 10um (10 microns),

preferably at least 1um (1 micron), more preferably at 5um {5 microns).

20 ' '
-A still further, fourth aspect of the invention provides a target for use in a
cathode arc source, comprising a mixture of carbon and a metallic element.

The target may comprise carbon and silicon, and may comprise carbon and
25 aluminum. Targets of this composition have been used in specific embodiments
of the invention as described in more detail below, resulting in films have
-advantageous properties. The target may aiso comprise carbon and another
element, such as a metallic element selected from titanium, chromium, nickel
and tungsten.
30 ‘
To obtain a target of the invention, a mixture of carbon and the metallic or
other element can be sintered, for example in the presence of a binder such as
bitumen or tar.

AMENDED SHEET



bi tumen or tar. AMENDED SHEET 17 Septenber 2003 WO 00/68455 PCT] | BOQ. 00635
-10- The invention yet further, in a fifth aspect, provi desSePiRPHAPIST

maki ng a tawgebsdsey use in a cathode arc source, conprisin@GcTagbdogssng at
| east first and second target conponents in powdered 5 and/or finally
divided formto produce a m xture of sajd first and second target
conponents; pressing said conponent to forma target; and sintering the

m xture of 4 HveARBnSAEORIIA 47 GRRTAREL! DrBlidBl ey Atitloa 1Y depReat ure:

The nethod preferably conprises sinterin enperature o
hi gher. |t tesgesgor osalintaocdthobdadec sobtasdeomprisinghi ch case t he net hod
conprises: 15 conbining the target conponents in the presence of the

bi nder, such as tar, bitunmen, alcohol and m xtures and conpositions

t her eof . Howeverconsbibingdet ieway firet abd sephayRdgst &dmpbeentriapPaswdgred
alum nium containing.targets. This is because the high tenperature

enpl oy@d to evaﬁ&Bé‘T%"?@ cﬁé‘dﬁﬁcféé'?’rtalﬁ’lr Y5ierr BYX R pheRid fssi@ng secend t he
same tinme, evapgsee coftporfindgd ni um conponent. C ean anorphous
silicon-carbon (a-SiC) alloy filns were thus deposited in specific

enbodi nents of the invention by filtered cathodic vacuum arc 25 techni que.

The silicon content.in the fil L[ by X-ray photoel ectron
spect roscopy (XE§SSW§§’&¢%%%@%%%?%%gé'ﬁ]ﬁ{]%@anpl es tovary from2.4 to
48 at. % Both XRSrawgdh&amearens disst aedeatadshmet dorhpenenexatsti@mtel of

armrpgﬁus sili cin éargmgﬁle clusters in the filmwth silicon content
bet we 42 and X" o Wth increasing silicon content, the hardness of

ST T T N R S

higher.

It is optional to include a binder, in which case the method comprises
15 combining the target components in the présence of the binder, such as tar,

bitumen, alcohol and mixtures and compositions thereof.

However, a binder may not be employed with when preparing aluminium-
containing targets. This is because the high temperature employed to evaporate
20 the undesirable binder components would, at the same time, evaporate the

aluminium component.

Clean amorphous silicon-carbon {a-SiC) alloy films were thus deposited in

_ specific embodiments of the invention by filtered cathodic vacuum arc
25 technique. The silicon content in the film was determined by X-ray
photoelectron spectroscopy (XPS) measurement and found intexamples to vary

from 2.4 to 48 at.%. Both XPS and Raman measurements showed the
existence of amorphous silicon carbide clusters in the film with silicon content
between 42 and 48 at.%. With increasing silicon content, the hardness of the

30 film decreases from 62 GPa to 22 GPa while the compressive stress decreases

from 8.2 GPa to 2.0 GPa.



WO 00/ 68455 PCT/ |1 BOO 00635 -11- Al umi ni um contai ni ng tetrahedral armrghous
carbon (ta-C Al) films were simlarly thus prepared accdf fiertenikeri2Q8

i nvention w&oyﬁkis%ered cat hodi ¢ vacuum arc process. Char aﬁé‘F[H(?ﬁ/ﬁ&%é)n of
I'n

the filns s mal nry focused on their nechanical properties an er nal
stress in ternms of filmstructure and Al 5 content. The filmstructure was
studied mainly by McroRaman Spectroscddy: The nechani cal properties were

measur ed by napqi ndentation testing. The internal stress was eval uated
with a radN%mHF”'PD?WW%gt@EW%‘Fa?ﬁi BYCRRNAtS serbany bl lms avisery. It

was noti cedinhiialy thitg gr@é&reaadc_caﬁdiﬁg %o Be PYBABLR i 4 fifBred @RI REYE&STLIM
significantly from10-12 GPa in the ta-Cfilns to 1-2 GPa in the 10 to-C Al

films. Howa{kerProeess. hbharraisriggtion |ofstheadilmsdwgs meinlyofarysed @pdheihen t he
Al content _i [ %:..F. t . a nt,
the ratios %#hégggglgr??\?%%gi %@%}grrﬂﬁw&ﬁ% I<£;11t{eiilg1sf Qﬁé‘?@ﬁﬂ’f ﬁ%l—émg\rg peak
area t ® t hoowotenft. Grpfiltk ssiticgiatel was sturdieds gdivly tly Mo Ramer &pectybsdpy.
content. This ingjécat &8s ;that ié he ee},gount Ofd 2 bondi nﬁ iln t 1ese fi].l,‘gs has
15 i ncreased® TECRPPEd, RIMFATSS REFOPauded v S59°Rssaiatyn wsHae:

consi der abirgernateweye vaswivialudtbe wWith & Pedius oL c@BStureftehnigiie bfiendank®, t he
D- peak devel gped ch faster than the Gp ning that th

P . ak, nme 2
conponent Rydacs Qﬁ?r%\PE%?ﬁW-W W%?%’é%%t%&ﬁ?dmeéa?iﬁ@eﬁs texamﬁ?ﬁ‘fﬁ?sof t he

i nvention fasG3Rubtd efdri€atnPRonflegerh GPatinankithl Aim&fo ACE &Pbqh thand then
the sp3 bonding is maintained, and 20 that Al alloying such as Al 4C3 or

Al OC dén htbpen! fiinen deweysr.Athe kardnges ofddweg hadt 8 drae PiarAundkEnGRe can
exist in clystens i éé}ﬂeﬁg% dagi Aay waﬁ%@\?&&‘eﬁd"’%i‘%. E%'@!eﬁ%% IS now
illustrated 1'n specific enbodinments with reference to the 25 acconpanying
drawi ngs i meskuEmerf, ghe tatdmwb Deerdninténsityd @l widthd@habbeght(RVEHH) '
anor phous silicap-_carbon all

g, "2 shodh® RERRPrERae: e osronspRo S, Rt e SRt hEA L,
di fferent sbhiedonThRNirglidates Itfhabepd amant2608p2 bonding in these films has
15  increased. It appears that the increase of sp2 bonding is not considerable.
However, with the further increase of Al in the films, the D-peak developed
much faster than the G-peak, meaning that the sp2 component has significantly
increased and indicating that in films of the invention Al can effectively be
doped in the film as an acceptor, and then the sp® bonding is maintained, and
20 that Al alloying such as Al,C; or AIOC can happen when excess Al is

introduced into the film. Then Al can exist in clusters in the sp*-dominant

carbon network.

The invention is now illustrated in specific embodiments with reference to the

25 accompanying drawings in which:-

Fig. 1 shows deconvoluted C 1s XPS spectra for amorphous silicon-

carbon alloy films with different silicon contents;

30 Fig. 2 shows Raman spectra of amorphous silicon-carbon alioy films with

different silicon contents;



WO 00/ 68455 PCT/ 1B00/ 00635 -12- Fig. 3 shows the results of nmeasurenent of
properti‘es of deposited carbon-silicon conposite films, 1h2%RIgMbes2083ons

filmstress ggbcbo;gg&gness as a function of silicon content iﬂ&ﬁgﬂﬁw{,dé;ﬂ 5
I1In~ 3c

10 3b shows man shift as a function of silicon content in'the
shows variation in silicon content in the filmagainst silicon content in
the target; 3d shows stress agai nst hartthess in silicon-carbon conposite

films; and 3e sﬂpvvs hg]édnes and Yo\l;agg' S nodul us as a functiﬂ} of silicon
15 content in tHAST Pl RAOWE o FSURSM TBRRTREORE CRSPBESHES! Of FeResited) ta-
film(prior art)garB8silldeh d@npodie filhdnrdaipgi ted using a G A target
containing 5at.% Al ; 20 Fig. 5 shows Raman shift agai nst al um ni um cont ent

of carbon- al unmi ni um3PHRF fitn siressandhaydness 8 8 fawptionofrslligan congent
measur enent of propertifs m,fn;deposi ted carbon-alum nium conposite filns,
nanmely: 25 30 Fig. 6 shows hardness and Young's nodulus as a function of
alum ni®im content in the filns. Fig. 6 shows the variation of hardness and

t he Young's nodul us r sus.: ¢ ressi.ve _stress for ..Ta-C Al at different Al
contenta. 1t T ndi cat oF THarE AR EsaiBEley 8 sl Coplafingt® Wingne: “a
conpositions are needed ranging from5.0 at. %\ to 15.0 at. %A . Wth
these Al co iti ti i t.h i i
~19- 04- 2001 mogbobgggégﬁg%slvna%sati\yn in slglﬁzlo%tclzovn%LXt m %he %?rada%%?nsstasq |cénow
content in the target;
10
3d shows stress against hardness in silicon-carbon composite

films; and

3e shows hardness and Young’s moduius as a function of silicon

15 content in the films;

Fig. 4 shows surface morphoiogy of films: {a) ta-C film {prior art}; and

{b) ta-C:Al film deposited using a C/Al target containing 5at.% Al;

20 Fig. 5 shows Raman shift against aluminium content of carbon-

aluminium composite films;

Figs. 6-8 show the results of measurement of properties of deposited
carbon-aluminium compaosite films, namely:
25
Fig. 6 shows hardriess and Young’s modulus as a function of
aluminium content in the films. Fig. 6 shows the variation of
hardness and the Young's moduius versus compressive stress for
Ta-C:Al at different Al contents. It indicates that for low
30 - compressive stress coatings, higher Al compositions are needed
ranging from 5.0 at.%Al to 15.0 at.%Al. With these Al

compositions, coatings with relatively high hardness and low



17 9e t: nber 2003 - 13 - 5 Exanple- -1 10 conpressive stress are obtai . .
Fi dg‘&'g%'\/vs hHardness as a function of alum niumcontent at a subsﬁg‘p8000635

bi as of -80V; and Fig. 8 shows stress agai nst hardness i um ni u rbon

conposite filnms. The anorphous silicon-carbon all oy filn37§%?g%ﬁ55§@ﬁ$ed by
a FCVA system described el sewhere. -In this respect, suitable FCVA

techni ques are described in the present Applicant's previous publications

WD96126531, W96/ 26532, W98/03988, WAdd3 22395, W99/ 22396, W99/ 22397 and
W)99/22398. 15 Carbon and silicon ions are produced in a vacuum arc

di seharge between, th&OTHAEHBHSHUARS BifeCR@8iftbed anode. The cathode is a 60
mm di aneter target nounted on a water-cool ed stainless-steel block. Pure

graphite and silicon it L.fferent at.omc fractions
were m xed thoroughl yF%ﬁf%Bo@éﬁi&;@@é%%a%% @S/nlgf':'%e %H%@Hm[ SPBT@PE aﬁf a
pressure of 770 MPa. Yulstzmate biesuiof eP@ViveBdkept constant at 90 A. A toroidal

magneti g field around 40rnT was enployed to produce the axial and
curvilinear fields to_steegr éhe pl asma. All q}%pgsi tions were carried in
floating condition atorh EBAFE SHEFS 29RINSH (1erdnesse (unflHFiRim-garkals t han
1.3 x 10"4 Pa (10-6Tocomposite fimbstrate was clean 25 (100) n-type silicon

Wi th-average thickness of 0.5 mm XPS neasurenent was carried out on a VG
Scientific Mcrolab 31 OF systemusing a My Ka (1253.6 €eV) as the x-ray
source. TheEram®e dpectra were excited using the 514.5 nm line of an Ar+

| aser ggd collected wth back scattering on a CCD canmera using a Renishaw

= surface. pIOF AToRESrs CHEREGITREN By, iR e ded RBHBE g el B S hod.
The har dnesdegsribaseelspyvimeitadn tbiggaseertopuliablemiem seclirniaves Breoderceibed] | )
oper at ed in the present Applicant's previous publications W0O96/26531, W096/26532,
WQ98/03988, W099/22395, WO99/22396, W099/22387 and W099/22398.
15 '
Carbon and silicon ions are produced in a vacuum arc discharge between the
cathode and the grounded anode. The cathode is a 60 mm diameter target
mounted on a water-cooled stainless-steel block. Pure graphite and silicon
powder (325 mesh) with different atemic fractions were mixed thoroughly and
20 compressed to cylinder shaped targets by a pressure of 770 MPa. The arc
current was kept constant at 90 A. A toroidal magnetic field around 40mT was
employed to produce the axial and curvilinear fields to steer the plasma. All
depositions were carried in floating condition at room temperature and with’
vacuum pressure less than 1.3 x 10™ Pa (10 Torr). The substrate was clean
25 (100) n-type silicon with-average thickness of 0.5 mm. XPS measurement was
carried out on a VG Scientific Microlab 310F system using a Mg Ka (1253.6
eV} as the x-ray source. The Raman spectra were excited using the 514.5 nm
line of-an Ar* laser and collected with back scattering on a CCD camera using
a Renishaw micro-Raman System 1000 spectrometer. The film stress was
30 determined by a surface profilometer {Tencor P10} with the radius-of-curvature
method. The hardness of the film was measured by an indenter (Nano-Indenter®

Il) operated
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const ant - di spl acenent-rate conti nuous stiffness node. ﬁ]
silicon-carbwooabdsssy filnms exhibit a clean and snmooth norphob@g,ygwoﬁégs RVS
roughness smaller than 0.6 nmover an inmage area of 1pnR2. The silicon 5
contents (Si/(Si + C)) in the filnms determ ned by XPS neasurenent are 2.4,
14.5, 29, 42 and 48at.% while the sili 6n contents in the targets are 1,

> L0, 20 iAot acBRAR LHEL YomdlR. SBRLeShigEeOn content Tn the

film conpared with in e correspondi ng € fesulted fromthe
| ower nelting point of 5|I|con conpar ed W|th graphlte Fig.1l shows the XPS

narrow 10 s a anr hous |co -carbon allo The
C 1 s peak ;S\I/gg.' %Ee"f:g%r%n\?g bl%t%e o f"m?ﬁ abitg, S’H Sm88 arare %’93 “%{Tﬁ284 5
(285.0) and:{M886u§hraaéés svhaitdr maﬁ @uet minboNertari indgeShrea@Cl @né. thé silicon

(conta nation ds... spectiyvely. The C-C bond is |located at 284.5 eV
for th fi m@t%w gifis'ééﬁdﬁ % Hns/der fermiBed byutPa megsursreant e 4e fil ns
with 42 andi 48, ab, ¥pSidd 88Mt, ¥4, vﬂtﬁllé/\@% @hﬁ%@ﬁ\e%ﬂtérh@tmtth@ th 1§ aPé‘ k gf or
ta-C filns contalnsaspaCCbond 85.4 eV and Cbon ‘ at 2843

eV. The hi gifer 2& ol apd8i trﬁwqwel\/tFfé\ep#aég@nﬁlhppnn@owenh ia 2thgnflimdg at . %
silicon in f |con
cont ont. | nerilfa dlh ih3he ldtloBRaRla Hider RAFRY SRUREE iR Rt |

with 14.5 aveltingiploirdoof,silidee @8pbortiwiith graphimi Rig20 sbomd; ftmrxeanhomvat om
Inthe i d. 48 at..%silicon econmes the

domi nan‘% bg% 0%'# f‘_espé‘ for@ﬁorPHBPsgﬂ'&% %ﬁ%nag%‘éﬁ r‘Lﬂéede ﬁ?ﬁ% Wadi g

conponent atecaaa(aoiatawuaadtms reRirhp &eeHeNeBAtedt atl 03372 e!84TBq28'isoanrrasd'i S
attributedtztgicz?h - C bon and the later is to Si-0 bond. The Si-C bond is

pr edoni nan e Véh'cg;frﬁééﬁ'mﬁ?déﬂ C15i) FeC RNEHCH feattaminatiqn) kands,
contents. 255@1%\/%3@@%6@ {Olochhes bt bas, B"évr'fofdmef ﬁfn%‘tmﬁ'l § b 8PMg

contents are shown in Fig.2 in the range of 60 . The spectra
have been &Sl #reilicon.dpyt E&am@'qu fer ahe fims wrh ﬁﬁearfd ﬁ&satv%twumn ilton

igg})eﬁogr g?%szloésérgeg%hé‘lt the Ca1sl?fe%§dfc}?'at%dc %:%goé’ﬂﬂgﬁ'igsa 'sB:* t(f'—& BSHE G of

285.4 eV and a sp? C- C bond at 284.3 eV. The higher C-C bond position for
the present films with 42 and 48 at. % silicon indicates a higher fraction of sp®
bonded carbon. As the silicon content increases, the peak area of the C-Si
bond increases. In the films with 14.5 at.% silicon, the C-C bond is the main

20  bond for carbon atom. In the films with 42 and 48 at.% silicon, the C-Si bond
becomes the dominant bond. The Si 2p peak (not shown) was deconvoluted
.into a big component at 100.5 eV and a small component at 102.7 eV. The
former is attributed to Si-C bond, and the later is to Si-O bond. The Si-C bond
is predominant in the Si 2p peak for all films with different silicon contents.

25
The Raman spectra for the films with different silicon contents are shown in
Fig.2 in the range of 600 to 1800 cm. The spectra have been displaced
vertically for clarity. For the films with silicon content from 2.4 to 29 at. %, a
broad band predominates in the range of 1400-1700 cm™, and a wide peak

30 .appears around 950 em™. The former peak is due to the vibrational mode of
amorphous carbon clusters {Schwan et al 1996} and the later is the second

order Raman vibrational modes of silicon substrate. For films with silicon



30 -appears around 950 cm . The fornmer peak is due to thET%ﬁp atlonal rmde
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I R absorptlon measur enent  of anorphous silicon-carpon sj ted by
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as the silicon content decreases. This is in good
bond is weaker than C-C bond, the vibration energy of stretching mode of the

ring becomes lower and lower.

For the film containing 42 at.% silicon, a strong broad peak due to the
20 amorphous silicon carbide ciuster appears around 790 cm™. For the film
containing 48 at.% silicon, this peak is centred at 750 cm™'. The appearance
of the wide peak around 750 - 790 cm™ suggests that there are separated
silicon carbide clusters in these films. |R absorption measurement of amorphous
silicon-carbon films deposited by hot-filament assisted CVD method (Kumbhar
25 et al 1995) showed that the absorption peak corresponding to Si-C vibration
shifts from 760 to 800 cm™! as the silicon content decreases. This is in good
agreement with our result. The higher peak position for the film with 42 at.%
silicon may be resulted from that the amorphous silicon carbon clusters are still
carbon rich.
30.
With increasing silicon content, the internal compressive stress of the film

decreases monotonously from 8.2 Gpa for the film with 2.4 at. % silicon to 2.0
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Example 2

The ta-C:Al films were deposited in a filtered cathodic vacuum arc (FCVA)
20 process. The FCVA system has been addressed elsewhere(Shi et al 1996). The
mixed aluminum/graphite ‘(AI/C)Atargets were used in place of pure graphite -
target during deposition. The Al/C targets with the varying Al content were
made of Al and graphite powders under a pressure of 0.6 GPa. The ta-C:Al
. films were deposited at a bias of —80 V. In the FCVA process, the ionized
25 atoms produced from the target in the vacuum chamber {1.3x102~1.3x10F
Pa (10* ~ 107 Torr)} were accelerated through a mechanical-electrical-magnetic
filtering bend towards the substrate and further deposited on the substrate.
Undoped, n-type <100> silicon wafers were used as the substrates. The
wafers were first cleaned in detergent liquid and then in deionized water using
30 an ultrasonic machine before entering the vacuum chamber. The substrate
surface was further cleaned by '

- AMENDED SHEET
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performed on the ta-C: Al films using a pin-on-disc tri boneter
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materials. Since the 51 i S not'e” Sensteive
car bon bondbﬁfg\,leqrhéle;p@rremnndlmmﬂm Gspalk\aays explicit in the Raman
spectrum Consequently, the Raman spectrumof the ta-C filns is

15  Atomic force microscopy (AFM) (S-3000, Digital instruments) and surface
profilometry (Tencor P-10} were used to measure the surface morphological

characteristics of films.

SEM/EDX and XPS were used to analyze the Al content in the ta-C: Al films.
20
The wear and scratch tests were also performed on the ta-C:Al films using a

pin-on-disc tribometer (CSEM) and a microscratch tester (CSEM]), respectively.

The micro-Raman spectroscopy is a non-destructive method for measuring the
25 bonding structure of the materials. Since the 514.5 nm laser light is more
sensitive to the sbz carbon bonding, the sp®contribution is always explicit in
the Raman spectrum. Consequently, the Raman spectrum of the ta-C films is
dominated by the G peak at about 1550 cm™ and the D peak at around 1350
cm’’, both of which are attributed to the sp? bonding.
30
- Fig. 4 shows the AFM images of surface morphology of ta-C and ta-C:Al films,
where the ta-C films were deposited at a bias of ~80 V and the ta-C:Al! films
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conponent IT% S%Bﬁ’g ded on together with certain sp2 bonded carbon
clusters. T 'ﬁeﬁ‘n'B rPﬁES are 15 nore sensitive to the sp2 carbon
bondi ng due to its |arger Rarran scattering cross-section. The Raman
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content. This tr be Caused by the Al induced Stress rel ease or by
t he excess @daomcmv,emmtaﬁmotmemersldﬂﬂ@ctim‘seff!mmw that the internal stress
has been reduced from 10-12 GPa for the ta-C filns to 1 to 2 GPa for
the' filmdeposited with a AI/C target containing 15at.% Al. Ager Il et
al . have repgpicai) ad t‘ﬁel:’tﬁ&kﬁ&% fthegdredbaitar2Oc amnponent i 4ri-tivrdddre@bon

deposited at -100 V bi as when conpari the str filmwith the free
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overlaid by G and D peaks as shown in Fig. 5.

For the Al containing films, both the G and the D positions shift to the lower
20 frequencies with the increase of Al content. This trend may be caused by the
Al induced stress release or by the excess Al content. Another study has
shown that the internal stress has been reduced from 10-12 GPa for the ta-C
films to 1 to 2 GPa for the film deposited with a Al/C target containing 15at.%
Al. Ager Ill et al. have reported a G peak shift of about 20 cm’ on a ta-C film
25 deposited at -100 V bias when comparing the strained film with the free
standing film. However, the G peak shift is up to about 90 cm' for the Al
containing ta-C fiims in this study. it is therefore inferred that the G peak

position shift is not only induced by the internal stress release.

30 _ The ratio of the intensity of D peak to the intensity of G peak can be used to
reflect the extent of graphitization of the DLC films, i.e. the ratio /,//; increases

as the amount of the sp? bonded clusters in the sp® bonded matrix increases.
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the 15 reduction of the conpressive stress as alum numis introduced into
the filnms. The hypothesis for this estimation is that the vibrational
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al so further distorted and the bond | engths increase, which weaken the
bond strength. This gives rise to the lowering of 25 the D peak position.
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is proportional to its interatomic forces between the atoms. If the material is
strained the spacings between the atoms change correspondingly, which
further results in the change in the vibrational frequency.
20
The shift of the D peak position to a lower frequency may be due to the further
increase of the degree of disorder of the sp? bonded clusters. The bond angles
of the bonds in the clusters get also further distorted and the bond lengths
increase, which weaken the bond strength. This gives rise to the lowering of
25  the D peak position. The increase in disorder also means that the size of the
clusters is reducing while the intensity of the D peak increases and the
intensity of the G peak decreases. This implies that the ratio of peak intensities

of D and G peaks should increase as the amount of aluminum increases.

30  Theincrease in the D peak intensity may also be related to the relative increase
in the amount of sp® bonded clusters embedded in the sp® bonded matrix in the

ta-C:Al films. The differentiation in the ratio of FWHMSs is relatively small
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react with C to form Al/C compounds or exist in the Al clt_.lsters when the

excess Al is introduced into the film, which is being investigated.

U

There Was a tendency that the ratios of intensities, FWHMs and peak areas -
25 between O and G peaks first decreased and then increased with the increase

of substrate bias during deposition. The minimum-ratios were obtained at a bias

around -80 V, which corresponds to the maximum sp® content in the ta-C films.

.For the ta-C:N films, the ratios first slowly increased with the increase of N,
30 partial pressure when the N, partial pressure was lower than 1.3 x 102 Pa
{1x10* Torr), and then increased relatively fast with the increase of N, partial
pressure when the N, partial pressure was higher than 1.3 X 102 Pa (1x10™*
Torr). The amount of sp? component may become much higher when the N,
" partial pressure is higher than 1.3 x 102 Pa (1x10™* Torr).
36 - '.
For the Al containing films, both the G and the D peak positions shifted to the
lower frequencies with the increase of Al content. The peak intensity and area
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sinte 1 m xture of the carbon and the second elenent. 15 2. A —
ac gFQﬂ'ggofo Claim1l wherein the coating is a conposite of at |eagﬁé%%8000635

carbon, second and third elenments and the target conpris ' st _
carbon, second and third elements. 20 3. A nethod accor d?ﬁ&%@%eqlaaegizgﬁi |
wherein the coating is a conposite of at |east carbon; second and third

el enrents and the target conprises said | east carbon and second el enent
and wherein the nethod conprises introducting the third elenent into the
coating in ﬁéﬁa ous or liquid form 25 4. A method according to any
precedi ng cFe erein the target conprises a second el enent sel ected
fromthe group consisting of titanium nickel, chrom um alum num
silicon, and tun : : i : ¥ ein

t he second gl'em%\fpﬁggogsﬁfgp@i?g %‘f&g\{gdrr%dtq osggatggboérg%'ﬂ atagﬁgrney'g? ‘agi ne
1-5 wher ei n3HEHKCGELTHOIRIM'hs at .| east 40% car bon, the remai nder being
substangially silicon. 35 - 7. A nmethod according to any of Cains 1-6

wherein the target ¢ rise st 9 r engli r bein
sUbstant 1 ally a SRR oAERGeBT weERH HNGH 3688 pad BB ERR A P 8 erner
2003 - 24 8. A apthod according to any of Claims 1-7 wherein the coating
is a conposite coating conprising tetrahedral anorphous carbon. 9. A

met hod according to Claim8. wherein the conposite coating has an sp3 5
content of at | eSSPOBEHS RASH'E LSRG igns| Qi dje sf‘bb’?o%afﬁ.t°ﬂ°g'6‘n%8§fqaém€oati ng
obtai ndl®l e by a nethod according to any of Clains 1-9 conprising at |east

b d her.t = Lt ti
carbon and a sec r@ineﬁ%'gsfgflﬁgrl%_oer'%ngb%rsggn%fO%}eajsl]ca?bgl‘? ear%c%ﬂﬁ I'ng

obt ai nabl e by a nmethod acc Ising tetra
amor phous car bon et Qe PEFURBAENG: thertargst Sompiias§said ot least 63Rbe%I t e
coating accor di ngntosdédoridreikindravoth@r ahas pdarbontwhichofhagtbeen obtained by

sintering a mixture of the carbon and the second element.

15
2. A method according to Claim 1 wherein the coating is a composite of at
least carbon, second and third elements and the target comprises said at least
carbon, second and third elements,

20 3. A method according to Claim 1 wherein the coating is a composite of at
least carbon; second and third elements and the target comprises said at least
carbon and second element and wherein the method comprises introducing the
third element into the coating in a gaseous or liquid form.

25 4. A method according to any preceding claim wherein the target comprises
a second element selected from the group consisting of titanium, nickel,
chromium, aluminum, silicon, and tungsten.

5. A method accor(:ling to any of Claims 1-4 wherein the second element
30  is'a metal.

6. A method according to any of Claims 1-5 wherein the target contains at
least 40% carbon, the remainder being substantially silicon.

35- 7. A method according to any of Claims 1-6 wherein the target comprises
at least 80% carbon, the remainder being substantially aluminum.
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15 least 60% preferably at |east 70% 13. A conposite coating according to .
an?g'@ﬂ“@ooﬂi nms 10-12 conprising 99.9- 80% carbon and 0. 1-20% al um ni (R PURPOE35

14. A conposite coating according to any of Clains 10-12 [.Sid . 9-
40% carbon and 0.1-60% silicon. 15. A substrate coated vvi1t?h EEAC@%%QB&

coating according to any of Clains 10-14. - 25 16. A substrate according
to Caim15 wherein the conposite coating has a thickness of up to 10pm
(10 microns). 17. A target for use in -a24ethod according to any of Cains
1-4 or 8, 30 conprising a m xture of c?r tfo_n aqdaa ﬁecond el enent ot her
than car borB- whiftHnetedhaesrrdigatan&avngt Slaims i'nd Whetel dhe RatiNgk % &r bon
and the seqrsh&di®esdtingl8omprisiaggetrabedal dmgphoudCtaibonl? wherein the
second elenent is silicon. 35 ' 19. Atarget according to Caim17 wherein
t he second el enment is alum num AMENDED SHEET 19-04-2001 -25 B 000000635 17
Sept enber 2003 Z0methodpgeardingcior@ping 8twheein herrprprsiE epating Rasamep’

el enentg i s $phEkt §0at faSBOLE, SepstBbROASIeasd Moyl titani um chroni um
ni ckel 5and tungﬁ en‘?l 281. A tar[ggt according to any of Clainms 17-20 obtained

by sintering carbon 5 and the second el enent other than carbon in the
presence oft@ biddempssith castingiobtaieablerbyt mamethad adcondirnmthb afiy nhKilaigisa

target for {igeddipAsiHE N LALRESN BAd'LsdtBhdlblenichBloferledn &RBBH! S ng: 10

conbi ning at | eas st and second target conponents in po red and/or
finally divided formto produce a m xture of said first and second target

CONPONENt S:1-1L5. . NrEHF6H Ot abdtice alaarabid @yf armethddmgedrdiagdto Claim 8
comprising tetrahedral amorphous carbon and a second element other than
carbon.

12. A composite coating according to Claim 11 having an sp® content of at
15 least 60%, preferably at least 70%.

13. A composite coating according to any of Claims 10-12 comprising 99.9-
80% carbon and 0.1-20% aluminium.

20 14. A composite coating according to any of Claims 10-12 comprisin.g 99.9-
40% carbon and 0.1-60% silicon. :

15. A substrate coated with a composite coating according to any of Claims
10-14.

25
16. A substrate according to Claim 15 wherein the composite coating has a
thickness of up to 10um (10 microns).

17. A target for use in a method according to any of Claims 1-4 or 8,
30 comprising a mixture of carbon and a second element other than carbon, which
has been obtaified by sintering a mixture of the carbon and the second element.

18. A target according to Claim 17 wherein the second element is silicon.

35 © 19. A target according to Claim 17 wherein the second element is aluminum.

AMENDED SHEET



“sint er, he -m xture of first and second target conponents at el evate
tenﬁ)i'Pﬁfr}%'o . 20 23. A nethod according to Caim 22 conprising sint eﬁtE@OOﬂOOGBs

a tenper

ature of 1000C or higher. 24. A method accordin ny, of ai s
2 pBthee ol

22-23. wherein the target - conponents are conbined in t

bi nder,
t her eof .

10

156

20

25

such as tar, bitunmen, .25 alcohol and m xtures and conpositions
AMENDED SHEET . 95

20. - A target according to Claim 17 wherein the second element is selected
from the group consisting of titanium, chromium, nickel and tungsten.

21. A target according to any of (_Zlafms 17-20 obtained by sintering carbon
and the second element other than carbon in the presence of a binder such as
bitumen or tar.

22. A method of making a target for use in a.method according to any of
Claims 1-9, comprising: '

combining at least first and second target components in powdered
and/or finally divided form to produce a mixture of said first and second
target components;

pressing said component to form a target; and

sintering the mixture of first and second target components at elevated
temperature.

23. A method according to Claim 22 comprising sintering at a temperature
of 1000°C or higher.

24. A method according to any of Claims 22-23 wherein the target -

components are combined in the presence of a binder, such as tar, bitumen,
alcoho! and mixtures and compositions thereof.
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