Metal Coatings Technical Field The present invention
generally relates to a nethod of maki ng netal _
coatings. In particular, the invention relates to
thin filmnetal coatings, nethods of making the thin
film netal coatings and to uses and applications of
the coatings. Background - It is well known to
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7 Another known problem with the hard chrome layer is that whilst it is less stlcky
‘than other coatings, it would nevertheless be desirable for the coating to be even less

sticky with respect to the polymer being moided. Additionally, the electroplating process
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1 layer is generally around 70-80% of the density of
bul k chrone. It would be desirable for this density
to be increased, giving an intact, snoother coating.
The hardness of the electroplated hard chrone |ayer is
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(b) depositing the chrome ions on a substrate to form a chrome metal layer
thereon; and

{c) controlling an amount of nitregen in the chamber to form a primary chrome
nitride layer on said chrome metal layer and a secon.dary chrome nitride.layer on said
' _primary chrome-nitride layer, wherein said primary and secondary chrome nitride layers |
have différent_ nitrogen contents.

A second aspect provides a coated substrate comprising:-
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a primary metal-gas compound layer on said metat layer; .



a netal layerproVided on the substrate; and -a

primary. netal-gas conpound | ayer on said netal |ayer
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net al - gas conpound | ayer, said secondary netal -gas
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--a primary metal-gas compound layer on said metal layer; and
a secondary metal-gas compound Iayer on said primary metal—gas compound
layer, said secendary metal-gas compound layer having a dlfferent gas atom content
relative to said first metal-gas compound layer. '
A sixth aspect provides a c.o‘at_ing-fdr a subsfrate comprising;
a meflal layer; , ' |
a primary metal-gas compound layer on said metal layer; and
a secondary metal-gas compound Iayer on said primary metal-gas compound
layer, sald secondary metal-gas compound layer having a different gas atom content
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a secondary netal -gas conmpound | ayer on said primary
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one gas atom As used hpefthifionshe term "gas atont and
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- ‘As used herein, the term “gas atom content” and grammatical vafiations thereof, is
‘intended to refers to the number of gas atems relative fo the total number of atoms in a
metal-gas compound. | _ .

' As used herein, the term “stoichiometric metal-gas compounds” and grammatical
variations thereof, is intended to refer to metal-gas compounds having a gas atom.content
that is the maximum amount of gas atems that could theoretically react with a given
amount of metal atoms employed. For example, if a reaction between chrome (Cr) and
- nitrogen gas (Np) is as follows: | _ '
' Cr(s} +¥%N, — CrN(s) (1)



that is the maxi num anount of gas -atons that Goul d-
theoretically react wwth a given anount of netal
atons enpl oyed. For exanple, if a reaction between
chrome (Cr) and nitrogen gas (N2) is as follows: :
Cr(s) + Y2N2 OrN(s) (1) 4 the conpound CrN formed in
(1) is the stoichionetric nmetal conpound at
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stoichionetric netal -gas conpounds, said prinmary and
secondary |l ayers have at |east one of reduced
stickiness, inmproved hardness relative to a |ayer of
stoichionetric netal -gas conmpounds., The primary and
secondary netal -gas conpound | ayers nay also allow
superior binding to other netal or netal conpound

coan |ong9amtmmara,sm memo@hm@ ﬂ@ﬂtﬁdr(borrﬁiﬁé@ffhél@éﬁ bf udgosmng a
er conm

met?sl C@"H’@Bd E?VI%BO%Igﬁ aﬂgaqg st%tetgme% { urfgg%@tpﬁ@ rglative to metal
atorssibns thenhétalldag c@hqjoghu @yetric ratio of gas atons

| ayEbne Ebrientisin Shia OF peBslti rgminoes Libapaptng layers:

@) a:mnml IaqetSfofrﬂed omgtef’sdbt@tra@g gi)&m‘rrn&ry n(eﬁl—g%sﬂ%f@buh@%@{er formed
n ubstrate r - ga

“on (BB P 28 Cro e RaORSBa apodha e Tatpy @ the primary

metaegaemdawumta@br gﬂ&r@iﬂfm@@gé atay ebnibAl eiewl;eqmntér? and secondaty

conmpoun ere| e
tayeBY o iiirelh CniER” 5T B gaimeic i eyal-ae, iaupgs of the
secatidhfyelagat are@tblchfmﬂidtr)’c mdlalQRe ﬁifbﬁ&inﬂ?ﬂﬁhlleth@ primary metal-gas

oun econd r are
comfRit 128 bt BITRS BnEent st 1y (B SRl e AeS fompaigs. Tnone
emboditreht, ghs meummmapcfuhnefeéorhm&ead@asmﬁg) Hyerd of asarthéametal-gas

combil > AR 0 (hadhatep Rl iy e Ik crmBeimris <oy, & metal niride the
secoddmesbé,lsmg,émeﬁi%x% a further netal -gas conpound,

O SE  ont TS prb o bl By T on
subst@te&llcompnﬂlag dbpositiraf bqjluraﬂ’?QﬁlkE@i’é of tietdlaniefeNeVivAIR S one or
mareal g gal grow din ‘%SF [ nﬁg on_a ubstrat e,

8ﬁ?fﬁl MEEg PESMPPHES, PR Ky ofy furifige comppundh pap optionally
be mltenle&ffécﬁ\ﬂmed the\whdthl éhdrﬁ@‘ta{l{;a? aqu]gbdnaﬁer s of net gl - gas
unds of a furt oun o
o oCRENgR by 1P Epetincu S bedipehistnpY be HEPRELal Ot FCVA and hence
. the nmamamampmgﬂa O?s @QoRkdat g5 thef FCWA, Sxﬁ)%ﬁéfdnﬁaodlment the metal
may g R8i0c(E8 o, T grofin CaRSiairiarof ctoup ey giaue; 1WA, el sieyR. VIA of the
- Periodie Gfalﬁleetifbﬂdrrﬁiﬁﬁi an(ﬁ MIO?Ettﬁéretiga}Eﬂémpf@i( %&@%déf@féhfd?ﬁe (cr),
ro and group
_ t'tam%"xﬂgf-[%\" E’tqr} g&? Z@‘é’ﬁ‘gﬂ:@r and all oys
: th’él\ﬁbfcoaﬁixgsn‘afea[ll_aidn@év?’a Sn o4 &fa@h!irﬁn&&Td@eY and iHeRBé WAk gas is
‘ i a a), a u ni um and zirconium
introt 2?% lo EEW‘&%&%% ?lg%) m@r@a&f{@m remgued, @8- dathsesontinued
_evacalion hemmhwe@a@s 4 %sdtﬂhé ﬁ@t@%&e@a ePdN? nol Bl as there is
dl@g:@ K%g er adthenrem)\ée .
resi P ‘"(.‘rW"BQ theje @P%ﬁﬁ?é'r leaﬂé“gat@r %Q?Ftcotnf?é‘t in the

metamyalofla%/er Bs8Iby AR AflatorRQ PBidkbly &fe §ALEGER is 2% or less.
as left_in the chanber durl ng hei r

dual
The 'Efgﬁ Jayers e% atjleast PR ¢ RusePrgissalyak lgast 987 pyre. megq pieferably 99% .
orhighayer of 3%or |ess by nunber of atons. Preferably the

gaﬁI content is 2% or |ess.
e gas atom deficiency of the metal-gas compounds is produced by controffing

_the amount of gas within the vacuum chamber.
Generaily, the overall composition of the metal-gas compound layers may be
'represented by the general formula:
' _ MG, |
wherein M represents one or more metal atoms in the metat corﬁpo‘und layer, G
. represents one or more gas atoms metal comp.oﬁnd layer, wherein x represents the
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the netal layers are at |east 97% pure, preferably at

| east 98% pure, nore preferably 99% or higher. The
gas atom deficiency of the netal -gas conpounds is
produced by controlling .the anount of gas Wthin the
vacuum chanber. Cenerally, the overall conposition of
the netal -gas conpound | ayers nay be represented by

fractioheofgeseil atorio mathiacomddand RS ¢1rBpdsERBItRE §RIcEoPBE gBE atoms
metago net at orés in t he netal compound layer, G
8?)'?‘8%‘&‘;{}?3’%’?@ of * ¥5r'e gas atoms metal - conpound | ayer,
whiey @tielembbaipient.enhas bhaildd ensdted refn m%t@buatceﬁastnﬁt al 0.08. to

oasCRRR R0 Rl oA TAE Gob ey B b ) o0 0

0.141308 w 0,38 08 & aqne@hcfm omdoge z ah @ae eﬁﬂﬂ:‘&[rﬁéﬁt nﬂ.s@‘ vz%é)gelected
(0]

tromjfi grp epriisting <5800 98, 082 & O U2, 03508 2o 0.8, 0.82 to
. 0.8200.9%40 M84.621c00.88, 0. Qz @80.86, )94 % 0.87D.92 RF0.BY afld bbz t610.89.

onge enbodi e ue selected fromthe roup
0 o P02 b gnt he eitl Porsabimosotlogns Joms o I, el gas

com;ﬁhuﬁél i$ eelcBd fRord Ihd Qrouﬂ BasisthgOat 2% t@ 1&%, 2@/6 98 1?% 2% to 10%,

0 9 0 Q, 0,
2% 1§ 286 20 0,530 29 15 e b b heth, (o 136089 g 1o 108nion . and
2%w1:@asthatr@;ﬁamuar béigy SEstantigMpmesPaRMLNd | s selected
from.t he t|r1 of 2%1t0.13% 2%to 12% 2%
t Jnpgem %nts% OgofCriz6s ecrizagenahi ms fals @ob It wil
be a;ipbedét&/d tfﬁa%’drCthé g%chiﬁ%th@thbﬁ'%d)&ﬁﬁuc é&%ﬂrﬂnﬂé’t%pddi‘l@ CrN, all of
: rml nalg eci/ln? subst ant i aI |y netal atons.
AR P urfit {0@951 deficiprt anﬁtqaag%n tr(eN) stgighiomelric

themfoﬂh(hm @luhNnuml dmdrlt bf x RAd 31rF el ated L Bi8tankiar = O In another
st oi onetric t en nodyaam c_equili brium conpound

‘embogyign il Sorcriarelin sy WS Sgupibrigascotpround CreN, the above

- dascmeﬂ rages-wiebé titegenkrfigondod DBeifd wsﬁmhéimtdddcy bein iess than ¥%4.
o hernq nam gw libri mam) nt of x. an
~Other, prorplarl gt gqd compguads inchies (AL orighis as-atfra-deficent

relatnmt ti TIN; omam HIAICNY, hﬁrﬂmhy@aé lstom@aw;édt %lam GO TPANRE (c) Ta,N,
r anges. W |

/g (dxdt xpﬁawhngzg targjasyatomdeﬁ0|ent
relatifedb ITgR). ess than 1/3. O her exen‘pl ary metal -gas

d
o SO ot Pistlamea STbrdinebls e ey deBgsiitiont sig! substrates
eq. thdéllrmi‘d isted atsedl It ASK infdudi, dr@ll Rave Beb® fodihd \td N)xhﬁ)ﬁ? improved

as a omdeficient relative to TaN;
“afdﬂﬁ?ﬁj N{‘H)“P'?‘f&fl/ shoflics g8 £ J3ve Jedurask sligkinase) whenaeerpeared to

electrcbmaﬁd @hrork® bhiMes. Q‘he tddmbitialieh @F %Gtrﬁmﬁféi’ lafyB riﬁéta céompound '

: l‘l E osited gnto steel substrate %
__ ayers S BBIcS Y ATBPORIPS fo hrok oo NI RoLvishio 19 BaRauGLY theory, it
" is believdt thiat tHdWsQ&@ﬁife Mataf 8RS ekl Gak 'Héhfb\bﬁﬂd %ye%(hféeﬁﬁf iciently thin

e reduced stickiness) whe ared
for thé coa%mg e%}/ eclively to comprise a lattice Zaf metal Iayersngnd a Iatt:ce of metal-gas

-compound, the resultant combined lattices giving the improved properties as described

herein. In both hardness and anti-stick tests, a chrome/chrome nitride coating made in an
example below compared faverably with a- known e!ectfoplated- hard chrome mould

- coating.

The known hard chrome coating is normally about 3 microns in depth, but coatings

-of the invention are advantageously found te be dense and even, and can be thinner than

this, providing improved hardness and anti-stick even when just 1 micron thick. The layers.

- of the coating of the invention typically have, independently, thickness in the range of 0.3-
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el ectropl ated chrone coatings. The conbi nation of both
nmetal and netal -gas conpound - | ayers enabl es these
properties to be obtained. Wilst notwi shing to be
bound by theory, it is believed that the respective,.
netal and netal -gas conpound | ayers are sufficiently
thin for the coating effectively to conprise a
6nm 43-60c angstroms).alespegiaiysinatie sangst ©of dB5dhmes-4D- agstroms), more.

prefﬁ%ﬂp@ @dZSnH" 5€ %Héétfﬂﬂsa g@g@ﬁb%glekﬁ:%dwg “?ﬁ:’tn?é \é%eﬂ?nﬁ fen example

mproved propertie erern
hasrﬁ:afqm%gayegﬁq aimut 1em R angstremshanh claeeyechitrsledaysirs of aleout 2nm

(2055?5&,10% ymade in an exanpl e bel ow conpared favorably
a known el ectropl ated hard chrome nould coating.

Thd herisafugian inethed Heedtibdne metha efdhenakampled serultg in metalmetal-
gas 'Boﬁ{p%[]ﬁd ithc Er}atugytwdi&@g d(}ggsg%gné hg gLy, 9(5‘%1 AR T2, 0.8:1.1,

a Vanta%Fous y ound even,
0.8: 1 hilihe?: 08, ah87Q.8i J,6:980\i. 408y ambrb26d, hagd r&mZQrm 8nm 18nm,

Snmamn'm StghRI1A¥E, Sﬁ?r?{ﬂ% Ar'S tantn: 'ﬂrﬁflorhrﬁwtf“lﬁ yTﬁg\:’ﬁégﬁrﬁf St8nm:8nm,

,O the coatlnP e invention t |ca
16niifnap drneyinng., 12nm: Same $wugh wuﬂieilif@rﬁg@rgducﬂloe thepeaalins can vary.

(3TR8 g"’d?sgﬁl'é? ro8SReCine b erﬁ%rfxﬁ@r ff\@ﬁglgteﬂ i¥ %r %gﬁ&gﬁtly during

(5-40 Tan nore pre
-depagitipst tPfdhﬁ )metalhl@nﬁ lendhe mstaldarget| tT hiedenawsd tof ggs ditroduced into the

SyaQf u tro
cha BRSO LBUPEU oA 6 v
- charahgys thengytial Presspreelitbe igen imﬁleh@d:uu@szﬂlamber Heringeddposition of the

' 'meté?flqr{sr% ﬁ?éarﬂg{a?%rﬁ%é)f Be II'F tﬂéextaglbs %%%%Egdlrﬂ%ﬁ tlgé) QB%H %gnsmtmg of

hi ckness rati os
0. 5-%x 407 tarr (5.B0A670. 067%3)1 018—2 X0l B'1{om1(~10.02-0002F Pa),. 182 @. 8™ torr (~

001éuoﬁ)2%% $448. )g 1078, rlgﬁz 000131!6-(2,054}3 1248 x 10 torr (~ 0.016-

anm On .8nnt 1 15nm nml nm 1
0.0288)n | | nm 8nm 10nm 20nm 8nm 18nm 8nm 16nm 8nm

14)31 G Rithet 2AB%e S48 célnp_l_cﬂgaoé@dt é}ngd)(%lfrﬁzh LS o ﬁi(gf&’ tfég)osﬂmg a

hese rati os can var
meta! Ribride spgling ¢mﬁ@mmrat@nc¢rypwnm gamramg an due ahg metal target in a

vacugﬁ%?z%'n{ﬂ nthgfebﬂ(l'b?eéf@g dthloieﬁs O&[}\%it(fb%oﬁﬁh@lthé ﬁ]refb‘? ons TAShe metal

, anount gas intro nt d
target Hhﬁﬁd?rﬁ%%ﬂcﬁwf\rdrqgeﬁgwtlﬁelqdaﬁtpaaﬁal prassyier of mirogelnen @ chamber

is confPolidif sYamit e TRARDREide &%ttﬂ rédngém:prﬂ% lér%"/(‘)fryl%%een by atom

gas I n the vacuum cha eposl on of
-numtwe{ al ions on the netal tar get may be in the range

RS 5 BEAAB800 Mg el todd s, ang
- a prefpred-@ating p@mpnqeszcrxorma madeusing @.dhid@ne i0gatPa)

1. 8 4 a 1 0,

; O.‘.ﬂFtF# c%w 3’%8& L&)OB'EH{e)se oq'ést Igf %ogt?nﬂ:h)éﬂrnd ?r 1% o%taénall t% bias the
substgaie ¢¢ redusiel the glresy indhel centingd Switaltly, the naethszfmdnmfses blasmg the
. t t
subst%ﬁ%??ér}oﬁ%e%g ntflét‘ r@ﬁggeg%?egffgcﬁ'é tﬂ{% '%QP %Pﬁ%igt?ngr t%q tlge%ovato -4,000V,
dsuopositionsbend codled eslupstmteatplengemﬂs@lfommaspemdf the invention.
, Thus dﬁféoﬁivtah% b€ di% # '%E?ec? %uE&?ate Sithined according to any of the

- methods of the invention.
A particutar composition of the invention comprises a plurality of- layers of chrome

alternating with or interleaved with a plurality of layers of mtrogen—def' icient chrome nitride,

" wherein the thlckness of each layer is mdependenﬂy in the range 0.3-5nm (3-50

angstroms).



- chronfefibadt-Adicidh Flb AL

target in the presence of nitrogen, wherein the
partial pressure of nitrogen in the chanber is
controlled so that the netal nitride coating contains
from 8-35%nitrogen by atom nunber These enbodi ments

used FCVA net hods, which are preferred for all
coatings, and a preferred coating conprises chrone,
madestasohgha cdmmsitioharg@t whshr eésatedadntouial Hardp std®l substrate,

ts o coa . 1o bi .
cormbi§¥e 138 eSeoRiog oA e @M ST et "PAPR o Batgtol g3 SHitent o
0.4 Guesablardndssef mptth ms;P@omqw alse vebh aécwf@dttbespédims&ﬂram based
coufly 2, KA el S 385 S SR vt or
interleaued thysrshef (eﬁtmaalpﬁnd _S(b) at kst afmnm?et Sofrpolihe Iayeas having
tion s, the invention lies also in a coate

d:ﬁe}e'?\ggg 4pai %J%g%ed according to any of the nethods of

t h&he nowpbsition may paﬂdyec?d,genemﬂp(hf&iltli-ia@éreﬁf ar?d‘lthﬁ thickness of the

rj.ses,. a plur ayer s chrone

layers M 2 PdgpeniRply g ing et Eaobeh sttt | ty of

| alleing BCVAI tiepasiiiond efetiiodsnthighily alsais@i doatinlgs  of wWeisromieritrogen-
corcf ARG o Gkt SRR ok rhman 1

substratmmmptnsmg a metal nmﬁmcmagﬁd'h@r@tmtha density sftth€lcoating is at least

90% 1 i, Bl or T BURLIBIAE i, leteraBff o Pt e chrpfecstapat feas

. 98%,oibref€ﬁablymt ldass 99%HDcdtings deibosmdtsm&@@& Ha®s brleAGoleE s have

cuno RS RS fic S LEREOL e MR e o consy

- indicgtes few ior wverd sabdtaitialy ho gniofo-cavitiegrih we@hthgymus uﬁtiica(tﬁh); a flat;-

non-{E4 et Bbef bepien, ArPedin SridE Fole Foh U pomerising

‘a chrome bitrideayeating, wgemf #d y,omﬂgt had aylﬁrﬂﬁéss&ﬁfm SGEa or greater, a

ot XoZ a5 b A0 ass MR K w e Matingly ROIAOUIBRE: 11 on

nm hreiticutdrgapplicalioms éorc thakse nqmtlﬁbs Clb I heemolitingg 6N -semiconductor -
itride are ced... Hence a

doolf b g Y SR A% B PSR AE ol i

polynegsoatidngtieanyetoatpasition iofldeoaverntion. wherei n the density.

VKPR Fpbafs: e o RGN JiSePopd BEathgE Spe indliae 8 Feater i
the: dﬂwcta?tmadﬂamh@t Treasdaterad) bep Ueécewi@hv,e @ay raastur® H%m the mould.

o S 5 558 e 5 i B Skl B o

.depoémludrk rrateri al. This high denS|ty i ndi cates few or
statla cro-cavities in the co

R R dRREnGGR 59, B Seed A e b BRaN? padouBe pubstate.

* Typicalypdbé tsedd Myapiecinti saraoahbRl asessdd forithe 02t tandt gws for a

a,chrone @h%%g@é%%%g |@\é\é]rg grlirgmteha%d can have a

depth of from 10-200nm (100-2,000 angstroms), often about 100nm {1,000 angstroms).

-On top of this seed layer, a coating is deposited so that th'e tdtal depth is 5 microns or less,

-preferably 2 microns or fess.

In one embodiment a disclosed coating may have a seed layer of 10-200nm, a -
coatlng of 200nm-2,000nm and then, optionally, a top fayer of 100nm-1,000nm. This top

' _layer is typlcaﬂy a stoichiometric chrome nitride layer.

In one embodiment, the coating has: (a) bottom layer of chrome metal; (b) an

infennediate layer comprising a primary chrome nitride layer having.a low nitrogen content
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friction co-efficient of 0.40 or |less and a water
contact angle of 90* or higher. A particular
application for these coatings is the noul di ng of
sem conductor devices, and hence a specific article
made by the invention is a nould for noul ding
pol yners, coated with any conposition of the
betwegn@bvitdit% tolabduCVBappatoat nsnius @fld h@eteRRSy Ehrbhe nitride fayer on

s LR FOTHL RO A L8 el 58t e 25 o

atonamaybemami eptientihofe) & eyerplistdichioMatricalrNbeam sour ce nay
al so be used to clean and activate substrate surfaces
prior to deposition. Prior to depositing a coating, a

seed | ayer can be deposi gb sio the substrate.
Tyﬁ)h ac]tgchse{:l h@oga%ﬁﬁ% %qyée[)e fgund ?oa r{]%vrreé aJvat%? c%%ta%t anglie of

f or he coa
appreximetely A5 tdeggess- (tekei sampie iy epecifitially mieesamft a@@A g eegrees)

h dept h
oS5 8 e, B, AL e B0 S, o,
com[(arl,scmaham@errm@ct an@ke foopeftdn khibsulstXdégpes, witereas the water
con B8 opof 165 iy SR AL ey o e
of 708. enbodi nent, a di scl osed coating rmy have a seed
e BT S i v
are hagger alsalyxeasured by sedatoh &thTCbieCdls@cﬁ?Hrddauﬁée f8%: a wear rate of
i des n._one e t he S4
- aboul b AR St BorRisSTRTSRD (i &I Velfcen 10 i for
- knowh dyet clvomprcoaiingg. a pri mary chrone nitride | ayer

R st Y, i BFReS8 eSS et fourdivac e b bout 03,

hard glrdme teégoramalizeshtocneaine. of 1.0id ingiested feduall Stigin ind¥Icpmpared

o rd 8408, By S SRR GRS oot

a moyld gurfacsf coptes with thedtest aa@nd. ArPsjegter pih &sthed lieedl tcﬁé}eet&ﬁéi arlicle
cont a

_ at i NGs «a nd t t gn
from SR°EIE Ll FENE8 1Bl 8 e MR ARiSS and Horhalzed
acmfglpsém medmlnblymaﬂmniaeﬁ (e Haid l&i}oﬁieg uﬂe\m.)edof lef]eittl)ﬁaﬂl fB0a coating
t xhi rel ativel r ophobi ¢
of the 02‘%‘035% 3’8§{rnlepe 3&”‘})%1}9 @%r?t @PR‘/?Hieér
contact angle for TefI on is about 120~ degrees, wher eas

the water contact angle f.or. known hard chrone
coati ngs are ahout 75 de 8% (typically in the range
ofn Z6p&dfjc eMbedinmnt, degsrigahiarmbleyddiaVieelow| QISR the metal

terersiEL b 55 i & e Mk #8d 5bl s gt e o
. 20 micnsecongls pervpulee Wihis biatiag ch.an however, be varied. An advantage of
applying a biasing the substrate is that it has been found that the resultant coating exhibits
reduced stress when subjected to an external force compared to ooatlngs that -are
: prepared without blasmg

Bnasmg is not necessary to Iay down the coating but a preferred method employs a
-.,bi_as puise to a value in the range selected from the group consisting of ~300V to -4000V, -
- 300V to -3000V, -300V to -2500V, -300\/ to -2000V, -300V to -1500V, -300V fo -1000V, -
500V to -4000V, -1000V to -4000V, ~1500V to -4000V, -2000V to -4000V, -2500V to -

4000V, and 3000V to ~4000V. [n ‘one particular embodiment, the bias pulse between -

- 800V to ~3000V.
10



the m&*ﬁfﬂ'&% 19véie Ay ant2

about 10-7 mmB/ Nm which conpares favorably with a
typi cal value of 10-5 mmB/Nm for known hard chrone
coatings. In anti-sticking tests, the coatings have
been found to have a value of about 0.3, hard chrone
bei ng normalized to a value of 1. This indicates
-reduced stickiness conpared to the existing coatings.

Onmsaum b ettt dmisddiikit B sE@el Eéwm ?n%ﬁe E!Eié'n d&é}ﬂasﬁﬁon of the
onto a npuld surface coated with th

r
met% Sﬁgqen@nt%w"@ javer isreagiad oWl withenbigs o6 aprerogm@ly r%f’@ov pulsed at

2kHAFdri 2d ﬁucnﬁée@ﬂh@é@aéﬂ)éhlge ThS tigy 64n %%GU\Hr?dTﬁéJ bgsqgtpreferab,y
pUIS?({; article being neasured and normal i zed” accord

attq%”%?éh oftapd %Q?PVaE@fe(r%@y babwegn c HRQHnd -4R0QW uegof

| eme tiRgberdcy’ Bhd %lﬂééaﬁhﬁﬂon QJf thBepHlsss I RA@ty can also vary. The
dinments thus indicates |rrproved anti-stick-

ffeq%neb@rtym%% y %%%5 and 18kknand thegulsamburiiaris typically between 2

and S®aRorédeeandg) nore detail bel ow, deposition of the
nmetal layers is carried out using a bias of the

substrat e of. ar oundBrieEBes¢ription OhRrawdnast 2kHz for
201‘1’66 %E:@@rﬁ&éﬁyﬂﬁ_; Iﬂiwuﬁbﬁ fil&‘zstra_ta' 8 Bbasiy eﬁ%dm'i@i@%ﬁf serve to

applying a biasin

 explaly 4 pincEIeoh Bt dosad STHEEaRS i i (oo Unfiroed hawsyer, that

the de@hd SreCadyidiicdStor b%@%ﬁﬁdﬁ%ﬁo%ﬁ?ﬁh@h@?é@g defin@Bn of the

ternal force conpared to coatings at are prepared
"'m'ts\/ﬁ)%lﬂ?ﬁ)‘[ﬂ’e'lﬁ'ﬁ’33| ng. Biasing is not necessary to |ay down
t hﬁg CO hnR@hbbtid dRERING of A0FORA %ﬂa@'ﬁ}& Q¥ B cBt3 substrate in

'%6‘ se to a value in the range selected fromthe group
acco H%th“ﬁ&'s&loseéﬁwowenhoow - 300V to -3000V, -300V

t (Flg 22/\@%\315 ?8%0?% rjtﬁrfa@%tmqwﬂ}ﬁédom & o@Q:Q‘éed n?iQtﬂé(d to‘P a hard.
chrorpg 00%’@(9!'7 the g ortthsingsaftroied to sowlyrper sumugig\be'tmw fprmed in a

mouldﬁp&ﬂéhtr-étuckﬁgfi‘&(apb&amne parti Cul ar errbodl ment, the
bllgs ul se between - 800V to -3000V - e mme-- :
9. Shows ihe gBrogieniride coalingdarmrchin tﬂ@ﬁ@ﬁ!%@@inwmqswruthe hard

- chrorf@b@tiﬂgb@tﬂea prit? RR St LY Bfthd PRymBRS@strate after being removed from

e-cqontaining layer is carried out wth a bias of
S@Pgtﬁﬁﬁ%@éraé'ﬂs apdHz for 20
mmg 0f &HOWE Sare A&EMPBIhS @mbbBintenPitSa @AtRbathg Rrthed T.heanother
S is eferably pulsed at between -500 and -500
d‘“"’ﬁ?‘iﬁ%ﬂbﬁ P‘V”betv\een -1000 and -4000V. The frequency and
pul se duration of the pul sed biasing can also vary. .
~The frequency is typically between 0.5 and 10kHz and
‘the pulse duration is t¥&saeed petween 2 and 50
m croseconds. Brief Descrdggatihgn Of Drawi ngs The

~acconpanying drawings illustrate a di scl osed
eﬁﬁogg}{gngp%atuge@q,@eﬁ@bed in US 8031239 and EP 0811237 the full

' disc':losures of which are incorporated herein, was used to deposu a chromelnltrogen
deficient chrome nitride coating onto substrates mounted on a rotatlng carousei in a
_deposition chamber.

Referring to Fig.1, an apparatus used to make the invention is-shown schematically
as "1 and comprises a filtered cathode vacuum arc 2 arranged to deposit ions onto

-substrates on rotating substrate holder 3 in deposition chamber 4, the chamber being a
o continuation of the vacuum chamber of the FCVA 2. The substrate holdef 3'is driven by
~motor 3a. A heater 5 is located in thefdeposition '_chafnb'er 4 for heating substrates e'..g'. fo

~ drive away ‘moisture prior to deposition. A nitrogen feed line 8 feeds nitrogen into the

- chamber from nitrogen tank 8b via control valve 8a. A system controlier 6 controls

1



explain the principles of the disclosed enbodinent. It
is to be understood, however, that the drawi ngs are
desi gned for purposes of illustration only, and not as
a definition of the Ilimts of the invention. Fig. |
is a schematic diagramof a FCVA apparatus used to
coat a substrate in accordance with a disclosed

opemta;acbfr@me FEVA 2 @sSHOWE bg d%BﬁéH%é‘Bé)F u%eco@]%t Y& 8a (as shown

by S3hEN i Dok terraoiar Seior A tpURInAGUR Lale Meldor B g s unit 7 (as

shoﬁMktﬁ(t dashed R we). T ﬂﬁ BRflsdidh Monii&lUd BrdvitiedorfBdrduit 28 khéidtors the
3 shows the chrone nitride

ar at us,
gas iR ﬁ%% %E\er@ambﬁf gmdaﬁe%m@m lavet plowitregen grs thaein and thereby

allowhth@@BnEaIRE BNE ad@fust the Phirel valid sat hashes 1§%r6\hﬁ3d on conduit 12a
mer substrate after being renoved from the ul d

| Pm\ﬂﬁ?e Yyacuym within thaghamber é@nﬁgs alga contppliad by dhe cor&rﬁuer

Fi gn_thiss BeMEp, atheCre@iPbalNe GHORLEER! tHf rédpective metal and metal
nul ti - coat |€% forned in another disclosed enbodi nent

compeLR® jaye] wagan integsr. agfhesubstraipheldetsotated e eONsiRstl Spggd. In the
coatu‘% @W%ﬂr@@crﬁ&ngma@%ﬂpﬁﬁné yerdlivard A8psREd R the ratio 1:2,

th are incorporated herein, was used to deposit a
toqﬂli'rtB’ﬁé? Y1 €90  deficient chrone nitride coating onto

- sulmkingt aspdsRient afe OIE'C‘@ArQﬁ@thgd Féﬁs‘&ib?nelchénﬂb& were continually
deposi tion chanber. Ref erring , an appar at us
?}s{%ﬂs £89 thaneet 'H@O‘i'LH’@'@htqfdﬂtf@%e“s Hé%ig%tﬂ’?éﬁﬁ’?f @antrqlleda@e partial

- 'presbuﬁm‘f MHedHn HRhE rééu\t&ﬁrrﬁﬁo@téﬂ?ﬁ@nt‘@%%ﬁé%y%m The controller

arranrgdgdto deposit fons on substrates on rotating

~ 6 onserl PsramAsh daw conirallan cplIRIGUON SRR FUES CeplEmeter per minute,
L SCCﬂ\h@ﬁﬁ@ﬁn h@é r}gtni;en% |ht?HéUdeﬁ"ét%fS(§bﬁi Y@.ﬁﬂmﬁﬁ‘lﬁ Q?/Jéﬁ?d’ i pRissure of

uhstrate holder 3 1s driveén

: abO‘ﬁtnb{‘aP é%(" (A %%33&19? Ra),; and welé&télas |‘$1'ntﬁ1@°‘deﬁt§b%ﬁcﬁ$%ﬁf nitrogen, as

only@lﬁrﬁb&*hoﬂ of @k ritfRfeh PeacksRfth URs ﬁ%ta@ idths, é QhroFHe' Mﬁd@%r having a
ture prior to deposition. Anitro [1ne

“'“09@% &e"tﬁnft '?%’@ﬁ“ sleichigmgtric piffaaeRwas pE Uﬁﬁ@ T o g e n tan k

81)fh¥ IFCVRORAS Qﬂ:er)é@'d\lﬁl Qa c%ﬁ%&éc@@} S0DhiGA 8 Brrent in the range
rolsoeratlono the F (aS_ shown by

100 Gty e by )140 .hsltar@st was éﬁ%@ daeier aaqf the ducting.
- of théﬂ-ﬁ\ﬂdbéﬂm’é@n@r@bardéﬁ@nﬁm@(ﬁep'&mﬁﬁrchéﬁnbéﬁ Wﬁgzb@ﬁm in d|ameter The .
: SclPSstrate hol der and t he bi asi unit_ 7 shown ¥
<. carogsR s {QUnmde yiamglers fptatingh At e oot (59 iﬁCQW?dE@ g@olution). The

. chnom@ loberblati BRSthARIYSToF 58 s&idhd b Rishokit @B Elh]%rrf‘ehﬁiﬂf@a‘?ﬁmg fayer
to detennine the | evel of en gas therein and

t
(fh'clm?éﬁ abput 4 inmyand, $0Q segangs | te Pcllemggg theyjchrome pitridecrantaining layer
. {thickiRs¥ @bS&t: Zrﬁa)PBU%%aedUs%h %?ﬁweO‘ﬂe@%%'&s thle?s%bstpétg‘é{aggﬁased at -

a vacuym wi thi n t'he chanb 4 and 15 also control

- 15000‘9’“?*@"%#&‘@&"?6@ 20 fﬁ'cf%e@%@tpﬁwmslehe ratio of the
U hARKRIEA SRl 1ARP df AR WS dBpbake PRAVIRG tiltkness of approximately

- 100hm (1,000 angstrom). After this, nitrogen was introduced into the vacuum chamber at a
controlled rate whilst depositing the prlmary chrome nitride layer havmg a mtrogen content -
less than a stmchlometnc amount of CrN. The vacuum pump was operated to produce a
* - vacuum of approxlmately 10® torr (~1.33 x 10 Pa), operating continuously to incorporate
a very small amount of nitrogen, estimated at about 1%, was into the chrome layer. The
: pﬁmary chrome nitride layer had a nitrogen content of about 12% (ie CrossNo.12).

After formation of the primary chrome nitride layer, the vacuum was reduced to

allow 'mqre, nitrogen to enter the chamber, estimated at about_ 1.6%, -and thereby
~incorporate the nitrogen into the chrome layer. The secondary chrome nitride layer had a

12



conpound | ayer was an integer, as the substrate hol der
rotated at a constant speed. In the coating tested,
chrome: chrone nitride conpound | ayers were deposited
in the ratio 1:2,. though this ratio can vary. During
deposition, the FCVA and the deposition chanber were
_continually evacuated and hence introduction: of
nitrogen coglent phabouthly % lfienBre:Noant r Atdoedingihethpanitrégdin content of the

12822l and t | t.ant nitrogen _ _
soooR S G0 eyt Wl Htha Bfan, 03 334 phAdly (D85 and botn of the
formgg cprimard and seqmadaryf tloumeolayers! were ofilogen alefidentwith respect to
stoichioR U@ @pgubi ¢ centineter per minute, SCCMunits. In '
mﬂwﬁ%é, nlgpggen was i ntroduced at 6 SCCM resulting in a
' pafer depgsitionsofr heodlterndde ithromg 1agerd, ther intréductisld of rifegen was

, il st. this is j n.excess of . . ., '
- stop thE Bt preulebnrSoord ahokel FRRIERE BT Bl g mPe) or
belowith the netal ions, .a chrome nitride |layer having a ‘

OB B RGRHOAR, EE TR THAE TR IEA ot o

“aboufjt10gmhgh dépesition wasreontinied forearganigd of 1BB:eARA@S, Aesulting in a

soati Bkl Yorl4 ol s al get . 4 in -
coatifl ShEks lof FhrBurhilin 0 o' Ao SElnaiOudi R o pgosiion rate of
about 4rapgstramoparteecdap ositap BEyec b BOGIM wh sitdgeneficient chromie nitride
e s s+ HRE: 4 i . 700mm i n di aneter,
was @%ﬁgtﬁf)ﬁ%teg}@gﬂg%%ﬁzg% gb}é@%@ghds per revolution). The
FOWre eamding piss dowd talhbee fhet follgwihg prdp@riissconds to
de: ' he chrone-containj | ayer (thickness about
1 ﬁﬂ?hgﬁ% 100 seconds_?gh@g%%sit the chrome .
- niWeletl€ontast Ahgieng | 9/82 degreksckness about 2nn).
- Duypj eposi tion of thgaetsl, |ayers, the substrate
was e%?'gggeg at - 1500 vgﬁt E‘?“’?ﬁmsed ‘at 2kHz for 20
mi Co-bfisiesh dEFpéion pul 828 An initial seed |ayer of
. C e was deposited hgyhpg, thickness of
aB%%@@?%%tely 100nn1(%%%€% angstron). After this,
nitrogen was introduced into the vacuum chanber at a

CON e whil st,deposi.t.| t L nar, hr .
R T g 20 E ot et e, VL FREE Gprome s
- stoi chionetric anmount mdrm@liséd BE. vacuum punp was
operated to produce a vacuum of approximately 10'6
torr (-1.33 x 10-4 Pa), operating continuously to
incorporate a very small anount of nitrogen,
estimated at about 1% was into the chrome |ayer. The
pl.rimary chronme nitride |ayer had a nitrogen content
- of abouf 12% (ie. Cro.88No.12) After formation of the
primary chrome nitride | ayer, the vacuum was reduced
to allow nore nitrogen to enter the chanber,
estimated at about 1.5% and thereby incorporate the
nitrogen into the chrone | ayer. The secondary chrone
nitride layer had a 12 nitrogen content of about 17%
(ie Co0.83NG_17). Accordingly, the nitrogen content of
the secondary chrone |ayer was hi gher than that of
the primary chrome | ayer and both of the forned
primary and secondary chrome |ayers were nitrogen
deficient with respect to -

13



stoichionetric OGN For deposition of the alternate
chrone | ayers, the introduction of nitrogen was
stopped, the partial pressure of nitrogen dropping
rapidly to O-01 ntorr (-1.33 nPa) or Dbelow The

pl asma exiting the duct of the FCVA was scanned at
30Hz to a dianeter of about 1oGm and deposition was
continued for a period of three hours, resulting in a

coati ng thickness of apgrto,ét %_a!tgl %to 8 m crons,
corresponding to a dep 7 ! of about 1
angBefegingpter FlgecﬂmhdhA ﬁmrbpbwedintahlr@O@cﬂ%‘nétf 30 was moulded in a
t4.0 ci.ent. c s . hen deposite
ol R 1Poyrart 28 onlbs WA B b tath Fe B afei to the
exadmpleas besdnbbd abbve op (mwelrtdrd ehiomd Boating @B thel arfi2T.Ie steel surface

wa ) She ORI 5 ik SR o eRlar ohin g oipapash gt dhe pin being

- sub2GGRallydavdl M&ihlthdx_mmgzﬁe&he:&f)&lr@ nﬂtermongs%ﬁ tﬁdl@apéamaid member
) Lo S nor Se t I LN
wasy BincBh frofel 6 Pl ioq %0 5% ot Bl iy B siadherer 1 the costed
, steegicﬂig&ﬂeTheZtﬁ:rmaiqmad ;}dmﬂthegejactoﬁpuit tb gjbcagri ﬁﬁgidédsdr&(ﬂé from the
2 coa epar ) ‘ .
surfSll \PEmERSTIEE vilrishited il FindhBREEhame syfoge being

nonhalz&daddbrb tsirgpthis negt, tte bdmhngrdf RS invéhorsha®bh valuef 108, indicating

' f I t
a8 bty G Rl Bt Surhie K BRR A Tame sorbge i th
the top 25 of the coating. After noul ding, the upper

moul d nenber was renoved refer2 to Fig 3), leaving-
the moul ded article |yi ngoWW8F%adhered to the coated

st Gkioﬂtbrs:loat:ﬂ'g‘l wak domead Eﬂﬂhe rappaeiiud hed ema@[t 12 sﬁhﬂa ténditions as
ace

d art| m t he
Exaff) okl IR % el & b SR Bellbd SombincHayess having a
nltragenommtem riésec mdnestnghlonmtmmbrls agereOsucceddivalg [dyBiedi on Cr metal.

o o BRIk 4 4 T el B b etto a

: mtefmmmm \ayet oompﬂan%a@lumﬁl? otd&buh@gutn&é mm&n@whi&egen content
. nea |
toss I PR BRI bR R et (RS ek siiamptEe el ge (o)

,top!pye;r ality chrone nltrl de conpound | ayers having a

i %8%%&0&()!?%591%9@ SS t f.?gzllt e?*rée&e{éuﬁmccgnl\la metal substrate to.

. 'SuoCéssIVv e 58’38
form a‘0 1pm layer.

- The intermediate layer P comprised a low nitrogen sub-layer (L) consisting of a
.plura_lity of n layers of chrome nitride 'h'aving a nitfngfen content between about 5% to
- about 15% by atom number. The IaYe;s of sub-tayer L were formed successively while
- increasing the nitrogen content within the chamber 4 from 0.8 x 10‘4'fon to 1 x 10 torr
(1.066 x 102 Pa to 1.33 x 102 Pa) to successiVeiy increase the nitrogen content of each
layer in the sub-layer (L). The formed layers 1,2,3,4....n Qf sub-ayer {L) were
.approximately_ as follows: CruxNxi = CroesNos; CruxayNxe = CrogrNoos; CruxaNxs =
- CrosNo.1; CrinxaNxa = CrogoNo.11; ... CligxnNxn = CrossNo1s. The intermediate layer P also
comprised a high nitrogen sub-layer (H) consisting of a pl'urali'ty of m layers of' chrome
nitride having a nitrogen content between about 15% to about 26% by atom number. The
layers of sub-layer H were formed successively while increasing the nitrogen content
within the chamber 4 from 1 x 10™ torr to 1.3 x 10* torr (1.33 x 10? Pa to 1.73 x 10% Pa) to
. successwgly increase the nitrogen content of each layer in the sub-layer {(H). The formed

14



Referring to Fig. 4. the coating consists of (a)
bottom | ayer (q) of chrone (Cr) metal ; (b) an
internediate |l ayer conprising a pl urallty of chrone
nitride layers having a nitrogen content |ess than
stoichionetric chrone nitride (CrN); and (c) a
st oi bbionetric chronme nitride (CrN) top layer. The
bottom | ayer q of Cr was dep03|ted under a vacuum on a
orma O. pm | ayer. The

subst e to
layoff ok Ep dEari s g o &fsrrpﬁpgrea*n@tfrlbﬁﬁ orgigefiroNv: = Croadose;
Cri-gih, [Fages,Noly); C?\%N% ENQroQNy 2 Cral NG & tor, AN, 5; | ale;@l Fe)Nym =

Cr chrome nitri having a nitrogen content bet wee
0598t 5% to about 15% by at om nunber. The | ayers of

s uBadtegyfethe laya&r ie: subnaRd H sureasaivyEl Had\Bithi€kness of about 0.1 nm,
ultim {é@rﬁ%as‘l n%l n| tr?eglg CFQBt ent Wthin the chanber 4
f gnigg ¥enF havipg adelal thicknessed O.9 micrpgs.
t oTlﬁ)éBtap lager Z a@to:bmomameﬁs%m@ h%:zaawsfwe@;emamemkhéw@m .5 pm
r rn_thesu aye-r

and G35 Blthe bycpgrepsnd 4y partal Hrgere pspupelo phgvenddex 10° tom

(1 866pp1(b?>di’m)atﬂe:lc§irdmmy tiad toaitiRg hel G, total thwkl\&%ss %105 %No 5;
(o]

Cr'ﬁ'llg(ft%% Ihlﬁrcgamﬁl\ﬁnqﬁed_ r_e_dpt_:ec{ft{caqr%ﬁ ,\gpod_hardness combined
with @duc@ﬁéﬁdsem the cbaéng I@y@:r medi ate | ayer P al so
ri sed [ en subl a consi sting_of a
B e iRaget eRBodeRb @ of Rt o, rading @ har,
non~silcky cgﬁmgcmﬁtlﬁét‘al b@meeuteaueuhoma%iésmc&hanéhaﬁ%ﬁwauy epoxy-
ers of suyblayer H were

conelRTRRETEIe iinings Hor datéeveg, baBona AafonnuBRPLRapplcatons,

including hicoldslier mbalgrrudbdrs ey |?3W{dé (ilrgﬁety%f btHeP pdlymets. 94 coatings
X

can tepaplid 1 dofperit femd el Faucengenars Alheh Kicenuais, and can be
‘ appltéda;oelneatlng tellementd sbiety 8 tf(dd)a folmeirf I(ﬁtﬂ&dandlé{hbﬁWQfe‘é heaters The

coathggl Fg%alsq:rlie nclﬁpfﬂf;acp upeﬁ ogi@éfl_bf@\fl:\le {a%saq%p;,%( I,g{;goaltlgn does not

nece@afnweqw& thenuskof 3 b Drrth@sab&hR 2, O (1 -y4) Ny4 ~
5No- 25. .Each of the

| dy | A U ey F’Ey@ﬁ%nﬁﬂn%e'\%%ma’mmg o8l nirogen GeRlept relative
to stcmﬁhuazhagb hrﬁethl mimd?s,lltﬁrbdmieewk doafi df@ Q\ﬁtht fé@ubéﬁ %Er&@éjl%ﬂhﬁve to a
avi.n 0 ness m crons e
coating Y Sfoiudtaghig indalsets uhik fouhg Boahesiness de G N (2)
. hatdwig h@aWa&E&@ﬁaOﬂﬁa @Eﬂos@?%éﬁﬁﬁi provives. ebM%eful alternative to
' -‘known nei%fg Iapgg ted(‘% rtl lgflﬁ’tdrggggnhﬁé\iﬁﬁ%g nltgg?;% ?wéhermore the ~
. dlscloseramaﬂg)d]advﬁet; et I@rd fchtdiﬂfél Eﬁfér ﬂfat s Sapale thﬁauﬁgfﬁiiﬂ HbWA thinly

 and oty oSG lufakE 1 A, e  Bed IS PSP o HasTelogg oyaroomes

the ploblemis aGswdiategswie! ekistnginaed @a%@m@amwmﬁzqaée R4t result in
cul ar, use in. providi ng@a hard, non-sticky

unevegd:gfahg;sqr}grpiﬁépg?e frale RIGW8 to nmoul d pl astic
. vl bebppreciaRRthal thy dRBR¥Y¥d nicBiddRreBilRGn mhzﬁﬁﬁtm eéatmﬁhﬁat have

’ ‘-enhangﬁgflﬁ@g%%ﬁger tﬁé’ xveown elegt(l?oplilast%dg tleghn?qtygsde number: of
_ It will be ~apparent that various other modifications and adaptations of the invention
Wil be apparent to the person skllled in the art after reading the foregozng disclosure
without departing from the spirit and scope of the invention: and it is intended that all such
modifications and adaptations come within the scope of the-appended claims.
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i ncl udi ng noul ds for noul ding rubbers and a w de
variety of other polyners. The coatings can be
applied to donmestic itens such as saucepans and ot her
kitchenware, and can be applied to heating elenents
such as those found in kettles and ot her water '
@ﬁt rs. The coatings can al so be deposited upon
ass and plastics, as deposition does not
necessarlly require the use of a bias on t he
sub . e multi-layer.of the net nitrjde
1-coatt W& hOdhol\??rHﬂ‘-q %Q?tﬂlcf’?wbge??%ﬁ{"@ﬂ e stepp Stl ve tor
st oi{ahgaretingcarmarcalt annétal teget bmétmmataameai BRpambéhthat

s é?e‘gs.*’ BPiAF Sofilind pr i # SuamRe i sPhesnpets -
har dhpdepositihg tid inetatioap pheciubisegeltd firmt@etil BgbOBeton; and

d d at k ,
o eaek sting 3R et R gos fu el Paner i, P StHpry fetat-gas
cotnppand Idyer bheaikionetal kier areti aebmméwmé{wga@ Wb@tﬁﬁj layer on
rd chro “layer that,,is c beln |.ai d

sy "SR S olOl s P Sl By S S e meta
gaglcemgoomd lagerd hasé difldréritgne hthecanteritsones t he probl ens
- associated with existing hard chrone coating

techniques that result in uneven coatings and pits in.

2‘.theﬁ&nbﬁbdabe:!aimetﬂ il éaind 1, coniprising tpsepef:at ed that the
di s¢l.05€e thod results | m coating, { hat .
o hPOG bR, A b Rk s S5Bbht bk o g
setancini masgad tombdunddgyappar ent that various ot her
nodi fi cati ons and adaptations of the invention wll

be apparent to the person skilled in the art after
3. readi mgthblfl asfateimga i glatih Q&L‘Whémfreth_e\@hb loth cortpat¢fisaii one or

e, BER e FARLE s ORI Ty ol O o A S Raga of A frs

,an@eaﬁsmm’idmetan bessmpmmﬂayére appended clainms. - -

-- R CLAIMS: 1. A nethod of formng a
met al coatl ng conprising the steps of. (a) generating

-4. an Armethbd as kziratd inagigiat 1,twhereinditegaedtam dontent bhszAd primary

S TR b e R e

metal ions on a substrate to forma metal | ayer

. th nd t f th
5 (e hinod B¢ gl Bl hBPudig BB ALL 105" Wt on

sai (&) seleating syl¢ yagndmprisiag atvtey selentédifropake gfmﬁamﬁdsﬁng of

ik B Pl ST BB

conpound | ayers have different gas atom contents 2. A

met hod .as, cl ai ned m1. .conpr ng the step of.
- (o) R et 8 Aoisuiniaim. SbTaesiod Besent: ol - gos.
cormpuaécﬁr@/ gas fom 3%t Grouire comsiding cﬁfetﬁlﬁbgé}ﬂﬁ\ifg 0BRREANO,),

‘ 'hydlroa/en {H.), nitrogen oxides, sulfur oxides, hydrogen sulfides, ammonia (NHs), and

mixtures thereof.

_ 7 A method as claimed in claim 1, comprising the step of:

(g) -sel‘et:ting the metal-gas compound from the group consisting of metal
nitrides, metal imides, metal amides, metal oxides, metal hydrides and metal sulfides.

35

8. A method as claimed in claim 1, comprising the -stép of:
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15 3. Anmethod as clained in claim2, wherein the gas
atom content of said one or nore additional netal -gas-
compound | ayers is different fromat |east one of said
first and said second netal -gas conpound | ayers. 20

4. A method as clained in claim11l, wherein the gas

ato content of said primary layer is less than the
gas (Wssigctihthepetst ff%i"be gr@ea ReRTsfingf eroupsliBAgierp WY, and

- growp \AAaF RPdriddr] PR & EIEABREI Sing the step of (e)

sel ecting said gas conprising atons selected fromthe
group consisting of 25 nitrogen - (N), oxygen (0),

9. hyd?—\@ﬂﬁﬁo&é&daﬁh@ad ircldi)a, @aﬁl.pm.esé HeSsiep Bereof . 6. A
, conpri si t he ste of .

qgg as claimed in claim1 23 .

(1) (58 seleling ts-met 5RT e w5or poesRSpSH (GO (G Titanium

(Tipisungis|m (ANOramsi@e(Ta) 834 Zircdhishh @a?.,n (1-12), nitrogen

- oxides, sulfur oxides hydrogen sulfides, amonia _
(NH3), and 30 m xtures thereof. 7. A method as

1OC| aAmRéethbd a6l diifed in GRIM 1, WHREkih % 8¥&BYI @bmpb&ition of at least
cting the metal -gas conpound fromthe group

ong g Bechteyy Anchscandany pelakeas corapeund kyerssarerfepeasented by
theqjmd@sfonﬁa{aal oxi des, netal hydrides and net al
sulfides. 35 B. A rrethod as clainmed in claiml1,
conprising the step of- 16"x@h). sel ecting the netal
f r owhdram, group consisting of group 11113, group | VA
and up VIA of the Periodic Table of Elements. 9. A
'Hégpf% Rp QPfeE Mo Bkl Alogs indip et sgmpRundiayer. of .
5 (&lrdprasiRs bhar idfe 8 Rbimb STl YAl aypBnSi St ng

of Chrone ), Titantum (Ti), Alum nium

Tan¥ %ﬂptﬁﬁepfﬁat?e Hagtion ofseptal Aoz in theynatahsarmsuing dayer;
cl & @E’eéeﬁtsqhélﬂﬁbﬂon (‘J’be%%%itd?né H8hO & IcbipBliRd A%k 1aRE

of at least p one of the primary and secondary

net’%\fyga!s conmpound | ayers are represented by 10 t he

general fornmula: MGy wherein, Mrepresents one or
conpound | ayer, G

nor e tal atoms in the netal

1., ed?@‘z‘%fﬂdsa sriaimsd inslaim JQscomrsistarthe stepcimpound | ayer
15 @ sfeﬁi%hﬁ@ﬁ& 6amé1 %f iRt tengrelip EBAM IRl &R0 fo bR, 0.08 to
6113 5‘ ngound ay

0.30, 0. 8t002 008t002 008t0018 0.08 to 0.16, 0.08 to 0.15, 0.08.to 0.14,

0.08 t0 0.13, 0.08 to 0.12, and 0.08_ to 0.11.

12. . A‘method as claimed in claim 10 comprlsmg the step of:

) selectmg the value of x from the group consisting of 0.92 to 0.65, G 92 to
0.7, 0.92 to 0.75, 0.92 to 0.8, 0.92 to 0.82; 0.92 to 0.84, 0.92 to 0.85, 0.92 to 0.86,
0.92to 0.87, 0.92 to 0.88 and 0.92 to 0.89. |

13, Amethod as claimed in claim 10, comprising the step of:.

(k) selectlng MG, fram the group consisting of CrN,; TiN,; (TIAILN,; TaN,;
and Tle

14. A method as claimed in jclaimr1, wherein at least one of said primary and

secondary metal-gas _compourid layers has a thickness from 0.3nm to 6nm (3-60
angstroms). ' |
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y represents the fraction of gas atons in the netal
conpound layer, and x + vy 11. A nethod as clained in
claim 10, conprising the step of 20 (i) selecting the
value of y fromthe group consisting of 0.08 to 0. 35,
0.08 to 0.30, 0.08 to 0.25, 0.08 to 0.2, 0.08 to

1% 13 et B8 B ity Gaetoin G <D’ siep gl CaBrses

thgisiprasd i n cl ai m 10, conprising the step of. 25 0)

0. 93t LG glRa iRl ortc Bl 8 S G 58S ShaigBy g
0.92 to 0.82 ' 0.92 to 0.84, 0.92 to 0.85, 0.92 to
. 864
1, Ameias Baling in o 15 el 186 Solraind fog Bifgrses e
stepefy of.. 30 (k) selecting MGy. fromthe group
Cons(a)té d:’fke%aﬁ:ﬂ Eﬁa'res-ghpe{ o thé @la%)&lr}{hfn-r@re cm\;\ﬁ hamber within
the eange ftsm 0<5fx a3l wrdoisnaty’ rand~ Os@OETRad0 Y.067Fa).- gas
conpound | ayers -has a thickness fromO0.3nmto 6nm

(3-60 35 angstrons). 17 15. A nmethod as clained in
17¢) alﬂﬁnﬁthqm@@lmeﬁh@d@mﬂrmmpmaglgsthepte(m)f conpri ses

the g'i:)?é%u%ft{‘xﬁ(sﬁbétra‘t@mm' ling the partial pressure of

as | e vacuum chanber. 5 16. A nethod as
clalrredin claim15, wherein the controlling step -
18O gt C | &) comprise
o1 s Pbd iR Uai ) LG e bRSIRIBL D sopisgs the
stqrmf range fromO 5 X 104 torr to 5 x 10-4 torr (-

Qﬁjgl%sfng tle Q&]s%@etﬂtﬁe eaztae%f g&é\?%d 4& ag! ﬁbn?ﬂel n.
substrate 18 A rret hod as clained in claim 17,
wh t tep of
1975 HinRcfas el S 1 DRI b 88hte of Soov 1o
- 40(0@/39399.%19 ohrorpe Ia@(theametal g@inded in claimil,

Y lng Bl L B SR GBI 20, e
rret al - gas corrpound .20. A nethod as-clainmed in

20C! AlNThethBd aS UHRRES thalﬁhf‘g . $b#Brihg the step of:

(0} selecting the nitrogen gas atom content in. the primary layer of chrome

nitride from the group - consisting of 8% to 35%, 8% to 30%, 9% to 20%, and 8% to

16% by atom number.

21. A coated substrate comprisirng:-
| a substrate; o
~ametal |éyer'provided on the substratet _
a primary metal-gas compound layer.on said metal layer; and

a secondary metal-gas compound layer on said primary metal-gas compound

Iayer said secondary metal-gas compound fayer having a different gas atom coritent
relative to said fi trst metal-gas compound layer.

22, A coated substrate as. claimed in claim 21, further comprising one or more
- additionat metal-gas compound layers on said secondary metal-gas compound layer.
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(0) selecting the nitrogen gas atomcontent in. the
primary |layer of chronme nitride fromthe group
consisting of 8%to 35% 8%to 30% 9% to 20% and 8%
to 16% by atom nunber. 25 21. A coated substrate
conprising- a substrate; a metal |ayer provided on the
substrate; a primary . netal -gas conpound | ayer on said

2%vet ot CPﬁS?QrSUba‘iﬁ%te?@ deimeddn el etwierciasha gapatontcontent of
sdicyRg oPMoPRhdbifiralMRkial YRk %bm%@ﬁnd: %'}Ql%l'@@lffe é?\éﬂ?g\ S35t one

secondary netal -gas coffpound’ | ayer “havi ng eren
of g5 fﬁﬁt&ﬂd&?ﬁ?%metal@ﬁ&pwew@ @aerSd fir st met al - gas

compound | ayer. 22. A coated substrate as clained in

claim?2l1l, further conprising one or nore b additional

241pt o raathod Gepelaimed iy dain &, yeheatein dbe ratsr gtomecententasf said
rifFp R1yBHIs!186han thbGads | ai med
P In cﬁglerr:szz \A,?]%r%%n ”t]%:ﬁgcgﬁs;l@gf g%ﬁg&;ﬁ%&gﬁyﬁrg@egal d one

or nore additional netal-gas conpound | ayers is

25di f fRe6bd EuSRaAE ad aﬁﬁecpiﬂ%lalﬁfzﬁ @Jhgré‘u?]{r%tm@tgp?e?se&%}sjounds

net al - gas conpound | ayers. as c

comprige gamatoms pplested ﬁr%@eg@rguatc@mr@tm o mitragend Ali).doxygen (O),

hyBFfdgBR (M), Ia@m%mfurqsb ess than the gas atom content of
said secondary ayer. 25. A coated substrate as

clainmed in claim21l, wherein the netal -gas conpounds

. 26CONY éSefted ST s é&h‘ﬁeﬂﬁﬁ d)lJII’FI% m refiH ﬁ%%ﬂ?ﬁ&éss%n%unds

of nitrogen (N), oxygen , rogen
are; geleetpd (ffsyn thaegroyp @%ﬁ%ﬂgmnﬁwla‘tﬂéd% esttali impistesi metdl amides,

méiéloxiﬂé%rl%leﬁaih dggtaﬁan?gglém{gggunds are selected from
the group congclﬁlstlng of metal nitrides, netal imdes,
nmetal am des, netal oxides, netal hydr| des and net al

27sul ol gffed éufbs%te £ a&ﬁ%%qn %Ié@rﬁtzﬁatvﬁen%%u Lﬁ%é@ﬂs h@lect@d from

~claim21, wherein the nmetal 1s sélected
the,9r9up censistingtaf grousrlliBr gigypiVABand o VIAAS thenBerindinipable of
Flovhent9f the Periodic Table O Elenents. 20 28. A
coated substrate as clainmed in claim2l, wherein the
nmetal is selected from the group consisting of Chrone

28 O K cohtdcPhlidtiiate Hs) olaif¥ed Th BiatH2 Afﬁmeu%np'mé At llé‘ Q?als?[ted from
al ned

(Ta). 29. A coated substrate as In c
the,BropR; sPneisEng ok Chvome dfrPoJiitanism 6Fi), Aluminium (Al) and Tantalum_

(Ta)

29. A coated substrate as claimed in claim 21, wherein the overall compaosition of

-at least one of thé primary ‘and secondary metal-gas compound layers are

- represented by the general formula:

MG,
. wh_'erein, '
M represents one or more metatl atoms in the metal compound layer;
G repr_es'ents one or more gas a-foms metal compound layer;
X represents the fraction of metal atoms in the metal compound layer;
y represents the fraction of gas atoms in the-metal compound layer; and

X+y=1.

~30. - A coated substrate as claimed in claim 29, wheérein the value of y is selected

from the group consisting. of 0.08 to 0.35, 0.08'to 0.30, 0.08 to 0:25, 0.08 to 0.2, 0.08
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25 .at least one of the primary, and secondary

nmet al - gas conpound | ayers are represented by the
general formula: MkGy wherein, Mrepresents one or
nore netal atons in the netal conmpound | ayer; G
represents one or nore gas atons rret al compound Iayer

sents the fraction of netal atons.in the net
to Bae BURIO B 0102 for & 18, el o Feipp & 01150 98 't Bt oot 9.08
toomt he metal compound layer and 'x + Y 35 30. A coated
substrate as clainmed in claim?29, wherein the val ue of
y is selected fromthe group consisting of 0.08 to

310. 3% céhtélBsilittiate3ss clBinfdd ih Qldam2D, wlelldh iH ik of: REelected
i 19.to 0.18, 0.08 tg 0.16,-0.08 to 0.15, 0.08 to O, 14,
o8l B8 graumycansistipy 50193 tg 0165, O ftod)- 6092 ¢ 0.7910.93 10 04, 0.92
fo 082} €923010.54] QDL 1€.6.86] AbRRSI0isB, 602itE02T, 0.00¢5 888 4A%.92 to
Béal ue of x is selected 5 fromthe group consi sting of
92 to 0.65, 0.92 to 0.7, 0.92 to 0.75, 0.92 to 0.8,

092 to 0.82, 092t0084 092t0085 0.92 to
92 to 88 and 0.92 to 0. 89.

'3232 Am@%%ﬂf S&fai&stsr%l?'@eggn@t%r?@dwhﬁrew henmnogl-gam eerapetnd

is dahecto®irom- e YrauPeHgREng &P Cr, N SﬁxN’ny\Eﬁil) N,,OFE K %n@rﬁ@ and

onsi st of CrxNY, TiXxNy; i Al N, and Ti xdy
m»&w& the %res t her eof . 33. A coat ed substrate as

cl ai rred in claim?2l, wherein at | east one of said

pr| econdar netal- as conpound | ayers has 1
3 Brresed SHBTE i amtarhi, Sain ¢T3 wherdle et gt said

pmﬁﬁ@&etrfd@é&dnd meﬁi@@@b@ﬁpé@@ﬁﬁa&é&@xa@% tﬁicﬁ'lé&q’n tre rﬁh&é fom

: e netal -gas conpound is chrome
Oarﬂnﬂq\l\@ﬂ“% §@3§83“0N‘§oat ed substrate as clained in

claim 34, wherein the nitrogen gas atom- content in

the prl r%jg t2%/er of chrome nitride is selected from-
Lt hePdP [% AEte s flpimed inelaing 23swhersin the g9 9ampqnapound

uscﬁﬂ.%eaweS%to 16% by at om nunber. 36. A coated
" Substrate as clained in claim?21, \Werein saird primry
and said 25 secondary netal -gas conpound | ayers are

35, f or Hﬁﬁ)até,d Sublstritecae Slalpadd @l cinY 23U Wherefd hd? hRSEES gasd atom

rgu th oatefl su fstrate conpri si 9
conten in-the primary layer of chrone nitride is selec ed from-the group consisting of

8% 10 35%, 8% to 30%, 9% to 20%, and 8% t6 16% by atom number.

-36. A coated substrate as claimed in claim 21, wherein said primary and said -

secondary metal-gas compound layers are formed by a Filtered Cathodic Vacuum
Arc process. '

' 37. A multi-coated substrate comprising:-

a substrate; - - _
~a metal layer provided on the substrate; and _
a plurality of metal-gas compound layers prov?ded on said metal layer; at
least two of said plurality of metal-gas compqund'rlayérs having different gas atom

contents;

38 - A -rﬁu!it-ooated substrate formed in a Filtered Cathodic Vacuum Arc process

comprising:-

a substrate;
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-a substrate; 30 a netal |ayer provided on the

substrate; and a plurallity of netal-gas -conpound

| ayers provided on said netal |layer-, at |east two of
"said plurality of netal -gas conpound | ayers having
different gas atom contents. 35 38 A nulit-coated
substrate fornmed in a Filtered Cathodic Vacuum Arc

pr ock8wtal lyeppioyideg ondhaseiistrate; end 20 a netal | ayer

pr oV GRfap otfhﬁetﬁf?%ét 6@ﬁﬁ)unﬁquﬂre§£&l\'haéd Hc/] Sid nretal layer, at

nmet al - gas_ conpoun ers prov on sai
leqs{ fwp: of aid P’é'&'%l*ty phnme ﬂ%%p@nppmchlawgs laﬁvmﬂe@lﬁeregbgas atom
conmeound | ayers having different gas atom contents. 5

39. Amulit-coating for a.substrate conprising:- a

netal layer, a primary netal -gas conpound | ayer on
30l dh FthiBbody %6r.a ABdrAeRBfRAGRAGY Mt al - gas compound

| ayer- on said primary metal ~gas conmpound 10 | ayer,

sai ® BetblYeEy netal - gas conpound | ayer having a

di f fLp@hhrydAst aﬂéé%"@oﬁ%hﬁmalef&ll %lﬂ%téﬁaféi” hd 1 7St

~ netal -gas conpound | coatin
sub& ?%dwmfﬁbgéﬁ»gcomp&mﬁéiawr payaid ppmaay meﬁa‘rﬂay compound

- lay®Rid SaconAaRNRERAgdLHRp &Bd?f'\)eﬁj hgﬁhﬁl Slé)t’qag%lﬁ content

secondar net'al - gas conpound ["ayer o

relagtivesdo. ﬁfébﬁﬁ%ﬂéﬁcqm@lﬂd e d secondary net al - gas
conmpound | ayer having a different gas atom content
relative to said first netal -gas conpound |ayer. 20

4047, Arcealing i aubstraigioREwrisngcl ai m 40 conprising a

pl uahbtayiaQér;, et al |l ayers alternating with, or
interleaved with said netal -gas conpound | ayers. 42. A
‘sub&RTIRETY Sniplas wompodnd lexer orysaid metalilaved and cl ai m

-40. a ?e'éeﬂda"fy nﬁt%éls%%%ﬁtﬁila%lt n 8aifl YiilaIridBa ﬁ!ﬁb&:ﬁgound

inclaim4

- layer, said secondary metal-gas compound layer havmg a different gas atom content
.. relative to said first metal—gas compound fayer.

41. A coating as claimed in claim 40 comprising a plurality of metal layers

al-ternéting with, or interleaved with said metal-gas compound layers.

42, A substrate coated with a coating as claimed in claim 40.

- 43, Amould coated with a coating as claimed in-claim 40.
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