d ARC DEPCSI TI ON APPARATUS AND METHOD BACKGROUND OF .
THE I NVENTION 5 The present invention relates to arc
‘deposi-tion apparatus and net hods of use thereof for
thin filmcoating of substrates, and in particular to
i mproved direct cathodic arc deposition apparatus and

ARC DEPOSITIONAPPARAIIISHIANIDMETHOR| tine. and

efficiency of the apparatus in use. 10 Exanpl es of
arc processes include general DC arc and AC arc _
deposition (for exanple, see "Conparison of DC and AC.
arc thin. filmdeposition techniques", Schuel ke, et
BACKGROUMDORTEHICHNVENIIOMd Technol og 120-121 (1999)
- - 226-232), and filtered cathode vacuum. are (FCVA)
deposi tion (such as desCr'i bed in WO A-96/ 26531). . 15
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thin fili@tbatli ofiSilssirats eanhoﬁ ?ﬁl@l@ul&i‘ t@hﬂp:aaecemw a&tﬁsdl@ I”A&!T&ﬁbsmon
Free electrons Tlow fromthe cathode to the anode,

- apparatpseind mefhedsfonineteasing operatipngl dime: andedfficicntiaridbe appergfus in

use. ions and. negatively charged el ectrons in the chanber,
“the.ions noving 20 along a line of sight away fromthe’
target. A substrate to be coated is. placed w thi n the
~ chanber. inthe line of site of the target and

Exalnphe phargpeodesses inslusié goyerahDC as and KiShawm dppasitiemor example,
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_ may nove off the edge of the. target. Several

arc: (Fﬂéfmrdqus;gom@veh redascrbrs ipy¥@-ADEHIHD| t he novement

- of the are, including the use of a nagnet cl ose_ to-the
‘target to confine the arc. The magnets used in such’

A;c dBFRARBSRScdsRigBArhlYy AN %ﬁp@ﬁ%@éle@tﬁé‘ Bl ARk REch a cathode -

portion and a central, round -north polar portion

N —targetw@graa@uodsy bt)lhe)fs‘dmhwarp mtmedpwmmm evahiated mm: Fice ms

roi.dal

’eicctrBIil fg W gr m % é:gtﬁp(ae ﬁ) 9 gnod& creaﬁng gr];]) a%mgsvapour oq’ pos;t;vg:]ly

cha_rged target 1ons and negatively charged electrons in the chamber, the ions moving
-along a line of sight away from_ the‘target. A substrate to be coated is placed within the

chamber in the line of site of the target a_hd therefore is coated by the jons.

: Known problems assoc:ated with arc deposition processes techmques mclude control of

" thearc spot on the surface of the target, where the arc moves in an unpredlctable manner

25

. and may move off the edge of the target. Severa] techmques have been ernployed o
- . control the movement of the arc, including the use of a magnet close to the target (o '

confine the arc. The magnets used in such processes typlcally have an annular south polar

- _portlon and a centrai,_ found north polar portion bounded by the south polar portion. This

30

magnet forms a toroidal magnetic field which contains the arc. In practice, the aic tends to

move around the north polar portion within the magnetic field, such that the toroidal

. magnetic field acts as a race.

A problem associated with using such magnets is that by controlling the arc to move
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30 nove around the north polar portion within the
magnetic field, such that the toroidal nagnetic field
acts as a race. A problem associated with using such
magnets is that by controlling-the are to nove -1.

vt D el el D5 RS S .

the ufER3 Qi QE SAHUSS, e RafRUBFlel € af iheltbrakrddag pati ¢h bk edeet
path on the target 1increases, formng.localized hot

increagmst forain lonalized diongpognarngkinoreasiig wnusstaieef unwanted

macroparticles. 5 It is an.object of at |east one of

mactoR¥FUERBodi ments of the present invention to overcome

or aneliorate at |east one of the probl ens associ at ed
with the prior art. 10 SUMVARY OF THE | NVENTI ON '
1t is AC6BjEect oTGt leastaonkiof she anbadimentshefrthe pesqnt anveriGidn go overcome or
'{i)hysi cal vapour deposition apparatu conprising: a’ "
amelioraigeat 1gsekena Jtap Poblemcanatiaicd Y HLRERACRaEn i nteri or
of an evacuatable 15 chanber, and adapted for
el ectrical communication with an electrical power
‘source for providing an arc on an emi ssjon surface of

B the target; and neans for providing a magnetic field
SuU F K controlling the arc, wherein

‘the magnetic field means is novable relative to the

target to nove the arc on the enmission surface in a

" predeterm ned manner, 20 and wherein the magnetic
Acchidigtonmfansaspsct athnmgmetovadadpr phyisisgl wpewidpopision @pparatus

portion on a plane parallel to the target, and a north
COmMBPFIAL- portion on the plane, the north polar portion

bo %Q%Gt i tRREDIRRA chBnfRtaB6h withtah ihlegoseinhevaohaibic
portion.” Disclosed herein is an arc deposition

charapgaamt :uhp@drfplr j:lsci:trigal clggl_mlglliqaél,og éﬁfit%]sﬁfl@(‘rta'ﬁ% wower spurce for
o R AL Al 8 et
an 1fdR6 For fralidRRWahagRuUE ¢eld atjacent the target for controlling the arc,
wherein the magnetic field means is movable relative to the target to move the arc
on the emission surface in a predetermined manner,
and wherein the magnetic field means is a magnet compriging a south polar
portion on a plane parailel to the target, and a north polar portion on the plane, the north

polar portion bounded by and not in contact with the south polar portion.

. Disclosed herein is an arc deposition apparatus compris}ng:

a target positionable in communication with an interior of an gvacuatable
chamber, and adapted for electrical communication with an electrical power source for
providing an arc on an emission surface of the target; and

means for providing a magnetic field adjacent the target for controlling the arc,

wherein the magnetic field means is movable relative to the target to move the arc

~ on the emission surface in a predetermined manner.



providing an are on an em ssion surface of the target;

and neans for providing a magnetic field adjacent the

target for controlling the arc, wherein the nmagnetic

field neans is novable relative to the target to nove

the arc 30 on the em ssion surface in a predeterm ned

manner. 2 Advant ageously, by noving either the

magnetic field nmeans or the target relative to one

another, while controlling, or noving the arc in a
Advm@b@uelwm)yl e vieyeidier tlie magnquiedicld heahoor theitaggeoietative to one -

ar get utlllzatlon By inproving target utilization, '

anot} eVhile spmiro llpa«e%f mevipg &he asin apredet qulemmeqreag%aos&ble to.
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.app aﬁﬂm&z{rﬂﬁn@tbﬁsé& doR@tiaRchs FPaEanaRl of oveREl SR&RIn fie canbe
tubul ar havi % a bore defining a central -axi's and the .

decreasethamndcons le pesta peil epatechasizate con be eisluecdyi t hin t h e
. bore about.the axis, such that-the arc. is novable - - .
. about the em ssion surface in a predeterm ned. manner. -~ .
e I e Fialc
PrrBY S8 e S ARSI R0 g, RN b B e Bpgnc
meaman fhmgpmketrotpablei witlsin he bog abatedhk akis@ich thatrthé @isis movable -
aced eqU|d|stantIy froma central magnet axis, and -
abou} e@Aissien SyfrednEdiedeteryngd masneht | east one of
their. 2a respective adjacent ends; and at | east one
el ongate north polar nenber on the support, the north. -
PrefdaBIg) thB @hdgnercdifiprigs RAuppbi@! arllast o SBhPard %ﬁm%‘imqa&nbers on’
- spaced-apart therefrom Preferably, the south ‘polar: -
the SHRSE itle south polan partions having giatmlle] ataireportions spaned eqhidistantly

“their res ctLve ent..ends by sout h pol ar end

from@afﬁﬂw waghel Pyg ‘J[hrfﬁl g ipined iy &ch ol af ol legst.gag of their.
joined to each ot her at at Ieast one of their -
respecti ve adjacent ends by respective south polar
end portions which are radially inwardly directed such
that they neet, at the axis. There are preferably
three said south polar portions and three said north
pol ar portions, wherein the respective main portions
of the three south polar portions. are equidistant to
10 each other about the axis and wherein the
respective end portions of the south polar portions
are joined at the nmagnet axis, the, magnet being
configured such that respective
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said north polar portions alternate with respective
south polar main portions about the magnet axis. 15.
Preferably, the magnet is rotatably positionable in
the bore such that the magnet axis is conmon to the
target axis, and the target is positionable in an
respectl% h@ héenP @§dst hdat 1BasR of@8loh&dte nbAR BblaP heMblePbin tﬂersﬁpport the
mber. The target and the nagnet are preferably from
north @lhnpcttnomhemg patalelgothamdirt porgens ahdaapet@rapas theroimer0. 04

* Preferalyefoe Sopchpof ﬁ‘t&l@?&eﬁfgﬁaﬁ%@y s ol & sefeqston &by o
 respechBo Sfberk 8 EAALAI Yolel 8 L ARGARLLS hfschih A members

are joiﬁbﬂ fo &h ot aakdleast ond of theireaspeaive dikacanensls hytrdsspenttvb eouth N
) chanmber where substrate can be placed in Iine of

~ polar gndyprrtions whichiasg ’@étané(m“yélidbh@fe‘?%i suclthat theypmees pythe ags.

target is pl anar. In this arrangement, the apparatus
may conprise means for . noving the target laterally

" Thereré Pr G ablg Chreb Qaitl REuHPGNE pofiidns @hd threaRad nétts Polar portions,
e

preferably, the enission surface nmay be rounded or
wherma theangperctive rrmrsaprnmwﬁ the tahf@owylélnmlar parh@ns ragawidistant to

cach S T BBl RO Bl GRTBI B0 sPupfBEY

.. .po m&lsatbe iriacht aldtaagxtet pak ahe aaghat%;rtgrbohhguaheaal aiahespecuve

north pol ar -30 portion bounded by and not in.contact -

o said ngrthipolareposiéonsialisuiate wish raspetivepatharodsinain peions abont the

- 715, _
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) Preferabéy,ttae; megnetanptaially ansmpoalgotnethp

olar-portion is an oval -shaped el ongate | oop and the,
polar portion is an elongate - bar. Al so
- preferably, an elongate | ength of the sout h pol ar-
‘portion is at |east 80% of a Iongltudl nal Iength of

Arstsech giat thednasneom is .

i GnE Bl e e i B Jrkb R i Diehh Bortigf ik contrat

miagr

' locati’élnq{rllﬂun/tﬁ’é/ SHnRLEOVRE dargd? ¥ind ﬁiertﬁag'hepln%']ﬂéfeia%[)gﬂbm ¢.hfto2min

nurber of potential materials for use as the 5 target

lengthani targefalizmetenis fram OH4te0Rmml y it. is easier to form

a planar target, conmpared to - form ng a hol I ow _
~cylindrical target. In an al ternative arrangement, the

Advaiftapebudlg)] By ushiY & bAhdrisaldaset With @rmagn@ﬁoﬂlﬂlgttﬁ&eﬁlo lttislpossable

polar. “portien is circular, the diameter of the sou

- _: to ermoms rpdially fromobe trgeet ibup aB60T) daypelnéevo anthe amgunt of rotation of

25;

36

' the magnet This has the affect of i mcreasmg the areas w1thm the chamber where substrate

can be placed in line of sight of the target emissions. -

: Alternattvely, the target is planar In this arrangement the apparatus may compnse means -
- for movmg the target laterally with respect to the magnettc ﬁeld means. Also preferably,
- the ermssmn surfaoe may be rounded or tectan crular. Also in this arrangement the

- magnetic field means is preferably a magnet comprising a looped south polar portlon ona -

plane parallel to a target plane, and a north polar portion on the plane, the north polar
pomon bounded by and not in contact with the south polar portion. Preferably, tbe south

polar portion is an oval-shaped elongate loop and the north polar portion is an elongate

- bar. ‘Also preferably, an elongate length of the south polar pOI’thIl is at. least 80% ofa

B longrtudmal length of the target, and has an elongate length of from 0.05m to 2m and a
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fortiink 3 HoBiS m&r‘i’cati'&ﬁ é;target 1n one arrangenent, the

10 longitudinal |length of the target. The south pol ar

portion preferably has a dianmeter in the range of

,0 05mto 0. Im Means for noving the target on a _

target plane parallel to the magnet plane are also.

preferabl y provided and the target preferably
Wld%ltfﬁyd Ban t9)0-3mh die tasgetrmay b frent GP2ye o Swppdength 481 0.1m to
05 means, .1 n such an arrangenent, the target support

THehns conprises a support plate substantially in

contact with one surface of the target, the.support.

"plate conprising channel's therethrough for passage of"

'- Advaotageously, bysing alpldmatar@tt thambinber of otertippmaetial for use as the

referably also co |ses an adjusting device for
f0ha i Berlly it Breacionia foam nishsr Facee comepspmkins

appar at us -conpr | 36323 housi ng hermeticaliy attachable
to a.port on a wall of t he chanber, the housing.

cantai ning the. target and the magnetl c field neans. 25
In aglieRnaHyrArangamele ﬁmgﬁ g palarpastion isdegissu Mand the north polar.
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longinmiigh length off tie taeget! Thasyuth @%l@fpoﬁﬂfn%éferablﬁ RRialmeter in the -
chrom um ni ckel, al um ni um copper and a suitable . -

rangg ¢id}03mée Bdm. 30 The apparatus is preferably adapt ed
for use in one of the processes of DC arc deposition,
- AC arc- deposi tion, cathode vacuum arc (CVA) depositi on .

" Meamdfof idoviaipate ea% eﬁe tm@ewmlapaauali&tﬂé)ma@epﬂahé 8R-alsd .

The magnet nma e either one of a permanent magnet and

 prefgpably eemcbﬁag dhe targat prsfesably svnpcawetbnarheaemtabtqtewga sal;pm :
meé:Fs %Qﬂéhda%dan%gat{édtca' %Qosﬁﬁgﬂxﬁ OShi Lo T RRRAL atus

prising. - ancevacuata Cans, coim Pg“PPOItPlate

subdﬁﬂﬁﬂl;t in@BNAPPRItA biks srﬂfa@:@l’oﬂ tRGtaigRt, idesuppbid bla?é&ﬁﬁpns(i’ﬁg
the invention in...communication wi th an interdor- of.

.chanpels heapteongh frpassege peeaqiimg dluid fwdeatstsiaeiéon. n

el ectri cal cormunl cation with the tar get as a cat hode

The apparatus preferably aiso compnses an adjusting device for ad]ustmg the posmon of

the magnetrc field means wrth respect (o the target.

: In one arrangement the apparatus comprrses a housmg hermetrcally attachable toa port on .-

a wall of the chamber the housing contammg the target- and the magnettc ﬁeld means

The target-and the magncttc field means may be posmonable within the chamber or

centrally within the chamber

i The target is preferahiy selected from though not hrmted to any one of carbon, tltamum -. -

chromium, nickel, alum]mum, copper anda surtable alloy thereof

The apparatus is preferably adapted for use in one of the processes of bC arc deposmon

AC arc deposmon cathode vacuum arc (CVA) deposmou and ﬁltered cathode vacuum arc o

(FCVA) deposmon
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10 and a sidewall of the chanber as an anode.
Preferably,. the chanber conprises a lid having a lid
port therein, and wherein the are deposition
apparatus is configured according to the first aspect
of the invention; the. apparatus depending at | east
in part through the lid port, such that at |east a
Thegupgnebmeay & cithér gorf agrnodnditendgaegatd andedogRehear e
| ocat-able within the chanber. . Preferably, the lid is
~round and the'lid port is centrally | ocated on the

sy AR, Mol SOR14000 DHESLA 0 P P s

compmtsmgn t he chanber between the target and a sidewal |

of the cha Preferably, the systemfurther
cor?d‘r"r‘@@'éat%ltelcb‘ag'{’cfoﬁ@ secondary anode in the charrber

ponts M SEPAEE Rar LA L Be et TplUEGndeinin

“ conpﬁ&lttatmmabitﬁabﬁtwﬁ&mfiﬂtﬁdﬁakﬂ%iﬁaﬂd and the secondary

‘anode. 25 | f secondary anodes are not used, there is'a
| i- Ak AestEsAlpoWeR @%m@e@mcsmmmxeatammmtm tatgot as a cathode

' I [ for oatlng, since by
_and%vsztgagf%wcf Cﬁ%‘%}%%ﬁ "th substrate, it " wll

bl ock the path fromthe cathode (target) to the anode
.chanmber wall, and the arc will . die. Therefore, space.

- .Pm Y1k phambed somprsesadid Baning Iaa\tdqz)rt thproém suwd evhichin the arc

15

20

%

30.

I tro flowis avai | ab ,
de van%é% SRR bt ine s Gk Aeimeot he invention, the
appaaafslde difig afleRy hrdﬁarf@fr&n Rl et t
. chan‘oe?&lsn%ce i't then doeggpnot dﬁ%ﬁgr tﬁg{httlﬁﬁtasummua]
poﬁewreewlertargpfamﬂ magachage ddvardide within theahampberrar yanode) '
" is blocked. -5 Preferably, the chanber conprises a
.sidewal-l and a port on the si dewal |, and the housi ng

| Prefe%ablj? ¢h&B8 3Plovnl ﬁﬁ@ﬁ{e'lﬁf’ﬁdx‘y 1saéénﬁ‘aﬁg?dﬁ%u < a n tpghﬁor L.

- Preferably,” the chamber-conprises of the .
ports and the system corrprlses a b5 pI urallty of the

. rat,us, eac us belng rel easably
Prefebibliogt eail ope a't“ts kg be cowed byrtbe prscdeposition appATatuR és

posfRhie vl Bkalol AP LR TRRTR 350 pERRictmber.

"~ wherein the first arc deposition apparatus has a first
" target of a substance selected fromthe
Preferab y, the system further comprises at Ieast one secondary anode in the chamber and

in electncal commumcatlon with the electncal power source, located such that the

substrate is posmonable between: the: sxdewall and the secondary anode

: If secondary anodes are not used there is a llrmtatlon on the amount of substrate possxble

to place in the chamber for coatmg, smce by overcrowdmg the chamber w1th substmte, it -

will block the path from the cathode (target) to the anode (chamber wall) and the arc will

" die. Therefore space must be prov1ded between substrates to ensure the path for electron :

flow is made available. Advantageously, by using secondary anodes it is possﬂ)le to

provxde more substrates within the chamber since it then does not matter that the electron

- path.fo the chamber wall (as primary’ anode) is blocked



10 group of carbon, titanium chrom um nickel,
al um nium copper, or an alloy thereof, and the second
arc deposition apparatus has a second target of a
subst ance selected fromthe group of carbon, :
PreftiabB0iHehasibE O | LW B : o
B B e b et e S PRE 1l 2 8 housing is
releasgblyderetiaally fadachabletto theporsubst ance of the first
. target. 15 Advantageously, by using two or nore
- apparatus in comunication with the chanber, it is

Prcf@n‘?xtﬁf’}j, meeéhﬁﬁxbﬁﬁa;m@?/@? g?ﬁﬁtgﬁf&g‘é Bg{ti%ric[@? es%}\ﬁg%l}qc%{l%%lse; a

mat éri al, either

 pluralityef thet apphesies; eachfapgadatateiig rakestR herrdtidally QARNPE (0 a

the substrate with a honogenous | ayer of nore than

- respgefve el thg potsg The syst.em may al so conprise at |east - .

one substrate support for supporting the substrate. .
within the chanber, and the at | east one substrate

. Prefstabhothe sysgmbeonimisebhicas® firot &lPdiRondvdilliaf &étt%_sitidn apparamé. | |

10

chanmber. According to a third aspect,- there is B
whepip thedugt arc drpasiteen appapus hasepbist tacgm ofigshbgatirsele2®d from the

ing. a - ising the steps of: " . . |
o cofign MR AT NIl Wbl Spboe o anloy fgreof, and

the %00 arc Gaposilopjaratis hdsH REbAA 1Rfet 3P a%ﬁﬁ&&ﬁ&a&me@ﬁd f;gm, the -

.~ Chanber ;. evacuati.ng the chanber t0 a predeterm ne
groyprfsathos; tignbw.ehrgniam, elckel, alwminiyoyenppes wr aa alloy theeeof,

BRI T R TR T T

15

20

25,

30

em ssion surface; providing a magnetic field adjacent

_the target for controlling the arc on the -6 emission -
Advantageisly. byiasimgyivagr nivee apppratis én tomintinicatien with the chdmeber, it is
'st'ﬁlr g(gt tto ﬁ&/}‘? t‘%ﬁéar e on the em ssion ..surface ina .-
POSHPE SR PR AP REH et MOfhAR ORC {Hget el githerdiydaymingdhe
subdtfatéwiR AL F Y0 i ' ith

SR TR ANPGRS 8 QocRrd Bk il oy Bl Ok tefle with o
homogerdusdayen of morptbanene teridr t h pol ar  -porti on bounded -

by and not in contact with the south polar portion. )

Di scl osed herein is an arc deposition nmethod for -

'_I‘hc%?ﬁ&_h'iﬂaj—?aﬁb‘ p&hﬁﬂéeat ?&gpéﬂesé.@gtratc support for supporting the substrate ’

‘within the chamber, and the at least one substrate support may be movable, or rotatable

within the chamber.

According to a third aspect, there is provided a physical vapour deposition method for
coating a substrate comprising the steps of: V

positioning a target and a substrate to be coated in communication with an
interior of an evacuatable chamber; _

evacuating the chamber to a predetermined pressure; |

providing an electrical power source to the target to produce an arc on an
emission surface of the target, the arc ionizing the target at the emission surface;

providing a magnetic field adjacent the target for controlling the arc on the

-6-



the steps of: positioning a target and a substrate to
be coated in communication with aninterior of an
evacuat abl e chanber; evacuating the chanber to a
predet erm ned pressure; providing an electrical power

. .souréﬁ_to the target to produce an are on an em Ssion
CemisSIQ $416% 38 the target, the are ionizing the target at

theviREihe Shadhe s ERGEIatiPE RVihd iteﬁgetﬁo &hd frcfoh®hdemission
adj acent the target for controlling the arc on t%e

surfacedmaguedsteraipddgoanneand novi ng the magnetic field

I Jywe to t et t.o move the arc on the .

SFBbin Hf h8ish® £ Bt o FPNEFe O wPsihectechiinprlpr portion
on a plitieefapdlRbto/the tdiget, afdehorts polatipartion oh W Hlana tIROF&Rth polar

.defining a central axis and the magnetic field is

portionfhoypilerely Hid not im gondectwritcthe seuth ol gartiang hi n t he bore
about the axis, such that the are .5 noves about the
tubular target in a predeterm ned manner. In this
Ariscosgd erin istanercrdemsitionsnethod fondahting 4 aibstrad chfpanag

rotation direction for a predeterm ned nunber of

the steps@fat i ons, such that target is enitted fromthe

em ssion surface aboqut. 360 of the target. .The.target ..
ARG atttesl SHLT SR 18 by Cowed Bptpuioisason ith 3 lpterior
- of an eVilSaRbRdghLAHHA}-ned pressure is about | itTorr. The ' '
met hod may al So i ncl ude the step, after the step of
evaaudihg g diambehanbpredetefminad pedsiaeng a gas to o
i ncrease the chanber " pressure in.the.range of inforr,
tRsovidipg@nclecticl ppwel spureere tha@rged to pwdyee FxYGOR agrfgnission

et 0005 B0, Sl S BEHEEA By PRGRR Gl o
Riredaingrmpakic ifleh adift@nieaimet (pbohblinpaneit enfhe! d.

~and the provision of the-electrical power source is
emissign pfese;, andhe pressure in the chanmber raised to

~atmaspheric pre e, .and the axial position of the . . |
TR HeSah Tel fahe fo pdatedt § mheS theatef tgiission
to repeating the steps. Alternatively, after a
predeterm ned tine, prior to

:63-



20 repeating. the steps of the nethod, the novenent of
the target and the provision of the electrical power -
source is stopped, the pressure in the chamber raised
to atnmospheric pressure, and the position of the
magnet is adjusted with respect to the target and on

_surfaqmgagm@t@mupﬁdan@nen a direction normal to the lateral

" nmovenent of the target. 25 . Preferably, the nethod
conprises providing a secondary magnetic field about a

: _Prefc%nt kRN abt istiSulaBRHRE] bork REARRHEALAN a[{'?%]? t‘htE ﬁg lgﬁxj:tﬁ_: field

having a reversed polarity to t h€ magnet suc |
is prqvhhd@gwmgtley“’hu@netotated weihiin tlﬁ: taoil¢ aleaio thesands, such that the arc

sugst_ ti I a|11)raral lel to.the em ssion. surface 30
movep i fupulal e 30  PrsdetesuRedaRyne Bisbis aTpement, the
magn%PﬁrgBﬁﬁmﬁ:F]g rb@tedlif Shé Ao oc%ﬁgh?@%%g W' th ol Rfmber of

ectr.l ower source, suc

rotationd) shetethet mtgeph&lnhtt@dlﬁbhﬁthb ehil&@sh fufice sb&ﬂ%bt ofhe target.
the secondary anode. 7 The nethod may be adapted for

" use in one of the processes of DG arc deposition, AC.

- The Gkl R b M, SRR AT 1 £l beponi 1 on. 5

10

Preferably, the electrical power source is. provided by
a.direct current (DC) device and provides a current

. Prefarbly,ibe pred @teneme@mesexremboutahdrwm Fhpmethadabhyalse elude the
- step SHEE R o D BRbrind B0 farob B oo aiet <t eer he chamber

. | pressilfﬁh tﬁ@t&n@@of 1R THh0 To@TRkT. FFr@f |tHe Eﬁﬁs dné be}%(gen and

a5

. PIOVISIQRvR

- strength of about 1000G (3.4x10"7 According to

mtma%@wgts iggpduced te insreasq @cphwbeaaesum@mut 3ImTase
wi t h ‘an arc- deposition .apparatus,-the magnet
conprising: a.support; 15 at |east.two el ongate south

~ Prefqrabioy afee aipeddstepmincnQind) MROMbverh &R oF o ﬁaﬁﬂtﬁrﬁ&@ hdd @8BS

havin fg paral | el main portions spaced equidistantly :
dbeelpetrigal nenpn seuresisstoppad, thi ptﬂssura e thegihamber mised to

] h
P 0o s S e SSUERAprco

90

targenqme to Rpedtlify By BRpE. tAlté[ttsumy telftepa bfdae Rk e@NiR€ pidr to

repeatmg the steps of the method the movement of the target and the pl.'OVISiOIl of the

- ; electncai power source is stopped the pressure in the chamber raised to atmosphenc

o pressure ‘and.the position of the magnet is -adjusted w1th respect to the target and on the

25

30,

magnet plane ina dlrectlon normal to the lateral movement of the target.

._Préferably ‘the method compnses prov1d1ng a secondary maonetlc field about a port;on of
: the chamber, thc secondary magnetlc field havmg a reversed polanty to the magnet such

. that the secondary magnetlc field'i 1s ad_;aoent and- substant;ally parallel to the emission

surface -

Preferably, at least one secondary ahode in the chamber and in clectrical corr‘imunication

w1th the electrical power souroe located such that the substrate 15 posnmnable between the -

g mdcwall and the seconda[y anode.



15 -

- 20

25

30

parallel to the main portions and spaced apart

therefrom 20 The magnet is preferably adapted for use

in one of the processes of DC arc deposition, AC are
Th d:%F%Si ti ony h83e vacuum arc (CVA) deposition and

FPFTRH s UG g of cm/szfeaeﬁo@fs%a@%depozsmn ACarc
depBtitibh @E@QBIVP &gﬁ@!

Pgﬁbodl ment s og&@gﬁg\% arﬁfo@vf[%éé g"iels“c):dc bacaum[%;c
(FGMy) ddposiianpl e only and where |ike reference nunerals

denote like parts, with reference to the acconpanying

30 drawi ngs in which: Fi gure IAis a top schematic

P 94 e B DREE TR0 R BB e ot

pro¥adgs a eurkEhtiis thee fangdf GRS 3G darﬁl' AYR BBy, Ellihecun'ent is about
chanmber illustrated in Figure 1A ‘taken on

1504 fsernativaly the glegtrgal powertsounte islpewvadédcry aif altdmatargecurrent

(A(% Qsdel i On appar at us illustrated in Fi gure.1;  Figure

18 sect | oned view of the arc deposition apparatus of

Fi gure-2; Flgure4|sasect|oned view of the arc )

depositiaon paratus of Figure 2, taken-on line 3-3;
Theypagney nff‘éelab ydhas a field steaigitly of abem 1000GI3 4xt0 Hephsi tion

apparatus according to a second exanple of t he

invention; Figure 6 is an expl oded perspective view of
AcchRn@{oCa r

LR URO SO APRAAUE L B! 8L e gegosiion
appajpigsdhpovignetoempistagat us il lustrated in Figure 5;

Fi g*y%% [R.is a detail view of Figure 7C taken on line.

PR gure 8 is a sectioned top view of the arc

d epagédst @at?o SPRAAE b poldf ShéAb&Y o'n'?he: &Lﬂ)ﬂ)ﬁ th&south polar pOITlOIlS |
havmg paralle] main portions spaced equxdlstantly from a central magnet axis, and WhICh l _
are _;olned to each other at at least one of their Tespective adjacent ends; and ' |
at least one elongate north polar member on the support, the- noxth polar portton bemg

para]lel to the main poxtlons and spaced apart therefrom.

The magnet is preferably adapted for use-in one of thé processes of DC arc deposmon AC .

-arc deposition, cathode vacuum arc (CVA) deposition and filtered cathode vacuum arc

(FCVA) deposmon

BRIEF DESCRIPTION OF THE DRAWINGS

Prefen‘ed embodlments of the mventlon wxll now be descnbed by way of example only

and where like reference numerals denote hke parts, with reference to the accompanymg

drawings in Whlch

Figure lA isa top schematlc view of a chamber employmg arc deposition apparatus

accordmg to one example of the present mventlon

_8-
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taken on line 8-8; Figure 9 is a perspective view of a

conponent of the arc depositi-on apparatus illustrated -
in 25. ..Figure 5;.;;-.. Figure 10 is an expl oded ,
view of the conponent illustrated in Figure 9; ‘Figures

11A and 11B are various el evations of the conponent
‘illustrated in Figure 9; 30 Figure 11Cis a sectioned

Figur 3 1 0P Lechic SRRRER hdfriRP DRy b ot A ke on
line 1B-08; el evations .of a magnet for use with the arc’
: dep03|t| on apparatus illustrated in Figure 5; Figure -

~13 is a perspective viewof a third exanpl e of an arc,
= deposi.t | ratus according 5 to the present -
Figuf AR TPOhFRBAL tf Gepoeitommaii IBRcord Bt
' deposi tion apparatus. il | ust rated in Figure .13;

Figure. 1S.is a sectioned view of the arc dep05|t| on"

' Figureppissertioned Viewsdfihat ad depoaﬁdngagﬁ;ﬁuatikﬁof Fiakeyp; 10 on .

. line 15-15; Figure 16 i's a detail ed secti oned side
~elevation of the are deposition apparatus illustrated.

P Rk U S BAAREE L Rk e

- apparatus illustrated in Figure 13; Figure 18 is a.top
Vi ew of ‘the_ component illustratéd in Figurée 17; 20.

. FigungiSigapenspegtive yiew of puyprsdloppsition Apparems acnondiog to a second

15-

o Acxmn%%&iéﬁhéﬂfv@ﬂtt i Figure 18, .taken on line 19-19; Figure
e is a.s

. I.0ned vi-ew.of ‘the conponent illustrated in
Figure 18, taken on line ~20-20; 25 , Figures 21 and
are-a perspective views of. conponents for use wth

' Flguqeﬁets aﬁpépl&éﬁbgprppegﬁve view of the arc deposmon apparatus 111ustrated 1n‘ .
- Fxgure 5 '

- Figures 7A to 7C are vaﬁou_svic:ws of the arc deposition apparétu_s illustrated in Figure 5;

20,

25

Figure 7D is a détail view of Figore 7C taken on line 7D;

| k Figure $isa sectloned top view of the-arc deposmon apparatus ﬂlustrated in Flgure Cc,

takcn on llne 8 8

Flgure 913 1s a perspcctlve view of a component of the arc dep031t10n appa:atus 111ustrated in

,Flgurc 5;°

: B ' _Figﬁre 10 is an exploded view of the compo'rient- illustrated‘in Figure 9;

© . Figures 11A and 1B are varioué él.ev'at'ibns of the fcémpop_ent illustrated in Figire 9;
30 - | |

Flgure 1 IC is a sectioned top view of the component 1llustrated in Figure llB taken on .

' -'hnenc 11G;
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.20

apparatus illustrated in Figure 13; and Figure 23 is a
perspective view of a magnet for use with the arc
deposition apparatus 30 illustrated in Figure 13.

- 10= DETAI LED DESCRI'PTI ON OF THE PREFERRED EMBODI MENTS.
OF THE | NVENTION The preferred enbodi nents of the

Flgprw didt\iapd 3B dre bide blesationsl afstmagredfdryse eftRnhd 219 deposition

|ch enpl oy the invention's main - -
aPP&F%"h \llﬁfst@ageﬂa‘%ﬁ‘rm e | Referring to Figures | to 4
-and in particular. to Figure 1, a first exanple of an -
embodi ment . “1.0 of the invention is an are deposition -

' Flga;:cph} istaeripectivesridvw bffa diirdiex:ehploain HE depbsi@s apparatus accordmg

urren . arc apparatus 50, for emission of ions in a

o196 PreSPOinYENEPR nl ess steel, evacuatable and

hernetical | y- seal able’ chanber_52 havi ng a base 54, a
sidewal | 56 extending upwardly fromthe base, and a

Figurall68.a sdeeclE¥atiah of BRRAE AbpsitRA aéfjaaﬁaﬁ%@éfﬁr&ﬁh'ﬁg&re h3;

use in the :chanber 52 by depending through.an

aperture 60 in the.lid 58. Insulatlon -and seal ing 15 -

FlgﬁFegC s.2 g}tﬁ]:ﬁ'rngl&réq %ngiﬁﬁd%’ﬁ Bgrérélp ?]ﬁtftra@gtlwégpre 14, taken '

~ onliRe1Pqsarc. apparat us. 50 and the I|d 58. The chanber 52

further conprises an outlet 64 for evacuating the
"chanber and an inl et 66 for |ntrodu0|ng a gas, if

P 08 RSl bl o 3L A ﬁsseasraymmm

'mE(quﬁj arger. or srraller d| aneters. 20 As will be

understood in relation to the use of this enmbodi ment -

as descrlbed below,-it is preferred that the .DC are_
» 50 depends .in ver,tical orientation; thou '
F‘?’g‘? a el?c"“ﬁ%ie‘ﬁ%"eo BHE 4 Pﬁﬂﬁ?‘?m'?ef Componsat is dise yithdhe agc deposmon
ap dﬁﬁum@ﬁﬁe@ﬁpﬁi?@fd@ 50 to depend at any angl e, of to-

e nmade avail able for use.in.the chanber 52 in a .

hori zontal orient ati.on by 25 passr ng through an
devvaII g.to Figure 3,

A h . '
F;g?%? i%atogvgt%gﬁ, ﬁgmg@n%h%qqt@ IB %’35?)%\7’& us SUpport :

70 which'is

Flgure 19 is a sectioned v1ew of the component ﬂlustrated in Flgure 18 taken on lme |

19-19;

Flgurc 20is a sectxoned v1ew of the componcnt 111ustratcd in Flgure 18, taken: on line

L 2020;

"25 s

30

-
R s

Fxgures 21 and 22 are perspectwe v1ews of components for use with thc arc deposmon .

‘ apparatus 1llustrated in Flgure 13 and

. Figure 23isa pcrspectlvc v1cw ofa magnet for usc thh thc arc deposmon apparatus ’

illustrated in Flgure 13
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- CUTEIRG AR -
and REBLAAG e B Y S2 FBEA el BF BN o %gma\gpwafdlr ’
 fromithd bise, anddeli: 5Q0The Dmeare alas 34 lSJ raa@é Avingel fBPuse in the
':chap'gneﬁ o
ER Y ST e :

- ‘betereati the IR3adcapparatd 50RgA LRl B Thd &alﬁber%%ﬂh&%mpnses an
. Out}g%th:fn t he apparatus _support 70. 15. The -magnet

sealingly seated in the lid s aperture 60, and from
whi ch depends a target in the formof a hollow
" cylindrical cathode 71. The cathode 71 is made from
material that is required for 30 the arc deposition
rocess, but is typically one of copper, titanium or
DELAILE 2} RRtieh FNBARHIMENTS OF THE

IE@%‘HO@‘ s such as chromum or nickel may be used,

in practice the choice of materi al islimted
to tHose which are able to. be formed, nolded or -
‘machi ned into a hol |l ow cylinder. The cathode 71 is

. Thwgfgfreq probadiments of|temvhntiarhwilhbe best fllwtrhed batrefeding to three
may. _be.cho m-the range of 0.1 to 2m The cat hode
-cxaqﬁei?é@“g‘ ag?ﬁt‘éermﬁ?““%dﬂ nPrgetleind a wal |t hi ckness

“of typically 0.01lm but may have a diameter .in the ‘
range of about 0.04mto 0.2m-and a wall thickness in

‘B Jlni_ﬂ_ange of ‘about 0. mto 0.02m The cathode 71 in

this exanple i's attachable at one of its ends 72 -to
the support 70 by a.collar-5 73, .}hough in alternative

| .Re@ﬁ@qgﬁ%géik%ﬁn usi ng S '{%h@g'? ?g‘fﬂf’go i eggg‘? {’Od'me“t
- of thbimvantéeh i an argdspesition appdiadas (L& f6ME BE B cMBnRbr DRS(direct

cat.hode i's rscﬁch| red. The apparatus support 70 .includes .
for eapigsien pf @ng én ararefabblmstaumiessrm evacuatable

"flogé" 10 W|th|n the cha er - that is; the catho
by ferrdug throwsh praperture 60 an thedid 3 Talsuiatlmmmidmahng

Preyacuplipg Hter%lambﬁbwdca;r r@leaﬁfiligvntrpdecmg]agas 7ﬁ;equ1red The

B T WA B R 5 o B s

- 20

- :-'_25 .

- 30

maaﬁeuﬁhmb::srﬁﬁlld:%nﬁg@et 80 on the shaft 78, -but also
suffl cient friction such that rotation of the shaft
about its axis pernits rotatlon of the magnet 80

WBg%ﬁJ#.ons R %0 B BP9 e RalrRn oottt i

- preﬂii)red"t'lila& 5D Chur @hkatuPSO BégeRds H6 %ﬂ@él'o?i%ﬁfaﬁbﬁ €hough in

el ongat e. par allel main portions 86a whic

_ alteéww@lg R it may be desirable for the DC arc apparatus 50to depend atany. -
- angle, or to be. made available for use in the chamber 52ina honzontal orientation by

iy _passmg through an aperture in the mdewall 56.

' Referrmg to Flgure 3, the DC arc apparatus 50 compnses an apparatus support 70 wh1ch is
~ sealingly seated in the lid’s aperture 60, and from which depends a target in the form of a )
" hollow cylmdrlcal cathode 71. The cathode 71 is made from material that is requlred for -

“the : arc deposition process, but is typlcaily one of coppér, tltamum or alurmmum ora -

sultable alloy thereof. Other matenals such as chromium or nickel may be used however

in practlce the chcuce of material is limited to those Wthh are abIe to be formed, molded -

or machined-into a hollow cylinder. The cathode Tlis about Im in axial length, thoug_h _

-11-
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15

20

78 3L

andRctFBR otidhs RS A4 MR R W) Pebeeg én ot ba s pelar .
. pomonst mmﬂrﬁe tieed eRhe @b, phﬁﬂeﬁﬂ‘éﬁ r%;}g){y iR %@H S§£ced bt o

fromthe axis 82 and from each other. The nmain ,
portions 86a are joined together at one end 86b by an
end cap portion 866, and at their other end 86d by end
cap portion 86e. In. this enbodinent ‘as illustrated:

" alter ;@E%éhﬁ@ch%g%eé%lgtﬁgfa%ggo élgto HE | ﬁape%a%{]q%pggehagg dtameter of

aborit 5 mendel i DAE BRI GF ) kal iy, @)ﬁnﬂ%tgl%a BE MBeindEin fperange

ach bei ng equi spaced fromthe axis equi space
of gyo8H-Bdmo 8t2msan arwell tlickofespi the rangeof bne 068 rREE0.02m. The

. "cat%c{ aﬂQﬁ?hx? %ﬁ{gp Hﬁ)ll?nﬁ ortions 86a of the south

neiqf dis ends 4 e syppoat By a collar

ar “por

73 dﬂod’gﬂtm aRGhadle érﬁﬁe&ﬁé hb%%ac?e%gn gggecﬁ{?ﬁ%%lppoﬁtm An

of the south and nort ar por
advanuge thessinghthe eouardﬂqafceatmeaﬂed Arafigghett iscthhi BSI8adfhing of the

: th of .the magnet 80. This effect
"atﬁ?cge\}? 6%@"%4 Qﬂ’g“at@%gwwe 70 ymioctm @euam poujumd74 and a flange 75

abouft H{érfﬁz'uﬁ podf4l, Gk E ?Eﬁe‘ﬂggﬁ e Ofl rofgtg{. %ylaonsegge DCarc |

over an em ssion_s ace

appamgumﬁﬂsorr thbllid S8atey will be @iddrssddd ag AaRfde 718s m&%g é@t‘ﬂoat”

: gltilagaion surface 89 i's in the range. of
W“E"d'rtg? o) - d56 if theathpde Tnat greiindei evabl e. by 12 the

_rmgnet havi ng a- field strength of about 1000G G ven -
t he di nensions of the nmagnet 80 with respect to the:

Th@Ede eppatatug 5@ alke hglides  fetatabRGaA 78fwili SII&E)%HE la%ndgﬁet 80 for

. tely: 80 %the | ength of the cat
mt%tﬁp a%PH‘gtﬁ Crefadt’ s &HE B A(ﬂowttﬁea]aiﬁcucorﬁi?’tfhemmﬂgaﬁe shaft 78 is
. co[ﬁ;&iﬁécﬂﬁﬁhméﬂeaé %@’%8%%# s less likely to.nmove off

el t her ‘ e cathode. In-alternative 5
" enbodi ment s, the tunnel- | engths may be from50%to 95%
of the 8at hode length. In an alternative arrangenent,

Th‘t masnst 80 somprisisa ceprakipeikecre Bk upom thershalit 78] havuhg’ aahiveﬂ';cuoh fit

8 ALY 005 D o R B B A il

of the spgu¢tidd@nahe sha3618; , 20612186 shBitiehhicEBh BudPihbi x%%oﬁ(iﬁthe shaft
The: ﬁgoke | i'ke-end portions of this 10 alternative

BHe RETHETRaten of thoroagnet 80 therdweitlaxThse &ie SHistpmai south’

~adjustnent.screw 98 is thre

. fm{ﬂt{ée 882 alﬂﬂ from eachathenl The M}QMOMMajom&Etogether at one

ond0 ty BVllcnb D5 PRARE ol S RRT B b v e 8. 1n

. | _ thid dsbaibnen, ABlludrdi@Bin Figies DA% 3 e XRA Bortlohs %[58 Vi §€e 4rd disc:
25

.. the form of a
. The. magnet 80 also mcludes three distinct elongate parallel north polar portlons 88

each being equISpaced from the axis 82 aud equaspaced from each other “The north polar

‘ POI‘HOHS 88 are arranged between the main porhous 86a of the south polar porttons 86 such : o

- that they alternate with but do not contact the main portlons 864. The arrangement of the

30

south and north polar poruons 86 and 88 prov1des three elongate tormdal magnetlc fields
a}ong the length of the magnet 80. “This effect pr0v1des elonoate magnetlcally bounded

. looped tunne about each of the uorth polar pomons 88 and over an elmssmn sutfacc 89

of the cathode 71 The desuable Iateral ﬁeld strength of the magnet at'the ennssmn
surface 89 is in the range of SOG-SOOG (preferably about IGOG) ThlS 1s achzevable by




~helical - spring 10.2 i nbetween an abutnent flange 104
fixedly nounted to the shaft 78, and an end 104 of
t he. magnet 80. The biasi ng nmeans bi ases the magnet 80
~toward the end cap 92 and upon.the screw, end 100. 20

As illustrated in Figure 1, an electrical power source
the mggnephavigg p f}e{S‘r&WPﬂé@f BBOWEROGH Giveathissimensionsofdhe magnet

20 SRR AT, 7 TN il e o 05ty

‘ 80 % e iﬁﬁgthbﬁthertatﬂbﬂe r%@ﬁn%’&o@c&ﬁﬁﬂ Bt tHeREHR HthathdlR surface, in

-t.He resistance of the cathode 71, the voltage is
that thyepire & 1|e§*S 3glyio mpys off ngh@acenﬂazmr@ 128 thheatdtiostie. Kilalteasative

5 emblitRORE iRty BheSHEIRE bt SR IEnshor

fl owt hrough of --cool ant. between t he magnet 80 and the
cathode 71. For this reason, the magnet is -usually
Inag ahtrodtwmgemaxythp a&nd tpot'tﬁms ram/@@ikedtkﬁ a0 rfially dibted, bemg
s typically water, be any suitable

joiopg (ReRthg Fane oa Snbe dx i 644 bane Faly @Rt o tho s fo their
resyBRNIR 830 b QTG L FhEL OAioAERBPITRL SHRERE chilpBrtions of s -

-altemative drargenehtmed nabbeihoinid 6 thietaxes 8, bubeinChaaiRilly directed at

efera I'y adj acént the chanmber -"si dewal | 56. The lid

- _ano T 38l R e axigpionFsamrledmraedeindy central Iy

= 15

: ltelgglaplprlﬁg

therefrom i's -13 positioned to hernetically close
t he chanber- 52.- The chanber 52 is then evacuated via-

An end ¢a3t 954 attachableha wiesthex @il of thé cabeds 71bPa eap collar 96.- An
before .i ntroducing a gas.via the inlet 66 to increase

| f adﬁﬁ?@ﬂﬁﬁé&%??els threadedly ergivhd in the end cap8to lsmlky aciam ge a;ual
o B i B0 HIERGAIEC B TRtole7| T BebNG gy b

updatua ¢nd|160 of el s&reﬁ)nOQS | ApsilicbbiasthReneihe lisﬁﬁo@fde@ t'i&$the form of a
‘ troducgg to the chanber. 52 depends on the t

f
inhegsyeen ap,abpisnens flangs Ho4 Bredlmaya Oithmsita&e% and

o 4 RREl  8y eHhei BBEHE g 8 o o

.‘- .20.

30

92 andhgionahescrinkiché 100, | ntrodum ng oxygen will result in

“metal. oxi de:coatings, where the netal conponent 'of
t he,

o '_; As illustrated in Figure 1 an electncal power source 105 of DCis prov1ded between the

cathode 71 and the 51dewall 56, actmg as an anode. Inuse m the present example the _
current of the DC source is about 150 A, but may be in the range of 60-300 A. Depending. -

L _on the re31stance of the cathode 11, the voltaue is typlcally 25V. - Applying DC to the
L _ 25 . cathode 71 has the undesirable affect of overheatmg it. Coolant inlet and outlet poxts 106

- are therefore prov1ded for ﬂow—through of coolant between the magnet 80 and the cathode -
g 71. For this reason, the magnet is usually coated in an epoxy paint to prevent corrosion,

" The coolant is typlca]ly water, but may be any su1tab1e ﬂuid which can be used to transfer

heat from the cathode.

In one preferred method of use of this embodiment of the invention, substrates 107 to be

coated are placed about the centre of the chamber, preferably adjacent the chamber

: _su:lewall 56. The lid 58 with DC arc apparatus 50 dependmg centrally therefrom, is

. -13-



nitride or oxide depends on the material used for the
cathode 71. Once the desired chanber pressure is
reached, the shaft 78 is rotated by the rotationa
device 83, the rotation of the shaft in turn rotating

L TR e

he nmagneti c &F oois JhsroRyagyated via

outleh 64 Rg BRAMBE prasE® of BBGutIRTV B e @ﬁit%ﬁﬁgmtg a3 Wid @E8nlet 66 to

89 of the stationary cathode 71. W at onal

incrsgesthe PEﬁSS‘Efﬁé“ m@gqhembw Shiorabohe3mAohrelmghin bRernative -

T emhgaﬁxéh@%a #%nggﬁflwnf@pﬁo% Sspg\e dche r&)god tragtnt]he-lrgcinn of .

0

- 20

‘the@medmgrﬂaﬁﬁgoﬁgﬁgber of rotations. The nunmber of

rotations required will depend on the thickness of
catthode 20 material. desired to be coated on the

: bstr urce 105 is-actuated to provide’
Th%&eoéﬁ%f‘gfﬁé%‘&‘ﬁ%é@m@f 52ilepends onitheitype efiveatingadesired.

Ex4ifQed bf’ﬁu%hﬁ&ﬁ@a%&ql inGh& lgi@rog&]tl ?gl Igglg.n ; heg ulrafgsgrgnt?f

the cat hode 71 ce a

intgodugcihg cutrmn avili resalt in hfeml éfide efatinds oft Whd a®8urat, Wit
t hode, as 25 charge;-1s passed fromthe cat hode to

incspflacifie Simsn ol ewl iR el axeda eRglings, isrcahodusal Formpotent ofthe,

nitdide &' &u&@&éﬁh&@&h th sehdrldlt %1% ‘{ﬁ’ghh Wgﬁ 3'13 typically

used. Stri are known so w.l |l not
be di scussed i'n any det ai.l |nrelat|ontothis '

: magnetic field tunnels contain the o
. O“?Fo@&%ﬂfedo‘? af"r‘i’éf BEeSUrhis reqohed. the shvéb?&astrhtated tiyethe rc&anonal
| deva& $) e doMRicRor il S ﬁﬁ‘nqgfé{l‘l he'] theg?(y tﬁ}tthg cathoge 71.
15

.cathode, eac WI In a respe

This gavsek the thagretia ﬁeld?ﬁnhﬂw&)/ﬁﬂlow&hé wtgdl&. & the hiighr
where. the siriker strikes "the cathode 71; egﬁig gﬁ?gucmhat

they H“’c"ﬁélr%*fi ienrkage ﬁa@éﬁegst@tmma&mdamau&me thenmtational speed
_‘ofﬁlhendgﬂ&t‘hltmg atﬂ&fet’h%‘ﬁg and WL t s..respective

magnetic field tunnel &tant i, %em limgp(it fyabout 10

rpm. h'ﬁh@magmtomﬁﬁlyrrba&ﬂ Withih @id Barge f&%qiré&e%&n{iﬂ&ﬁ@ﬂhbérfo?m
athode 71 is nore intensely.ionize

' -rotq;gnaa.r , ggum PAEPYs rehairebwill émendng the thickiness ofd:la&me

maieﬁafﬁh% r ewal | 56. Most positively
. ¢ch arge ﬁge%% r OWn lﬁqa Sm t he cathode, but return

- to the negatlvel y charged.cat hode, due to the ions'

tive electrical charge. Sonme ions however, escape
- i

SOHEREGO-df a¢tnaied ta provide Electransitat thaathodat7 B Tius in turn creotes -
romt t hode, 71. Sjnce the

e B R S iR S0 0

o _ .predetemuned charge is reached, an arc may then form on the surface of the cathode as -

30,

_ polar portions- 88 and w1th1n its respective magnet:c ﬁeld tunnel

charge is passed from the cathode to the: chamber sidewall 56, actmg as the anode. To a1d

in arc formation, a striker (not shown) is typlcally used. Stnkers are known in t.he art and -

so will not be dlscussed in any detail in relatlon to this: example

The magnetlc ﬁeld tunnels contam the movement of the arc therem In theory there may : ..:r_ e

be one, two or three arcs movmg on the surface of the cathode, each w1thm a respectlve

| magnetic field tunnel In pracuce however a smgie arc 1s formed where the stnker stnkes S o

the cathode 71, and moves on the cathode surface 89 around an ad]acent one of the north ., |




s

sight, certain ions coat the substrate. .10 Due to the
presence of the gas in the chanber, electrons fleeing

" the cathode inpact and ionize the gas nol ecul es.

'Types of coatings achievabl'e are described above. As .
di scussed above, the magnet. rotates during the coating
process Therefore, as the arc noves on the cathode

e B W SR A PR G R i i e

g catbole 7¢ & lh@tielnteﬂse?y ONPRRI RV apBINaART Negguﬁeeﬁ gtgdt:gé %le&%?s are then

angul ar, direction. wth respect

draWhéo e anods, applangten sidb@alling. Mo pdsitivdle chirge®idns ard town
d| stl ct vanta es over the prior art. Firstly, since

Igr tagfu the,pegtiyely charged S?thﬁﬁifea‘é@é?mene@s positive

I on e cathode’I's substa

‘.eled&‘?&ﬁ Eﬂré@%&ﬁ%ﬁﬁ? BbwRler 8&a e%?lin'{é]% F?t)(/ %‘hod%? agxlfi%'avel ina

even

' linetdfesigin taivag éront the chbodadhesinee iheduseites 28%positiOned in this line-of-

..hove.relative to the cathode 71, an eroded trench

- S‘ﬂ&o‘iﬂ“@“’e‘?éﬁ?‘?ﬁﬂ@f@%al ong the path of - the arc, thus

10

~wastefully underutilizing the cathode 71. Also, the
l.ocal" heat al-ong the path of the arc woul d be greater

.Dudi focthe present @f eheQias i theQNMBEE cldcRbhY flddisk (R cBthode impact and

I ncr eased productl on of unwanted macroparti cl es.

. . lonpgthagas melerleso Tiymes efraatingeahivmblegradesatibed atsnvies si on

“of ions fromthe central |ocation of the cathode 71 in-
‘the chanber 52, it is 25 possible to coat nore

j As disbsisedilove tht BLQRetGOMBR! Reingithlcing proXass, r'ﬁserabkms the arc |

20

froma fixed cathode and magnet from a side- | ocation .
mow&qa the §§fb@@e fustage 89 stithin the/sgoang ougneit fadidpeth, cathode and gas

o t field-t
* e B TSRS b S
| -ang?llar direcfitRodithaespectind |tlitgcd!§(ﬁieof L.tTR 1€ 286 &p 86 bid method

30..50, -two eroded ringed trenches formon'the cathode

: "fhe@égﬁt}la% o distinct aleantagen overrthe peigswys Birssly, sinpothetapparatus and
» th Thi -
TS BTSSR0 b AR B s o

jonk bethe@anhd@w sebstAQ Al ly@veS Boodt e Sdthdile! 9PHRMmaddifc field did not -
-adj ustment screw 98 is provided. -After a

. OKg. Eﬂ’d@t‘@rtﬁwthwﬁmdﬁﬂ &r ampgrodedhtrena wowd eaen’fcdly fonm adengethe path of

e, W TR A 885 AR B BT o e pa

trenches and thus further increase the |

of he afd wiild b8 eatdr m@anféiédm{ek@&n e Jaﬁl%dg rr@QﬁEin rpgn nﬁreased
: 0

" | pm@la@ttmref uns@nteﬂ maseomatm;les lﬁmheatdas tathe qq:l mc%@ Mo viidgearigular

ch ‘that, . th bet ween_ t.he: cat hode

o _ ermssmn 0? 10n32fr0 e central locatio e cathodenil in the ¢ amber 52,itis

. : 25 possmle to coat moré substrate surfaces compared with emissions radlatmg from a ﬁxed

o cathode and magnet from a side location w1th respect toa chamber

As discussed above, the longiwdinal length of each magnetic field tunnel is about 80% of

| " the longitudinal length of the cathode 71. In practice, during use of the DC arc apparatus -

50, two eroded ringed trenches form on the cathode about its axis where the arc passes

g t)_vei' a point passed' on a previous pass of the arc. This ringed trench is adj acent to the'

' '. longitudinal ends 108 of the north polar portion 8. For this reason, the adjustment screw

98 is provided. After a predetermined number of coating prccedures, the screw is’
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the Jifgjo

71 and .the sidewall (anode) 56 is substantially.

bl ocked, the arc nmay stop.during the arc sweep, thus
resulti ng in a breakdown of the plasma, or em ssion-.of
cat hode ions: To overcone this problem and in turn

o P e AR Bl S ok Rl Prrone

preveit} dt st #Wefait] 1R IS HRARdn dIRE @xroﬁg tr@ﬂcfl\h? A libﬁog.lé&teiincrease ‘

en the ca

the cathpds. rat es 107 to  provi de an. el ectri cal

: path. Six rods 109 are typically used, however nore
‘less.rods may be used depending on how nmany are

are Erow ded in the chanber

g 1500 P LS e e vt

71 swlthe sideosll ambda)”ﬁﬁ Batbsan@AUI6cked; thabrotRly $0p Bhe e arc
unn essa{ y . the igon em ssion fromthecat hode 71 ._

- sweep, sresp qug 1§ p brepkdewa 96 drc @psmayar emB6ioniof cathode 1ons To

eSOl S O BB e
~ to terdoaidpsecoddary htcﬁleei@tmlfem b Gertibi ShdiAlBds AL P@f&%ﬁg Stamless B

n rotatabl e carousels in the-formof rotatab
steg}} afe @Eovided ip s harmben 52 bpbraeathscatiele 7l and dthessublrdthal 07 to-

proflde gl pid) 5P b 100 5 Sl i NNt morye s rods may

bensedtdepeml&ngmwm fare ﬁs%uﬂ&ij 'Pﬁc?roﬁ@ﬁ@é ﬁgllﬁglee{dcgﬁ the '-

coatj ng process In the exanple. ‘ilTustrate

- commypication with therpideavall 36 fuglor tha bX? scatml%(hhdalnﬂnérmw enough 50 -

' bea ar e 0 e to.use .. -
a 'm‘éﬁ%Fﬂ %ése@%dt’ iR fofidicim e CP@'QQ ﬁbg’t faurge like the
 chaftitee sidatvall 66 )t istub@ve6idhBld 904t $hd Fods THY wilfbe g&ﬁ%{) dmitted jons . ..

cylindrical and-have the substrates. place
Slﬂt%'é‘ﬂée'f?mﬂssnaﬂgowpn@mf:mmionzs carousel s; further
i ncreases the number of substrates. that. may be coat ed
duri'ng an -arc depasition-coating procedure: A-linear =
In thisgoample) tHeeabatees @k pche of mhﬁUﬁ%ﬁﬁS&gg’l @E%ﬁfl%f {fatable
cl ean the substrates prior . to coatin
plates 1y 1 uporewhish subsiestescare pleoad swuhdhatraﬂymhs of dﬂ:tmﬂstrdnestdie

RESOE A 9 s TP oL RS 0 B e e

| 52 ambirengaQbRduging ShelbdaliRl pro@bs. Inrtﬁee&a%p{%ﬁﬂlsﬁ%éﬁ b Fighfe 14,

25

30,

A There are many types of substrate 107 thch may be coated in the procedure For ;'

such an enbodi nent, the procedure Is

3 there are four substrates 107 and four plates 111. Aswill be apparent, it is possxble to use - |

more or less plates to coat more or less substrates. Altematlvely, the carousels 111 may be

.'.upwardly cylmdncal and have the substrates placed about thereon Having cylmdncal 3

carousels: further increases the number of substrates that may be coated dunng an aic - - -

deposmon coatmg procedure

A lmcar argon jon beam may also be employed in the chamber to clean the substrates pnor _

to coatmg

example tool punches or anvxls may- be coated w1th t1tamum mtnde to prov1de a hard

coating over a relatlvely soft mtenor {eg steel) In such an embodlment the procedure is
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- perfornmed at a chanber tenperature of about 500C,

~ though may be between about 400- 600C, resulting in a
coating stress of about 1-2GPa and a hardness of about
2500kgmi 2, where the heat in.the chanber is

per@R 8 gt ittt e COUTE o ey HoHetwper b 400-
6002C] rebREAL UPa | b@a ?%HEss%f A5 1- E@Pg ?d gh?rﬁlgtfasléc 2 8h?'é\73gplégmm

reduced FTesul tant stress conpar e

"Whﬁb'? therhganimrtbe bioatsbdrss praciied bgbheplagaa Uﬁﬁcoﬁrﬁﬁn%&fs%ﬂﬁﬁ stress

of %gratl n?hpressure of . 3nlforr is less than'|Is used
¢ SQdungs povrrded by prier arhaedpds is abbet 2-3GPer Thur e

. | | .‘ ’
ol ATl S DnfAR 41 S R U kB ot s

achitivilile batdust theqrélea¥®opdendBlciudd 5 3ol ?é’ﬁ%s Wb FdY S o?

"and at |ower pressure-it is more difficu 0 con

. kuomem%tpeds (t30mier) apd theeoforsithe prmqu&t&re dfyhd hﬂlzﬁd atitles can be

Tess, Mo Pt b B Bl Sk, b b shfioudt o achieve
andwidiatair ﬂlcaﬁ\be@f@ﬁurel Ahd U MRer g@ﬂe‘ilsrs ngcg'fe Eeﬂ? yile to cquggxl the arc. o

plastics with high nmelting points my coa
Th? BRPIGERIBERLS Praposed Hyuthe ipraseal inténtionpillopahzdowbXgeRuesSto be used

- Pra‘&[&gj )l';de opht hal mi-c appl i cations and nobile tel ephones.

‘instance, an aesthetic reflectlve appear ance nay
“be provided on sungl ass -l enses -or. durability of optic.
enses or nobi-l e tel ephone casi ngs maybe i nproved .in

" Dugigithglayer Oharaungmpesaxumwhch Esichierod dn attids exgaples, cortain

th f bile tel eph )
plagties W@iﬁ@ﬁﬁa el S aairfiﬁ‘g’@éa%mﬂ% CHRye oF g&ﬁwaﬂ
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; purposgili Eﬁé&hﬁeﬂﬁfcﬁ]de%hﬂﬁﬁﬁi%%ﬁghéﬁ%nﬁanf“ln%ﬁfl% I%('iﬁﬁl%p@s} EFor

_radiation.fromthe tel epho Int direc
instancey msa%élmc rﬂﬂﬂOﬁVﬁappeamMe nrayrbetjmmnd@:l obsunglBk Idkes or

’ h k h, b d b
- o bR et b e R T Dy s g gt of
 hardifesd, Bératdh\edtitaiit Al lhlgﬂ&vi’em?c%é&e 3@56 he ghﬁ(g&se B¥ mogﬂ% éelephones N

‘reference 10 Fi gures ere lirke're

- the jpigriaraf the Pl@mctdaemgnmm hwzda;eddaﬂca sldemlens@PleddcedBE the
S|nt anple In this exanple, the
_elecB%malgggLé p‘%gi’ahf)ﬁ §f°§b tesle ARy therfhg:ﬁtlgxb phihgruser’s head. This may

o - aid GiieahdanP e riskQf b-fztiﬁ t &ﬁr ﬁ‘l@fﬁk%ﬁ" %‘i@m%} belilh%réage 3? lm% ile |

.on five sides 112

' telephene_ use.

Ex ple2

w

- o Another example of the invention wxll now be descnbed with reference to Flgures Sto

h '12B where like reference numerals from the previously descnbed example refer to like

. partsin thlS example. In thls example the DC arc apparatus 50! is housed in an apparatus '

R subchamber 110 The apparatus subcharnber 1101s sealed on ﬁve sides 112, and has an

B 30 '. . open port 114 for fluid communication with a complementary chamber port (not shown)
on the chamber 31dewa11 In this embod;ment therefore, the DC arc apparatus 50'isin |
: 7 commumcahon withi the chamber 52 from the 81dewall 56, rather than from the chamber

:'centre It Wlll be apparent therefore that in thIS embodlment there is no aperture in the hd

_1'7_



30 open port 1 14 for fluid communication with a
conpl'enment ary chamber port (not shown) on the
chanber, sidewall. In this enbodi nent, therefore, the
DC arc apparatus 50" is in  comunication with the

58, &t&efm%s VAR Fet *lﬁeédtﬁrfd@ﬂ m?cPt et ne {]se(fha” l2mihe

centre. arcqlanar,

proxmmatc pmllehldmbsrrﬂlhb calhbdé B1'ihgs m@emgﬁtaw eﬁnlstbxtéaﬁfa!:é @b ' and has
o.in this enbodi nent, the cathode 71" an

dlmepﬂgnﬁﬁ&ma{{ %Q&m 50028 aﬂgwevqr,yasngﬂldw urplemxombtlie cathode 71" may

hode .71' h |
be SRR O S ialhe? PE Sl B RIERIGS Ol e Sohodk may be dmny

0.2mxx 0.082m ABSOVaY €iithodSm) htv&euﬂaaﬁéo%ﬁ&& Ct;r b%%%aﬁﬁ ﬂ%&%

71" may “be square, or. of |arger or
di mensi ons. -For exanpl'e, the cat hode rray be Imx 5

O 0 T BB et e

asselﬁbmrto%haab@, &m@aﬂv&ﬁntﬁ@&be é[:lel 16! Fab ?ﬂ%‘i&?ﬂg

of cat hode assenbly 116 sl rmun

* clamp mm«wm iothe Gathibderassembiy 7l 1r6elleetasfa1k1|im arfd s%ﬁald fifine
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‘subctgt% Qgeé_g%ﬁ?ﬂd;}@he at hode aﬁgﬁg‘gl 1%%&2&%&%@1

b Feyars o fra
Ry Ec 0 rtitt)% Eiegrﬁlgi %ﬁl% c%ttﬁg&l i s?ﬁ%’(ﬁ 5‘%%%2@&8 n@?ﬁ})‘ﬁ% F‘t and-
SuPP}f?ﬁQti by 12@thagll_@ﬁ'ameadﬂe tﬂ‘he Su;qmtt l?lstu p]!;yarﬁltﬁ@h&,\,g a8p &@BP?Q@Ohng
r ane e s ate also functions as part -of - -
mec‘aa"aam TR IEACHIB AR cRds 74T Whemiuiter Morre sve taubpatbplite

2 o el it Uy SRR e

and lmgrhfoam.y poztoms totfialititd Maid dlowlof a dcﬁ)l:ﬁﬂ,dsulaﬁﬁs Rt Otllére%rough
téafnStOf #ltateflwdflowof a cool ant, ‘suc
iy any pptfet 4 26 BiRyile ingysss andegress of ampoammm the °
s gﬁ 14RE 9yp d r&ss, of the ol t hrough
PPt @; sgppo??b gﬂgtﬁ ?f@gq’“@ eﬁl%n 8%- Tf%t ﬂ%lﬁi?"é’tm‘f? ation to
thecathedeﬁsamdaédas itfuftratedlinEigwren b@aiilon to the cdthode
frame 123,. "as illustrated in Figures 9 and 10. 20:The .
- cat hode assenbl y 116 is novable. laterally with respect

beh his .
mhe N 10 RS Sl
the sp!mlmrﬂ:ter t10. s'nmswlﬁavab%% a IRBRerhdHe WiBkhs & ﬁlgtl?ﬁﬁSf?ﬁﬂeumattc

OW.

perates conventional [y, as described :
S“ba%ﬁﬁ 1 bthalheeneaimagin gebassembly 129 wpgratets cBfiveritionally, as described

vl AR BN et s TR hrnsrmen

meatfsl et tlﬁtclatlﬁde 71 fixed in relation thereto In yet another altemanve

emlgodlment both the cathode 7 and the magnet 80" are laterally movable

The maguet 80" prov1des the same functlon to the magnet 80 of the prevmus embodtment

As 1llustrated in Figures 12A and 12B, it mcludes an elongate looped south polar portlon - ”; o B

130 which bounds an elongate north polar portlon 132. The south and north polar portlons

are fixed to an iron support platc 134 by spacers 90", The conﬂguratton of the magnet 80‘ : S

provides a tunnel-like magnetlc field, as descnbecl above in relatton to the prevmus o
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o usf F0pSbdes Grn &g

| ovolanamatiagee] § 080 o oA SRRLGROLIBYMEHE ApC
_sourggds prqwdeddnmmhe celatel Tiedndiibehinbésplars 186, ThestaRovE0 is

: ‘The magnekic .
> surfaB@Bf‘th@fca %"?‘f’ s il fhe A %cﬁ%? t\»ﬁ{éuri fig Gt g%%ﬁﬂ% él}eﬁborth polar |

25 enbodi ment, both the cathode 71' and the magnet 80
are laterally novable. The magnet 80' provides the ‘
same function to the nagnet 80 of the previous

enbodi ment. As i I lustrated in . Figures. 12A and 12B,

i ncl.ydes an ate | goped south pol ar ortion
cmbogiypeit 10K TS SrieHor téllwb@harp‘zﬂréﬂﬂpmfmcmeaez

adjusm&ﬁ@r‘éWSa%l OJHBQE %ﬁ‘u@fm AR’k tt%qggépuda nﬁg gcf)slrg( §8of Be A1 magnet -

i ron support p ate spacers
wuhméspgolrtatthmtl&fdeﬂml?vrﬁagﬁ orBEbd 1350 A 1H@Sis Attached the plate 134.
* tunnel -1'i ke magnetic field, as descri bed above in .

relation to the previous- _. enbodi nent. The magnet

b Y R R AT SR
of a paﬂftf_ﬂ dnddd: plates N96] ThomdHe fidtes IROARtar C}a@ﬁd MHe Wﬁbérﬁitb%ﬁ 10by -

to the cathode 71' via a support

"_brackzrta E$hehich aee spamdeo aHaw Bovesant bﬂs suraaemo therEb@tWeeri sich that . -
' al s Iud subeha er is an, angde in
- the siRer Pig B Gind}fin 55R00q Ty e DimRpe ! thostiken desathed above in
L ’rcferéﬂcg&@gx;ﬁ leAr e attached to the-subchamber 110 by

brackets 138 whi-ch are spaced to all ow novenent of a
-striker 140. therebetmeen such ‘that the striker 140

can, strike.the 8@“ ho The; purpose of the striker -
ped are awﬂé’P%tf%‘tﬁb@ the,chapshes 52 beforg thejchamber is

source, IS prOV|ded bet ween the

| d |
thon SERATCEN an 4 EX the coliRe 1 BRe pRpAcen o St of deatiod
ina lir&—oﬂ-eﬁgﬂ mahi@ld ab PreYider ?%%e@éhl?eﬁch&o%\tep ﬁu«% E)t tgg QﬁagZ}sanc of

-The -arc¢ provi des for ssion.b

'-the chthpde Bf'; &le ghnssmnnm dirceted gereeallyotoshy calies off kikathanibeysY & coat
B nar structure of the cathode 71 the
S the S‘S‘Fﬁ?‘?&t o:ﬁ‘f’@ E’ét“é”d *ﬁ@i@q@él%ﬂ@m%ceeme}@sdpsqrmd in
'refer%'f@@ka%letpt(?%hre Efar%%ﬁ%@cgﬁéd atf fhletﬁ%r ares may

be placed on.a rotatalle caro scrl & PrReess:
. reference .to Exanple 1, to ensure they are evenly
~coat dtfd!ﬁ% the DC arc process: 20 The magnetic
FrsQvidetiby (hermrgneh Bl contays thearath of e pron the
such that t

e-arc noves w unne

. magneopoitiqudi3ar Tormeveat thedoimaionlsian efeicdtRYERbn titecathode 71, the

for.mati on of an eroded trench on the cat hode .71' t he

'pneumattc subassembly 129 1s empioyed to provide recrprocatmg lateral, or 51de to side, .

o . movement of the cathode 71 to move the cathode over the matmetrc field of the magnet
: 25 . "80%5 Tius in tarn: moves the magnetrc ﬁeld funnel and therefore the arc’s track across the

P elmsmon surface 89‘ of the cathode 71",

The longrtudmal length of the magnetu: ﬁeld tunnel is about 80% of the Iongltudmal

o length of the carhode 71 Dunng use of the DC are apparatus 50, two lateral linear eroded

e300 trenches form on the cathode along where the arc passes over a pomt passed on a prevrous

pass of the arc ThlS lme of erosmn is ad_;acent the longrtudmal ends 142 of the north polar

: poruon 132 It 1s for thls reason that. the adjustment screw 98' is provrded After a

R predetermlned number of coatmg procedures the screw 98‘ is manually tarned to change -
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. substrrtet cantbe, conletl 10 diferdrs 18eBSEM¥mitad if@oriat tmmrmtah\eﬂ) or have & an .
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.OH"Fé de AR

pneumati ¢ subassenbly 129. is enployed to provide
reciprocating lateral, or-side to side, novenent of
‘the cathode 71' to nove.the cathode over the magnet.i-c
fteld of the magnet 25. 80" x. This in_tum noves the

netlc field tunnel and therefore the arc's track
the laeglasgn% mesitigppt dieapagngh $Q selagee toghe eaibodeatih sl premm at least in

partTthgf r%&h?i' hg@ l{eqh{eﬁ[e@rgagd &en gxe %ﬁln;?ﬁlrﬁ? bﬁ’énﬁ#n%’%%ﬁﬂ@n q&e of the |
cathoaft.hode 71'. During use of the DC arc apparatus- 50

“two |ateral I|near eroded 30, trenches.form on the
cat hode -al ong where the arc passes over a point passed

Tl R b T B b

SIm@ﬁrd]hﬁBerlﬁ’rgssgtéSr i(l)l\ﬁ/lgrgeg{g ﬁ%@é %B;r)lti%ﬁ%) tﬁ@@aﬂ?cgie%ﬁ QEH&@ as

screw 98 [ erm ned nunbe
desagibed ghoveng rplatice thuExsnple e Howewr,3pveni the mmmide)érranﬁements of j

ed to chan e -19 the | ongitudinal p03|t|on of -t
the LA

PRS- IPQIE Spaeedd Prayideddn fagghapober 57, sespligngaintlowen

trenches -and: t hus rther .1 ncrease the
this datten exiempls whefiltompasedrpitleEhmple ®erbodi ment of the
invention is adapted to operate under the same or - . :
- simlar.chanber pressures, magneti-c fields and DC B

In aﬁﬁﬁ&‘nﬁﬁlvé S}nf)&ﬁmégtto}qg&@iggba@mlgggaruﬁéer 5331 ?' beﬂamger ports to .

inrelation to

. opefafia§ terhpbratiiss! Thxst:{iﬁmfs%f]ﬁfﬂ QO b fo'af%rH ﬂ.ﬁ%rpo? t? ﬂoege coated in |

 which treratiathede mspeangemefoaf DA &€ a § S@PDRAES M$srnative

" 52, resultingin.

: sp i S prOV|ded in the cha
—emqnﬁte?m B dourionhigbeipss st onapsor peous reshhembor wall,sud the DC

S1th @56 %r%fe%eh%‘?fere&%hﬁss@& R fict c?ﬁtr%itotﬁ% Fganigerlol . o

Is latter when corrpared W
Ad\anntagbs ef thﬂmmgaﬁ&ﬁdnerﬁdm thaf thesabRtat Ray b@eo:ﬁaﬁwbﬁ &;1&8 than.
f.our hain‘g ports to -which are attached - :
oI ammplf, ipproyide apignium %lgnwumnuuﬁcs(TlAlN)

condh S8 1348, RORAEA B A SRR B oo
50 @pmﬂmaums:a&mdar THmgAE ahothe} (e bpRIEEEDORe apabssh ig 3

centre of 7e chanber.. ~Advant ages of this ‘arrangenent. -
aluppaym gathodes 74" h Ehe sibstratsrs theayotatedapethe darpisehtarbs eoated on all

posed DC arc appar at us

' effecgvely mixed coatmg (faster rotation).

Inspractice, more materials can be used as the cathode 7 1' in this exampie'vvhen'compared '
with Example 1, since it is casierto form a planar cathode than a tubular one. Thercfore 1t

would be appropnate to use chrommm or mckei in thls embodiment as well as copper

'tltamum or alummlum ora sultable alloy thereof While both Examples 1 and 2 are S E

used

- Inone alternatlve embodtment of this example, the cathode is ﬁxed and the mavnet is )

laterally movable.
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des1gned for use with metal cathodes, tetrahedral amorphous carbon {ta—C) may also be S
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50, use titanium cathodes 71' while another two.
opposed DC arc apparatus 50 use 20 al um ni um cat hodes
71'. The substrate is then rotated on the carousel to
be coated on all sides to provide a Ti AIN coat.
Dependi ng on the speed of rotation of the carousels,
the substrates can be coated in different |ayers of

tted . mat sl o t at , h |
In angfReLbTR0ER §F s et E PR R pielio RS 1Bar movement of

the shB¥trateRicASES HeSorl PIE TR @fnbélhﬁle%?ﬁl&@s 5 c@a?m?ﬂﬁ‘ substrates

cathode 71' 'i'n this exanpl e when -conpared
havirgasiphificant lsigheuch ad glasgminels fooefaaipie.a pl anar cat hode
~than a tubular one. Therefore, it would be
appropriate to use chromumor nickel in this

Eﬁﬂn@lggdi ment, as well as copper, titanium or
_ um nium or a suitable alloy thereof. Wile bot h

Exanpl es -1 and 2 are designed for use with netal
cat hodes, tetrahedral anmorphous carbon (ta-C) may al so .
Another ggmplesf 2 prefesied eathadimentiof heimpentionswill nstw bilescribed, with

rete AT bl G0 WA b e B S PR Blesple reter o

.' like parerialtie: pﬂehﬁu@ BaiHiysles: | ‘Fhig eRRhSIE nidke@lidedY the RRAAtion under

nmovenent of  the substrate across the port 114. This :
dlffeefﬁats OB¢RHRE cmhswprqsmre eenditens, nvg:whatsuisstspemel filkeed ceghodic

vaoflyShe névg\?ggggh@ o Ao iR R 3Rt w Grasopigaoss. This

exan@[ﬂ@ ﬁsihﬁﬁmre ebnfififed AR $icBRedht lbw el%‘%lrélﬁﬁﬁ hddvious

reference to Figures 13 to , Wwhere like

’examléme r Biiie exanple M@Hﬂrﬂﬁﬁ’ﬁhpparem r$p1' whidfighotsed ifiGn Iapjmatus

sosels bl o B SR B R R G PR BB s>

. elec@ic88$ proandsl) dl‘lid B ShanTbis h 10'hﬁ1t:1ddas 4 §d496%aWinktin aperture 148. A

filtered cathodic = vacuum are (FCVA) techniques,- suc

N port4§0 iwstachahde etritsprdxinmal gnd &52 toNbe AdIsi6(8 B8 Sonifinimcation with the

RO -

25
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_an apparatus 15 subchanber 110" "supporte -
Showﬂl)éwlsluh homdeathetﬂmbstsaibc‘ﬁhﬂﬁmmﬁei (ihay tiea duaible bend tube, as descnbed

in WO-A—9612653 i,

In this exalnple as illustrated in Figures 21 and 22, the cathode 71"; is planar and has _

. preferred dimensions of 0 15m x 0.2m x 0.02m. While preferably rectangular atits .
‘ _exmssmn surface 89“ it may also be square rounded or circular. S1mllarly to the previous |
- embodiment, the cathode 71" is also secured by a frame component 156 and a support

Ny _l-plate 122" the support plate 12 " havmg hollow portions to allow coolant flow therein via
. ports 157 to remove ‘heat from the cathode 71"

The magnet 80" i is ﬁxed W1th1n the subchamber 110" closely adjacent the support plate

o ___j122" As 1llustrated n F1gure 23, the magnet 80" has an annular south polar portlon 130"

o ,Vi'WhiCh bounds a sohd cn‘cular north polar portion 132". The south and north polar portions

© dre ﬁxed to an iron: support plate 134" by spacers 90". The conﬁguranon of the magnet




cathod:pgﬂé'{canBﬁrmfbdmwﬂﬂm@eﬁmﬁa]dltuhndkﬁrmwmé n{ag@étQEO" i e
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: cathode cmlssmn surface 89" and over the cathode '? i where thc arc 13 formed

162 to collect macrOpamcles which are released from the cathode 71", but fall back to -

el ectrically grounded. The subchanber 110" includes a
id 146 having an aperture 148. A port 150, is
. attachable at its proximl end 152 to the |lid 146 to
be conmuni cation with the subchanber 110" via the
erture 8.. An anode 153 is fixed on a side of the

80" Pﬁgtlf‘eslebllﬂﬂe THe Pagretcdiekdaaul o e pakrmosaen kY, sslescribed
- s SRS O bl e Sl P SORTRAR ARl fcceor

aboua7@i-60hth prenididgihearcalamlescon th%d:ath!oﬂe YRisRiAGhAGS3do df%bout
his example, as illustrated in Figures 21 and 22, th

- 30"6é HRolev 11711 o aPPP@“bﬂ’ﬂhﬁle sedatiaef themedener 84 td|tlme¢mlsmns surface

waf Wi | bl !
9 ﬁthlge}é‘gglélgs gfll%ﬁgﬁg?zl?%soggo%xg@e{egra fléOT Sgt 238:” Zr_

rounded, or-circular. Simlarly to’ the previous
enbodi nent, the cathode 71 is al.so secured by a frane

" Movablamnsenaresovided tcamsuppimrqathoob 4t tlaigaMly andiongingdinelly on the |

planf SR eibian Lta2° o6  indieRomples B povAbls maape ropRavidedin

' the f6hi bPERL 4 secdhd H&ﬁoﬂ@mtanﬁqmbfan iRtGholis %Hﬂg]ré.{i]se 158b and -
10

. subchamber 110" closely adj acent” the suppo :
160b1212 altemettw embodiateats, the Rogblemaihs mhjebemmﬁiatﬁ%r h?@ﬁuhc As_

it i e fia obehanbftor bh ireio sogomimp g siEmeef the

"'-j

' cath&ﬁaf 11 baed ﬁferﬂfy Mﬁ@ﬁgttﬁ’éhﬁdﬂ%@ﬂ 1@ @Hbé oﬁ%ﬁ{% of the

pl ate 134" by-‘spacer & conf iguratt
about the north polar portion 132", as described .
- above in relation to the previous exanpl es. The" south

The BR! i@ indpOaitiiONt &3Dned s ﬁléjéx%fﬁ ?1 duedh thERW: ¢ ggraﬁ%g Br%sSure

providing an are di aneter cat hode ‘em

. Addgipnaldfeatureggite tierefbreirovided &Daﬂhm cdtﬂtrdﬂuhé thearapR&feainple, -

e rati o of the magnet 80". to the em ssion

t e
 meal b Rt ! BEpIaVEnERg w0 WRIHPRBE UCSEbIBEen fhe cahiode 71" and

rovi ded to nove the cat
anodedifgi wxﬂhom Itll:eysmnt tleze is phidnet odirdch ercaltess Itlcmclawﬂramuty of

o ] e two. novabl e neans are :provi ded -
the “r"ﬁ“"’f h 2 Qsﬂéa‘ggr & h%lﬁ dnalsbown) iwprovided s shers its position

anodeO¥B3h HRORBh A RLRARLES] étheg{;gn% {m{é@p@@gﬁhy angm%fe%" and the - '.

Sding o 8 e
R ‘t‘etﬁ‘;‘?.@éﬁfé’m AL 3 bl R A ol Bfmision
: _surfqm@&hatl c or hydrauli c. As illustrated in Figure 16,

- the subchanber. 110" is sized to acconmpdate novement -
of the: . : o

| N Also provideo isa 'seeondary magnetic field means in the form of a magnetlccoﬁ 163. -
25 - This is arranged to provide a second magnetic field over the cathode, suoh that the'Seooﬁd A

) ‘ magnet]c field flows in an opp031te direction (a reversing ﬂeld) to the tunnel ﬁeld The

secondary magnetic ﬁeld is positioned such that a null point is formed _]llSt above the ,.‘-'_‘.-‘ o

Smce in use the emission from the cathode is provided in a generally upward dlrectlon A

_ collection means in the form of an annular bowl 164 is provided above the thm metal sheet"

‘towards it. In alternative embodlmems where the emission is generally honzontal the e

22 -
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D emifign 8

cathode 71 both laterally and | ongitudinally such that
a substantial proportion of the cathode 71 can be
nmoved over the magnetic field tunnel formed by the

magnet 80". 15 The arc is nore difficult to control in
this exanple due to the |ower operating pressure.

bowlAd ait fegnaed.f sahumet 160 & priveded or the ool 1 Gewh dlmvamdvément
contr ol

arc exa nmeans are provided
theref{e ugh g %Ff?‘l“ﬁrg&a)n ateﬁeaeatagg ai‘ipeafufaaraameen the
cathode 71" and anode 153 in the fofmof a thin metal
.sheet 162, fixed between the cathode 71" and the

” 'The aseoofahikeXampld ib siutild hedripretioudlpdeeribsd exansiés, hbwaver a gasis

direct arc due tq the close proximty of 20 the

fot ipipihised Io-the harihes Bacebe chomhihes besst\gaed 9 aout yTorr.

i R BB R B

comf,m@fhetlj}euamms surface 89". Also providedis a .
secondary magnetic-field neans in the formof a ‘
megnetic coil. 163. 25 This-is. arfanged to provide a

In af SIS Pl ot Q' ol e SA000 B R SR et i

. movaBIeTiR Y igh e fhrdlicttdthe ta}i;étliﬁat{eu TAehis EinBbiment, #6e magnet is movable

secondary nagneti.c fiel'd'is positioned such t hat

L ) latelrauyIanébtn&lwdelaﬂbmiedvgdeetmwwe figldeover atstﬂmtehptseom of the

surfaja{e 89" -and over thé cathode 71" where the.arc is
C%O Since in use . the emi ssion fromthe cathode
ts provided in a- generally upwar d direction, a

col l.ection means in the form of -an annul ar. bOV\A 164 is

A ""Inatlrtbfvt:xaeepleﬂoef\ﬁbe iniventian 3o far dederibbd e subSmte is prefictablyt biased to

roadBR BB SRR SR o RS HETRY bR b e potemiar,

'or v%ﬁbéhd kORI sBbWARE. EWhBRaE FhidkPipplRd %ttﬁg@ﬂnhy be desired to further

hori zontal,, the -22 bow s not required. ‘A channel

- redmoaeng)stms,cmdblms chreodsonif the Applt.edatdltege istoe hight such as

. sk SR BE il Coie sl RBTLRHE 41 o presence

1i€h BleBificalisi &
of 41180 St by SR 2 HAPSL LRENS g0 plma o

bretlaéome'iﬁ'hwﬁmu 40 bel ablo tabpply ahigter cuirerifho ﬁleemhﬁpate td snprove the

o AN R H A,

L _thf AR pulddd Bihsal 1RGNV %{ﬁ!@qgayﬁé“p &f sk SI‘ he bias pulse lasts

l.e, the cathode i3 fixe magnet-

5.to 10us, but may last up to 120ps. The pulse frequency islto3 kHz, though may be up o
oo ‘to IOkHZ Compared Wlth known blasmg potentials of about 600V a btas of -2 to -—3kV
25 N _prevuies mgmﬁcant mtprovements 0 the properttes of the coating.

s -"-In relatton to Examples 2 and 3 the fateral or lateral and longitudinal movement of the _
- cathode has been descnbed as movmg by way of pneumatxc means As will be apparent

_ ‘the movement may be provuied by other rneans such as hydrauhc movement means:

_ : In all the embodtments desenbed L'DC is supphed between the cathode and anode, however

o ©as wﬂl be apparent to the skﬂled addressee each embodtmeut can be adapted to accept an

e AC sotrce. Also, as s will 'be apparent to the addressee, where the magnets for each



R

'“ﬂn egggﬁql
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10 novable in a plane parallel to the target plane. In
this enbodi ment, the magnet is novable laterally and
longitudinally to provide a magnetic field over a . .
substantial portion of the emnmission surface. I'n all

the exanples of the invention so far described the -

.Cxaﬂifmﬁ é@vfab@mdssqiﬂ)efl @s hmyg bowk pdlar podions bowgied by sesth polar

porc. S8R B35l LR %é’»?q'r%%

rMﬂt@Jeee%% ﬂﬁ?}] t
athefurt her @nglgg:sq)goa i'n srt%@{essfs%ow%d%ﬁs r#bgagggfr%l

_ the appl i ed voltage is too-high, such as "affecting

strate. gropertles eg annealing of .the. substrate
ygudign bey, Eﬁeﬁﬁ&@fwé ingds pae rrgdwer@b@bmen@ant isto bc

coating propertles a pul-sed vol tage, or pu i as

o aSﬁﬂ?“@ﬁWﬁh@@MF@-ﬁh@a@@bstrate ‘The .,potential of the"

pul sed bias i's -2 to- -3 kV, ‘though nay- be up to.-5kV

~ The bhias pulse lasts . 5.to 10s, but may‘last up to. -

_ 1201ts. The pulse frequency is 1 to,3 kHz,-though nay

. be up .. . to.10kHz. Conpared with known b|a5|ng '
" potentials of about -600V, a bias of 2 to -3kV 25,

provi des significant., i nprovenents to the properties ff]': L

. of the coating. In relation to. Exanples 2 and 3, the"
“lateral or lateral and | ongi t udi nal nmovenent of the
cat hode has been descri bed as moving by -way of-.
~pneunatic neans. As:will be apparent, . the- anenent
“may be prOV|ded by -ot her.-nmeans, such as hydraulic -
movenent -neans. 30 In all the. enbodlnents descri bed,
DC i s supplied between -the cathode ‘and anode, However
as Wi Il be apparent. to the skilled addressee, each .
.enbodi ment can be adapted-to accept an’- AC source.

. Al'so, . as will be apparent to the addressee, where the .

‘magnets for -each -23 ‘exanple have been described as -

_ having north polar portions bounded by south: pol ar.

‘portions; .in alternative enbodi nents; the polarity -of

.the portions may be reversed. In such alternative -

. embodi nent s, sout h pol ar. portions are bounded by north

. polar portions. 5 Wiile the present invention has been
.described in its preferred embodinents, it-is to be .

-4 -




under stood that the words which have been used are
wor ds of description rather than .: Ilimtation and
t hat changes may be made to the invention without
departing fromits scope as defined by the appended
- clainms. -24 CLAIMS 1 A physical vapour deposition
cLaRRRr at us conprising: a target positionable in
==communi cation with an interior of an evacuatabl e

chanber, and adapted for electrical comrunication
I wi t A papsiel wpbturidepisitipoapparatie weromisfogr  provi di ng an arc

on 1 S8 s - t ;

or o apep BoRRhife B ohificflon 1 3kl of AP SylbBAR: (rlber, and
adapted for sleciriag comaugication Wb apiclgotribad pawgsrsewrpefof providingwa @ty on an
emisSol VAR # 1le®hrghii g o the target to nove the arc on

the em ssion surface in a predeterm ned manner, and

whe e ferpeovidingriaraseeticifisldpdipeent Se itasech forpgptrelling the arc,

CONRhérSih B PR QtHRIARAAL is RRWVAHIOR1AV: B thedthidA8 RdVAtht 8k on the
to the target, and a north polar portion on the plane,

emisfen REfAteHn pBledserpaed MgiPchounded by and not in cont act

vv: t hndt \ilfére\flilmptﬂta ha_a@miﬁﬁgm HehhsOR a n%gneghtlﬁnlﬂﬁﬁﬁﬁ_@bdﬁ p&gr portion on a
cl ai : erein_the target is tubular having a bore
plapenar aﬁFHQ thy R asapd p northao&r gertion ?Retgﬁﬁl@‘i‘f:efhe ety R5fas pyfppbounded
by idtdet i chdigct Bk edhmupolirpertiani s, such that the are is

novabl e about the enission surface in a predeterm ned

manner. 3. The apparatus of claim2 wherein the magnet
2. confphé gesratus af daippl wthreft the edget ist twlmlae lhavigod Bors defiding a central
axig gllcﬁﬁe 15 ngteé Rota r‘t])let“Q%ins AP BSE taboutt E% A% ulthl?l R lgaaer Y tolwrﬁ)li]esabout

avi ng %arafcl el mal n portions spaced éequi |safanfr1y

thefemiasion swwimt inalpredetgnradedananssr. and whi ch are joined to

each other at at |east one of their respective

adj acent ends; and at | east one el ongate north pol ar
3. mendbes apparatubed ciairp g ohercintthempgnet dompotesir porti on bei ng

par aklglt o the main portions and spaced apart

thereform 4. The apparatus of claim3 wherein the at

| e agttlequo@logg%%ogthg)@@f We@bﬁprgqan the ppReTs thersauth polar portions having

parallel main portions spaced equidistantly from a central magnet axis, and which are joined to
each other at at least one of their respective adjacent ends; and
at least one elongate north polar member on the support, the north polar portion being

parallel to the main portions and spaced apart thereform.,

4. The apparatus of claim 3 wherein the at least two elongate south polar members are

joined to each other at at least one of their respective adjacent ends by a south polar end cap.

5. The apparatus of claim 4 wherein the at least two elongate south polar members are
joined to each other at at least one of their respective adjacent ends by a south polar end portions

radially inwardly directed such that they sre joined at the axis.
6. The apparatus of any of claims 3 or 5 comprising three said south polar portions and three

said north polar portions, wherein the respective main portions of the three south polar portions

are equidistant to each other about the axis and wherein the respective end

-25-



joined to each other at at |east one of their
respecti ve adjacent ends by a south polar end cap. 5.
The apparatus of claim4 wherein the at |east two
el ongate south polar nenbers are joined to each other
at at | east one of their respective adjacent ends by a
poréc%g op {lﬁ%?uqfé HS oy gornts Iar%ngl € f?(él%ehma et axls %d l]ﬁl/aﬁn eeﬁ:lé gonﬁgured
suce Flp’auealeetefe ofid amh Iwﬂar @bzauomsal@rn@ne whth c@ppntws sauth tolar @@in portions
t.h..polar portions and three said north polar
ﬂmg%?gm%%&agﬁhereln the respective main portions of the
three south polar portions are equidistant to each
7. Ot hefe B4 df Iaﬁy FhBmn e m%rgh the ?:nt{t &BEGELIYHEsifdEble in the
.. -25 portions of’ the south polar porfions are’joined at
borg syeh haifhemagagt axis iy eempndhde tasgst #6. conf i gured  such
that respective said north polar portions alternate
with respective south polar main portions about the
8. maghst apaazﬁfgs of7any élawp%uf%? (et et isgrogitiprabls ip gn gpright
posildR [ danttdN RicaRg Rethinite dhathBdrabl y positionable in the
bore such that the magnet axis is common to the target
axis. 8. The apparatus of any of clains 2 to 7 wherein
9. th erﬂeaapgeaullsi oF apOdiclainnabl whﬁfbiraﬂﬁ]le tr;ihgg’ei gltthe xﬁ%eéttair@ﬁbrﬁ 0.1m to
a centr ation within t chamber. 9. The
2m wﬁlﬁi}hﬁéar%e%lg]ﬁ@mr&f we’i“groﬁﬂ‘ t?812’5" 8 wherein the target
and the magnet are fromO. 1n1to 2min | ength and
g tar rom.0. 04 0.2m 10. The
apeg}apﬁgaoﬁke?mlﬁw%ﬁﬁﬁﬂwtmﬁ %m arget is planar. 11
The apparatus of claim 10 conpr|S|ng neans for noving

1Rkl 4 SR, gl KRRl e

. tothayndfenete i s rounded. 13. The apparatus of claim10 or
11 wherein the em ssion surface is rectangular. 14 The
apparatus of claim 10 to 13 wherein the nmagnet is a

12.| oopearewsiestet plaing 0 g5d it txhengin thesemissiva sefsaisagwdedf cl ai m
14 wherein the south polar portion is an oval-shaped
el ongate | ogp and the north polar portion is an

3. el oHgapRarauyor CIW 10r97d L abprainghe snigfon spdachistertangulan
mhereln an eIongate Iength of the south polar portion

at | east .80% t udi nal | engt e
t arf&gztapparatus of claim PO to??: w?lergljn the magnet is a 10gpeg south poqar portion.

15. The apparatus of claim 14 wherein the south polar portion is an oval-shaped elongate

loop and the north polar portion is an elongate bar.

16. The apparatus of claim 14 or 15 wherein an ¢longate length of the south polar portlon is
at least 80% of a longitudinal length of the target.

-26 -



-26 17. The apparatus of any of claim1l4 to 16 wherein
the south polar portion has an elongate |[|ength of
from0.05mto 2mand a width fromO0.05mto 0.5m 18.
The apparatus of any of clainms 10 to 17 wherein the
target is from0.05mto 2min length and 0. Imto

0. in width. 19. .Th ratus of claim 14 . rein
17. O o e it ap Bl PP 56 aRip o8 sobibolh P oy b oneac
lengttositfifom (uifinato 2pont a eadth fora 0106mIt@d.5mt he di aneter of the
south pol ar portion being substantially | ess than a
| ongi tudinal length of the target. 20. The apparatus
18. of Tk apparat® ofpsradichingshld tg dUwhergo Hartarpes it frapn0.A3rs tce2m in length
and A1 E 8L i Ridghe range of 0.05mto O0.1m 21. The
appar at us ot any of clainms 14 to 18 conprising neans
for noving the target on a target plane parallel to

19. t heryaBGRRksRE 88 144¢herel{ e BRRATR: YSi0] isGlcRbdRrddop and the north
wherein the noving neans are configured for noving the

polay gpren is) ciedpra theydianpger of e sayh aplat pastief beirigasubstangallyy less (than a

longiD@h 2 1dAgthREhARYINg Means are configured for noving
the target laterally and longitudinally. 24. The

apparatus of any of clainms 10 to 24 wherein the target

20. 1 S 196 RRAFHR G BiYind 1 FWRRdrein % 56 AE bR RrifoB hELE diSHPRGH the range of

OOi{uTga a 25. The apparatus of claim24 wherein the

: ?3 - support means conprises a support plate
substantially in contact with one surface of the

o1 S BT e PO b SRR o o on

targebplan@pdrallehio tRGnaghbielaappar at us of any precedi ng claim
conprising an adjusting device for adjusting the
position of the magnet with respect to the target. 27.

22. Thé&happparatsust ddimatlywisdfeie ttgi mevidgdmtas 26: onfipred fongnoaing the

tareBOHSLRG hernetically 27 attachable to a port on a
gm+{?r g? t he chanber, the housing containing the target

and the magnet. 28. The apparatus of any of clains 10

23. 1O 2P aﬁﬁ&ﬁfuﬁi Jt bR 15 3F S8 hnald tﬁmomggns HeSoonfigured for moving

the target laterally and longitudinally.

24, The apparatus of any of claims 10 to 24 wherein the target is supported by a heat

extractable target support means.
25, The apparatus of claim 24 wherein the target support means comprises a support plate
substantially in contact with one surface of the target, the support plate comprising channels

therethrough for passage of coolant fluid for heat extraction.

26. The apparatus of any preceding claim comprising an adjusting device for adjusting the

position of the magnet with respect to the target.

27. The apparatus of any of claims 10 to 26 comprising a housing hermetically

.27-



posi tionable wthin the chanber. 29. The apparatus of
any preceding claimwhere the target is selected from
any one of carbon, titanium chrom um nickel,
al um nium copper and a suitable alloy thereof. 30.
The appar at us of any preceding cl ai mwhere the arc
ted for he
aiBR30 b pPoPPRR St B AR Rng Rt B B B b2
cathode vacuum arc (CVA) deposition are flltered
pg.cat li‘ﬁ’edg ‘é@a‘ﬁ#“&?‘ ﬁ)rycoi( 55%@)10‘:11%'09@ Iv$he [ thgjtﬁrgg-th&d the magnet are
appar at of any precedi ng cl al m where magnet
PO%W%wWﬁ“%bbémﬁﬁﬁ@@t magnet and an el ectromagnet. 32. A
physi cal vapour deposition system conprising: an
evacuat abl e chanber; and an arc deposition apparatus
29.a.c c BRI RRIGTAIS CAr9YY BRcceding glemcwhnn dechmPins selgcted from any one of
car B RS AdhtAun WidkBl, Aminfbh EdppEr 86 2 kiGuIe BRsIREeosand an
el ectrical power source in electrical conmminication
with the target as a cathode and a sidewall of the

30.C ham&?@eipp@@tuéiﬁf 2 PetRedinkSolaithihefyiBE ermd@ﬁosﬁlba h;bpa]%&s is adapted for

wherein the cha C ri.ses lid havin port
s e PP ARt SOl AR St s PP B S CVA)
depositidni @uﬁ]@dﬂemmﬁdedlaﬂgui@c @awAgaepositiosl ains 1 to 8, the
appar at us depending at least in part through the |id
port, such that at |east a substantial portion of the
31.t ar Gt appadtusafingtpraeding daiat wipre theinialghen id dte of hpeinehent magnet
temof claim33 wherein the lid is round
mﬂ%ﬁgk%ﬁSH%Me port is centrally |ocated on the 1lid. 35.
The system of claim 33 or 34 wherein at |east one
sub : rc deposition
32app§%%?%%L%lm9% %a%ﬁ%tP Cgﬂ%ﬁ%ﬁ'the chanber between
themt%m@eﬁmaﬁﬁﬂéﬂsw@bmalI -28 of the chanber 36. The
Syssr?m Qg oglltléﬂ £Bp§étu£ ct)llaﬁnlg ng Qﬂspgfi tﬁé ﬁgceﬁfn ﬂﬁ‘g in Bfimunication

second ary anode i n and in e?ec1r|ca

ﬁ“%@%ﬁﬁﬁﬂ&ﬁﬂﬁ&#ﬂmq$mdhe electrlcal power source,
| ocat @ebusdCibwleh@hrct RecISMRE! dodtfinichtonRRf thd t@fﬁ@ths @ cathode and a

beEmeen the sidewall and the secondary anod
sidewall of the chamber as an anode.

33. The system of claim 32 wherein the chamber comprises a lid having a lid port therein,
-and wherein the arc deposition apparatus is configured according to any one of claims 1 to 8, the
apparatus depending at least in part through the lid port, such that at least a substantial portion of

the target and magnet are locatable within the chamber.

34. The system of claim 33 wherein the lid is round and the lid port is centrally located on the
lid.

35. The system of claim 33 or 34 wherein at least one substrate to be coated by the arc

deposition apparatus is positionable within the chamber between the target and a sidewall
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37. The system of claim 32 wherein the chanber
conprises a sidewall and a port on the sidewall, and
the are deposition apparatus is configured according
to claim 27, and wherein the housing is releasably
hernetically attachable to the port. 38. The system of
oﬂ§ &1 ma7 wherein the chanber conprises a plurality of
e ports and the systemconprises a plurality of the
apparatus, each apparatus being rel easably
her t f l, clive .0n
_ 36. 'f% éy%%l] q"ﬁzeﬂ%s%?%g%p o?m]grﬁgx% r%E %3& e secon %nc% 1? El% c?amber
andan fﬂie?tsfal seremypicatioowith thaieldctairal pd@g@smrm, dmatecbppla ﬂnt ths substrate
is pRRREHBbd DB i Row A S dEROIhbAPMAARPAT Al S has a first
target of a substance selecte rom the group of
carbon, titanium chrom um nickel, alum nium copper,

37.0I P @Ltklﬁ)ﬁf theh 88 fwheRRGE RExmIRE 9&5}91 A £5i05RAASHE 'a%rt on the
aratus has a second target of a substance sel ect

| Sldqwaﬁn% ol e ¢ Bengs1Ben apeplS s, configueadi ageprdiegiostima A7, ani @tbéqeln the

houﬁh%mré}bddiﬂly KPRAREIly fhchable & thOYort her eof , wherein the
stance of the second target is different to the

substance of the first target. 40. The system of any
38. of nieaayaan 37 clgim $POwhdask Gierth@nised BShpratLa HIOHLItG @B tHe FIrtY¥nd the
arc._ de OSE %ﬁ appar at us hs p03|téqnable tﬁin i
SyStf”Hec"EW&FFSear VR ofyBe SPRAFAR G1°R CAPRITRIPS BeIng Frlgpablyphermetically
attactabip it stefigetive oheatslic ppe substrate support for
supporting the substrate within the chanber. 42. The

systemof claim4l wherein the at | east one substrate
39. suppPer dystes afpledirh |38 doowprisimy anigast tahférstSank St seadnd saidt a¢ deposition

app%lgt%s %HQ‘QJH e 1 rs4f ??:rc e]éo%ni%l\{ 3 eA{altu(:&)sfhasca rst{?arg%t eo\Ph gurbgtallg ets r]ectf?d from

st _one substrat or ro
the tpup Si@ﬁtona!t@llw,tcmonmtm aidkHlastysinium, 26ppdd oanpiiyy thcrabf and the

secéﬁﬁ%?@ﬁepqgﬁrgls%éér%s Hﬁtah%gonQEré&%t | D e &:pe%geﬁ Hofh tg group of

conpri sing t steps o tioning a target
carbpn) &itapine Cﬂﬁwr@@%cwalfeédalmnmwmm%am an alpy hheawf wherein the

subétﬁHc@Htﬁé seBdnd¥get EUARYAE AR EBRADEF the S¥AGYAL 1 NG the
chanber to a predeterm ned pressure; providing an.

el ectrical power source to the target to produce an
40. ar CTIRNsy*BmeH £F1 ANclaidbl 3 aGe30(nérhi8 4 fbQRke fdr NBatBzCoy the arc

i oni zi ng .t he t he em ssion surface;
deposition apparatus 1s posﬁmga%&e vn%hm the chamber.

41. The system of claim 35, 36 or 40 comprising at least one substrate support for supporting
the substrate within the chamber.

42. The system of claim 41 wherein the at least one substrate support is movable for moving

the substrate within the chamber.

43. The system of claim 41 wherein the at least one substrate support is rotatable for rotating

the substrate within the chamber.
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providing a magnetic field adjacent the target for
controlling the arc on the em ssion surface; and
novi ng the nagnetic field relative to the target to
nove the are on the em ssion surface in a
predeterrri ned manner wherein the magneti c field neans

an g}%gzglre \%&Pﬁ?u? p(osxﬁi)rhlge odS %oau%,ﬁdsagstp I%Irp{)zﬂg%bqo g]l;le steps of:
p or pdsitioniog a tdoget pidarwbsttatego ihe céaedpo b@imypdaatiorowithauinged of an

in contact with the south polar portion.
eva%jca@%gmﬂ%% ’hod of claim44 wherein the tar get is

t ubteeatingths shgmbertior eredaérinicdgressusent ral axis  and the
M gRBlidhg ah Aleaked dhrdefS ROI:Ecl OPHoalcd GntL Sy aff Ufifbsion

the arc noves about the tub target 1 n
surfgped dediratribdarpripnizing theqgget phige namshwu&acem ai m 45

V\heﬁr@h@lné Q%J@&ﬁeﬁeld §d}§&ﬂtt B 'ﬂzﬂ‘két Yor! &B@&ﬁl% inB aﬂ:ngn the emission
rotation direction for a predeterm ned nunber of

- surlagg a4 ons, such that target is enitted fromthe

e &&hifthe SbfleBC Bel@RMVe RARk BfoeltB R0l ARIRL on hé cmihiBr surface in
aprggt hod $f claim45 or 46 wherein the nagnet conprises:

| east two el ongate south polar nenbers
on irﬁ@elﬁﬂlla ﬁﬁgﬁetic b8 neenklida ResRl coﬁ@ﬁhh@d"&uﬂh@\élaﬂﬂoﬁion on a plane

rraln ssaced equi distantly from
] B ﬁtalf%atg?f@t ‘51 REFRh P e laae, B 1ok pplar Pagioypounded by
andmbhﬁboraictﬁtth{he&ﬁﬁhﬁdmpﬁﬁlohhel r respective adjacent
ends; and at | east one elongate north polar nenber on
the support, the north polar portion being parallel
45.t 0 Theematimidrof @eint 440.viﬁare&mﬂie mﬁdubapﬁhdvidgh@bﬁ:fdeﬁﬁhg a central axis

andvlsﬁ' &l el .T', ro?ateq%g{ﬂuetthe b(}i%a g’ a;& 0 F;]uocé %ﬂ thgl Frg 11?6\10 Utbouthhe tubular

ar por

targﬁhelﬁeredettﬂr@ledmahmst t wo eI ongate sout h pol ar nenbers

~ are joined to each other at at |east one of their
respective adjacent by a south polar end -30 cap. 49.

46. Thelhrempber of claimaidi wieraih dreeinpenehis eontijughs rotated in one rotation

dlre@ﬁ&ﬂgaﬁ BredQithihel Qllﬁﬁerr@mfoﬁs U th 'té?geq is énﬂtt&faﬁ(gn RleN&fission

| east one of their respectlve ad J acent en

S“rff‘%“saﬁ@‘étfsﬁ‘vé’f%&%fﬁﬂpol ar end

47, The method of claim 45 or 46 wherein the magnet comprises:

a support;

at least two elongate south polar members on the support, the south polar portions having
parallel main portions spaced equidistantly from a central magnet axis, and which are joined to
each other at at least one of their respective adjacent ends; and

at least one ¢longate north polar member on the support, the north polar portion being
~parallel to the main portions and spaced apart therefrom,

wherein the magnetic field is toroidal and about the north polar portion.

438. The method of claim 47 wherein the at least two elongate south polar members are joined

to each other at at least one of their respective adjacent by a south polar end

!
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portions radially inwardly directed such that they are
joined at the axis. 50. The nethod of any of clains 47
to 49 conprising three said south polar portions and
three said north polar portions, wherein the
respective main portions of the three south pol ar
aportions are equi distant to each other about the axis
Pand wherein the respective end portions of the south
pol ar portions are joined at the axis, the nagnet
49, bei g1 Iﬁ%dlogglraﬁrgﬂs\&éﬁepelé E‘l@tatl rc'th%C 2onyate so%all ﬁleltﬁg rs are joined
pol ar portions altern resp ect v % T ar
o ¢pal othgoatt dt derst erlsoeft theih eesmgweadjacam emds 51 resw:everrmuﬂnpblar end
get and
e G A e E LIS el
di aneter is fromO. 04n1to 0.2m 52. The nethod of any
50.0f ehALBodtex atn9 oP :lzlam‘x’sei’;eiorhﬁnf En?flsn@g BE&AGIELTN R bbilBns and
t he. nrovenent = Of the nmagnetic and the provision
ﬂ“‘??fsmﬂﬁ@“blpé@f poEgns. pheein tb%{fﬁmeémfesm@tl Pprsiens of q%e three south polar

porBéR S kBidisBnt {orb%ctp&ﬁé}t&%ut iR R nd YhakADEPREIck$ve end portions of
press and t he amﬁ1 position of the magnet is
c
T

the é?.ﬂﬂb g(%i%rdoowtnpﬁ are F}(égeﬁleaé agisy tﬁ%mtagyebgetmg -ﬁnﬁg};ec{ gyich that respective
- said Bf@aioldd Golibes SRS willSrespbhBre BIH %ﬂlaﬂﬁlaﬂrﬁbﬂﬁﬁs gboat 18 magnet
.45 to 52 wherein the target and the magnet are
Xi%5sitioned within the chamber. 54. The method of
cIa|n153 mhereln the target and the magnet are
posi.t ent r.a hanbe and t
Sl-subs r aei g AL {af%s 43&0 E W&é‘a’ﬁ&f’ﬁ geng F %‘)m 0.1m to 2m
in lmgdmmtalrgeomamkta' ig a0 @dm td fem. Si devval I bei ng t he anode
of the electrical power source. 55. The nethod of
claimb54 further conprising providing at |east one
52. s e c bindnathodan exfeoti chpithd s to Sh avirtrein afierch predeademtd iineglthe movement

of tﬁ gﬂg%iﬂggﬁélﬁ %ﬂjt tl\ﬁfg ﬁ)p)vh‘ﬂﬁ 0? @%fersﬁlgaq m@&%ﬁm? g%[o%ﬁ?d the pressure in

sSuc Su strate IS pOSI
the eamberemaisechie aghesples Preatiek, etlehsexda podiqp ditsdrigogs adfisted with

tihod (Rfet Ghidt Brédd el Elns the target is planar. -31
mq%g. The %%?ﬁo 5§é%?§|§|5 ‘wherein the nagnet is in a

fixed position and the target is noved laterally on
53.1 t STIR! AdRLAMfaRy bESRRE 15 (P52 NErIR R Qhrget 28d flRGndERE Q&%o‘&fnoned

or 57 wherein the magnet is a | ooped south
W“%Baﬁnkﬁgﬁﬁlon and wherein the magnetic field

provi ded by the magnet is toroidal and about the north
l.ar
54, PO ’?h n?e?h d o? Qlalm 53 wherein the target and the magnet are positioned centrally within
the chamber and the substrate is positioned between the target and a sidewall of the chamber, the

sidewall being the anode of the electrical power source.
55. The method of claim 54 further comprising providing at least one secondary anode in the
chamber and in electrical communication with the electrical power source, located such that the

substrate is positionable between the sidewall and the secondary anode.

56. The method of claim 44 wherein the target is planar.
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59. The nethod of claim58 wherein south polar portion

is an oval -shaped el ongate | oop and the north pol ar

portion is an elongate bar. 60. The nmethod of claim 58

or 59 wherein an elongate |l ength of the south polar

portion is at |east 80%of a Iongitudinal Iength of

t he'tl“%arg od of c:f'al I-gg ﬁvherngi% %dmaOf el};i\'s in allin%%dS oyl z{rﬁlglle tar%?ths moved
lateprdly @n ltpplnmq \mlﬂl nes)eciltqtbuhxagqet t he di ameter of the south

pol ar portion being substantially less than a

| ongi tudinal length of the target. 62. The net hod of

any of clains 56 to 61 wherein after a predeterm ned

S8t n@he ethest of daim 566 47 Whereintibe meangkis gfloqprd vt prbal portige and
whiTBM @M Qfc HeliGrdvica8} 1R Rl R t&Bi@M'aﬁ& 3uQhe AdA8 polar pomon
el ectrical power source iS stopped, the pressure in
the chamber raised to atnospheric pressure, and the
p05|t|on of the gnet, i s adjusted with respect to the
9t ar Gt mefhef Glamn g? FraGFB soysh m%@ PPFiion Isgn oglshansd elppgaiggdpop and
ﬂwhamimﬁnbameﬁahnaﬁm@&ﬁﬁi of the target. 63. The nethod
of any of clains 56 to 62 conprising a housing
hernetically attachable to a port on a wall of a
60. c hatilizemethdde chabnl §% tig5 90t edn 41 ddghghth Genpthilof) i satitlpdli@ortion is at
e | n 4. The method of any of clains
lea% ’ 0%%%11%16@%% lgrllgﬂi (%gfe%ﬁ&'i ng a secondary nagnetic
fleld ~about a portion of the chanber, the secondary
61.TRORR! Ilngth&i]&l ﬁal{}%? luASed thet g{hS %gar ggljti o 1stayc.1r£lﬁ looe and the north
magnet suc secon e
polardjostinaris ciaqudir, sthbshtammtn @thwswﬂlznmmaﬁﬂoe being srtbhtentially less than a
hngﬂhﬁﬁﬂgﬂﬁ§6ﬁ£éi ; 65. The nmethod of any of clains 44
0 64 erein t e predeterm ned pressure is about 1
Torr. 66. The nethod of any of clains 44 to 65 wherein

| 62.1 he’[‘1§6t RBmed o?‘éﬂp%lhlﬂlg 5*6“9 @h@% aftd égﬂx%detérﬁmed time, prior to
i ntroduced to i'ncrease the chanber presSure in the

repgalipg the sters ofth petherd, Sgryement @*? the tget gt e grogisios [of fhgelpetrical

povVUB 6@t s’ﬂ@p@ﬁﬂld ;ﬁedsﬁ& i he GBSk rdifQ 8 ABRshHRAC ?&aﬁ&g énd the
alm

g re X ?out Torr. 68. The method of c
posijon gh i e i Idiedguth Tepegsiethp fargst #1198 d1 masRet Slapgy s direction
norfi@l to TeQaterelthedmedt oy taedet. Cl ai M5 44 to 68 adapted for
use in one of the processes of DC arc
63. The method of any of claims 56 to 62 comprising a housing hermetically attachable to a

port on a wall of a chamber, the housing containing the target and the magnetic field means.
64. The method of any of claims 56 to 63 comprising providing a secondary magnetic field

about a portion of the chamber, the secondary magnetic field having a reversed polarity to the

magnet such that the secondary magnetic field is adjacent and substantially
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deposition, AC arc deposition, cathode vacuum are

(CVA) deposition and filtered cathode vacuum arc

(FCVA) deposition. 70. The nethod of any of clains 44

to 69 wherein the target is selected fromany one of

carbon, titanium chrom um nickel, alum nium and

thod of any of clainms 44 to 70

pm%ﬁ@?@kﬁm%%mnl %c |caI power source is provided by a

di rect current deV|ce and provides a current in the

ra 3004, '
- nors; Braficel i ihim 34 (08 RIAP by Pre QB fregor s abou
lw%my of clains 44 to 70 wherein the electrical power

source is provided by an alternating current device.

74. The method of any of clains 44 to 73 wherein the
66. praghhetmathipd of amy of|clpings 44dp §F wherringhoier of FrEDAting #, charnber, a gas
is iMRERLY tofifdreadSiBe WatBerRosth CindRNASe ok ORTAPRAVATHS, the

magnet conprising: -33 a support; at |east two

el ongate south polar nenbers on the support, the south
67. pol 'Hi’e o 0O E1Sim FWitREin ek lid @irodiBddio RRFehde ARShERRE Bdssure to
b |stantly froma central nagnet axis, and whic
aogfgl %Gined to each other at at |east one of their

respecti ve adjacent ends; and at | east one el ongate

.10 o D b SRR b BB RA B
spaced apart therefrom 76. The nagnet of claim75

69, Whefh%l mettﬁ of g{?yu (;ftgz apncl)s 4 to?% { zgntesﬂ 3 e Jlno nréeo ! g)ro%gsses of DC arc

ot her 'espective a nt
depesiige, B arcs@msmog)o b%ahode nacwap aIC7(EVN)h®pnagmeandoiﬁltemddacanhode

uth polar nmenbers are joined to each
vac%ut%h% gl a‘eﬂﬁm%f?

er "at east one of their respective adjacent
ends by respective south polar end portions which are

70,7 adiRl ﬂnéfhdd%(j’ oy clqm{s%t € %gwge&nf h@ttargaqyseé@%h Rn {h%ne of

axis. 78. The magnet of any o alnms 7
“m%%ﬁﬁ@¥@¥ﬁﬁmFﬁW@@wgﬁﬁﬁﬂ§é@¥hmﬁbpﬁﬁﬁport|ons and three
said north polar portions, wherein the respective nmain

portlons of the three south_ polar portlons are
1 equitgimatthedof ay of sleipssrier ABG P Gt PoRFOWRE s ayided by

a dlfehﬁ:uﬁﬁﬁ [AeGéd @ pRidesdVutrk@ ASthOfange of 60 to 300A.
72. The method of claim 71 wherein the current is about 150A.

73. The method of any of claims 44 to 70 wherein the electrical power source is provided by

an alternating current device.

74. The method of any of claims 44 to 73 wherein the magnet has a field strength of about
1000G.

75. A magnet for use with an arc deposition apparatus, the magnet comprising:
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the south polar portions are joined at the nagnet
axi s, the nmagnet being configured such that .
respective said north polar portions alternate with
respective south polar main portions about the magnet
axis. 79. The magnet of any of clainms 75 to 78 for use
wWth the apparatus of claiml1 or 2. -34
a support; ‘
at least two elongate south polar members on the support, the south polar portions having
parallel main portions spaced equidistantly from a central magnet axis, and which are joined to
each other at at least one of their respective adjacent ends; and
at least one elongate north polar member on the support, the north polar portion being

paralle] to the main portions and spaced apart therefrom.

76. The magnet of claim 75 wherein the south polar members are joined to each other at at

least one of their respective adjacent ends by a south polar end cap.

77. The magnet of claim 75 wherein the south polar members are joined to each other at at
least one of their respective adjacent ends by respective south polar end portions which are

radialty inwardly directed such that they meet at the axis.

78. The magnet of any of claims 75 to 77 comprising three said south polar portions and
three said north polar portions, whercin the respective main portions of the three south polar
portions are equidistant to each other about the axis and wherein the respective end portions of
- the south polar portions are joined at the magnet axis, the magnet being configured such that
respective said north polar portions alternate with respective south polar main portions about the

magnet axis,

79. The magnet of any of claims 75 to 78 for use with the apparatus of claim 1 or 2.
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