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This invention relates to apparatus for vapor demmgﬂl m“:oatl nggm:rEB 2002
us 1

general, and to cathodic arc vapor deposition apparat parti
Vapor deposition as a means for applying a coating t&"%°% substrate is a
known art-that includes processes such as chem cal vapor deposition)

physi cal - vapor deposition, and cathodi c arc vapor_ deposi t | Chem cal
vapor - deposi tion invol ves introduci nglreactive giwﬁm \mmmw ts- intro a

deposi ti on chanber cont-ai ning one or nore substr at ed. Physi cal
vapor deposition involves providing a source and a substiate to be coated
in a evacuated deposition chanber. The source nmaterial is. converted into

c1 oot ron boam weans. | CRPHBRFE toF DdRs o AN & GRHGAYECSRE f o'

material and a substrate to be coat ed pl aced in an evacuated deposition
chanber. The chanber contains only a relatively snmall anpbunt of gas. The
negative lead of a direct current (DG- power supply is attached to the
source ataterial (heteinafter referred to as the "cathode") and the
positive iced is attached to an anodic nenber. An arc-initiating trigger,

at or near the sefg f?ﬁte? ﬁ@dﬁd"ﬁ dﬁ(&}t&fabﬁ § ke cat hode
and subsequently rmv@gsg(\&/va%/ rom%t cat ode%en the trigger | s still in
cl ose proximty generie andtthmdﬂx))didmcdnpbedepwuomappmmsmanmg&lentr al

between the trigger and the cathode causes an arc of electricity to -extend
t her ebetween. As the trigger noves further away, the arc junps between the

cat hode and the ‘?@Eﬁm : @&n?fﬁ%pgﬂ’ﬁ'hgta c&hn@%’}i mbs&ﬁ@rg g@n arc
touches the surface of *the cgﬂt:shao elsTre é};e ailo as FEB 2002 a

cat hode spot. Aﬂemﬂnaﬁihmﬂnd@empmw as unma.ls'pmrdﬁpqmﬁm»'e
random y about t yﬂ,z%ifaces‘g t.he cat %‘S Jhe energ% osr ted by the arc
at a cat hode sp sifiopgn %eres per square
centinmeter with #’8% Vi rr@é@ﬂf&g%&eo e intensity
of the energy rg}égﬁg&%q léﬁ%veralﬁr&e g@’“ﬁg No sp‘g):‘l'tﬂl to

appr oxi mat el y e%d@i&mf&dé;ﬂ&d&létmﬂ:ewonmmﬁgme orambrrisubsattesi al , (at
t he evacuat ed chanber pressure).- As a result, cathode ‘rrrﬁﬂerl al at the

cat hode spot vafbeAsatadat Bhysical yapor depasition HRyoLHes REOVIdHLR $PWEF | nns)

el ectrons) and .Gl a@Eml romthe

cat hode are attw%%ﬁsﬁkf ﬂbj eW?‘Er n %&e)p%@%rﬁt chanber

havi ng a negati gRamibést TheabuReimaretial isrcnweitsd idto vapor bysirt éneegy char ged
ion. Sone deposijtion processes mai ntain the sybstrate to B coated ax the

same el ectri cal inpwé: siahi 28 heaéing thy eesistive, induetive, o5 Qectmn si ng

source to | ower the rs e
substrate rel ativel y%ﬁ@g%%%@g%he%gs I vepﬁ{ee{%reggg f?)?]s In
ei ther case, thgubsthg f@&@o&&é@pmmhﬁémdﬂed Heposithanr clramberat Fhe al

|i berated fromthe cathode. The random novenent of the arg can spneti mes
| ead to non unrﬂwmbarrmmns omlytmel@tmbm@aﬂvmwt.q{ gasr n1R&ACFIUYe: t he

Steer the arc. rEPh ot heREtonaepbtRCh eO0Er YR I sfagRd D tblsofe o 10

4,6T3,477) 4, 84026381 (ﬁé’t@uﬁﬂ@ﬁ?&f&i& & as wmtmdem andtthe ositivéilead ose

apparatus for steerlng an arc relative to a cathode. Sone prlor art steers

the arc by mecHadttached tavamppedie membes 5121 uFPEG(!“G&EfP@E OFBF3% i ve to

Egﬁnggt P(rjrgea p&ggrﬁ‘gﬁp%%}ﬁ%a@ pi wee%wo eﬁ?oﬁ&kéa cat Wlﬁlqtn“bgﬁlhl t/hese

appr oaches) t hegub af rdvesanaydfdinvthetcatiidde. cCWheadbe itdggerrisséll by t he
e e SRR O T Gk LB el 17
between the trigger and the cathode causes an arc of electricity to
extend therebetween. As the trigger moves further away, the arc jumps
between the cathode and the anodic chamber. The exact point, or
points, where an arc touches the surface of the cathode is referred to as

(U




-3 limtation is the conplexity of the sw tching nmechani sns and the

har dwar e neccessary to mani pul ate a magnetic field source relative b9 theyy
cathode. A person of skill is the art will recognize that a productlon
coating environnent is harsh and sinplicity generally equates with
reliability. Presently avail able cathodic arc confers typically use a

cool ed cathode fixed in place within the&€confer. One cooling schene
provides a mani fold attached to the cathode that permts the passage of
cool ant between the cathode and manifold. Another scheme uses cool ant

pi pi ng connected to a holl ow cathode) A problemw th either schene is that
t he cat hode nust be nachined to accept the manifold or piping. Not al
cathode materials are anenable to matching and even where possible,

machi ni ng adds .sideathodéaspoty Abseaha stessing onectanisonre aathode spotiwidde.  Anot her
problemw th "dir e abor required to
repl ace the cat hﬁ%\%@ﬁgﬁk}s%‘e‘fﬁﬁ SFF‘IF% ﬁg ?H;I In the preV| ous
exanpl e whore a nani f offié gy uagmﬂ:dw e Ge at ﬁaiathbdetsbaeﬁeﬁt

n

tdrBe! OF
cat hode, the manifold (or B% nust "be detached fromthe ol d cathode and

attached to a Re\&h%w&ﬁfaﬁd l WWWW@W@M}MMM@PM of
F
Gooh cont  ng ranpt eER aiRbe AR Rt i il b BB TRl O ST

anot her pr obl e piel ol périiec 2 e spot @Al ARjual Bk ege

occurring during deposition can contam nate the substrate el ng Coated and

require extensi vthediling)point jof the nathade mstarial (acthereyacuated chamber f or gas

t ur bi ne engi nes e X Si coat ed; one
where 1t woul - bBres e AR rSul lflofe BRRAY B M SO st vABeRPBL oLl
to contam nati onintd & pidtaial contdiaing goﬁgeﬁﬁgmesarm@,pm ifd cathodic are

vapor deposition of terial on a substrate that operat es efficientl y, one

capabl e of consiparteles.y Posisively chargechians lihesated firam e cathode aresubst r at e)
cost off ect i vel satateblarany 4y hictwiibindfe Geposiion Sradben g At o
eposi 1 on t o a Heatie eletelBpdlRfol IR0 ) (Y pORUYY il RO,
vacuum i n sai d \Semxedepositiodi prosessee thaintaindtiie substeite to be doatedial¢hs ai d
evaporat i ve sar £36 e Sgﬁﬂéﬁa#ﬂbemd ﬁtéa%%ﬁtsef%&wgﬁsecu vely

sust ai ni ng an ar g‘yﬁﬁg?s surface and
an anode; and rre";gln‘gE Irl“j\‘;g'rri'(ir Vi ﬁlo sal g arc around sai g evgpor ative surface,
wherein said rreauhstdatzrredhhvdyrmmrathmﬁwelte the positivelyccharged ioge. dnoximity to

sai d cat hode, ang, sai d ans for driving sai C produces a | etic field
that perneat es Q'a‘“ﬂ'@é‘?' gSu b%&?é?gw &‘19 “’d{h “@t@%y

extendi ng betweg q‘rﬁﬁttﬂ sai d anode |i ber at es a portion of said
cat hode whi ch |s su sequent eposited on the substrate | ocated inside
sai d vessel. Accordi ﬂ‘gcmdnmemmhmrm@(the archeampsametimes lcaértomon-prow des

Z‘Eb?i’i’iiiwioﬁém&ﬁﬁbh&&'” e ok, “HURH o forf o B i HERRL B < o

|5 di sk-gh
first end sur a secon?send sur(%dace SP& %ﬂghYﬁ&%sﬁrB?mJ‘g x

first end surface an dvaporative s ace axially
ext endi ng t her edretrelative mﬂmmmmsumlsmqmmmmngﬁa &G of

G i ng._sai o arb 40 ORaaat SH4, SITRE e ohed<iis iy SRR L I havi ng

a magnetic fiel [ for Seching oS¢ feluive t8 ol QARGHRE! | ssm@ difarpi ece,
wherein said magnetic field generator includes a pI ural it of si de magnets
attached to saisteersthecaradyomechanicallyr mpaipulating dnsyma  posi ti oned

o oduced a nagEares i Seialfode DR polt eeir-%e?@% AR AT e
field includi ng}@@@g@rm&&ﬁ{g posvcs YligplRneddibetwepa tabl ldstof asai d

evaporati ve surface; and wherein said center magnet i nfluences said arc
path relative t@m@Q shogh these 2pprogches, e prsicdi 9 v@ WF%B""' ththewher ei n

said arc of eI 15@@5 tsg@gi tl%eﬁﬁé‘ﬁfﬂg eand sai d anode
| i berates a po |on ggf sal q%a@ﬁ V\EI C subsequent deposlted on the

substrat e | ocamexgnetics fidkl soirce, \arssvakching the7pdvas Q@pply .- l‘Bloth’@r advant age of
the present invention is that the apparatus for cathodic arc vapor
deposition of material on a substrate is designed to operate in a cost
effective manner. One cost effective characteristic of the present
invention is the cathode, which is disk-shaped and so may be cut, for
exanple, froma cylindri caI castl ng. The sr rrpl y for med cat hode requr res

o,



Certain preferred enbodi mrents will now be described by way of exanple only
and with reference to the acconpanying draw ngs, in which: Z7 FEQE7 ?Pé)?ﬂllz
-6 ~G1lis a' '"c viewof a preferred cathodic arc vapor
deposition-apparatus ; PTG 2 is a diagrammtic cross-sectional view of a
contactor) showing tw n-magnetic field generators ; FIG3 is _a

di agrammatic side view of a nmagnetic figld generator FIG4 is a top view of
the magnetic field generator shown in FFG 3 ; FIGS:is a diagrammtic top
view of a magnetic field generator having annul ar side magnets; hIG6 is a
side view of the magnetic field generator showmn in FIGS FIG7 is a

di agrammatic view of a cathode and nmagneti<c field generator with a center
magnet, including magnetic field lines perneating the cathode ~ and FIGB

is a diagrammti Clﬁﬂxﬁ&’oﬂfw ecgtﬂﬁﬂmtgrbq. tﬂgg@ftnﬁﬁg ‘Jﬂ% ’9’19&?}0 Gl 2C| ;gl ng

magnetic field |ines pernea at hode.
apparatus |10 for hatlivacs nmcaryatpananipom awgwdaaﬁ&d:bww:dm% to

hereinafter referred to as cath ic.arc, coater’) is ovi ded having a
vessel 14, means %Wﬁalﬁt M%JBW%WSE&E‘K‘F@ a cat hode

18) 2.conacto hﬁ?@mangéﬁg%‘f?“%gﬁ HARACY gfdsly O The”
apparatus 10 w t hequaws st odliabilityrper at ures by cycl i ng cool ant through
br ef er red enbod: ment ?Oz%”géq%” eilabler thortie 4raPRBG GPIALH e Ak vesse
T e i AN G i MO AT Pl .1 o
24) Q her Vacuumarmmﬁfolﬂrmm s clthiciedhi pednyits the passage of coolant
between the cathode and manifold. Another scheme uses coolant
piping connected to a hollow cathode. A problem with either scheme
is that the cathode must be machined to accept the manifold or piping.
Not all cathode materials are amenable to machining and evea where
_possible, machining adds significantly to the cost of the consumable
cathode. Another problem with “directly cooling” the cathode is the
labor required to replace the cathode when its useful life has expired.
In the previous example where 2 manifold (or piping) is mechanically
attached to the cathode, the manifold (or piping) must be detached from
the old cathode and attached to a new one, and the deposition chamber
subsequently cleaned of coolant, For those applications which require
cathode replacement after each coating run, the labor costs and down
time can be considerable. Still another problem with direct cathode
* cooling is leakage. Coolant leakage occurring during deposition can
contaminate the substrates being coated and require extensive cleaning
within the deposition chamber. Airfoils for gas turbine engines are an
example of an expeasive substrate to be coated; one where it would be
a distinct advantage to minimize or eliminate losses due to

contamination.
In short, what is needed is an apparatus for cathodic arc vapor
deposition of material on a substrate that operates efficiently, one

capable of consistently providing a high quality coating on 2 substrate,




Referring to FIGS. 1 and 2) the cathode 18 is a substantially cylindrical

di sk; having an evaporative surface 36 extendi ng between a .~ pai § 7 9feg emel
sur f aces 38,40. The end surfaces 38,40 are substantially parallel wth one
anot her. The coating to be deposited dictates the material conposition of
the cathode 18) and often the cathode 18 can sinply be cut froma cast rod.
The axial length 42 of the cathode 18 is preferably | onger thaw the
anticipated final width 44 of the erqshﬁn_pattern 46 al ong the evaporative
surface 36 of the cathode 18. Keeping the erosion pattern 46 between the
end surfaces 38,40 mnimzes the possibility that the arc will |eave the
evaporative surface 36 of the cathode 18. The substrates 12 are nounted on
a platter 48 that rolls into and out of the vessel 14. The platter 48

i ncl udes neenesthRopptistizesicathadeerosipns and ene thasopsrasemast Effectivelt.act ar 20
ol udes ahead A% kOB ntPadbeslakt pRentlibolifay 85@“& A0shAdAARY [ nsi de

t he vessel t he sha&L 54 éxt ends fro t he to o € t-he
vessel 14. ﬂﬁaPﬂglﬂga‘F‘P ¥l$a§‘6’ LCAPRLAFRPSIGAN 1 8¥bstFAecont act or 20
fromthe veaaeprididg: dvsssdpnicant for rAfinprisingraxkicyuinin $26d vessel; ddisk-2 cool i ng

(56 P obaBtd YRt pANSSholt failaR ohio U oy o BrfiSu el £ POIC (00
connect ed tsgcembend suraee, Sgdﬁ@r%EO@éWWé@#a@r@lﬂbb@ﬂmdmgbe S8 and shaft

54. The Coﬂtﬁbeﬁé@nmwo:*%lé&ﬁeﬂ tsh&aﬁﬁﬁé hAGré ubacééxcaﬂ@hér shaft 54
al |l ows cool,.ant from,the coal ant

t alin be 58 and
return via 3H¥ ed’a%aégﬁg %‘B&?M ctaﬁlg %ﬁ’?‘f&)es é 3053‘8 afdzfﬁ? 58, or
vi ce versa. athkBa:dmgaporaﬁP@.lrfm) whieecin saidantans foe ddiviy said krdiss a cup 66,

a shaft fl Eyg@ﬂ it g2 7 FEB
2002 _7_ ﬁ%ﬁﬁlgg@i ﬁ%g:csg ni cﬂﬁ Jaﬁ?{:/%ggggne'{pﬁ SQlE%é‘fegnd a c#M'E‘&va']l une

di f f usi on- 2YpBIANGEs hipFRstsAiel] fhay pepmesfes Fﬁf‘(ﬁamﬂd%f"’h@m‘lﬁé@s@c of4) O her
vacuum nmearfeduiiédl eh@rgyS&@ezﬁilﬁ bestdevighid cdtRb@s ind gailanbliEtbedatansl 2) the

cathode 18 is.a s bst.an Lindrica a n_vaporative
surface 36 é’f‘?%’?‘i& Ny lfé%bﬁ?@ %mgﬂls su ﬁ“ﬁ‘“&%@?ﬁ’d’sg 4?3%’% 'é%“‘%’g The end
surfaces 389at(0eérmxdnﬁmdu¢ﬂsclal ly par aI l el with one another. The coating to
be deposi ted di dbeding h@a@eé@ﬁd Q«Jg;eprmeﬁtésemn%nﬁmpﬁ@s&&% 18) and often

t he cat hode 18 can_sinp e cut ast ro e.axial length 42 of
the cat hod@PRBratEs far é‘PB SHBE e B RHRAIS RS YAROF CPBSYIERN £9 Aal i dth 44 of
t he er osi osupatdtes comprisihgngveshel; meaps fat muintsinidgareacinoin sdid@ cat hode 18.
Keepi ng the i r v L.hikm zes the
posei bi 11ty FRe BAdld %ﬁ?@?ebi&é‘?@ﬁsa IIED VL RE By e 2

cat hode 18surfaee, aassondead surfagy an veaomva sprface sralbgesppdingo| | s into

and out of tﬁ&@baﬁfe‘éﬁl ml?.éns El&enbabél@&uﬂ&mﬂg:hmdﬁswmadtﬁcimnetg ating the
ad 52 . gc hed to a

substrat es %not S 2' he C(?.\r%a%m ar, 20 incl udes ) da at

shaft 54. T B”?Fé‘aﬁi“‘gm %Pé"% 6 TRTE 40 A8 AR BB 8 SINE R PRe “shaft 54
ext ends fr arourdtbsdié adafstative swrfaseddonghan grsspash, having\a magnekigtield di sk 56
el ectricall cont act or
20 prefer agfénél?'ur t:ﬂ&%ﬁe& @fﬁgggggﬁéﬂg%tﬁz&n&p%hééq%ﬁlgiﬁ@gﬁ fhag;(ggﬁ i oned
wi t hi n t he figlhggnergtor jn B‘E’J‘?S%P “F‘?'Ht@tofﬁ‘{égtmwe(t%%'éa étﬁ?)sa%’onnect ed to the
cool i ng t ulfarSfihgadrit centagbiacd, aadia cemuert mégnerqanicned radiatlpngidsefige 30
formed bet ngenent
bet ween t huagisd abflsfRhelctPEaciaRliiR diidpet frodites ST TAA D2

cool ant suﬁpﬁtw@!@qi@sémde?aﬂlimaéé‘& Hd n?‘i%’é“Séic%ﬂlCF‘&“agﬁRﬂfEmPﬁ’éa‘passage

30 bet ween chhesiiigddtialy paameu E\fsﬂ@@baﬂtﬂrahv&)@r%e aiid Wheeciv 8k RicenRef er ri ng
to FIGS. 28) the.cpntactor

ncl udes a shaft flange 68) an
d a ragnet FA&OEL] ﬁ"esrsfl’%?mﬁatgfﬁf@ug%&? yaid ayaﬁ}%gg% cva&“‘?’%‘% ge us)ed
in place ofutfiee; andumharngl&a;d aneaefredeariiaal energyrartending bytwaeai said| e
control | er cﬁt{l‘%ﬁlc%’i‘ﬁ"ﬂ d Eﬁ&hehﬁ)éﬂ%ga%rﬁ&@bf%dtcﬁéd&%ﬁxbﬂ% and force of the

cylinders , mechani cal ratu - ' cathode
18 di sposeau’b?é’ﬂ\l'aé%ﬂy gdeposited %‘ﬁﬁ S%ej%ﬂ%[%%"&bq%ﬁe%ggt actor 20. FIG 2
shows as alternative cathode 18 arrangenent wherein a contactor 20 is in
contact with each end surface 38,40 of the cathode 18. The second contactor
20 may be fined or actuable. The cathodic arc confer 10 preferably incl udes
a biasing source 108 for electrically biasing the substrates i?2.
Negatively biasing the substrates i2 relative to the anode 24 nakes

the. substrates 12 electrically ,attractive to positive ions liberated from
the cathode 18. A contact 110 electrically connects the biasing source 108
to the platter 48. The substrates i2, which are electrically connected to
the platter 48, are consequently electrically connected to the biasing
source 108. Clher means for electrlcally connectlng the substrates 12 to
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Defl ector shields | 12 are used throughout the water 10 to confine the
vapori zed cathode materials in the area of the substrates 12. The deflpggtimp
shields | 12 attached to the vessel 14 , platter 4%, and contactor 20 al so
m nim ze undesirable material build-up on those surfaces. In the preferred
enbodi nent, the deflector shields 112 ached to the vessel 14 are
electrically connected to the vessel 14 and are nmade of as electrically
conductive material resistant to corrosion, such as stainless steel. The
means 22 for sustaining an arc of electrical energy between the cathode 18
and an anode 24 includes a direct current t;D. C. ) power supply 114. la
the preferred enbodi nent, the positive |lead 11S of the power supply 114 is
connected to the vessel 14) thereby nalting the vessel 14 act as an anode.
The negative lead 1 17 of the power supply 1 14 is electrically connected
to the contactor shaft 52. Alternative 2 7 FEd 2002 -10 enbodi nent,s may
use an anode (not shown) disposed inside the vessel 14.- ,An_ arc initiator
116, maintained at or near .the electrical potential of the vessel 14, is

useflhto initiat mfadfdhﬁtagé bfth@%ﬂ_&ﬁidtﬁkﬂqe@nﬁohht@ﬂﬁgﬁﬁé aﬁpﬁaﬁﬁ;@wilgg to FIQ1,
in the operation o e _pr.esent inventi.gn cathodic are¢ conf.er , a

pl ural i t)F/) Oqat_ttéctfﬁgﬁcaw{aeogr%p §ﬂggg °?5‘E#§‘a§%&§? wte BIRsiEned WPipPeEiSt t er 48
and | oaded inrtepst bfectivesnanmes, Omece bfiectincethar&tbristis ¢fchn presenious| y

degr eased Jage ek AL Eabbie ChERA disklshBALIENE 36ty bd cle kit y _have sone

nmol ecul ar cont am nant ang qQxi dati Q Al nIg on 1ts exterior, surface. The
actuating GRMplGEMALCYIngEsY @sung 1dc sipplyiiapnegd ratodsreguiren o

el ectrical dinatéxpuinkive iliechigingpderdsy rbdcingahy esaalf thd chimodk@snad. The

mechani cal jyough vacuum pu 32,18 .0per . v te.the.,vessel 14 to a
predeteri mthgagﬁﬁﬂéscgﬁﬁgg %E?q%gs_'t ? thpcg %_8%5‘?%#‘2" g‘é"?{%ﬁ%&‘?ﬁ% hse"hﬁféﬁz vol une

di f f usi on \ezesiomop thacshodeistdiesnmiorengially ynifpemy dsseresulf, the lifeaf heicumm
condi ti ons.caffRieSidntd MaRBnised BERrd RPlacehfM ¢fn&les@ity. I etrai ning

cont am nants and/ or, oxi dati on a_nmethod such as "sput.ter. ¢l eani.ng".
Sputter cl eani ng(’?%thﬁf VPSS Q%‘“F PWS%“NVFP?%’%‘PP&EHHWV% tﬁcﬁgﬁm&g

descri bed iprocest.aMhelmems for keeriog eamarproend coks cathpdb earexsds dhd er nat i vel .
After the %H@?E 5@115; I , t am typically
usi ng an iner a %?ﬁ]}%g?ﬁ;? ggfﬁié&ﬁgit ?%%@%%@lgf %@@%Pﬁﬁ &ét% ég‘gﬂ‘g??"e

conpl et ed) cirsumienenge of the qaghoda A yubstantinlly goastapky¢lPeit ¢4pses ased via t he
bi asi ng sowniRrildrcumictdifial BRI St datlild. YTHE biitstidredibPosedsdrbing i ons

emtted from,t he gat hod eth8' t%z} %Jhg substrates 12.are rotat at a
varti cul ar #ghedinlln Spaceh fagih thé Fagide SaTSedugniy rerei E A more Bpifpp < 'op) | sh
an ar ¢ havidepgositipaof couting. Ieadditioncthefvelngity eftthaart arohnddgls ciinodao arc is

initiated; c&éﬁc&f{k%n&@ﬁ%ﬂn!@ﬂﬂﬁ%f%?e Sferfith APt Shaphehid BRI parti cul ar
vacuum presure o gas wi thin, the vesse 4;‘?2‘8“89' 57 coolant is cycled

through  2mpusEsfspeent juppliede AsgbFssHY IghearGfathbe t he vessel 14
and cont acnenig@lstedoieye Chdnzing deessoyway afioetreentydhie|stdegdnaf thp anadmeticor s such
as the SUb%{cfcfito?fb%ﬁ%eri al, the material to 6e coated, and the desired
characteristié of the coating, etc. Once the_ aforeneuti oned steps have been
conpl et ed) the &notheriadvanige of thg Rresenyigrention is thasimplicigrandont act with

t he evapor adliatiliy W the hedfis &r stdt@inEathb QEe afdhndCdd Tatlhdds Hi€niedns Unp
bet ween th%iarc L Ni e orative surface,36,. The arc
i

?t?igator J;'g and the. ¥3Rara B i

initiator 1YSHEEBENLEN Y FolBEER T Sra ke R %?%ﬁp%‘ﬁg ®athode 18,
pr ef er abl y sidednagriers and sifcmomagnétic eansenpietepno switclimgemedhanism i§ ni ti at or
116 is no Eélﬁ%?é%ﬁ‘t%d@%@c sheswRAIAL SnckBanishfindEGsky iR Tehiatingesr t he
cathode 18 a the deflector shields 112 electrically connected to the
vessel 24 (R SEFHREMeINBet veen the cathode 18 and the vessel, 24). The
magnetic fiel d Peeferabiyra pebremmive icoanngl e ncasidgethe datramagne®Ocatnewprece he

cat hode sp : LV i98 ofthd e Lfier 1O be nore
speci fic) g%g%ﬁgﬁ%gh%dﬁé?ag%@%f&%%gzgﬁﬁggngt P:(l: #l?ré)lq%%ﬂ%at Cpeﬁcﬁeat es the
cat hode | SPiasd apdtthe saag@etnt i al |y parallel to the cathode evaporative
surface 36. Fl GBerthimpebférred edibadirapims il bo dedcritledrty wieofragnetic fiel d

ext andi ng_ BRtEEehan SPRDRReERE! B oot R REEY Gablife ORI 1 010

magnetic field vector 124 depends ' upon the orientation of the side magnet
84 poles) and all side nagnets 84 ace oriented in |like manner. A vector 126
representing the electric arc) in contrast, extends away fromthe
evaporative surface 36 in a substantially perpendicular direction.

Together) the magnetic field and the electric current of the arc create a
force (the Hall effect) on the are that causes the arc to travel a distance
around the circunference of the cathode 18. The dwell time of the arc at

P P o o . Y Y e r -



-12 the art wll recognize that decreasing the dwell tine reduces the
occurrence of macro-particles_which can adversely effect the uniforpyq ¥ 2
surface finish of the deposited coating. The individual magnetic fields of
the side magnets 84, in close circunferential proxmty to one another)
collectively force the arc to circle the cathode evaporative surface 36
along as arc path 122 (see FIG 2). The cumber of side ~ 84, the relative
spaci ng of magnetic fields emanating from side nagnets 84) and the
intensity of those magnetic fields can e adjusted to satisfy the
application at hand. In softie applications, however, it is advantageous to
further include a center magnet 86. The magnetic field of the center magnet
86 appears to influence the geonetry of the magnetic fields emanating from

t he side magnets 84. resul,t t he arc gat? 122 aro nd, t e circunference
of the cathode 18 is 8 84. Hence,
the center magnely 8 ﬂ‘{%ﬁd‘}ﬁﬁ@e t he axi aI p05| tion of the air path
122. FIG 7 shows an g%progﬁma Ko) ow the magnetic field lines fromthe
si de magnets 84 and cdfiER ismgliagrafifimaticccioss-seotionak viewnofa sontactter, ar ¢ pat h
122 proxi mate the axjal, m dpoi he cat hode 18 hel ps nmaintain the arc
away from the coﬁ'ﬂ%‘l‘f’c"&r%‘&ﬂn EM CRIRIPIE Hnt act or s 20)) t her eby

m ni m zi ng undesi r abl of & 122 (and
consequent erosion geg:rlretryg proxinat-e the ax%gl 5?0. nt al so hel ps

i ncrease the effgeteratoys; of the coating process by maxi m zing the anount of
materi al that can be d froma particular ca de 18. e energy

del i vered by the arc iﬁ@s@é‘ 2P Pf the magpene ﬁ&?‘ g‘ PP Wpori ze,

t hereby |i berat |€ﬁ;a gns) nol ecul es, ions, el ecti ons, and particles from
the cathode 18. ‘The bi'ased substrates 12 attact the ions, causing themto
accel erate toward theFiGifsis adiagrarfimaliodop eiew of aihagretic field generatorur f ace

of the substrates |2, attach, and coIIectlver forma coating of the
cat hode nat eri alhavingannylsmsidemagnets;F~G 2 shows an eroded cat hode 18 in

erthodi ment whi e | ncl FIR BAbEls iew O % pladled RelPichelats sl B,

generator- 74) rq@.fen of the magnetic field generator 74 within the
contaetor 20 hel ps prormte uni form axi al ,and _aircunfe~reenti ~| ﬁeroy on of

the cathode 18) The rﬂ@t%ﬂ@ﬁ&ﬂﬂ@%ﬂ%&%@fﬁﬁﬂ@#@ném%t eld of each

e, 0 st bEeRBRIvE § SRt ARy ludilf e BhRR el A © 11 0T,

generator ?4 isgﬁﬁg@gulheeﬁﬂioqegr@ate a circling arc. As stated above) the
i ndi vi dual nmagnetic flelds of the side nagnets 84- chIecblver force the
arc to circle the catifi6h8 is asfizgrammaticsyiew0ka gath F‘H@ efigficld g |,

12 't he power s BERHCE ﬁf%@@%@%ﬂéﬁ*@ﬁﬁﬁ%‘*ﬁ%@% FRlbhed e o

vessel 14 is purged with inert gas and brought to anmbient pnssure. 'The
contactor 20 is actuated out of contact with the cathode 18 and the platter
48 is r~etnoved fromthe ,vessel 14. Zhe substrates i2 are subsequently
renmoved fromthﬁ m% and sew substrates |12 attached. The | oaded
platter 48 is tfHe ed back into . the vessel 14 in the manner

described earlier anRefdzringrio®IG:1; apappetusAQ fncalhodic ard vageot | on has
bees shown and described wth ~espoct to the gt ail ed enp&% ieats

thereof, it wlmmgtsﬂm 10138 3y P 8 i ous
gggggegfl :1hleoir nven ibn one ‘%%pr w coorl ng t-”ne ggt ;;?(r)nrtgg
nmay be used outvcutiwein nhba.tw:blsldl aszadmbol&; awnmmﬂwmmthﬂa power
ciTeult o ot nde ?km”“' Siag Ay oo PO BRerEY B aa%de ”Sl%m%?w
(S:(l;ﬁﬂagttl)rlg alrgdgllc %a [e. %mﬁﬁses%er aﬁ@@t@ be accept able to

have stati onar wccqrmlaettempeﬁﬁueibywchng icoalant dtrouglnwcgmgopash@w | ustrat ed
embodi ment s, ¢ %ﬁ?o within the vessel 14 and contactor 20. In the preferred

embodiment, the means 16 for maintaining a vacuum in the vessel 14




provi ded an apparatus for cathodic arc vapor deposition of material on a
substrate that operates in a cost effective manner; which provides 27 00
uni form high quality coating on every substrate within the apparatus; aER(Jz
whi ch includes..apparatus for steering au arc relative to a cathode that

overcones the limtations of the prior art. 2 7 FE8 2002 15 dains: 1.
An apparatus for applying material by cathodic arc vapor deposition to a
substrate ~12), conprising. a vessel (l14); , neans (16) for nmihtaining a

vacuum i n said vessel; a di sk-shaped tht hode (18), positioned inside said
vessel, having a first end surface (38), a second end surface (40), and an
evaporative surface (36l_axia||y extending t her ebet ween; neans (22) for

sel ectively sust aijg] 32l3ga\ﬁem§h%l gvaporative
surface and an anode- (14, 24 112) gﬁmsans 74 ;gf or driving Sgklud arc

around said evapodﬁim@ﬂmefmﬂumvpmplﬁu torthenintérior off theivegsalB4d arc i s
B2 d arc. produces lih b sty By fhe ool AEIAREYS, o cat hode: wher el n
F?Ibceirg{ gso; ;e)L)rGthz)an:‘ "sal d gatfshoSe v£ fgf\gﬁfu s%ﬂeﬁﬁaggepom tgdI gnatn(r)]ceie
substrate (12) Iocﬂlmqahdlsﬂdlasmgohwempmau@ swfacamﬁecnméugbemebmg to
Cervaen said cat HoRk of 59 Brieces g4, ﬁé%@'@%@ﬁ“ #3 35, M"f Sbgenialip e O

supply (114), d 17)
wherein said negal% ive a‘gggbh?\ég?adihgﬁpomer supg 'y 1s ect rically connect ed
to said cathode (ma@yial cemipesificn pfthe cathode 38, and often the cathode E8wancted to

a1 d tatnode is AR ﬁé’ﬁv{*@oniesifea e L e a1 A

according to clai ipttferdly fon et theSatititi ﬁ?ﬂrvﬁdtﬁ% dff th¥lengsisa! d arc

around sai d evap atlve surtace conpris S romagnetlc center pl ece
(82); and a rragnepattzm‘%mngahemmﬁw}urfma%bédxdmtb@daﬂs.erxmggnet|c

feglt Sr hg{/eﬁg av\,ge ein salgg{éggag ic fi eI d er torQQ@?é;;mes .a gﬁggeéi C
evaporative surf aaeqbifify apt drddd it tads the 8vaporative surface 36 of the

cathode 18. The substrates 12 are mounted on a platter 48 that rolls

into and out of the vessel 14. The platter 48 includes means for

rotating the substrates (not shown).

The contactor 20 includes a head 52 attached to a shaft 54. The
head 52 is positioned inside the vessel 14 and the shaft 54 extends from
the head 52 to outside the vesscl 14. An insulative disk 56 electrically
insulates the contactor 20 from the vessel 14. The contactor 20
preferably further includes a cooling tube 58 coaxially positioned

" within the shaft 54, a coolant inlet port 60 (see FIG.1) connected to the
cooling tube 58, and a coolant exit port 62 connected to the passage 30
formed betweea the coaxial coolant tube 58 and shaft 54. The coaxial
arrangement between the cooling tube 58 and the shaft 54 allows
coolant from the coolant supply 26 to enter the cooling tube 58 and
return via the passage 30 between the shaft 54 and the cooling tube 58,

or vice versa.
Referring to FIGS. 2-8, the contactor head 52 includes a cup

66, a shaft flange 68, and a magnetic field generator 74. The shaft

‘ m—g




2 7 FE8 2002 - 16 4. An apparatus according to claim3, wherein said
magnetic field generator, further conprises: a plurality of nagnetszgqﬁhzmz
wherein each nagnet is attached to a side surface of said

f'erromagneti c-center piece (82) and said magnets are uniformy spaced
around said ferromagnetic center piece. 5. . An. apparatus according to
claim4, wherein each said magnet (84).gis cylindrically shaped, having a
first polar end end a second polar end, said second polar end having a

pol arity opposite that of said first polar end; wherein said first polar
end of cacti said magnet is-attached to said ferronagnetic center piece
(82). 6. An apparatus according to claim3, wherein said magnetic field

gener at or (84) |sﬂagczﬁ8nulﬁxednnghet5haﬂh54mgl &nduprﬁwm lyuattached anal an
outer radial surfa out d| al sur a a.p opposite
that of said mné?iﬁdagﬁai*ﬁé' gé'e @Mﬁ sﬁ?ﬁl;ﬁr dce is
attached to said accordin
ﬁ!ﬁi&w&ﬁﬂf Hr‘efé?i&!lg%ﬂa Getivelmatetial vapa glagﬂ& di ng

to claim®é, vvhereln ag‘%ura net segments col form sai d
annul ar magnet (8H eamam field geacrtord7 gmludearwfmomaaxcnc ceates 7,

2‘332?5&2%&2?35“ % "R PRyt of ek ol L, L bRk . 1
(52) eétnhviafﬁaﬁrgﬁﬁ’et nggnet Eg?ﬁﬁ?@?é"‘;ﬁnh %’Wo g TRiben P oo
rzrggget ! %—f <! d aﬁpar atgg a%{:l%?g %o clal ms?%‘c% urther corrpr2| ZI ESB

means for sel ectelcmmmagmust b@u&eﬂerﬁybn@mlq:pnhnmtwgﬁetmfer ng
{ranst er st her AR Ge Al e tagets Hoeraish ghov 81° ooRmerRAl L AT 8 ny ¢ v
20T 107 T e s s ae a4, W9 g gl 1o
ferromagnetic cesgmentsd @tevhole, may be used alternatively (see FIGS. § aad 6).
The side magnets 84 are attached to the side surface 88 and the ceater
magnet 86 is either received within the hollow 92 or attached to an end
surface 90. FIG.8 shows a magnetic field generator 74 that includes a
ferromagnetic center piece 82 and side magnets 84, but does not
include a center magnet 86. In all embodiments, the number of side
magnets 84 can be varied to accommodate the process at hand.
Referring to FIGS. 1 and 2, apparatus 94 is included for
rotating the magnetic field generator. The rotation apparatus 94
" includes a rod 96 extending through the coolant tube 58 and iato the
head 52 where it connects with the ferromagnetic center piece 82. The
opposite end of the rod 96 is connected to a variable speed drive motor
98 via a drive belt 100 (see FIG.1).
The cathodic arc coater 10 may also include an actuator 102 for
selectively actuating the contactor 20 into electrical contact with the
cathode 18 which includes a pair of two-way actuating cylinders 104
(hydraulic or pneumatic) acting between the vessel 14 and a shaft
flange 106 attached to the contactor shaft 54. Mechanical apparatus




attached magnetic field generator inside said housing (66, 68). 13 An
apparatus according to claim12, wherein said rotator conprises: ZZF¥§ZWZ
notor (98), positioned outside said vessel (14); a rod (96), attach

said ferromagnetic center piece (82), wherein said rod extends outside said
vessel and is selectively rotated by said drive notor. 14. An apparatus
according to any preceding claim wherein said neans (74) for driving said
arc around said evaporative surface (36)-gconprises: a pair of nagnetic
field generators (84) each attached to a ferromagnetic center piece (82).
wherein one of said magnétic field generators is positioned in close
proximty to said flrst end surface (38), and the other of said nagneric

field generators may pedised émplace of ¢h o gctuting cylinders d04ai A copvnersiallyd

surface (40); wh C fi e

~onagnetic field | ng%gﬂggg%‘d@ﬁ??ﬂ% %%@ é‘%&&léﬁ?%ﬁ&aﬂal | el
to said evaporat fyesof theeylinders 404 (or itesianichPippakiiug)) FIGA diows the'
appl yi ng rraterl al by 'cat hodi'c‘arc vapor deposition to a substrate (12),

conprising: ‘a vesatibde 18)dispased betwieen & Gixedrauppart 49 agdanvastiabie i n sai d

vessel ; a disk-sh ho. positioned i aid vessel, having a
first end surfacg&?%gag ,unu&%ﬁv 4%3%%1@ g}tat Ive
surface (36) axi @hepeial Nt wwﬁb&mmﬂmd@&hﬁ&rwwwﬁdel y

sustaining an arc of electrical energy between said evapor ative surface and

an anode (14, 24, cathgde 18.2 Thersecond oontactor 2@umay be fimedrarraafuabl¢.ng sai d arc
around said evaporatl f ce. al on hayi n a rragnetic
field g'enerator (84, 8@0’ e?fct??a'&'ra@r?‘& t'i"é "@g? 2)

wher ei n sai d ‘"ag[0g for dledth A Qe sEBIHIES1Z. N mﬁmguﬁe magnet s

(84) attached to said ferro neti ¢ center piece, ent er” magnet (86)
posi tioned radi aHUbytntnsdaerdahveabdle;aMGr%mﬂ(ss thehmbstmteedah said side

magnet produces fi.el that, tes i d cat ho ch, sai d
magnetic field |ﬁmgﬂﬁbﬂgmﬁﬂﬁ ?%W%ﬁl %‘ﬁa&% 54?‘?‘;‘? ﬁg p‘%r al | el
to said evapora %%ﬁ m%egy“%e nfl uences
said arc path rt(gogﬁcsg to sal Fakextenc evaporatlve urtace; and
wherei n sai d ar @d8of The substrates 12;nehigh ametacdm@iytmmeaadwm plattemde and

dapos! ted on ¢ ndbs i Soliequenth) decrial Sopaseing GLins biadag pores 168 ¥
Other means for electrically connecting the substrates 12 to the biasing
source 108 may be used alternatively.

Deflector shields 112 are used throughout the coater 10 to
confine the vaporized cathode materials in the area of the substrates 12.
The deflector shialds 112 attached to the vessel 14 , platter 48, and
contactor 20 also minimize undesirable material build-up on those
surfaces. In the preferred embodiment, the deflector shields 112
aftached to the vessel 14 are electrically connected to the vessel 14 and
are made of an electrically conductive material resistant to corrosion,
such as stainless steel.

The means 22 for sustaining an arc of electrical energy between
the cathode 18 and an anode 24 includes a direct curreat (D.C.) power
supply 114. In the preferred embodimeat, the positive lead 115 of the
power supply 114 is connected to the vessel 14, thereby making the
vessel 14 act as an anode. The negative lead 117 of the power supply
114 is electrically connected to the contactor shaft 52. Alternative

L




16 An apparatus according to claim15, wherein said nmeans (22) for
sustaining an arc o electrical energy between said cathode ( 18) angysapdn
anode (14, 24,112) conprises: a power supply (114), having a positive |ead
.(115) and a negative |l ead (117); Werein said negative |lead of said power
supply is~ electrically connected to said cathode (18), and said positive
lead is electrically connected to said vessel (14), thereby naking said
vessel act as said anode; and wherein_said cathode is electrically

i nsul ated fromsaid vessel. 17. An apﬁé?atus according to claim15 or 16,
wherein said magnets (84,86) are pernanent magnets. 18. An apparatus
according to claim 15, 16 or 17, wherein said ferromagnetic center piece
(82) conprises aeﬁﬁodmcqwmayauummdaeﬁushmghdmmsd)m@eampweﬁ

said hollow 19. ;An par at. ) any_ prec reln
16" AR BalfioR 18y maplpo i arHeRE B iRl sl
fsglr(rjoﬁggag'[l gaggafgie%e |ane1‘(c' 18 %uﬁugéeuz 2 - 19 %;l%eglAn appar at us

according to any prec erein sald center magnet (86~ is
cylindrically shaped, haV|ng a first polar end and a second pol ar end; said
second pol ar end ha |no a PpQ -Fkt pposite that of said first polar end
wherein said fir 0,00 (e Agparplily; magnet is are attached to said

ferromagnetic Center Ebr fin 33)51021. mA{hea?&iﬁﬁdJéf fHeCpreshnt Snveatiany

preceding claim furt rising protective coating, said coating
encasi ng said fmgmmmmapqummﬁa@dmgm@de 184are6) to

IREIZblb}]y%OL\{ osi 09 ;?3%& ﬁrronﬁ@éﬁg{ n.t m[)l ece ﬁqd ig sub%ts
"L Ayl AF LA substanti
)éﬁ"t u);;@:{ vql gb] q gf"?a?%%’?ﬁf@g?ga(} cgﬁ:sg?ca ca] caéltl cgﬁ:ngd! caj ca] cha] cajcalc

a] ca] ca] ca] ca] cae]a.clz \lfkedy haye somejmatecdlar n*** 8+a+++8&, C,
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subsequently actuate the contactor 20 into electrical contact with the
cathode 18 and the vessel 14 is closed.

The mechanical rough vacuum pump 32 is operated to evacuate
the vessel 14 to a predetermined pressure. Once that pressure is
reached, the high volume diffusion vacuum pump 34 further
evacuates the vessel 14 to near vacuum conditions. The substrates 12
are then cleaned of any remaining contaminants and/or oxidation by 2
method such as “sputter cleaning™. Sputter cleaning is a process well
known in the art and will not be described in detail here. Other
cleaning methods may be used alternatively. Afier the substrates 12
are cleaned, the contaminants are purged typically using an inert gas.

Prior to initiating an arc several steps are completed, including:
(1) the substrates 12 are electrically biased via the biasing source 108,
making them electrically attractive to positive ions emitted from the
cathode 18; (2) the substrates 12 are rotated at a particular rotational
speed; (3) the power supply 114 is set to establish an arc having a
pamcula: magnitude of current and voltage, but no arc is initiated; (4)
the vacuum pumps 32,34 establish and maintain a particular vacuum
pressure of gas within the vessel 14; and (5) coolant is cycled through
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surface 36 of the cathode 18, causing an arc to jump between the arc
initiator 116 and the evaporative surface 36. The arc initiator 116 is
subsequently moved a distance away from the cathode 18, preferably
radially outside of the substrates 12. Once the arc initiator 116 is no
longer proximate the cathode 18, the arc jumps between the cathode 13
and the deflector shields 112 electrically connected to the vessel 24 (or
directly between the cathode 18 and the vessel 24).

The magnetic field generator 74 positioned in the contactor 20
drives the cathode spot along the evaporative surface 36 of the cathode
18. To be more specific, each side magnet 84 produces a magnetic
field that permeates the cathode 18 and runs substantially parallel to the
cathode evaporative surface 36. FIGS. 7 and 8 show an approximation
of where the magnetic field lines are believed to run and vector 124
represents the magnetic field extending between the cathode ead
surfaces 38,40. The direction of the magnetic field vector 124 depends

" upon the orientation of the side magnet 84 poles, and all side magnets
84 are oriented in like manner. A vector 126 representing the electric
arc, in contrast, extends away from the evaporative surface 36 in a
substantially perpendicular direction. Together, the magnetic field and
the electric current of the arc create a force (the Hall effect) on the arc
that causes the arc to travel a distance around the circumference of the
cathode 18. The dwell time of the arc at any particular cathode spot is
inversely related to the Hall effect force; i.e., an increase in the Hall
effect force, causes a decrease in the dwell time. A person of skill in
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the art will recognize that decreasing the dwell time reduces the
oo_i:urteuce of macro-particles which can adversely effect the uniformity
and surface finish of the deposited coating.

The individual magnetic fields of the side magnets 84, in close
circumferential proximity to one another, collectively force the arc to
circle the cathode cvaporative surface 36 along an arc path 122 (see
FIG.2). The number of side magnets 84, the relative spacing of
magnetic fields emanating from side magnets 84, and the intensity of
those magnetic fields can be adjusted to satisfy the application at hand,
In some applications, however, it is advanmgeoﬁs to further include a
center magnet 86. The magnetic field of the center magnet 86 appears
to influence the geometry of the magnetic fields emanating from the

“side magnets 84. As a result, the arc path 122 around the
circumference of the cathode 18 is moved axially away from the side
magnets 84. Hence, the ceater magnet 86 can be used to move the
axial position of the arc path 122. FIG.7 shows an approximation of
how the magnetic field lines from the side magnets 84 and ceater
magnet 86 are believed to interact, An arc path 122 proximate the
axial midpoint of the cathode 18 helps maintain the arc away from the
contactor 20 (or between both contactors 20), thereby minimizing
undesirable wear on the contactor 20, An arc path 122 (and

" consequent erosion geometry) proximate the axial midpoint also helps
increase the efficiency of the coating process by maximizing the
amount of material that can be eroded from a particular cathode 18.

The energy delivered by the arc causes the material at the
cathode spot to vaporize, thereby liberating atoms, molecules, ions,
clectrons, and particles from the cathode 18. The biased substrates 12
attract the ions, causing them to accelerate toward the substrates 12.
The ions strike the exterior surface of the substrates 12, attach, and
collectively form a coating of the cathode material.



10nmy ,, z109%& () -1

10908 ()- ! 109%008 ()-! 310%00& ()-,,--\--- dEK1!

' 910908 ()- | | %ML0%O& ()- #109%0% ()-  "Y1090% ()- y mLO%OE ()- "//Flfg -

000b@ 10mM 10% 0 0& ()-Z10%& ()-' Y10%& ()- 100 100 100@ z10%& {Y-hE
109008 () -

: &10%08 ()- OML3$4d4y5#7}[9b@ ! L' 109& ()-!L' 109RR& ()-!"

-13-

FIG.2 shows an eroded cathode 18 in phantom, substantially
symmetrical about the arc path 122, In the embodiment which includes
apparatus 94 for iumting the magnetic field generator 74, rotation of
the magnetic ficld generator 74 within the contactor 20 helps promote
uniform axial and circumferential erosion of the cathode 18. The
rotation distributes the magnetic contribution of each side magnet 84
around the circumference of the cathode 18 as a function of time. It
must be emphasized, however, that rotation of the magnetic field
geaerator 74 is not required to create a circling arc. As stated above,
the individual magnetic fields of the side magnets 84-collectively force
the arc to circle the cathode evaporative surface 36.

Referring to FIG.1, whean a coating of sufficient thickness has
been deposited on the substrates 12, the power supply 114 is turned off
and the arc extinguished. The vessel 14 is purged with inert gas and
brought to ambient pressure. The contactor 20 is actuated out of
contact with the cathode I8 and the platter 48 is removed from the

Jvessel 14, The substrates 12 are subsequently removed from the platter

48 and new substrates 12 attached. The loaded platter 48 is then
inserted back into the vessel 14 in the manner described carlier and the
process repeated.
Although this inveation has been shown and described with
respect to the detailed embodiments thereof, it will be understood by
those skilled in the art that various changes in form and detail thereof

may be made without departing from the scope of the

invention. In one example, means for cooling the contactor 20 may be
used other than that disclased above. In another example, 2

power supply 114 that simulates direct current, such as one having an
LCR circuit or other rectifying means, may be used in place of a D.C.
power supply 114. In another example, one or



1096 & ()- 10967& ()-! 109®5& ()-#7777777j88uSl! 109®5& ()-! 10% 0

0& ()-Z1094& ()-' Y109%& ()- 10 10 10! L' 10%&' ()-8;; < 7 EERI00
—>1 P} [QuSL! 1 L' 100& ()-1 L' 10% ()-!1L' 100RR& ()-1° 100008 ()- 10947 &Ef)"
10967& () -! 2L?MPN?O?\ ?° 28@@AIS1! bOF 10%f& ()-!F

109& () - 9FGLOY% ()-' Z10% ()- 10 10 10!'L' 10%& ()- @\ACCEF. G G [ <11

10510%&' ()-!" 'S10%&' ()- ' S109%& ()-!|

-both contagtors are actuable. In some cases, however, it may be
acceptable to have stationary contactors 20.

Thus, at least according to the illustrated embodiments, there is
provided an apparatus for cathodic arc vapor deposition of material on
a substrate that operates in a cost effective manner; which provides a
uniform high quality coating on every substrate within the apparatus;
and which includes.apparatus for steering an arc relative to a cathode
that overcomes the limitations of the prior art. '
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Claims:

L An apparatus for applying material by cathodic arc vapor deposition to

a substrate (12), comprising:

a vessel (14);

means (16) for maintaining a vacuum in said vessel;

a disk-shaped cathode (18), positioned inside said vessel, having a first
end surface (38), a second end surface (40), and an evaporative surface (36)
axially extending therebetween; )

means (22) for selectively sustaining an arc of electrical energy berween
said evaporatdve surface and an anode (14,24,112); and

means (74) for driving said arc around said evaporative surface,
wherein said means for driving said arc is positioned in close proximity to said
cathode, and said means for driving said arc produces a magnetic field that
permeates said cathode;

wherein said arc of electrical energy extending between said cathode
and said anode liberates a portion of said cathode which is subsequently
deposited on the substrate (12) located inside said vessel.

2. An apparatus according to claim 1, wherein said means (22) for
sustaining an arc of electrical energy between said cathode (18) and said
anode (14,24,112) comprises:

a power supply (114), having a positive lead (115) and a negative lead
(117);

wherein said negative lead of said power supply is electrically
connected to said cathode (18), and said positive lead is electrically connected

' to said vessel (14), thereby making said vessel act as said anode; and
wherein said cathode is electrically insulated from said vessel.

3. An apparatus according to claim 1 or 2, wherein said means (74) for
driving said arc around said evaporative surface comprises:

a ferromagnetic center piece (82); and

a magneuc field generator (84), attached to said ferromagnetic center
piece, wherein said magnedc field generator produces a magnetic field having
a portion (124) that runs substantally parallel to said evaporative surface (36)
of said cathode (18).
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4. An apparatus according to claim 3, wherein said magnetc field

generator, further comprises:
a plurality of magnets (84), wherein each magnet is attached to a side

_ surface of said ferromagnetic-center piece (82) and said magnets are
uniformly spaced around said ferromagnetic center piece.

5. . An apparatus according to claim 4, wherein each said magnet (84) is
cylindrically shaped, ha_ving'a first polar end and a second polar end, said
“second polar end having a polarity opposite that of said first polar end;
wherein said first polar end of each said magner is attached to said
ferromagnéﬁc center piece (82).

6. An apparartus according to claim 3, wherein said magnetic field
generator (84) is an annular magnet, having an inner radial surface and an
outer radial surface, said outer radial surface having a polarity opposite that of
said inner radial surface;

wherein said inner radial surface is attached to said ferromagnetic

center piece (82):

7. An apparatus according to claim 6, wherein a plurality of magnet
segments collectively form said annular magnet (84).

8. An apparatus according to any of claims 4 to 7, wherein said magnet or
magnets (84) is/are permanent magnets.

9. An apparatus according to any of claims 4 to 8, further comprising:

a protective coating, said coating encasing said ferromagnetic center
piece (82) and said magnet or magnets (84) to inhibit corrosion of said
ferromagnetic center piece and said magnet or magnets.

10.  An apparatus according to any of claims 3 to 9, further comprising:
a housing (66,68), in contact with one of said cathode end surfaces

(38,40);
wherein said magnetic field generator (84) is enclosed within said

housing.

1 f@ 2002
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wherein said means for transferring thermal energy selectively transfers
thermal energy from said housing.

12.  Anapparatus accordmg to claim 10 or 11, further comprising:
a rotator (96,98 100), attached to said ferromagnetic center piece (82);
wherein said rotator rotates said ferromagnetc center piece and
attached magnetic field generator inside said housing (66,68).

13.  An apparatus according to claim 12, wherein said rotator comprises:
a drive motor (98), positioned ourside said vessel (14);
a rod (96), attached to said ferromagnetic center piece (82), wherein
said rod extends ourside said vessel and is selectively rotated by said drive
motor.

14. An apparatus according to any preceding claim, wherein said means
(74) for driving said arc around said evaporative surface (36) comprises:

a pair of magnetic field generators (84) each atrached to a
ferromagnetic center piece (82).

wherein one of said magnetic field generators is positioned in close
proximity to said first end surface (38); and the other of said magnetic field
generators is positioned in close proximity to said second end surface (40);

wherein each said magunetic field generator produces a magnetic field
having a portion (124) that runs substantially parallel to said evaporatve
surface of said cathode (18).

15 An apparatus for applying material by cathodic arc vapor deposition to
a substrate (12), comprising:

a vessel (14);

means (16) for maintaining a vacuum in said vessel;

a disk-shaped cathode (18), positioned inside said vessel, having a first
end surface (38), a second end surface (40), and an evaporative surface (36)
axially extending therebetween;

means (22) for selectively sustaining an arc of electrical energy between
said evaporative surface and an anode (14,24,112);
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ferromagnetic center piece (82), wherein said magnetic field generator
includes a plurality of side magnets (84) attached to said ferromagnetic center
piece, and a center magunet (86) positdoned radially inside of said side
magnets;
wherein each said side magnet produces a magnetic field that
permeates said cathode, each said magnetic field including a portion (124)
that runs substantially parallel to said evaporative surface; and
wherein said center magnert (86) influences said arc path relative to
said axially extending evaporative surface; and
wherein said arc of electrical energy extending between said cathode
and said anode liberates a portion of said cathode which is subseciucndy
deposited on the substrate (12) located inside said vessel.

16 An apparatus according to claim 15, wherein said means (22) for
sustaining an arc of electrical energy between said cathode (18) and said
anode (14,24,112) comprises:

a power supply (114), having a positive lead (115) and a negadve lead
(117);

wherein said negative lead of said power supply is electrically
connected to said cathode (18), and said positive lead is electrically connected
to said vessel (14), thereby making said vessel act as said anode; and

wherein said cathode is electrically insulated from said vessel.

17. An apparatus according to claim 15 or 16, wherein said magnets
(84,86) are permanent magnets.

18. An apparatus according to claim 15, 16 or 17, wherein said
ferromagnetic center piece (82) comprises a hollow (92) and said center
magnet (86) is disposed in said hollow.

19. An apparatus according to any preceding claim, wherein said center
magnet (86) is attached to an end surface (90) of said ferromagnetic center
piece (82).
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magnet (86) is cylindrically shaped, having a first polar end and a second
- polar end, said second polar end having a polarity opposite that of said first
" polar end;
wherein said first polar end of each said magnet is are attached to said
ferromagnetic center piece (82).

21.  An apparatus according to any preceding claim, further comprising:

a protective coating, said coating encasing said ferromagnetic center
piece (82) and said magnets (84,86) 1o inhibit corrosion of said ferromagnetic
center piece and said magnets.



