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Reduci ng stress in coatings produced by physica

vapour deposition Technical Field The invention

relates to reducing stress in coatings deposited with

arc 5 deposition devices, especially those which
endRéducingustseéssirecoatihgs ipradadedibylplysical gapowode position
vol tage. Background A nunber of plasnma-based

deposi ti on nmethods have in recent years 10 repl aced

sputtering systens as thpedficapplédqneans of
depositing thin coatings on a w de range of

subst rEneednvention gelateswio reduning whksade-dsiatisgmgleppsited with arc

BT s G EhOB st vlon dnaBlh sl f B iaRa witn o

(o1 atibe liBRSGe.t 0 be at a constant |evel throughout
thgﬁdrfe%osnl on phase, at potentials of about -1,000 V
or about -600 V. For exanple, |onbond(r) produces a

range of PVD devices, on has t he
sc o > onBghlohUg

desi gnati on ' PVD- 350", a Substrate is biased

at a chnsiraldr wblplaapea- bésed,dﬁﬁ;@sMonTllmeﬂ'iddsaham@ in recent years
prevents any buil d-up iti

t |
gepiaser aﬁpugﬁans ﬁ’xgﬁeggs 25 Fh%gééir ' § @fﬁ%ﬁeaéfo%aﬂsﬁt B lcqgothgbcoatmgs
?&Q%ﬁ él,-glﬁﬂa ofDSles%k with coatings produced by this
own

and nmet ho s is that whilst they can have
very hlgh | evel s of hardness there is also a high
| evel  of stress in t This, restricts

coat i il "SEHWN MSPh\éP 3?'1?5?'8 3 ﬁHBﬂf%tstfi"HH@ ‘f’%?osmon of a
V&Ha‘ﬁhgt\ﬂﬁ ﬁﬁ@ksﬂmﬁaﬂv&éﬁomﬂh ey p$ 9%ceH§@§eTh@ mﬁ@@ biasing

a need for coatings of | ower stress, enabling t
donds tpbetad asnortslkantde\lei éhroubboufathe dﬂndslt@nem:@e @apgtentlals of

TRk EODOTY o7 ool 800" P e clonp SR §roaLES & range of

eDRIdvice?, aﬁ@@fmucm RY$ fife dedBhdtch PUD-B3BpR IR WhicH #Bubstrate
deposition-of coatings hawa&?reduced stress than

ti$ tirsedoaty sonsfiast vattageeot <1.800 Y (T bigsing prayeptsoanybuild-up
%@%gﬁtf@ggﬁé%&%ué‘rbo‘téﬁ{[a?‘é%% SRAES TRY T At Bt WBHth to be

deposited.

A problem with coatings produced by this and other known methods is
that whilst they can have very high levels of hardness, there is also a high level
of stress in the coating. This restricts the coating depth and the possible

applications for which the coated products can be used.

There is hence a need for coatings of a lower sfress, enabling the
coatings to stick to the substrate with greater ease, be more flexible (i.e. less
brittle), have a greater thickness and/or have an improved consistency.

There is a need to provide a method and apparatus for deposition of
coatings having reduced stress than hitherto possible. There is a further need

to provide a coating having an improved stress-level is produced. There is a
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appl i film

1 further need to enable a thicker coating to be
deposited onto the substrate, wth a higher

consi stency than has been previously achieved. Sunmary
5 The invention is based upon the use of a l|large
rfagher necdtasnalppla thitkeo caatingtt badepo@it&:bomtbrtge wubstnate, with
present inventi o rOVI ges a rreth g cgati ng a
ﬁjb@hﬁé?@ns@@ﬁ'ﬁy ?’%%Pf%més YP&IIF¥®Sf a coating
material; depositi ng pl asma on the substrate; and 10
bi asi ng the substrate at -1,500 V or nore negative.
The use of thi s bi as resul Bsmmargduced stress of the
we, have

titani {nggptitm lgttga grpm up@nggg q;eaqfcp ia(g%% ggg%ta/ee&ag applied to a
CAIEHAeS. AREOIHIAYET tHd flaﬁ,ﬁs%nk iRIntioh prbigeg i icttbd fdmoating a

than those achi eved 5 when using a known fixed bias.
Asidsieste f @@MPA®INGF- the invention is application of a

bias that Yy .on process, and a
further ma\ctr %t!f'%faoglgé'bg éagt"qgﬁrile conpri ses:

creating aigpositing pkisn @ota:telswsmeanml 20

deposi ti n%j@ﬁ[ asma on the substrzv and biasing the

subst r at e Riasingthe spbsiratsial -HpdQ V enmpe negativecessar y

to apply a constant high magnitude bias to achieve

stress reduction, and in this enbodi nent of the

I nventheomise velr this i bias o*ésmltse irbiradu@eﬁ:l \striesagef, the appliec film. In

bi as ret ing to or ro bet ak

saonss datooreiave Tread 4 tenamdete B & 4400 v and
t%fe?\!?éigﬁdnsﬂ’cﬁﬁﬁﬁ'léw&nst ss9e i fhg; dppliedfifrh ShrPthose achieved
|Is oth varying the bias on the substrate and

appryusiog a Knows fixed bias500 V or nore negative. 30 In

use of a nethod of the invention, the bias applied to
the substrate is suitably up 5 to -10,000 V,

gg Z{( @g@ghsé/r feBtre of I WNeritioMs lapblidatidnobies bEothat wafies during
the deposition process, and a further methed for coating a substrate comprises:-
creating a plasma of a coating material;
depositing plasma on the substrate; and

biasing the substrate using a variable bias.

It is not necessary to apply a constant high magnitude bias to achieve
stress reduction, and in this embodiment of the invention, variation of the bias
voltage, with the bias retuming to or hear to zero between peaks, also enables

reduction in stress of the deposited films.

Preferably, deposition of a coating is camied out whilst both varying the bias on
the substrate and applying a bias of -1,500 V or more negative.

In use of a method of the invention, the bias applied to the substrate is suitably
-up 5 to -10,000 V, preferably up to -5,000 V. Whilst a higher magnitude peak bias
may be applied, we have found stress reduction to be achieved within these limits.

The bias is further suitably -2,000 V or more negative. It is particularly preferred
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may be applied, we have found stress reduction to be
achieved within these limts. The bias is further

suitably -2,000 V or nore negative. It is particularly
preferred 2 that the bias is in the range of from

- 2thA0the/bias is4n AE rahde of frioht €2,000 datdet0C0 W farufillered eathodic
(FCVA) sources and from-2,000 V. t0. - 00 .V for other

ar syt %@s(FCMé‘t?ﬁ%@e%ﬁ“E’ m AR Vé %&9@ Yyforpther arc sources.
vari abl e or pul sed bias, varying from 5 |arge

negative values to zero or near zero. After peaking

at, sdylethadsudf-the fiD&ntionrempiopsa eanabie oo pulsed Iﬁashvarying from
smal | er val ues ch as at -300 Vﬁ at iV

origras B Ve Saiy 6 e ofheaczrmy ARraF A A BpYebout-1,500 v

Cefhbalids Sér‘i ?é’{hrrﬂ@ﬂﬁﬂgh %ﬁﬁiﬂe? VSlueP RN FHUMLBPOUS BFlesdMigative,
in exanpl es bel ow the pul se generally returns fromits

pem‘efetrabln -200 Veorflessnnegative. ThioGaw to @ ¢asiad exjsnindepend upon the

by B80Sl S5t RIS bR ol 8o B, Bl from s

W@k toad vaiue frofrhattlin - 0O to \r¥d, @d@ﬁaﬁ@tl@p@@rtwe on occasion.
suitable, including regular and irregular wave forns.

DuFhé yadetiansin P, intthe Wr@.@e‘éhfﬁalmsoﬁnaﬁﬂpmmwﬁms}quare wave
PR, thodh LR Al o8 163 BRI R A and imogular

ort, Can be 't
Fowavh foe®s. ar c sources, the puI se duration is
preferably from1l -20 ps, nore preferably from5-10
ps. For FCVA sources, the pulse duration is preferably

from Bt CadiositiBh! wﬁéﬁgﬁkﬁn ah@'??e’t{%éﬁér @'PI W?ollows a pre-

frequency I'S gener a rapi
t heed qeatie o UTlee puser dwration ds: génpradiiy eshoetd amelt ¢ad be from 1-50 us.

COBBE S 40 et B Bl SRR T v mor

NOSrefePAY REAPS-Y0fsOFbAFBVA Sodfbls, the pﬁ!@@ Qei-4tentis p?éferabiy from
the present invention, the power sup as cone from

Na‘r(b#ﬁ) Ves Motshprsifersibhs fromt €524t ko Tdte nguqncyaﬁ @enerally rapld of

| LB, g LS4 o o 5B A e YR comories

POMBing SHEPBIEY of &b Siibstibid atsefbduaaty bﬁu@@pﬁbklﬂz Crfreferabiy from 1-

bi'asi ng a substrate as herein described. - have
deblsdz.reerequelerablsirom 1.52:mkid® nitri de and tet r ahedr al
anor phous carbon (ta-C) onto test substrates using
vari ous biasing voltages, pulse durations
In embodiments of the present invention, the power supply has come from

Nanofilm Technologies Intemational (NT1), and is termed a "high voltage pulse
generator' (HVPG). However, the skilled person will be aware that any power
supply can be utilised that is capable of biasing a substrate as herein described.

We have deposited coatings of titanium nitride and tetrahedral amorphous
carbon (ta-C) onto test substrates using various biasing voltages, pulse durations
and frequency of pulses. For example, in one set-up, the HVPG was set to pulses
of -4,500 V with a duration of 20 ps and a frequency of 10 kHz. We then tested the
stress of the titanium nitride coatings produced by our pulsed-biasing method, and
found them to be in the range of 1-2 GPa, commonly about 1 Gpa. This

compares favourably to the stress of titanium nitride coatings produced without




30 and frequency of pul ses. For exanple, in one

set-up, the HVPG was set to pulses of -4,500 Vwith a
duration of 20 ps and a frequency of 10 kHz. W then
tested the stress of the titaniumnitride coatings
prmdsetkbiasipg,onhich wesfodnd ita baveg arstieks df abledst 3 ¢iFfal Thednvention
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%(Iﬁc{:dﬁlﬂ%%%' 3950 e dHE §ifiopiarhedsiting3 é?é's%egnﬁleatﬁbﬂ %/ will not

found to have a stress of at | east
i mtﬁ-lere* tmsuhSh'akaSemim their depth eogsed@ cedaid @pb@ﬁt 'éuzsmmraases the

48485 o 1 Gt KBt O ese P o B Bbvtea o
t heyraMdxible @t;bstwt@@(pmot artFihs WolldBsed B0 tdp@hrﬂestmgy h

exceeds certain values. This increases t
appl i catl on of this coating technol ogy, as reduced

stres : [ t |.exi bl e

subst rHe6 0 B “SPe0En BBl R frod ARG, ot ySing arc-based
fl@ﬁoﬁmc‘vn d&v&:esebh@dnemodspend ahénces unt @ dodrtcular method of the
pr.oduci ng coatings u3|n% ar.c- based dep03|thn devi

arfav%'moaglse%nl?%ma ive Riagiag t¢fcal shbstete da @Medout in a
anéfﬁ\S@%t Bati ?lgbstlla?é 4faf e&étdep%gﬁ?ﬁsddg%rétﬁs athe apparatus
Su rre or

strate is ca out Ina oat I ng
SLﬁmsmprming & macuuraichachbpn si target) seapar anade, artdmcathode for creating

ap us rising a vacuum chanber, a target, and
etaafmﬂ“ﬂ? sI’t‘%de for creating the plasma from

the target 15 In direct arc deposition, the target

material is preferably a nmetal, and good results have
been drtntdaecteatcmmgltlan.tthegetgets eateriah ds praﬁwfabiytametah and good

;Ir}r?g uﬁ%\ée ﬁegp e%ﬂlﬂ?@%@%ﬁ' u”ifggetgseﬁg§ﬁ3 i tgl r|1|8|¥1s c?tromlum

ammﬂ;mvf%mnumt@rnmxﬁﬁa@wduey@bf aAPRe YRSl ofstatricnBsned. Biasing
and a f nmet hod of the 1nvention conprises

i reancaisr be gralieghwhem makingecomrasilenos kamperng goatingsoand a further

CS0bRA Pl Pip At LoRRRAL TR0l E0R £ PRI Yol chamber
arnd fory aedatingofr PiéPsulaiatd whieh is 4 bembauge bf thetersi ad the target.
preferably graphite, used for production especially

ofSuitgble gasgs insdjude nilieoeRRd 9XYIER- al so be enpl oyed. 25

In FCVA deposition, the target materal is preferably graphite, used for

production especially of ta-C coatings, and metals can also be employed.

The invention further provides apparatus for coating a substrate in
accordance with the methods described, and hence an apparatus of the
invention comprises a vacuum chamber, an anode and cathode assembly for
generating a plasma from a target and depositing plasma on the substrate to
form a coating, and a power supply for biasing the substrate at -1,500 V or
more negative. A further apparatus comprises a vacuum chamber, an anode
and cathode assembly for generating a plasma from a target and depositing
plasma on the substrate to form a coating, and a power supply for applying a

variable bias to the substrate. Preferably, the power supply of the apparatus can
. . g o
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The invention further provides apparatus for coating a
substrate in accordance with the nethods descri bed,
and hence an apparatus of the invention conprises a
vacuum chanber, an anode and cat hode assenbly for
gebsthaspply theplasgarmetiative bidsaagdt vaapdthdepiasi 4 nepr the methods
Iasrm 0 bhe substrate to 30 forma coating, and a

aﬁ‘ QV&-or biasing the substrate at -1,500 V or
m)re negatlve. A further apparatus conprises a vacuum
chanber, an anode and cathode assenbly for generating
a pl aslmaali mamlet of gee ofitite degibed tandgapprratusa aditaniben target is

SPPRGThd SR Boftedonte o ARGdR BT arcHeRostionSpparatus. A
F’r gﬁ@t@w ¥ lobBRdPAVEE SiRRble Sfatibh ANAPIPRT GHdifbdéraB evhcuated to
bot h ap{Jlbé_ the |large negative bias and vary the bias

o]

asatpmﬂ FrefNiaen ges dsiibeedugsdyinto rthe shambaidp caroperating
"3k AR BB erBy DIERRATRBIAER vigh stuck

ar@ncﬂ apdsidgitost titapiaihitide 8 chalbsd opfoethessubstrateed hatsubstrate is
the substrate station and the chanber is evacuated_ to

ab@aﬁeqdpm AePegitanG RM000Y it YeL¥ edt 4 fraqyieppg from 1-3 kHz
@ﬁ%r e'f‘é g{ﬂxls%oﬁh :'ngof ﬁaﬁlsswroepgf D%BBé‘ihonJr i€ ol RlRGEd until

is then struck
deqmmng ojfabbut 243 wnnlmad:h:e\zmi lﬁeftec depesitiam thee sihess of the coating is

substr e strate is .10 bi ase dri

earagrmi2 B and Hsghayafcrs Getsegvabo 2500 kg’
frequency from 1-3 kHz and using a pul se duration of
fromb5-10 ps. Deposition is continued until a coating

of abow fupthar pnampleamfhjaa@dhe/xﬁeténdcm‘@oaﬂmaraws, argsaphite target

R SR B, i 435S b A R Mt
fASLBSFatB 8 e Ate® bt HRSsWstidie sfm’bhcmmamé ariabét idSevauated to
graphite target is placed in electrical contact with

tahout AtiHede Nsf gamisfaiodusedodniareis thepataick and adeposit of ta-Cis

oated Phio. i, sl The SBsRaSTS e Ulhg AePBEON Bt from -

| NOBEVUE e4 004V, at & flcquehefroth MUk 8 kEizandan®) & pafse duration of
ta-Cis coated onto the substrate. The substrate is

o @-2fu isn @e@@%@n tis gANtRUEH: il azgoqtlr@omwnﬁgs of abget up to
gﬁ 0 g’h %nzjc{jlfé?{}é%n Rt 'Rbdition; thePstiéls 8 the'SbathgPisPidSally less
than 1 GPa, with a hardness of generally about 25-40 GPa and wear resistance of

generally about 1 x 10 -3 x 10% mm?*Nm.

in a further embodiment of the invention, an FCVA coating process is carmied
out in at least two phases. The first phase employs a substrate bias of -3,000 V
to -4,000 V at a frequency of 1.5-2.5 kHz and using a pulse duration of 15-25 ps.
The second phase employs a substrate bias of -2,000 V to -3,500 V at a
frequency of 1.5-2.5 kHz and using a pulse duration of 15-25 us.

The coatings provided by the present invention can be used in a variety of
applications, e.g. anvils can be coated, or tool punches can be coated to increase the

lifespan of the punch, or semiconductors and media devices can be coated fo
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from 15-25 ps. Deposition is continued until a coating

t hi ckness of about up to 10 pmis achieved. After
deposition, the stress of the coating is generally

less than 1 GPa, with a hardness of generally about

24ttode g@@teapcbtwwh Teei advantagesfof the mmg wf Hzoimvehtion include

(e PRURIATAY 2aFO31D0 0L B resiso YEh [beBigs, ity gncior a

'tﬂcﬂé Leas tcBBB est The first phase enploys a
strrate gl as gféBagl 000 V to -4,000 V at a frequency

of 1.5-2.5 kHz and usi ng a pul se duratlon of 15-25 ps.

The cond se e a substr

a0 1p8 veiop bialaf h36 b7 5 uds #udle, o td Y or more
Lﬁédﬂ“ V@ ﬂé\ﬂ"ré&u@lﬁ@ adtredR @ alérba%ﬁguéepd'&l%dcéiﬁhg% arc deposition
provi ded by the present invention can be used in a

mnaeatys emd/crpysie efad iverigblecbigs vatiage forogdueiag &gsedn a coating

a8t BBP6 BBt AR Bdliod Bt or . and e a

devi ces can be coated to 5 afford greater protection,

The advant ages of the biasing of the invention incl ude
the production of BriedRasegintion Gfdrawingss which

enabl ?@rggbﬁﬁh%@{d o rfénm\féﬁtlﬁn LRL HERy deQefibad ith Psre erence to

depos ner a e I'nvention provides use o
ahbi ais;ompiahylgg table ahd Ef)siimwgsm wlmca - negative for

redUC| re S in a coati d ed usi r

deposi t Ya[oug ba‘a§z§’|a ao{ﬁ? ﬁ?g have been

v ah?eg;%f fngft it8gé peke! aa?t@.at'ng deposi t ed

u% ng aﬁ Lfaéré;rﬁ % % E pgrdéétnug 10 Brief

Descr i figien1 @ho@saam ngtpuEwulmu waveformfusereto biag @ suhstrate in a
esCr i ed vv| h reference to the acconpanying

traﬁﬁhggé’ﬁ eo‘P‘éWP Bs3%h whicn: Table 1 shows various

conbi rﬁgtxl%nﬁ s%ml a’ﬂfﬁogm’u@rﬁeﬂs%rw.at{émmh@e@ esiBs a substrate in a
achi eved using the high voltage pul se generator; 15

Fngthod of theniowention. out put pul se waveformused to bias a
substrate in a nethod of the invention; and

Detailed Description
We modified an existing PVD device so as to apply a bias fo the
substrate in accordance with the invention, using a power supply obtained from
Nanofilm Technologies International (NTI), termed a "high voltage pulse
generator" (HVPG). The power unit has a control panel on which the
parameters can be manually set. Also employed is a switching device insulated
gate bipolar transistor (IGBT) which is protected against current overloads and

~ short circuits. The generator assembly is also equipped with an output fuse.

The output range of the pulse generator is up to -10,000 V, preferably -
5,000 V, and more preferably -2,000 V to -4,000 V, with the pulses lasting from
between 1-50 us; for direct arc sources preferably from between 1-20 us, more
preferably from between 5-10 ps, and for FCVA sources preferably from
between 10-40 uys, more preferably 15-25 us; and at a frequency of up to 10

kHz, preferably from 1-3 kHz, more preferably from 1.5-2.5 kHz.
. o o 6 L
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Figure 2 shows an output pul se waveformused to bias a
substrate in a mnethod of the invention. 20 Detail ed
Description W nodi fied an existing PVD device so as
to apply a bias to the substrate in accordance with
the invention, using a power supply obtained from

Nanofi m ologleslnterntlon terned a
" hi gh t’?ﬂ’lﬁéyegr}'ﬂﬁ'sséssm Hay M%V#ﬁeaﬂﬁ\@”“ﬁﬁﬁd to the
@é’nltnb@{ cB nlg‘gnéiwthé l‘bdd%%’ra?e’3 hBﬁ:feﬁmﬁﬁh Sﬁélra%n of the

manual set. SO Is a swtching d
i RO M\eda thetdVBGpoharset rtard;ahgebpulsemf)langm mgatere voltage to

AR SRR Thas VP Was, sBifdd FRS sibdgdsalics, manyally, or via

aansitbput fuse. The out put range of the pul se
generator is up to -10,000 V, preferably - 30 5,000 V,
and nore preferably -2,000 Vto -4,000 V, with the

g gluf’ gé\g) pﬁééonsﬁggr o%%m/ggp Véméﬁrg 1ﬁ§@e pcgﬁto%?gs‘itsﬁ strate (in this

PRl tirpliym | #ﬂam bgbma@iﬂe dns x 1@neinf 05 driUPdepii) eeihg a bias
preferably fro etween 10-40 ps, nmore preferably
1iustratad - SCBﬂ'&PaHPa'B/ infdguienty i¢ “ﬂﬂ) HVE>G gvascggt to puises of-4,500

f 1.5-2.5
SR Qb REeb s 44 o SR RRBL B PO 100 oo
and connect ed to the substrate, nost conmonly via the
bstr I d f t
e el s Dl IRAIAE RS i WL 2% e e
vqip aé %eﬁtot Aliss t3r GEV \Rﬁﬂ?a 'd\é?é%id’f@éf £ gg Hed eﬁﬁgquency of

stopped eit manua or via renote. eposi ted
cbktleng of titani um nltrlde onto a test substrate (|n
this case, titaniumplates approximately 5 cmx 10
cm 0.5 cmin depth) using a bias 10 illustrated

SChe”ﬂN'eCtﬁtheSt%dﬁhGLHtﬁes]s of ﬂheetitahfﬂﬁh rifige %‘étiﬁ@é brdduced by
pul ses of-4,500 V with a duration of 20 ps and

fousuasesbissingometsod, Simihieayarjpusiiestiplatesiand aisund them to have
. g

RGBS FLRIPIAnGR o156 RPRThHE st of R hfer, g {8 tested

ajvdtings Wese eemd & have a value close to 1 GPa. This compares favourably

to the stress of titanium nitride coatings produced without pulsed biasing, which

we found to have a stress of at least 3 GPa.

We also tested the stress of the ta-C coatings, produced by our pulsed-
biasing method, on the various test plates and found them fo have values that
were less than 1 GPa. The hardness was about 25-40 GPa and wear

resistance was about 1x10°8-3x108mm3/Nm.

Thus, the advantages of biasing of the invention include the production
of a coating of lower stress, which enables flexibility and/or a thicker coating to

be deposited.




15 3 kHz. W then tested the stress of the titani um
nitride coatings, produced by our pul sed-biasing
net hod, on the various test plates and found themto
have values that were in the range of 1-2 GPa. The
stress of a nunber of the t&abibd120 coatings were

f.ound—to-have-a value-close to1 GRPa— Thi r\nnr'nnrne

1| RNl y to the st ratign (B$) ani um ni t [F@suepsy (1 (idm

roduced \W.i.NnoLut II'IIII SPd Dl asl nn Wnlch we_Tound o

HaA80Q stress of at | p4st 3 GPa. W also §&8ted the

tress—of the ta-C cobti nmc nroduced h\/ our—pu-sed

T—C o SOt >3 |u| ATA~ A= A-A—a" | A\ 4 I SALER=A=A=

254§Q%S| ng net hod on}4 he vari ous test pI aﬂ%s and

und thoanm + ~ IO Al o that wvowinrn | nce HHhA 1 _CDPn
Uuco CITaAl vVCeT © TCOo9 g ||u|| - A A

fn LA YZ L A Y4 ||u.V\, vu.
Thdégmr dness was about2 25-40 GPa and wear 1resi st ance

Tha + b Aot oo o af
= = LIL} IIIUD, Ui V(J.IIL agco UI
Icl’igﬁfﬁg of the invent @: i ncl ude the produ tion 30 of
d I "y UI I UOWCT bl D0, V\IIII L.II UIIdUI [S) IJIU)(I UI I I ly
gnd or a thi cker coatiy’ng to be dep03|ted Tabl e |
)?@% VyDuration (pS) R equency (Kiz) -4, 5902010
210 -4,50021 -3, 000103 -3,00051 -2, (00082
4%1 §BYI0Z -4, 000252 5[qf Wi IT_De appar ent (3hat _vari ous
ther nodifi cati ons and adaptations of th¢ 5
Weapd ' on w1 be appgment to the person $xklled in
he art after reading| the foregoing discl@sure wthout
eparting fromthe spirit and scope of the invention

174

— = 1

It will be apparent that various other modifications and adaptations of the
invention will be apparent to the person skilled in the art after reading the
foregoing 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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and it is intended that all such nodifications and
adaptations cone within the scope of the appended
claims. 8 Cains 1 A nethod for coating a substrate,
conprising: creating a plasna of a coating material;
deposi ting plasma on the Glahsisr ate; and bi asing the

sub rat’g| -1,500 V@; re ne ative. 10 2. A nethod
15 or Ha for cqaliogras MAPHRAS - creating a

pl asma of ., @af taF]gG to%lc%lt M@ﬁép ng plasma on

t he substratae'%l r{g?am ng am substrate using a

vari abl e depasitirgy pl&smletdmthlee&LttJStratm@rldo Claim 2,
furth riSj c = Di [ bstr at t -1,500 V
or v e BganpIhS SiksaB R hi B R RRGefe-any one

of Clainms 1 to 3, conprising:- biasing the substrate

at to-10, 000V. 5. A nethod according to Claim4
2-con‘p§|fmthgdf0lb¢®§ﬁn§gﬁ suhsteal@ranaprising:- up to -5, 000 V.

compr i o1 reatt 34 fe AlelcRalt npBud %7000 v o

nor e ‘negadapositing plésmietdmmemvdtej@ntlo Caimé
conprising: 25 biasing the substrate at from-2,000V

to -4, 000vasing the sebsibaic asing avAdakls IAS: one of Ol ains

lto 7 conprising: pulsing the bias on the substrate

at a frequency of up to 10 kHz. 30 9. A nethod
3accoﬂidiletgodacébmmgﬁ)Claimﬂeiflmnére:ofrmmtamtey is from

\%/hgr E;Hﬁ tf-ngS'B@ﬁ %sugg[gf{ @g ‘F 588 \}or more rr?egat%e Gaims9,

4. A method according to any one of Claims 1 to 3, comprising:-
biasing the substrate at up to-10,000V.

5. A method according to Claim 4 comprising:-
biasing the substrate at up to -5,000 V.

6. A method according to any one of Claims 1 to 5, comprising:-
biasing the substrate at - 2,000 V or more negative.

7. A method according to Claim 6 comprising:-
biasing the substrate at from -2,000V to-4,000V.

8. A method according to any one of Claims 1 to 7, comprising:-
pulsing the bias on the substrate at a frequency of up to 10 kHz.

9. A method according to Claim 8, wherein the frequency is from 1-3 kHz.

10. A method according to Claim 8 or Claim 9, wherein the pulse duration

is from 1-25 us.
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is from1-25is. 9 11. A nethod according to Caim 10,
wherein the pul se duration is from5- 10 us. 12. A

nmet hod according to any one of Clains 1 to 11, for
coating a 5 substrate in an arc deposition apparatus,
11.he Apneathatiuscondipg its iOkaina 10 awhereic lserpalse duratomyét from 5-
and an anode and a cathode for creating the plasm
19H8m the target. 13. A method according to C aim 12
wherein the apparatus conprises a 10 filtered

cat hodi ¢ vacuum arc source. 14. A nethod-according to
1Z ai An dethood Gcaording towhry aine ohcClaimget tos1h farecaating a

5,15. A t hod di t imJl12 wh in. t
sshtrts if M eraARpRSToh GPPArat.ba heetalit seridisiiy a yaguum
ciimbbiaBirdel, hRd kh andiRy ghd at ERhb@é 861 cre6BMEP e PRasma from
titanium chromum alumnium galliumor mxtures or

theiteeged. of any of the aforementioned. 20 17. A nethod
according to any one of Clains 12 to 16, conprising
i ntroducing a gas into the vacuum chanber to forma

1Z.0at Angethpdt Accoadibgt thaCRimwi2 evhdreinatheoapparatusotombeises a
.gas and the target. 25 18. Apparatus for coating a

filkind cathaglic YUy arqePWCOacuum chanber, an anode and
cat hode assenbly for generating a plasnma froma target
and depositing plasma on the substrate to forma

14.0at Angetheddaczopding rto Wigiph y1 X or CléimadBnwhehsin shedarget dés a
at -1,500 V or nore negative. 30 19. Apparatus for

Mgkt i ng a substrate, comprising a vacuum chamber, an
anode and cat hode assenbly for generating a plasma
froma target and depositing plasnma on the substrate

15.0 fAmmethod ascoming tndlaimp@whersin fhe/target is gpanhjteng a
variabl e bias to the substrate.

16. A method according to any one of Claims 12 to 14, wherein the target

comprises titanium, chromium, aluminium, gallium or mixtures or alloys of any

of the aforementioned.

17. A method according to any one of Claims 12 to 16, comprising
introducing a gas into the vacuum chamber to form a coating on the substrate

which is a compound of the gas and the target.

18.  Apparatus for coating a substrate, comprising a vacuum chamber, an
anode and cathode assembly for generating a plasma from a target and
depositing plasma on the substrate to form a coating, and a power supply for

biasing the substrate at -1,500 V or more negative.

19. Apparatus for coating a substrate, comprising a vacuum chamber, an
anode and cathode assembly for generating a plasma from a target and
depositing plasma on the substrate to form a coating, and a power supply for

applying a variable bias to the substrate.

10
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10 20. Apparatus according to Caim19, wherein the
power supply applies a bias of -1,500 V or nore
negative to the substrate. 21. Apparatus according to
any one of Clains 18 to 20, conprising a 5 power
2G.uppAppdratushaccirdiggt toeClairhst9, avteerain theopower, SQEPIY applies a

-4, 00 2. arat.us according to any one of C ains
b'i‘%"?fﬁ?% \é%rn'ﬁéfgpﬂ%at&’e tﬁc}&gls”bﬁgﬁqey for pul sing the
bi as voltage at a frequency of from1-3 kHz. 10 23.
paratus according to any one of Clains 18 to 22,

21:ogpﬁ\ﬂimrﬁtysaacp@‘dmg @lmﬂyyoﬂerOfP@:ajnﬁg’iﬁh@ BDasomprising a
t - ' -1 wy 24.
QU Ry 57 iRy i At B 2 M0 v IR g8V v or

reducing stress 15 in a coating deposited using an
arc deposition apparatus. 25. Use of a bias voltage, of
22.2 obeparatus agcedmovie @nyr enacehflaimsed8 fon2a, cepmrising a

' [
pc\g’g@?%mtpy{%l@g m{ino“? p.'éag@g g_ra ﬁ?é‘%%{:?ﬁ%@t g S?Trﬁkaﬁg olg_tlzl'ng
deposited using an arc deposition apparatus. 25 11
23. Apparatus according to any one of Claims 18 to 22, comprising a
power supply for pulsing the bias to the substrate at a pulse duration of from

5-10 ps.

24.  Use of a bias voltage of -1,500 V or more negative for reducing stress

in a coating deposited using an arc deposition apparatus.

25. Use of a bias voltage of -2,000 V to -4,000 V for reducing stress in a

coating deposited using an FCVA source.

26. Use of a variable bias wvoltage for reducing stress in a coating

deposited using an arc deposition apparatus.
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