;e3e”, ] >6 TAr _WD 00/ 68455 PCT/1B00/ 00635 The present invention relates to
conposite woab/ksags, in particular such coatings conprising eaTasnn/@sss
another netallic elenment. The present invention relates 5 also to methods
of maki ng conposite coatings, materi al sqf.or making the coatings and
substrates coated with the coatings. Anorphous silicon-car

(a-Si ~_XCx) have attracted nmucgomMpOSITROGATINGsNOt onl y mmwm
conposition dependent variability of their optical 10 ban

because of their inportant role as internediate |ayers for théG‘@P'dwth of
di anond fiLlns on crysta con_and. non-di anpnd substrat Sever al
attenpts h-b\?é’rﬁﬁ%rht' 8%4'?'?)@3&?59090('59%?”99@5‘"9? IMRATHG YR HG$93H sher mal
chem cal yappHsiteBaRIdn Ad GRYtHerdhefliIRSBRNASR The PrednttiRGENGN PSlatdl!t

t hese techni ques 1 nvol ve high deposition tenperatures which may destroy 15
or daﬁagealmmyo supthoda of nenakiidglcompysite ckatings Cviateciatmifouesakiagethesed
net al organl ich are, un rabl due to their toxicity. It is
known to 88ﬁ nﬁgr%&sﬁ\@"ﬂe?lqoﬂed Q’Ugﬁfﬁ gﬁedral anor phous car bon
(ta-C), using a filtered cathode arc (I\/bKen2|e et al 1991, Fallon et al
1993, 20 Martin et al 1988). These ta-C filns have interesting and useful

proper t i edmenptiouss sdiconesarblear dileys (a Si,78.GHgve tdttnacted smalshl iregenthi gh
el ectrical

t t
surface afiff® Pﬁ:ﬂfswfrl}q\{:ﬁ'?{m“edtﬁcf a?‘%’r{g 3?' 'R{:‘;}Pﬁpﬁf\ﬂgag éﬂ@%‘f ?\ég} F%ﬂb@ph%ause
of the hi gbné@@pfmﬁ%@ae@éu%m,@h%témou@a§Yn&rmadﬁab@lafydrmo%e

However, the high internal stress in the filnms can limt their
appl i cati gmNﬂwée@uamqryd Jirea on drystdline siicoo anrgowin-demaeidisubstrate.hi ck

fil he fijl ak f h d d
the | nt or RaVe ARERKHS hAVE GHY alddilS e oBRolE 8l e Himid ReE et on ot
thick fil m?erﬁfmbhbm.&M%po@lr%gbglmbnwmvmr@raélb@rm% d&@lé@e@WD Ehigaesh 3\%

nitrogen incorporation into the filnms. However, whilst the internal

00/ 68455 bat thesel ts@bnmwssngﬁlrvgﬁygb@npbéltmumwratwrestw@chtmaz de§trmvt
suffigien Leages

addl son B f&ug?@ag H‘?éggv{dﬁ egg'}eaécb{?%ls %ioor p@%ﬁ’yﬁ?y@ﬁ |r$193§éeﬁléont 5’ef‘1hese
films as fret&obi@neaboRpourMwhith bheunBesipable aluepfofiadit t@dciey. the fil ns.

5 Metal - cont ai ni ng di anond-1|i ke-carbon (DLC) materials are known
potentially to have useful electrical and mechanical properties, wear

[est St anch i@Afolih 6 ARG H AP A, 1387 ks dhral8Si 1SR RY of sfpbhat
such filns Contal ning | ow percentages o ve cofmpar abl e

wear resi ghalicaisingl af f’lt@ﬁddoaatlﬁdeoafcf iMtKahzivgi éthalt T@9 B Ealkbr Ielt g ,1998] may
have_better adhesion_to the substrate I ntroducing certain netal elenents
such?8s aMaftifgh #int 888hel te%e ta-ndl rﬁ&WqV@d'@é%’elsi'ﬂ& ARG vseful RIOPEHTISS at t he

unaccept hani-al gHsoP a r nd

Young: o netil ci¥ RS haBBS PR, GRALPHISNET, sl MigR' dRgtica

pl at i num sistjvityet widec datiai mmltbaargbgapo(p%lzcﬁw)l ysmabsth sadfaadianyd dow
rare-earth netal) for 05|tef|Im3

| ant hani d parin said fil

havi ng | nisicsPEd @v%éffms(pamcw é%|‘§tqe%/épﬁi=%ﬁ #1798 hecauss ¢ i dlgh P e
resistivif¥.q08 o ga(p%{.,%r{gﬁ{s po gqo/g)fﬁﬂ{eeﬂﬁnof resistivity). The films
are prepared using earl arc " techniques (see lines 20 18-34 of
coludm 4). This is also evi dent fornlthe grant date of this patent (ie. 18

February 1969) Such arc |a echni ques, i nherently. uce an.excessive
number of HEWRVER: faeiM ghn‘%%ﬁgrsit"e@lse@ G\Wﬁgﬂ a'én'irt'2 e BRPIFRIANS get

durlnge I e i aeswed
filmform C‘Eﬂ)éa”rtl I-{erﬁeurt‘?@fjerfg&g %Fgc?g%lggb?lﬁttgﬁﬁggm 5?13%%?” UrSm ¢

541 25 vvhﬁla:lte an@yafroasthd subsmate. possess hi gh internal stress propert| es
typically associated with conventional filnms. Such filns would not possess
accept abl e wear and/or hardness characteristics required for protective
weargg esi ﬁtdrﬁﬁr fd)?édlﬂﬁsthe fiRferRXPIFESE Gtal €S CHNd I aR R8ENSH1D iFRBLEI Ng
parts an too I'n contrast, the present invention enploys the filtered
cat hodi ¢ adtessmupde¢hick films of this type, different modifications have been made,

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

LT
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30 process, and provides a substantially macroparticle-free conposite
coati ng haybwp@gesssesiuced stress properties. WO 00/ 68455 -3 BPecThboiesss0635
Cat hodi ¢ arc source technol ogy, although not filtered cathodic arc source
t echnol ogy, has been previously considgred for preparing conposite netal
containing filns, see for exanple US 47842,710 and US 4, 839, 011. Such

qet hods RgReClRh WeGAULRAoS ISR IS 1 hok A fficidtL fo TS cidifiRhhY 25 an

5 al | oy. I one 1 (see nes 36-41 an 67 of

colum 1 indredSed,iB39sdble Ifilin thickhesstsIrhadditloeg nthesne caret disadvantayespss | NY
conposite coatings froma single cathgde target conprising netal alloys by
cat hode PGOrporatiemfinitegen inimthesafilins astsondaing 69 dagi maay) ef the

cont rol m&ﬂm&gdﬁ%Yﬁ?ﬁé% ofPfthd Bgmar ¢ spot across the target surface and
ns n

thus to prepare c Iste conposite coatings. In particular, the arc spot
may jsunp off the target surface and evaporate conponents of the target

support apparatus,. thereby introducing further contam nants into the

deposi t eMetalgentaining gamenasbiks-sarianel Rifdimaterialy arfdo we hqateatially oandom

t ar get 3 | i ; rati ce.

Thi o i 1 e B SR iAo P ek ARy PR Bl BIAIRET,
oper at i orfiDirhigenoét al 188Jkt It HAbdseerf rddorten theatt duochi Eilras cosainiey texthim ques
have been enpl oyed to produce 20 carbon-contai ni ng coati ngs % 6/ 265327,
to avoi d1PNPUEBVEIGAMRT BIRdeISHARLNaYE Comparahle Weak FRAISTARAY 08 use of

a siypgl e ALt WAhI®e C:P-@?Fl} FIRY, B rhERhARE ddtfdEaUnasidn QLR

towards the sinmultaneous use of two or nore cat hoc;gétargets consi sting of
di f f er entsubbtratmt Ietradiciilp 66263 et@=tembass sheh asalomirurmadntpetheBhEi st i ng
of carbo W96/ 26532 aI,Fo descri bes u%e of ., a non-carbon el ectrod

sequenti &M§ T@Yar ofl MBI oML 81y BHGRE UPaRAePtablg, RXPRNSE Pﬁéts(see, ‘
for exaph&nRAGA (Hopeiics, SUChORs RBRITAE ST BNk &Y R s he coating were

derived from ent cathode targets. 30 It is also inportant to note
that the nulti-layer coatings of W96/ 26532 conprise discrete |ayers, each -

| 255 SO 3 498 841 4 IS SOTRRICHY i HRA05 i P IS oo™
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 lines
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 acceptable
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 macroparticle-free composite coating

having reduced stress properties.



WO 00/ 68455 -4 PCT/ 1 B00/ 00635 coating is to nodify the physical/chem cal
properti ewohobsssst | ayer. The properties of conmposite (ie. peaasoaeusdsl |y
honbgenous) coatings are conpletely different to those of nmulti-I|ayer
coatings. In this respect, there is nosteaching in W96/26532 of a coati ng
conprising carbon and a second non- cargon 5 el enent (espe0|ally a nmetal) in
subst ant icaishydfiOGRILAASe 1BERNolbly. SIHUR! ALE ffbr8l] Elthofile LPE salyent ! on
to provide conposite coatings th Ve Jor " a Pror &1 SO

af or enenttechrealogy plhlasntseer prmoUsI&ubamsndéredsfca'npndgaenig obmﬂmﬁbf metal-

enbodi nents of . th nvent i 0 provj o site coatings 10 that exhibit
reduced SONLAIBING ﬁ'ﬂ?seﬁﬁﬁlf% ’ifég%'é’i pg Qf{?%éloa?l‘@e'i-@ # ﬁoédaﬁ%
whi | st T ¢h SHYRthRRCERb RS 8 i on
provi des, ?ﬂn a ?}rst agpbgle rﬁéfﬁ%@p@%%%‘;%@hénor%?ﬁg I'ng oa"g ﬁtrate
usind a fallbyer ed cat hode arc source, 15 conprising: generating an arc

bet ween a cat hode target and an anode of the source; and 20 depositing
positive target ions on the substrate to formthe coating, wherein the
coating I menlithedliha)9la 880} GAPYsEAIIARS 38081 ArdaiAIs 5l EMBR LRI 1e
target conprises sai ast carbon and a secon enent e filtered
cat hode amn S duB88, th)hrprqbkems haverbegureened lrote red udemepammglg:ompomtrs on a

substrate surface, and has en described in, for efa\ W96/ 26531. 30
Thus, th&CPHDERL f‘H’ﬁ 2pi0g ‘-’e%a ep%@%f‘c??@ﬁ”éfngcm%% ?[Tpsd'i’\écagh aftially

hom?@eno'“t'ééhr%la ”Qwspérrtﬁn'léraftgr%ssp d dlﬂ‘lc?hlf:f& BﬁHGOP{"ﬁiO% Nk tWo or

nore coatl ng cofrponents. I's an a vant age o e net at conposite
WO 00/ 684>55the5aRC‘E/pIoBOdﬂr6§§35\ef tdrget camfazasahg theisptoduepdralsiongidthet

filtered cathod thout th d f t.roduct f
gaseous EOMBUIE T 4% e PAF i ate SO AEh aRDE o) UMD S T B P9 ST

previ OUS|aY1d@‘3§oH§t'e%m6&{erﬂ§%méﬂta@eﬁ&ﬂfﬁyrf Spp &8s, tRBDMATIRERERR 9as,

SiH4 gas or a netal organic compound in vapour 5 formintroduced typically
cl ose t ofutibes dostaatmanthintoethd deposited nbinhad ailuigh thy dooygeh tbenspat and

f d f h | t Th .h t
voil s s RVREREStasy e 37 Paritirn Sa S st nc Lo Bt T Aar e abiPB st AaBredt i1 s
t hat haV%ybP&ﬁHmd’l’VQEr@Q@é‘ m&t,ﬁ%ﬁn tdredttaife wa‘abgvegn{&%hm £Rd réd @Ry ties

than possible hitherto. Films of the invention typically 10 have a hydrogen
cont ent tie 26fEcivel aaratipndiroe alfla/targes.or | ess, and in

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 simultaneous use

of two or more cathode targets consisting of different elements.

256  WO096/26532 describes the use of a target consisting of carbon. W096/26532
also describes use of a non-carbon electrode sequentially to a carbon electrode
to produce a multi-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 multi-layer coatings of WO96/26532
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



specific enbodi nents of the invention substantially hydrogen-free coatings
are produwwedosssssis a further option for the nethod to depegiTiiBas/asas i ng
that is a conposite of 15 at |east carbon, second and third el enents and
wherein the target conprises said at |gast carbon, second and third
elenents. Alternatively, the coating cdn be a conposite of at |east carbon,
second a AlLr e : : j Sali bon and
second el%gr?:te'ﬁ s%aﬁé Eﬁjea 'ﬁ%’? ﬁgd'Bﬁ%#%@ﬁ%ﬁﬂ?@?f‘ﬁ%ﬂ%ﬁ?# ?%%erre $ht into
t he coat ipngpenties of zeeassite (id.isybistarftialiyphotiodéeo i sragatingsedre cahipletepnpr i ses
t he defi ne? components i.n i Ptf mat e adm xt urﬁ},(i e. in substantiall g .
hormogenoG& N0 these af Ippitklayeesoatings. & thigrespecsythereds i teaching i se
the defir j b hel I as a
car bi de. "o FIUEIZEE oF U SoBThD ke ko ibe®, AR % SesbRa ARl

appl iscat ietement hespteciallyl & metat)hin stisitartialfy harmgeienoaseorm.s. Speci fical | y)
the nmet hod has successfully been carried out using a target that conprises
carbon, producing a coating of a conposite conprising tetrahedral anorphous
carbon. Thg {JPe[SGF&repé-?foﬁi l9F 0 RALRLRSIo gﬁo\ﬁﬁg%&nﬁéﬁf@%atiﬁpﬁhﬁ . The
target shoul e electrically conducting, so other target nmaterrals nmay be
chosen t satveasreanimastratradliorate thecafodeadentiahed peoblenyetinimarsoblar it isrdn y
conducting.to he used as, a cat hode VWD 00168455 -6 target i.n a cathode arc
depositi @ J%&Sﬁgﬁwegﬁc POPPADBN Gt b e TR I PEPUAE SO O 1eCRANR i s

Pr efi@f ablia SElfish $alcarR irbss, 3oy BnaBMt 3bpsitiBh it rbRBVED thICESdtings

chromum alumnum silicon, and tungsten. umniumis the preferred
second elventsttretaldsingnaataptableprarderssage of target, alumniumis preferably
present at a maxi num of 20% nore preferably at a maxi mum of 10% and nost
preferably at a maxi num of 5% Particularly good hardness characteristics
have bee eV Dol um Nic: i

appr oxi mg}céc%@ﬁlag%& gﬁuﬁ%ﬁ%gﬁ%ﬂ%?%?@?eegbﬁﬂ‘é;:ﬁgér%ra]tﬁz i sftéjétgggv%f have
pref er r edpphyithg ng avang twera enbsatfate ofising o fileked neatbogeehsr avluycdet ween -
20 gnd 30% '.Reference to elenent is intended to be reference to the

el ement WRBIHE"Present in el emental or ionic or compound form 15
Tetrahedral anorphous carbon coatings do not possess optinmal inpact

resi stance properties. The introduction of a second elenment into the target
as above i npr gepsrating averabetviern Bcathodd tasgehardaniangsie efithgaouresil ar
giving it red%c d brittleness. 20 (n a particularly preferred enbodi nent of
the invention® he method conprises depositing a | ayer of a conposite film
of carbon and silicon, suitably using a target which contains at |east 40%
carbon, the remai nder being substantially silicon. The conposite Si-C film
obt &%ned has dgeSsitingt m@slgémtewue%pm%’f@ substrate| toofor ARG ceatingm
obt ai ned can be used for its inproved trabel ogi cal properties of reduced
stress and hi gh hardness conpared to known DLC and DC-based fil ns.

wherein the coating is a composite of at least carbon and a second
element and the target comprises said at least carbon and a 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,
WQ096/26531.

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



Reference to "% throughout this specification refers to atomc % unless
30 otherwiweostsmssed. In a further particularly preferred entpadvisenoosss t he
i nvention the nethod WO 00/ 68455 _7_ PCT/ 1 B00/ 00635 conprises depositing
a layer of a conposite film of carbon_and al uminium suitably using a
target which contains at |east 80% carbon, the remainder being

subst ant ig e t % age
that it |§H§¥)g§bb§%e§?§/nbor%%#§ %Jﬁ@gfg@%ﬁfﬂ%ﬁdtgé pomfécpt(; ?%Sgsgﬁﬂ
have a hiwitthpubtor heech fof inded untiothsof ¢asdauspeahpouads tifmat thiehar cdemaginh Ed
coating h s n s a conten{ of at |east 60% re ferably at |east 70%

pr
and in s s, Wef %86 QWY iBR %Ham@e?%@ﬁfaae@ ararapbitand
above ar | e 0 he
cat hodi cqar?%é}rret ngroc]aqﬂm‘g%gsgﬂjti ?}%gﬁt%\?@%@at gggfr&(széésrg‘ Baﬁgiﬁekh%ugcr 0SS
the t&r gdormuntradecedytypicatigralosetarthy siibswatdhThe mayulcasiimhad Hglesi on

of the t et surface result 9 n undesirable pit formation which, in
turn, 31 rdéaae'é Cf)ﬁéefbfp@?%ﬁvﬁﬁ %4 fromyPoes mgrhanieslrepertes. Jigemetio@xt end

t he oper g 2 Y rat.i LRSS d i ons
may be e?r)g oyed Iﬁ% he%(?rg? tWe R?%étés@hfe&t@rget sgé?'@g@%ﬁgi agg éﬁ%tﬁ?
Vi s- a- vi prbdacton «cfpbims tthet dnlayeebopwl hgdeogeewcpotdritonthah ame itngrgesd

surface to the arc spot. Rotation tar t may 20 be intermttent or
cont i nuod@ec'%%ﬂf%'d%?peét'?? ghan PQF@&E i’i}gﬁé@e 189S B tRe dRvetRD tYPICARY ar ¢

spoty Py IHeRRVE grpgehc&ﬁenkh@f baogelr fsf a;gﬁfeﬂfaBN TRopt Or §d, i ifoOr

exanpl e, once a t surface becomes pitt the pitted section may
sinply bepsbif&ndnbbﬂimémﬁsmf&hﬁﬁw\mrﬁm sardtantibiy badioapen-frae geatingy abe, f or
exanpl e, 8 e and associated with a feeder. Thus, follow ng slicing,
the cat hé’di@ Pg‘?‘is}et may be fed further into the arc apparatus so that the
new surface assunes substantially the sanme position as the previous
surface; and 30 thirdly, the arc may be sinply stopped and then restruck.
Two or not s ofurther abtiore feothet metisodriy depoeital apatihg tgatiharcanopesitd ohg t he

15 at least carbon, second and third elements and wherein the target comprises
said at least carbon, second and third elements. Aiternatively, 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



WD 00/ 68455 g_operation tine of a target according to the present

i nventi on. 0/ 00635 The invention additionally provid i irst
aspect a @gﬁﬁﬁ@kgg depositing a conposite coating of at Iea??ﬂhﬁpgpﬁ%%d
second el enents, conprising: 5 generating an arc between an anode and a
cat hode target, wherein the cathode tafget conprises said first and second
el ements, so as to generate positive ions of said first and second

el enent s1arged 'n@ slet aregdeReition APPgRatYSsubst rate to form the conposite
coating. The target used in the nethod can conprise carbon and the
conposite coating conprise tetrahedral anorphous carbon having an spa
content Theatet@asteldffint’ 4b tha targetdnchretgrably Glelddtedi froantthengidigpy e i s
provi ded a conposite coating. conprising tetrahedral anorphous carbon and a
met al | i cCBNERERL ot ARANILAAN NickehoRhramibing o AERINUEN.c BIIEPRg ARV IUNPSABN s pa
cont ent qfy,, at..: {150 S n i.n preferred coatings is at |east
70@6%20 ?%u@ﬁ%gﬁfﬁ%ﬁﬁéﬁ%ggpﬁg!?%§£ﬁﬂ%%ﬁ&%hbonposite coating conprises

99. 9-80% car bon and 0. 1-20% al um ni um These have been found to exhibit

particularly desirable properties as nore specifically set out in the
exanpl es “SePBuATAMRICE REFFRII28RLBLIIAEIRAs aAmirHUM iy defADY PsRsRIYi 8% &coat i ng
conpri se v o0 Sid, | ) e und to
exhi bi t ?a%‘?ﬁng'lﬁgﬁ ?9 %E@F’?%Ef@@garaéﬁéﬁ ??ngsﬁg*sdr{ri%?gdsgéégﬁ?i caﬁqlpeggée??&gut in

t he exanpt esmasirowmn Ah S0y Hdrtigelacly §oddhaodinédwe chamaneristics hatv@dieenhey

have stress, |levels that are reduced conpared to pure ta-C fil ns,  and

t hen 8f or 8ShieVRE Btbaheesmi mnd _2”'0 egrﬁnwraeea%@éﬁv@a pProxigAtely 1M Lknesses
than pur Sll.ﬁ'v?ihﬁlrﬁm! ; %{Hétr §ee'éo¢{dne@ﬁ1é’?ﬂ§qgtt@@!a%ok'/?rﬁ%%re#e?retdewmﬂ their
structure, films of the invention retain a significant proportion of the

st ruct ur etceienpercepniages af Qip itbnB0 % s unbraprafdiably bete&0/BB458 39%.

Reference to element is intended to be reference to the element whether

present in elemental or ionic or compound form.

15
Tetrahedral amorphous carbon coatings do not possess optimal impact
resistance properties. The introduction of a second element into the target as
above improves the overall qualities of such coatings, in particular 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 trabelogical 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



PCT/ 1 BOO/ 00635 | evel of spa bonding. The filns of specific enbodi nents of

t he i nventwomoksess additionally been found to exhibit increasaviBagbessson to
substrates and to have a good coefficient of friction. In this respect, the
coatings of the present application hawe a low friction coefficient. For
exanpl e, the al um niunf carbon 5 coati ﬁég' have a friction coefficient of

appr oxi . \ tian Ti-ni.iride coatin have .
correspgﬁé(?ﬁhéng%ée)%FP\gggwﬁgolgsgg%I[Peéagf)%qsg& hfmoq Sy I‘?i"gﬂ'g‘f.ah’f'ﬁ‘g"ﬁﬁ'hti ngs
are of usiidblARBingal target WIGIch Soefainy apesadte8098 @apowtgNthe rémBiHddrcul ar
on formng tools, Ii1ft frames for sem conductor chips, conponents of noul ds
especi al IBingjstbstaigbupl4eNngMes 10 and punches. The present coatings have
particul ar application for coating nmachine tools where such tools rotate
and/or are used in dry (ie. lubricant-free) . environnents. In a third

asped@ ofTHdask wfeddrpositéeseits habahietfil ahtagoIhatitas R Wekbrding S
conposite coating according to the second aspect of the invention. It is an

advant agdodhetin¥entior ipidaposHoatngs thathavesbhighyeranastioptafispihiandsand t he

conposi t | Vi 8t hi e t i ) ferably
at | east qt_LFSOnE E%fgﬁ,ehn@ragqh%)éfegﬁgggg a a(i@%m&?:sr ghss.tbaﬁ?%&%& :&} %E ?Ggarsft héetéc,%'f ourth
aspect ofmbhepieferitly anlaaseV0desard IregRiifit embomieRtfoffidipdentiba spdur ce,
conprising a mxture of carbon and a netallic elenment. The target may

conpri se REAEBORILSPIsBP e 8RD anyendle eefmpyakle. carbon and al umi num Targets
of t4y s conposition have been used in specific enmbodiments 25 of the
i nvention as described in nore detail below, resulting in filns have

advant agayhenprapriying sarddre coapgRitenaygélssia thenfithsaicCaichoetissdl ot her
element, such as a netallic elenent selected fromtitanium chrom um
ni ckel arfdeteMgitventiogp the BHISAAY MOVEMEet asroshéhe faraetissface maytbee of

carbon a : t | G i in
Che. pr eseirCapPg Gl TG Ry Eouth R er68Bp I e huredia, AN
PCT/ | BOO/ihQmmsfesirable pitefotmatioparhichy; imearn,imaq redlcd the pperatign dvigles a
met hod of making a target for use in a cathode arc source, conprising:

contfithi ngugh Fasasts | Srdemde sadend ther greratiameiiestivei apyaHger B @and/ or
finally qiiphggdof pwaés% rﬂ%ﬂﬁﬁ’%‘?io%s%é LHeeeH';ol d§ E&f éﬁa{rﬁB%--’SeCO“d target

conponents; and pfessing sald conponent to forma targe The net hod
preferably conprises sintering the mxture of first and second target
conponent,s at el evated {enpera nmore preferably at a tenperature of

ure p
1000C or TRFG1iBR o108t Eur CHIDPRREIrOtSORAF FdS 316 PHIERCt, TRETHYRGRS { he
et hod CURNSSSbA GOHY (g6t ifadPIfle SRIBVIE Hotaiioh R thPRAYRAGRap! the

bi nder, su as tar,
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



bi tumen, al cohol and m xtures and conpositions thereof. However, a binder
may not bewengledyssd wi t h when preparing al um ni uncont ai ni ng per/gRLB0633 NI S
i s because the high tenperature enployed to evaporate 20 the undesirable
bi nder conponents woul d, at the sane tit%re, evapor ate the al um ni um
conponent. Cl ean anorphous silicon-cartfon (a-SiC) alloy filnms were thus

deposi ted_|] ki C 'qeﬂq t,he.,in ion by filtered cathodic
vacuum a?ocﬁéjgﬁpg%%feq%fgm% Sl tc?’(r:%hgct}én hee r%?%nf%v%t\oiﬂ.ms determ ned by
X-ray phot oel ectron spectroscopy (XPS) neasurenent and found int exanples

to vary from2.4 to 48 at. % Both XPS and Raman neasurenents showed the
exi st encel g inuaRtigmoaddisionaly prewidssde tbe fikstpspeqt a methednefiienpsiting con

content b .48 at . 9 ' LAc in ilico t, the

nar dnoss SPOTLss Eostindiof o 1ddee st ah B eBR0 e BlomiicEormBa .

conprissi ve stress decreases from8.2 GPa to 2.0 GPa. WO 00/ 68455 -11
PCT/ | BOO/ 00635 Al um ni um cont ai ni ng tetrahedral anorphous carbon (ta-C: Al)
films were si n9ERATRIINGATsans kefyyean ae@oPdepd »cetwdentasaet, onhereimthe | t er ed
cat hodi ¢ vacu p . n%ﬁg C | zal, o] f S j.n
focused on thﬁtﬁﬁghgﬁpgg?%r opee%t %g{sd gﬁédf |8ﬁ9eéren“faﬁ}%ste#éerggn?éﬁ1 ?cglradr?sk%f film
structure and géndratopbenive ibhe dfidaid Jirstusidicecons eséradhed amd nly by

M cr oRaman Spectroscopy. The nechani cal properties were neasured by

nanoi ndentation testing. The internal stress was evaluated with a radi us of
curvgg ure techyu : 0, r.Qfd r i iced that

t he 1;%nt er nal guigr@;ss "gq Sé&:&pﬁseé? %Fgrgsbas\?\/gaggrtgcfﬁt@d@,%i %?ﬂn ?’8?%’[5309%90m 10-12
GPa inthe ta-Cfilms to 1-2 GPa in the 10 ta-C Al filnms. However, the

hardness of filns had a drop to around 25 GPa when the Al content in the
filnms was! Felpsagt 48edin the metkoen AR CREMIISERAABOP BRETNS CORRPESe @239 D- peak
intensity : i I Wi £ f

G peak Slqo&ﬁ?’r:l%le fgggé%aﬁéh%mbi%gﬁsg%rﬁérﬁeasenigﬁjlip gé?] erﬁ'?) fﬁh%%???(?? cates
that the anpunt of sp2 bonding in these filns has 15 increased. It appears -

t hat, f he .increase of sp2 bonding is. not considerable. However, with the
furt‘t%r iAc? é&&@“gfa%e%tno“tﬂ?e‘?f'ig‘f%',% Hée@'ﬁe%'r?"b%fglaoﬁgﬂm?&&ﬁ NG t han

the G pealompRanRgeridhdtrdiNEmdAshSRATBAMN ahd% Mottt démehy other aased and

indicating that in filnms of the invention Al can effectively be doped in

t he fil mcasban, thecephnpositandatingrhavireg spapbondiery dfsattaast 60edThasp’ 20
that Al all ogyi nl%[ su%h aa} Al4C3 or Al OC C?@o happen when excess Al is

i nt r oduc&@TRRLT RETEITER CoptingsAP adRa%{ Y% n clusters in the spa-doni nant
carbon network. The invention is nowillustrated in specific enbodi nents
with reference to the 25 acconpanying drawings in which: Fig. 1 shows
dec@vol unemicndimente & phe imverition amrphosite siolatingncaappsas #9.8y80% ns

anor phous oo aBH QA7 ERf AR n: Thesd favaibPreYawtd 6 PR harkellary

desirable properties as more specifically set out in the examples below.

In further embodiments of the invention a composite coating comprises 99.9-
25 40% carbon and 0.1-60% 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
reduced compared to pure ta-C films, and therefore films of the invention can
30 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 significant proportion of the structure seen in pure ta-C films, such as a high



WO 001 68455 PCT/1B00/ 00635 - 12 Fig. 3 shows the results of neasurenent of
properti eswobo/ekapdsi t ed carbon-silicon conposite filns, nan®ECI/IBBRIGEHWS
filmstress and hardness as a function of silicon content in the film 5 3b
shows Raman shift as a function of siligcon content in the film 3c shows
variation in silicon content in the fil'magainst silicon content in the

t t, ih et
A 9ol MVl Borings T drasls e St duifents AR 68 IRARAIRESL 1

films; and 3e ness an us as a unctlo
15 cont eradditiondlly thedmbgurie tp. emlbilhmmeaaed adbesionpghsubgtratds dnd trsha(/e) ta-C

f|Im(pr|or art a-C. Al osited using a CLAl targ

cont ai ni Rg988f. Z%ﬁpler%to?)f: fUCt ?)“sllfb Ehit gf’ oélt}]ﬁ Pl"eﬁﬁf‘éont ent
of car boraliugtioh WAVETRAS Hicd EH&fﬂd:éHtS Fofi3 &aﬁffﬁw fﬁéealﬁﬁﬁHhﬁﬁ/c‘éil?on
measur enent of properties of deposited carbon-al um nium conposite I s

nameldy: 2®akings hateows Hactiores soeffitisfouingf sammdxthateﬂg d.06ncwhereas

al um ni um cont ent L? the fil ns. Fig"gﬁi 6 shows the varl tjion of h rdness and
the Youn§CSVEBHANES TiBIEHE GoGHpeadIakrCetrPaRaNGIgp cpgf 'RPt%Pfcﬂt gttt Al
cont ent s fadforl Bl CRURFHENATHE Wodt égr&qm)u@é%hvspaﬁéa%%scwére%ucm' gher
Al conpositions are needed ranging fromb5 at . to 15.0 at. %Al. Wth
t hese Al pcopgdisist iaras sotght.i rigs partitulael ani \fetrylrig gicpohar diflesamed Ifow WO

00/ 68455 - 13 ¢ ressive stress are obta I .B0OO/ 00635 Fig.,. 7 shows

nar dness SETTEO AT G, SRR DAl AP LIRS SaPe IS oM didzov:

and 19 and punches. The present coatings have particular application for coating
machine tools where such tools rotate and/or are used in dry (ie. lubricant-free)

environments.

In a third aspect of the invention there is provided a substrate coated with a
15 composite coating according 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 10 microns, preferably at

least 1 micron, more preferably at 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
aluminum. Targets of this composition have been used in specific embodiments
25 of the invention as described in more detail below, resulting in films have
advantageous properties. The target may also 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.



Fig. 8 shows stress agai nst hardness in alum nium carbon conposite filns.
Exanpl e 1 W oblse4sanor phous silicon-carbon alloy filns were demasoeessdy a
FCVA system descri bed el sewhere. In this respect, suitable FCVA techni ques
are described in the present Applicant,s previous publications W96/ 26531,
W96/ 26532, W98/ 03988, W99/ 22395, W)éé/22396, W99/ 22397 and W99/ 22398,
15 all of I e h i.nc d r . . ilpcon
Tone are prodivefich VEk FBHnRCRl BV Hopkke BIRIGNCS, meMoR IR £rc
grounded targdeforiise mbhwathods aac GOuras, dompitisingt ar get nounted on a

wat er - cool ed stainless-steel block. Pure graphite and silicon 20 powder
(325 nmesh) with different atomc fractions were m xed thoroughly and
conpressed to [ h S rc
current was keg%(ﬂnggﬂ’s%%a%t %(%tg ngge{Agﬁk ?éﬁoo@dg%%%ngﬁog?ﬁén%ﬁgl %Pg%\@r%geQOmT
was ebpl oyed tangvoodinadytdieidedifatmangproduve Bimixaure oksald first ahdsecome

pl asma. Al depositions were carried in floating condition at room

t enper at ure and"@ft ﬁo’i@%’g%ﬁnﬂ)‘{essure | ess than 10-6 Torr. The substrate
was clean ( 100) n-type silicon with average thickness of 0.5 mm XPS
measurenent was carried out on a VG Scientific Mcrolab 31 OF system using
a My Ka ( 1253preseNg saidtdmmpongntstaufaren afthegdanan spectra were excited
using the 514.5 nmline of an Ar+ |laser and collected with back scattering
on a CCD camera using a Renishaw 30 m cro- Raman System 1000 spectroneter.
The {61 m PhE GREHRS pARLRILT) NBMInANsEs SIAEARE REOHIORPIAT it UHPEER Wi th
the radi us-of-curvature nethod. The hardneSs of the filmwas neasured by an
i ndent er takpetocomdeneets-al ¢lpvatrst ereperatu®, 0gJregrslerablyiat a temperature
constant-d}j wé@g msnf\.—rate continuous stiffness node. PCT/1B00/ 00635 All
the silic¥nled8Pb&nOaMa 1il ms exhibit a clean and smooth morphol ogy with
RVS roughness snaller than 0.6 nmover an imge area of 1Nnm2. The silicon 5
contents (Si/(Si + C) in the films determ ned by XPS neasurenent are 2.4,
14. 5, 29t ig2ogtignalgtatinchgdens lbindefe isi Mhiel eanet dhe smiethedhecomapgses are

fi 1 ! Romp B lie K Foratt CofPERtah the ABaeit ) «Bb Hhiddh ERN Mo

| ower nelkitwgenPbltohel ahlll mbaOresoaRRceehpYsitiorgs eidtebe. Fig. 1 shows the XPS
narrow 10 scan of C 1 s peak for anorphous silicon-carbon alloy filnms. The

C 1 s peak was deconvoluted into three conponents | ocated at 283.2, 284.5

(285.0) 3.9V [ [ - O - TP

(cont am ﬁgﬁ"%ﬁg"bgﬁ" g?%éﬁ%‘ég{qﬁvﬁ f.d]‘?Hggg-%Rnggepsgfeg)cag?%d%u&'%UFS eV.
for the fadntainimd targdtsd ThislisDRcatse theshighcempebaturaenii8dydd wevaporate fil ns
with 42 and 48 at. %silicon. It 15 was served that the C 1 s peak for
ta-2Qil @ecwﬂ%'fﬁégiﬁﬂf@@seﬂﬁ”ﬁ 1.48%the, same UPE CVERNSAE e 284. 3
eV. The kﬂlgmiu%&) Geppsition for the present filns with 42 and 48 at. %
silicon indicates a higher fraction of spa bonded carbon. As the silicon
content increases, the peak area of the CSi bond increases. In the filns

wth 14.5 at.%silicon, the CC bond [s.t in 20 bo for carbon.atom
' the. T 1GRENATATIS S, SIENSR2rbBH ot S aoh S avefio B ARt
domi nant RReic EbSIintdhtBeak HROnGIRMN KARSiifleeanketnidd vadwurd Bid
conponent "at 100.5 eV and a snmall conponent at 102.7 eV. The forner is
at t r3%ut gdchnoig8e- CThendilicand aondentatior the fitmSiwas bdetermimed Sby CXotawd i s

o M HatbSlethon2pe2hodRBEy [RPsieablilament nd AU EMartblek 80ary
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.



The Raman spectra for the filnms with different silicon contents are shown

in Fig. 2 Woddeedsange of 600 to 1800 cm'. The spectra haveppegioodiosdsl aced
vertically for clarity. For the films with silicon content from2.4 to 29

at. % a broad band predonminates in the range of 1400-1700 cnm', and a w de
peak 30 appears around 950 cm'. The~ fidr mer peak is due to the vibrational

d f h bo, | t Sch t al 996 d the | at i th
second. o HIPTHITRROOTAINAS GHAPNAUALSTBPIIT 4% GrBaDS TRE EAD S | WRES wi  h-
silicon gin\MarRP{HRRARRpard®a&bdridh %%@ggﬁggb%‘% f\%elréﬁ cabdig vakuutd @

broad band appears in'the range ot 600- I's considered as
t he vi br até praceanddheractarizationplod uthesiflinsonvasaraimdy cfocsised O@htivair et  al

1998, Kunmbhar et laI 1995%. T%e.@groaageﬁqeak in the ran = of 1400-17Q0 Fm'
was 1 tt BN Ry ORRIEES ARIIRIA R SRs Lo o HhSwicsurE apd- A o
di sogder coniént) TRBAHM str@ERAE M ALENdidd Pdihlytb P MieMEman Bp8cirolggkyand a
smal | D peak. The G position alnost linearly decreases from 1571 cm' for
the fil mbenmeachanigal psopertigssiMere aneasured1By oranoifdentationf testingonihe ni ng
42 at. %silicon. It could b od indicator for the filmconpositjon.
For the IPIRS aises it v aatad WIFE 14 5% bEv s le i oY B EPbon
cluster gpiaaepréficthetditlRae KaticedPfithtPeOmRS NG kYreW8alf exdifpld! Aifls
decrease of the G position of the carbon cluster is qualitatively explained

as fol | owasgredacedosigsificiantly feomc @t k2 GPann thectasCl filowntaf onGieedottienat el y

subsiki tute ..car bpn atom the atom.c fraction of .silicond e film
T Dhe ol T A SR PR AV enethArd Rt O finls 653 & Bre 43 AR AR SR b ¢ he
ring shapgfkrspie bandedtel FALBOFilAIsUSIRT bePend N0 Sitl. %CORrath Oflel RahRavi er
than the carbon atomand Si-C bond is weaker than C-C bond, the vibration

ener gy ofMmeastErNhgtheodsiosfof Bepaakngtensiymdull veidgsh admalf beieht (RdHKhe film
containin

T con BaAifed arsiL i shaRy o T Mepl HigMBGRRPRSE Wi g e Be TR AT

48 at. %6htdr0IThié hhichesK that trenahislirat off 8P 2ChbndingT e tivgdee fifragdeasof the
wi de_peak around 750 - 790 cm~' suggests that there are separated silicon
car BPde Blqigessss itrapppase that the iNReass R hep4rerdisdrienaf: ConsidatAidous

silicon-¢gar fil. i t -ef . i ;

Kurbhar BEVgVer IR SENRTES Sactba8ficr Al BIRY st S bk TR
Si - C vi braidhofiassdrithba the Gyp&did), rheatifg that theasp 2 dempohenthassighiidantly
decreases. This is inh good ag\ree_me t with our result, The qt}i gher a

. ) ] peak
posi t i oniT6pases and| indigatinasInattin gims @(.f)ﬁhﬁa'i/‘VSBt'PBsﬂ £aq f‘?ﬁﬂ“ﬁ% he
anor phouaoﬁeb iy 2Re ?ﬁr‘nbé)s“aﬁ'ak&lééﬁfo?, ah8 thbh'the & BI@)%'?\FH%% ?-Eéﬁthﬁe'a,'a%r easi ng
silicon cohtent, the internal conpressive stress of the filmdecreases
mon@0onotisdty Al ralinyBng €foeh fax Alf®, forl AOCt bad. Happen %wvbehi excesso 4. &8 WO

001 68455_- 16 PCT/ |1 B0Q/ 00635 (pa for the filmwth 48 at. %silicon
(Fi o. 3) . fsrugeghine he dra. FHBCAY 4a8 Gy IReAlESTRE 1 aSesor PP .
film A shiRtsnefwbad. ow 2.5 Ga in the filmwth 42 and 48 at. %silicon

enabl es to deposit thick filnms with a thickness over 500 nm The hardness
shows al nost simlar behaviour as the internal stress,

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 alloy films with

different silicon contents;



5 decreasing from62 GPa for the filmwith 2.4 at. %silicon to 22 Gpa for
the film wwbloodsusat. % silicon. Quite high hardness for the dar/meondssr 42
and 48 at. %silicon (24 and 22 Gpa) may be due to the existence of

anor phous silicon carbide cluster and e subpl antation deposition
mechani sm of FCVA technique. 10 Hydrogeh-free cl ean and hard anor phous
silicon-carbon..all fil have been successfully, deposited according to
The | nvent i on o 0psR B 80 BEP L ERI Yo R eRe ek of @Rpesnt
silicon carbi dasrgbbsdilfdor Bompesitkl fiinds, Ind@mawi h silicon content between 42
and 48 at. % The silicon atons predom nately 15 substitute the carbon
atoms into the car bihskewsim dressandhaidness @siclamction Areilicaiucesent
anor phous silicon ciﬁghig\qﬂfrpl uster at a higher silicon concentration.
Exanple 2 20 The ta-C Al TiI'lms were deposited in a filtered cathodi ¢ vacuum
arc (5CVA) process. The FCVA system has been addressed el sewhere(Shi et al
1996). The m xed al um nunf graphite (AlI/C) targets were used in place of
pure graphite targetb aipvsdizapeshiftgs.a tigpy of Q'M%FQ”WQ"H“t‘ﬁ%f‘Vﬁiyi ng
Al content were 25 nade of Al and graphite powders under a pressure of 0.6
GPa. The ta-C Al filns were deposited at a bias of -80 V. In the FCVA
process) the ionize3dt shows padatice dn fsilimon bentemtdat thenfilnh eagsrestusiliedranber
(10-4 - 10-" Torr) were accelerated through a

mechani cal - el ect ri CANtRBYIEEHE130-Eeri ng bend towards the substrate and
furtfier deposited on the substrate. Undoped, n-type < 100 > 30 silicon

waf ers were used as the substrates. The wafers were first cleaned in
detergent |iquid arid tshems strées capaiest hatdrresasinngiliaonidarbas ctroposithi ne
before entering the, vacuum chanber. The substrate surface was further
cleaned by WD 00IT88¥s®Nd 17 pCT/1B00/ 00635 Ar ion bonbardnent in the
vacuum chanber prior to deposition. The wafer surface was then coated a

| ayer of ta-C. Al film Al the depositions were carried out at the room
tenperature. 5 A ni3xshdRasiardpest and Yopeg( Renaidopes aRemicsioavgf siicdn 514. 5 -
nm A | aser was used to cha¥hac .Esr]i,ze the filmstructure. The | aser out put
power® was 10 mN A FANVERY oS %as al so used. The |aser beam was focused
on the sanple surface using an optical mcroscope with a magnification of
50x (|l aser spot size -1 ,um. The Raman spectra were acquired in the range
of 1100 cm' Figafcsht3o®sgrecetroomiwiogy of fivmsdi(a) a-Enfilmaiprier aft);sandict ur es

the rati os of Boik CaABIIT SR a 1o & KAk i Faft Cala RS ST E R and
i ntegrated peak areas between the corresponding D and G peaks. 15 Atom c

force mcroscopy (AFM (S-3000, Digital Instruments) and surface
profdQ onet ry ndorshaw®) Ragmap $HEY e@RIRBRAIMBIRINE GRAERE PhIGABPRYI cal

characteri sti ] and XPS were used to anal yze the Al
Shylnitig) Sinpgehe s

content in the

Figs. 6-8 show the results of measurement of properties of deposited

carbon-aluminium composite films, namely:

25
Fig. 6 shows hardness and Young’'s modulus as a function of
aluminium content in the films. Fig. 6 shows the variation of
hardness and the Young’s modulus 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



The wear and scratch tests were also perforned on the ta-C Al filns using a
pi n- on- di s bwésssret er (CSEM and a microscratch tester (CSEMAB00/00635
respectively. The m cro- Raman spectroscopy is a non-destructive nethod for
measuring the 25 bonding structure of ,tthe materials. Since the 514.5 nm

| aser light is nore sensitive to the 35‘2 car bon bondi ng, the sp2
contribution is al LGLE. spectrum Consequently, the
Raman spectrum of pﬁﬁrgéﬁb%ﬁk%s&%%ﬁna eéd by the G peak at about 1550
cm' and the D peak at around 1350 cmi', both of which are attributed to
t-he sp2 bondi ng. 30, Fig. 4 shows the AFM i mages of surface norphol ogy of
ta-C and ta-C Al ffigs/ shedrsherdness-as fi funstigar @f abisaisiyraccaittent Bt & of
-80 V and the ta-C, L : )M/.68455 - 18 PCT/ 1 BOO/ 00635 were grown
using a C Al rrixeds a?ggtéﬂr@'grsltéﬁ?r% %ﬁ % Al. It can be seen that the
ta-Gsfilmcontains fine asperities. The particle size of ta-C Al filmcones
larger. It is hypothesized that the fine particles in the ta-C filmare due
to a large percent G & SPIVTHHE RIAUNHY TBARGEE b EAHETHIYM-F3B1PRgi ng
carbon 5 energies. ng{pé)tsi ﬁlﬁis%: Al filns, the content of spz bonding has
appreci ably devel ope ue to the high Al content in the filns, which | eads
to the relatively large particles in the filns. The Raman spectrumresults
fromi neéasti Eescatteri ng of photons. The total 10 intensity of a Raman

si gnal deP®MBL dn Ranman scattering cross sections, beam geonetry,
excippation power, detection efficiency. Typically in the ta-C filns, the
predom nant conponent is spa bonded carbon together with certain spZ bonded
car bon cThetaansrphbhus bcem-cphmororllby rdmsanwerd deposieed drysa tAGAMAtgystda sp2

car bon bondi ue tq its |l agrger Raman scattering cross-section. The Raman
chectra SGTCHtRl PRRHDETR: IS EOSRRFToRyBsBler oA IEHA BiF 81 GP95Yi0BSand D
peaks asinst*ﬁ%%ebénfh%pliéam@bréﬁ?uébuﬁﬁ@éﬁéﬁ% Wéeﬁ@mﬂ%é@&e@%d the D
positions shift to the lower 20 frequencies with the iIncrease of Al

cont ent . WIB98/03288, W8 P2 23955 WO 89/2 2298 WORRISB It arebd/ 02922398 by

th Al content. Anot.h t udy, h h that the int | st h
beehdr edlbeh YHIGH 8. HereBpd FPar et BY éofaPRES1 0 1 10 2 GPa for the film

deposited with a Al/C target containing 15at. Al. Ager IIl et al. have
reported a G peak shift of about 20 cm' on a ta-C film 25 deposited at
-100 V bCatbarhend csiligrar iong arkeretuaédénl af vaguwn tane 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
20  powder {325 mesh) with different atomic fractions were mixed thoroughly and
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
25 vacuum pressure less than 10° Torr. The substrate was clean (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
30 micro-Raman System 1000 spectrometer. The film stress was 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



standing film However, the G peak shift is up to about 90 cmi' for the Al
cont ai ni ngWMOBo®8435I ns in this study. It is therefore inferrepctAsmionss G
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of 25 t he2® gidhksibemntbuhat 2B8.0 et tarstbei filmt withdé? andsé8raslessilicen. Ithe

size,of the clusters.is, reduci,ng I l.e the ppntensity of the peak
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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 cm™. 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
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For the film containing 42 at.% silicon, a strong broad peak due to the
20 amorphous silicon carbide cluster 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. IR 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. % siliconto 2.0
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53, 262 (sﬁle%?ﬁz)scopy show the existence of silicon carbide cluster in specific fllms with
silicon content between 42 and 48 at.%. The silicon atoms predominately

156 substitute the carbon atoms into the carbon cluster at low silicon
concentration, and form amorphous silicon carbide cluster at a higher silicon

concentration.

Example 2
20
The ta-C:Al films were deposited in a filtered cathodic vacuum arc (FCVA)
process. The FCVA system has been addressed elsewhere(Shi et al 1996). The
mixed aluminum/graphite (Al/C) targets were used in place of pure graphite
target during deposition. The AIl/C targets with the varying Al content were
25 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
atoms produced from the target in the vacuum chamber (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>
30 silicon wafers were used as the substrates. The wafers were first cleaned in
detergent liquid and then in deionized water using an ultrasonic machine before

entering the vacuum chamber. The substrate surface was further cleaned by
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between the corresponding D and G peaks.

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 sp? 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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cross-section. The Raman spectra for the films in this study give a broad band

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 lll 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 films 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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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 The increase 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 FWHMs is relatively small
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not appreciable. However with a relatively high Al content in the film, the D

15 peak develops faster than the G peak. It means that the sp? component in the
ta-C:Al films containing more Al has considerably increased relative to the sp®
component. Two hypotheses are therefore proposed. The first one is that the
amount of tetrahedral bonding may be maintained less changed as the Al
content is small. The Al atoms may also partially act as the electron acceptors

20 forming the doped structures. The second is that the Al atoms in the film may
react with C to form AI/C compounds or exist in the Al clusters when the

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

There was a tendency that the ratios of intensities, FWHMSs and peak areas
25 between D 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 1x10* Torr, and
then increased relatively fast with the increase of N, partial pressure when the

N, partial pressure was higher than 1x10* Torr. The amount of sp? component
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Al atoms in the film may react with C to form Al/C compounds or exist in the

Al clusters when the excess Al was introduced into the film.
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arc source, comprising:-
5
generating an arc between a cathode target and an anode of the source;

and

depositing positive target ions on the substrate to form the coating,
10

wherein the coating is a composite of at least carbon and a second

element and the target comprises said at least carbon and 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.

3. A method according to Claim 1 wherein the coating is a composite of at
20 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.

4, A method according to any of Claims 1-3 wherein the coating is a

25 composite coating comprising tetrahedral amorphous carbon.

5. 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.

30
6. A method according to any of Claims 1-4 wherein the second element

is a metal.
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1-5, comprising tetrahedral amorphous carbon and having an sp® content of at

least 60%, preferably at least 70%.

11. A composite coating according to Claim 10 comprising 99.9-80% carbon

15 and 0.1-20% aluminium.

12. A composite coating according to Claim 10 comprising 99.9-40% carbon
and 0.1-60% silicon.

20 13. A substrate coated with a composite coating according to any of Claims
10-12.

14. A substrate according to Claim 13 wherein the composite coating has

a thickness of up to 10 microns.

25
15. A target for use in a method according to any of Claims 1-5, comprising
a mixture of carbon and a second element other than carbon.
16. A target according to Claim 15 wherein the second element is silicon.
30

17. Atargetaccording to Claim 15 wherein the second element is aluminum.
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target components; and
pressing said component to form a target.

20 22. A method according to Claim 21 comprising 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.

25
24. A method according to any of Claims 21-23 wherein the target
components are combined in the presence of a binder, such as tar, bitumen,

alcohol and mixtures and compositions thereof.



