METHOD AND APPARATUS FOR CATHODI C ARC DEPOSI TI ON OF MATERI ALS ON A SUBSTRATE
BACKGROUND OF THE I NVENTION 1. Technical Field [00011 This invention

rel ates to apparatus for vapor deposition of coatings in general, and to
cat hodi ¢ arc vapor deposition apparatus in particular. 2. Background

I nformati on 100021 Vapor deposition as a neans for applying a coating to a

substrate is a -kno th i nel e chem cal vapor
deposi tion, physi ca é@&épﬁﬁgﬁ%ﬁﬁﬁf%@gﬁ%ﬁ@ég apor deposition.
Cheni cal vapor depOSDEP@@HMbWNTEHIRﬂ'S%NQ\SUQ%‘T‘RAVPEQaSGOUS el ement s
into a deposition chanber containing one or nore substrates to be coated.
Physi cal vapor deposition involves providing a source material and a

substr at 0 ted deposition chanber. The source

mat eri al ﬁﬁ?@%ﬁ@@?‘ﬁ%@% Iﬁ&?ﬁﬁ'ﬁ% an energy input, such as heating by
resi stive, TdcReWgItAiME, or el ectron beam neans. [ 00031 Cat hodic arc vapor
deposi tion involves a source material and a substrate to be coated placed
in an evi90il ed Tdaeqaosmtloorrel@tcam)arparm’m‘foc Mapen depasitianadfreoaipngsyin gemazdlat i vel y
smal | ampunt o{pg ﬁq%%tt' ve |lead of a dllrect current (DC) power supply
i s attacfi¥u® ¢ 'I‘f@r%&ﬂ% {HomaRPATAWS LPALEYIEY referred to as the

“cat hode)) d th sitjve lead is attached to an anodi c nenber. An
arc-ini t?aﬁqc %rOPF‘&B'EfBFna“&P or near the same electrical potential as the
anode, c ts \ FYENw at hode.
When theﬁitbplggge \}#grgﬁoP%%?r?ggq%%ng?%E@ﬂ] tgyac{Hca)Ml?%te cat ﬁ%%tgngéﬁﬁo dﬂ:ffer ence
in elechm tlmaincbxdbepﬂocadscsbath/aenhdmealtwap@glepoanm tplhgsmﬂt\ﬁapdedepamaem an arc

of electricity extend t herebet wee he trig npves further away,
the arc ?%ﬁéh%%éﬁpqrﬁspowmo@@%ﬁ VEPF Jsa%tlen ERaHISe MUORHENg xact poi nt

or poi nt ﬁa’actmegrageo%g eﬁhfen%sqmbhaeée bifion E%ﬁ%%oﬁ&nﬁd}%&a&r@&@s waftkgred to
as an are spot. Absent a steerl r?g nmechani sm an a nove randonly
about t hbe saatddadthysitaltvaporcddposiden 11{v©ﬂ©4bro‘ﬁﬁthngaemg‘ye dmmnml arath impstrite arc at
an arc s og is intense; on. the orde L 1\0/@e 07 a eres ger sgﬁuare

centi met g’r &GopigdAn AR pucHRd 8?903“1‘0@‘\& fgOee éPurﬁF ntensity
of Lhe CoRIoi¥y bRERSRy b, sAaRks HAIREbRAIUIE findRvald: eﬁ;@ﬁ‘%n b&rﬁm&aﬂsx' mat el y

equal t he ing pol nt of- the cat hode nateri al e evacuat ed
charber RioaSEur @athd%l?c & vapor deposition involves a source material and a substrate to be

coated placed in an evacuated deposition chamber. The chamber contains only a relatively
small amount of gas. The negative lead of a direct current (DC) power supply is attached
to the source material (hereinafter referred to as the "cathode™) and the positive lead is
attached to an anodic member. An arc-initiating trigger, at or near the same electrical
potential as the anode, contacts the cathode and subsequently moves away from the
cathode. When the trigger is still in close proximity to the cathode, the difference in
electrical potential 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 an arc spot. Absent a steering mechanism, an arc

spot will move randomly about the surface of the cathode.

[0004]  The energy deposited by the arc at an arc spot is intense; on the order of 10° to
107 amperes per square centimeter with a duration of a few to several microseconds. The
intensity of the energy raises the local temperature of the arc spot to approximately equal
that of the boiling point of the cathode material (at the evacuated chamber pressure). Asa

result, cathode material at the arc spot vaporizes into a plasma containing atoms,
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result, cathode material at the arc spot vaporizes into a plasnma containing
atons, 1 nolecules, ions, electrons, and particles. Positively charged ions

| i berated fromthe cathode are attracted toward any object within the
deposi ti on chanber having a negative electrical potential relative to the
positively charged ion. Sonme deposition processes naintain the substrate to
be coated t a el ectri . bot |.a S t anqde. her., processes
use a bi a9 fe%ﬁleg’gﬂ"?sc gi%‘f‘t(r)é’qesbé\r}edrl%t%celgspolfogmvfegﬁ c%glf'gep ﬁ%nsgu SEEG rgmatlﬁ% t her eby

make t hecatlhodestd atracte@icdrd ahyobyedtavitiiin hadlepystiérocHaitbep ASVihg ¥ akativbar ged
lons. In either case, the substrate beconmes coated with the vaporized

mat er i al Clp¢tHeH potsatialalive o hepaytirely chuetd iogs SRBWIdEPAT BOHBINEETES on has

hi storic . | ' ' : LIs;, | ml =
25 4 i o Bl BEulRERe e ARRlol o ek Rekutelt Souo AR B¥neds. Okl O

cat hodi cp@eessenae ardasing doyfiecaldwerrtled patentl pf the cubsfratetand therdbyriakdithe, but

has not been a substantial concern in view of the thin coati nﬁ% Appl ying a

rel ati vePUpPstrpe slaldeshy PR f(tﬁé?tw?é@tl]ﬁ"iﬂoé‘)tlvﬁ]ds‘:hﬁ’@?@é%\soJ‘é%‘%ﬁr B¥eCpr acti cal
because. Qlvstrite bectfisUhieBwilh! HIE vERAHA Rflickidl 1iFRREY frbHFthE%Qt‘hbé(iEQ at the
of ¢C 'y abl e cat ho e.

deposition rate urrently aval Ic arc coaters g., at 0.3

m | /hr, @Pé?f om.s altﬁ(ﬂiiticicg'c %gﬁgsiit%\ h lrlilésg%{c%hglb ;[n Llhsgf;il Eé %&F’g}? rfﬁgtxs\)e;glts ?nOG] It may

be possi g y I ncrease epo 0 an exi sting

cat hodi Ccatiage@as gilspy noNk 25 dngic s 5.4 1 e0t ui)te bibsanek.] THe ddgigitioncr ease in
deposition rate is |limted however, by the apparatus currently avail able.
Si gni fi ceat Phcathediceus Foriers nctypically ealatively dew (ea+ Py railAr), hwt has @gt brsliac ar ¢

¥R healn el bihese
indost £ 2l hafiobagein AEHER R R ol adeling SILARy BURLARRE IS °°

parti cl eS0Winilk) ¥ heiehsfoRtrd bednpracital beenusersh e substatM] tiyneregiiraiabe cat hodi ¢
arc coaters could not acconmpbdate an appreciable increase in current
wi t hout PRREYIFEiCRAtings3tdhg @qp@alﬁpna%tﬁﬁ’g@!ﬂqr@mmqllabk cphdic argjeqatersde-gedtied i s an

appar at ug 3 %H%tlggqnij ice C?)D;ang %ufﬂ;tﬁké’ﬁﬁ&fst ﬁ(?{gl%ggition of material on a

substrate that 'i's capa erating at a eposition rate. DI SCLOSURE
OF THE | I 0008]. According.to the present.invention,.a nethod for
appl yi ng[@@gat ih 31_6?7" hossb%j? Eﬁ)oséxigﬁﬂ%pgrqage B\%@P%Fét&?n FP e rPéltePl‘bsgngncl udes the
st eps of ¢atRddiPare\CosteBy 8nl¢ Mdieading tBE @urréh@@%;ﬁfedt Tk ihd2€dse e depRsitioneite Sour ce
and utilizes a disk-shaped cathode, the cathode havi ngi _ .

is limited however, by the apparatus currently available. Significantly increasing the

current in currently available cathodic arc coaters is likely to cause the portion of the

cathode proximate the arc to undesirably melt or increase the chance that undesirable

macroscopic particles will be liberated. In addition, most currently available cathodic arc

coaters could not accommodate an appreciable increase in current without incurring

significant damage.

[0007] In short, what is needed is an apparatus and method for cathodic arc vapor

deposition of material on a substrate that is capable of operating at a high deposition rate.

DISCLOSURE OF THE INVENTION

[0008] According to the present invention, a method for applying a coating by a
cathodic arc is provided. The method includes the steps of: a) providing a cathodic arc
coater that includes a power source and utilizes a disk-shaped cathode, the cathode having
an evaporative surface extending between a first end surface and a second end surface,
wherein the evaporative surface has an area; b) determining a maximum acceptable power

density for the evaporative surface; and c) applying a magnitude of electrical current from
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an evaporative surface extending between a first end surface and a second
end surface, wherein the evaporative surface has an area; b) determning a
maxi num accept abl e power density for the evaporative surface; and c)
applying a magnitude of electrical current from2 the power source to the
cat hode, wherein the electrical current nmagnitude divided by the area is

equal to,or less than the i mum acgcept ahl ower density. for .th

evapor at 1§ é’ow_ﬁh?ol“éc(?é? tt[ed'(i'ag?éﬁﬁy%fa\?éﬁ? %&%"“85 Cﬁﬁgmd%gé’é?ﬁie _ﬁ‘}’(\’/‘%ﬁtqyot_ Fmethod is
that a cabhrdqEalaber REPMah thOMaxiHuAf f28pthble BABE &chsit) 8dr thé EVapBRiiiNEt thi ck
coatings (e.g., 10-200 mls) to be applied to a substrate wthin a
commer ci @irfage.pr acti cal period of tinme. The present invention method and
apparatus enabl es deposition rates up to and beyond 4.0 m|s per hour,

t hereby [080%] t Hemadyentbfd oftthe peeserepueintiom methaxias pas s cithediviatddepositiemt | y

avai | abl e cat hodi rc coaters. qf — whi.ch we are_ aware. [0010 not her

cvant agBoGRs (hpled Ui ol ppimis ik PR o O 200D 1o BE 2Pty of ¢ he
cat hode §hsiiib MididLoHMeical ﬂ%ﬁ‘ctr%ﬁpp%ri% oP liffe® The pTé%@nﬂh@éﬁi% mellf&t 1 on
permts the cathode to be eroded using a high nagnitude current w thout
causi ng anddappharatusicaalted ddpogitionfatedwp wanH bdrondot.0 aplsirec hawl therabgiamire abl e

macr oscopi ¢ rticle.fornmatiaon. 11]1 . These, and..ot her obj ects, features and
v an: aqiat gRttiing o desRion e npede st OrRRLERRI S SHERGE R it Sor ¢ he
det ai | edywHREGFd Pt h@ReOf the best node enbodi ment thereof, as illustrated in
t he acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS [0012] FIG 1

is a dia gm"rati ' ' [ [ -

deposi ti g’r? apparA gitoxﬂsc?\ﬁ?%i%%&P{é%gﬁ?lgé@%masg@grrng'régﬁ}gg\}?aetﬁ %IP Y%ﬁg (():font act or
i N cont atht cathbde @ ncantamde dudng thegnasiorcprbeast.dThepesatt anvensom paposakk | nsi de of
t he contact oy . 001;11% FI.G 3.is a diggrammati.c view of the. contactor,

magnet i ccﬂf@?ao berks e aRish laie car e Y TBABTRIRR e iing

CONT i gur GhQBath T 6 b RERETR LR S Eoptd WFDMIL RARAS] Referring to

FIG 1, an apparatus for cathodic arc vapor deposition on a substrate,

herei naf fo@f 11 f Ahe&hnViRF oBjechhdiiCand alv RS bf thtPredertt MVRMiASHLNAVI NG 2

vessel

become apparent in light of the detailed description of the best mode embodiment thereof,

as illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]  FIG. 1 is a diagrammatic view of the present invention cathodic arc vapor

deposition apparatus.

[0013] FIG. 2 is a diagrammatic view of the contactor in contact with a cathode. A

magnetic field generator is disposed inside of the contactor.

[0014]  FIG. 3 is a diagrammatic view of the contactor, magnetic field generator, and

cathode, illustrating magnetic field configuration.

DETAILED DESCRIPTION OF THE INVENTION

[0015]  Referring to FIG. 1, an apparatus for cathodic arc vapor deposition on a
substrate, hereinafter referred to as a "cathodic arc coater” 10, is provided having a vessel
12, means 14 for maintaining a vacuum in the vessel 12, a cathode 16, a contactor 18, and
means 20 for sustaining an arc of electrical energy between the cathode 16 and an anode.

A coolant supply 22 maintains the coater 10 within acceptable temperatures by cycling
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12, nmeans 14 for mmintaining a vacuumin the vessel 12, a cathode 16, a
contactor 18, and neans 20 for sustaining an are of electrical energy

bet ween the cathode 16 and an anode. A cool ant supply 22 naintains the
coater 10 within acceptable tenperatures by cycling 3 coolant through

cool ing passages within the vessel 12 and contactor 18. In the preferred
enbodi nent, the neans 14 for maintaining a vacuumin the vessel 12 incl udes

a nec ha&%o‘iﬂh tll{rB co%?iﬁg;ﬁﬁésﬁgémmﬂﬁﬁ' it J%E&gl%%&'%tﬁﬂt@ HE 1 1%kd ngrQF‘e acuum punp

pi ped to rior ssel 12. er vacuum nmeans e used
al t er nat embbdiment, teetrhads d4 farmaioeatieg a Yacuam uidbe vedseld 2 incluliéssa par agr aph i's

di sclosed in nt No. 6,0 S hereb |ncor ara

e ot ancBebHRSRbioVBRH BT BiTS 4 L2 olunks AfiAsiop YAy ipét 5

subst ant jj@lihtérieydf e vdss@l 12diGiker Vig¥im %c%ﬂs sl Bk hyedeaﬁeﬁmzag W@d?ﬂ%cﬁé ive
surface 24 extending between a pair of end Surfaces 26,28  The coating to

be deposiicedatdi tQ ast descrityed imthie paragrapl ipbsalesed in BfS. tRatent Nat 6.63@82%. The end

surfaces %6 28 are substane(#aal I)é ar, allel with one another. The axial |ength
30 of t h&PERIRREDY Eepiporlsily fefer gr eat er than the antici pat ed final width

of the ttern sho nt o he evap tive surface
24 of thﬁfﬂﬁﬁ argng t ﬁlé}é rlg% éﬁl"%ﬁtff@ Fialy UGN Gitle. ond
surfacesy evaporative
surface 2{3? ﬁ%ﬁ‘ﬂ %ﬁac)lagﬁ 8 ?Léﬁb})%% %%J}P%ebgg%ﬁg@gg% "{fehﬁi naogleﬁr%m accept abl e
evapor at swaceu26,28 eTcdating td badiposited dictates tﬂeanatemiwnmpmann sﬁtj]eect ed to a
parti cul ar nsi,t vaI The er m, " heat rapnsfer f alue" is

defi ned 8@“&%?% \ﬁ‘r‘%ﬁg #g@?rﬁ ‘Eﬁé{)]’é%ﬁqehylt Ofifa Aot ‘Fr ﬁ\?é‘ﬁtﬁ‘ﬂ ative
surface f’eﬂgﬁrﬁof%e ézﬁ'ﬁocﬁqt6h99 al B orTé}EatéﬂthH thg%ﬁ&pﬁ%‘%hﬁlymdﬂ?oﬁﬁé' ned as

the magnitude of electrical power introduced into the cathode 16 (i.e.,
" cat hodecmnior padert 32 (shqmdanhbgrtom) eloage}m ofapotatvessfoe 24 iof ehes:tatlfodc 8624. A

portion gf the cathode a al ene i ntroduced .into the

Pot hode. RecNE 6 Hroristce Rt deoen i S pubes inEges RPN b tiacon « he
cat hode ﬂi‘évﬂﬂdea%@tl?é"@ﬂﬁeraﬂb'ésﬁ*fa%é%'oftﬂé%’ﬂiho&@'ié' on of the energy exits the
cathode 16 in the formof thermal energy. The thermal energy is a function

of the flL §i 11 el c%@x%ﬂ?ﬁ@ﬂ&sea g&lraf?‘{ﬂlﬂﬁg%% tabld% v mﬁﬁ%esu?%ﬁf ﬁéatﬁ‘?l fer 2

cat hode IS nore ectric y con tlve ess t errral
ener gy tﬂemtrat canielkert subfectes tbaqmrtwalaepbwexahhkwy caimddtlﬁe teerh “héstcording to

the pres egﬁsfcr%?(n\}a u%n 18 éer%l%ezl gg {hrt]epaalve:Ifalg,fl:J ﬁea& ttrrz]u(?srfer value exiting a unit of
evaporative surface 24 area of the cathode 16. The term “power density” is defined as the
magnitude of electrical power introduced into the cathode 16 (i.e., “cathode amperage™)
divided by the area of the evaporative surface 24. A portion of the cathode amperage /
electrical energy introduced into the cathode 16 exits the cathode 16 via an electrical arc
extending between the cathode 16 and an anode, but a significant portion of the energy
exits the cathode 16 in the form of thermal energy. The thermal energy is a function of the
electrical resistance provided by the cathode material (e.g., a cathode that is more
electrically conductive will produce less thermal energy than a cathode that is less
electrically conductive). According to the present invention, the thermal flux (thermal
energy/unit area) exiting the evaporative surface 24 must be below a particular value.
That value will depend principally on the cathode material, is associated with a particular
power density value, and is dictated by the maximum amount of heat transfer that can
occur for that cathode material while maintaining macroscopic particle creation to a

tolerable level. The tolerable level will depend upon the application, but in all cases a

tolerable level is that which can occur and still produce a coating operable for the



energy/unit area) exiting the evaporative surface 24 nust be below a
particul ar value. That value will depend principally on the cathode
material, is associated with a particular power density value, and is
di ctated by the nmaxi mum anount of heat transfer that can occur for that
cathode material while maintaining macroscopic particle creation to a

tol erable | evel. The tolerable level will depend upon the application, but
inall c I V, an occur and still produce a
coating 2’?% ?368 A% l&lf] %t’.é E%&eon;bgrar'p ated. An exanple is provided

bel ow. [ cahde evaporati.ve surface 24 is sized to create a power
densi 1y AT | o TheGRNORF vrpoRE G Aintire At Rel e Paper ey RRblagn « he
evapor at g ﬁidﬁée%caﬁ aZ&ag@ﬁéat trAnSeURkx thtr&lgﬁ Ithd @@ﬁoﬁah@é‘sﬁrﬂﬁe @ath.@ﬁpept abl e
heat transfer flux valué for a given cathode n&grage Heat transfer at the

poi nt of tadrdessrthan the gragtmem ac¢eprablenkeapriaarisfardiua tfaba giveneathode ansf er f | ux

val ue. [00191 Tkﬁ %?bstf attgl_e 82 t e coat e% aIgl nt ed on a @ tter
that pref@PERFS YOI &S al?'nodn eo?mt‘ﬁn%“" I R et o o i

i ncl udeshéranssfEMux @@ i ng t he substrat es 82 (not shovvn). [ 0020] The
contactor 18 includes a head 36 attached to a shaft 38. The head 36 is

posi ti OnpﬂngS' dﬁles ﬁst to%gc Qd&%guﬁﬁ?e‘dtmﬁ@%ﬁﬁ% " 1§ﬂr91{31- fergigad 36 to

out si de vessel n insulative 40 (see tr| cally

i nsul at emtd el auaf atct\cmsse182f'1’]mrplattdné4\rmlmb nkAns fdreotating thetsobsth&sB2ef er abl y
further includes a cooling tube 42 coaxially positioned within the shaft
38, a collA°%Mi et port 44 (see FIG 1) connected to the cooling tube 42,
and a cool ant exit port 46 connected to the passage 48 forned between the

coaxi al [48Phnt TEhgweniaoton A inphides aiaead %@tf@b%@(ﬁoaﬂ s fﬁ%né@ﬁr@ﬁ%d Betsween t he
cool i ng #ﬁ?oneé %ins?&dth% Qgssglhg atmd?ig C%Sex?&%l ?I{(}EGn %1521%% 2@ H)g&g ?@{hes upply 22

to enter e COoo urn Vi a ween t he

shaft 38vase 1t2hemm@‘h1am: distb40 €h3eFIIE Niettritall$ tnsulQR2Rhd cdhetaor® faghor 18
head includes a cup 50, a shaft flange 52, and a magnetic field generator
54. The Yigaessc l%mﬁ'@ amtactoryli8,pueferably veheiaelndesa copling fibecdZrogiallk r enpvabl y

att aChedP (Ex%ﬂ vﬁﬁﬁﬁ he shgﬁlgg a5(?001 B:?%l& (séetﬁe lgl:@ﬂ%@teﬁ th%Q:GOﬁ%f t 38

are fabr roman el ectri uct i ve nat Such
alloy. [ ﬁﬂb@ 2D, shdex qopiumetkic phit 86 doxgeaedacb the padsap®148 Bstarddetvasench@gnet i c
centerpiece 56, and a

coaxial coolant tube 42 and shaft 38. The coaxial arrangement between the cooling tube

42 and the shaft 38 allows coolant from the coolant supply 22 to enter the cooling tube 42

and return via the passage 48 between the shaft 38 and the cooling tube 42, or vice versa.

[0021]  The contactor 18 head includes a cup 50, a shaft flange 52, and a magnetic
field generator 54. The shaft flange 52 is fixed to the shaft 38 and the cup 50 is removably
attached to the shaft flange 52. The cup 50, shaft flange 52, and shaft 38 are fabricated

from an electrically conductive material such as a copper alloy.

[0022] The magnetic field generator 54 includes a ferromagnetic centerpiece 56, and a
plurality of magnets 58. The centerpiece 56 includes at least one side surface 60
extending between two end surfaces 62. The magnets 38 are preferably permanent
magnets, although alternative magnetic field sources such as electromagnetics may be
used. The magnets 38 are attached to the centerpiece 56. In all embodiments, the number

of magnets 38 can be varied to accommodate the process at hand.

[0023]  Referring to FIGS. 1 and 2, apparatus 64 is included for rotating the magnetic
field generator 54. The rotation apparatus 64 includes a rod 66 extending through the

coolant tube 42 and into the head 36 where it connects with the ferromagnetic centerpiece



plurality of magnets 58. The centerpiece 56 includes at |east one side
surface 60 extending between two end surfaces 62. The nagnets 38 are
preferably permanent nagnets, although alternative magnetic field sources
such as el ectromagnetics nay be wused. The nagnets 38 are attached to the
centerpiece 56. In all enbodinents, the nunber of magnets 38 can be varied
to acco date the nd 3 Ref rr|n to FlI GS. and 2,

appar at u 'Gﬁ"? @H%’é‘?ﬂﬂﬁ?ﬁﬁ% dréﬁi‘élcp Cfeﬁé ?Epe flldé‘r’a%?é atdf 54. The
rot ati onygapPsdigigls 64 includes a rod 66 extendl ng through the coolant tube
42 and into the head 36 where it connects with the ferromagnetic centerpiece
5 56. Th 0Si - I t ed drive
motor 680a o hSoRRepBblfs, B ol SORREG 1BinciR08 LA TTBCY O ar e
coat er 1fkcledtivklydeniatng getooataotor 18 ifto elecsichlegohiaceith aled ¢malioded 6t Mhecont act or

18 into electrjcal contact with the cathode 16. _The ak(iruat or 72 includes a
pai r of AGHARR(Z meludes 3 PYT el iWonyay actyatingeylindery, j4i feagy hydraglic o5neunat i c)

act ing_DELARRRCS ARinkesRRlen e AI3250RL N TuBHAARGRE dddg contact or

b
shaf t 38‘ﬁ chani calF apparatus may be use?gt | ace o Ee actuating
cyl i nder shaft38. AMedmniver apipatatys raayebd aded én placdt mfahl: ea:tuétngcystﬂndmﬂtlcan be used

to control the positj and force of the cylinders nmechani cal
appar at u§ymme N&T%%ﬁmﬁ%l% (nf Ehoé‘ﬁélcé‘i‘ b%.lbs 2 CoR t sy dsour ce 78
for el eC?er&é’thhé/ Qilﬁféfs"@rnk n%pgﬁéfaﬁgt,ﬁﬁeé&. Negati vely biasing the

substrates atlve to the ano the substrates 82 electrically
tt t t i
261 kP Do e LB Al AP S

substr at e s8Bstratest82¢ INegatvedy Blisinig¢itd JupseNE BT leRaive to tHeanpleintless tR2, are
consequentlgr electrically connected to the biasing source 78. Ot her neans
for el ectyhstates §2 eleptrisally aftya¢tine t@@@@tl?%\mghbgaf{eé frometheadiopedb.sdur ce 78 may

be used 1g&{t§& @%E#ﬁéﬁf 1y cor Arid0% Bhe BEJ@ES@%#%? a§9r  TH sitdfsqppghout the

coat er O con e vapori ze erla I'ntThe area’of the

subst r at esichdre dib@riosify @mh@dftecsm thé g&tt&mahmhesﬂlumly ¢lectrivalBs®@inndoted pl at ter,
and contactor 18 also mnimze undesirable material buil d- u& on t hose

sur f aces !0 the biasiag spwre /B e Pthermeransfas electricallyeenneting the splstigtes 83 tatheached to
t he Vessﬁfamﬁglso&ﬁg’iﬂrﬁ?tb uggdgﬂ}éngaqﬂg@ct ed to the vessel 12 and are made of

an electrica cond

[0026] Deflector shields 80 are used throughout the coater 10 to confine the vaporized
cathode materials in the area of the substrates 82. The deflector shields 80 attached to the
vessel 12, platter, and contactor 18 also minimize undesirable material build-up on those
surfaces. In the preferred embodiment, the deflector shields 80 attached to the vessel 12
are electrically connected to the vessel 12 and are made of an electrically conductive

material resistant to corrosion, such as stainless steel.

[0027]1  The means 20 for sustaining an arc of electrical energy between the cathode 16
and an anode includes a direct current (D.C.) power supply. In the preferred embodiment,
the positive lead of the power supply is connected to the vessel 12, thereby making the
vessel 12 act as an anode. The negative lead of the power supply is electrically connected
to the contactor shaft 38. Alternative embodiments may use an anode (not shown)
disposed inside the vessel 12. An arc initiator 81, maintained at or near the electrical

potential of the vessel 12, is used to initiate an arc.

[0028]  Referring to FIG. 1, in the operation of the present invention cathodic arc

coater 10, a plurality of substrates 82 and a cathode 16 are attached to the platter 34 and



material resistant to corrosion, such as stainless steel. [0027] The neans
20 for sustaining an arc of electrical energy between the cathode 16 and an
anode includes a direct current (D.C.) power supply. In the preferred

enbodi ment, the positive |lead of the power supply is connected to the
vessel 12, thereby making the vessel 12 act as an anode. The negative | ead

f th Ly i I cal d to th haf :
At er nat RORLRERe YenpL o s SORMERHEL ret oty SeBRUAEE" Dol Cne

vessel lgibsAntidlyeclédiell] AthohgBdachvEilnikalyRee 86me molkalar thfamimeat fidcal
potential of the vessel 12, is used to initiate an arc. [0028] Referring to
FIG 1, PHdatinn ispaingng Jhithextenr spracse nkhejagtpating exlindstsnidosubseguentlycoat er 10, a
pluralit . t atter 34
nd 6 1 okl HEShEALFTs o PRy Ralh e Bk iathclh 1REHE e ReldT2 8 Dy
degreasecdlosgdd substantially cleaned, although each will likely have sone
nol ecul ar contami nant and oxidation remaining on its exterior surface. The
act uat i ngoey] i NoeethamibRTEERIEHclYm faﬁipu@b rhie@ t& eviicast e vieBsdl 12 @ a

el ectrical contact with the cathode 16 and the vessel 12 is closed. [0029]
The mechpiedetamined pigssyse UOnsephatpressusie reachad, the heghavelume diffiesioreeasarmi? to a
pr edet er m ne ressure. ce t ressure i s _reache t he hi vol une
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condi t i ofhen clEagedsdfsl rr@hﬁﬁin%%oﬁfaminddf@ﬂ]d%r%aﬂﬁdoﬂbyaﬁﬁeth&[@cﬂla@ Osputter

contami nants and/or oxidation by a method such as "sputter cleaning”.
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descri begd .. et-ail . ' rpatively.
artor tnicealet? Ot cliShie SRARD BNl B, TRKeAG BB A BEREST (71
usi ng anclefd; thg @6ntamDABE] ar@pin@ed typidally ubiag lan@nerga’r e, several steps are
performed. The substrates 82 are electrically biased via the biasing source
78, maki gmsoiﬂremr@ioe@a fniitPaink Yan Akd, Sevetdl $RpS AreRRFokhME Theidstelibd §24efrom t he
cathode 16. The substrates 82 are rotated at a predeterm ned rotational
speed. Telectpoalksr bigsgdphiasthe diasingusonesd 78 ompking them eledrictibuatractjyertagesitiveat

tablish : havi t er.ni ned t is initiated.
The vaculi cRudro Bl 35”5 SURHBRF 8% Siriled A dariR it or mi ned
vacuum prdsiinbEspeéd. 9bife poMdrRupply H‘ﬁadﬁﬁeﬁﬂb picdducta@hdBle hfip&ragd fde t hrough the

cooling passages within the vessel .
establishes an arc having a predetermined current, but no arc is initiated. The vacuum

pumps are operated to establish and maintain a predetermined vacuum pressure of gas
within the vessel 12. Coolant is cycled through the cooling passages within the vessel 12
and contactor 18. Specific process parameters will depend upon factors such as the
substrate material, the material to be coated, and the desired characteristics of the coating,

etc.

[0031]  Once the aforementioned steps have been completed, the arc initiator 81 is
brought into and out of contact with the evaporative surface 24 of the cathode 16, causing
an arc to jump between the arc initiator 81 and the evaporative surface 24. The arc
initiator 81 is subsequently moved a distance away from the cathode 16, preferably
radially outside of the substrates 82. Once the arc initiator 81 is no longer proximate the
cathode 16, the arc jumps between the cathode 16 and the deflector shields 80 electrically

connected to the vessel 12 (or directly between the cathode 16 and the vessel 12).

[0032]  The magnetic field generator 54 positioned in the contactor 18 drives the arc
spot along the evaporative surface 24 of the cathode 16. To be more specific, each side

magnet produces a magnetic field that permeates the cathode 16 and runs substantially
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and contactor 18. Specific process paraneters will depend upon factors such
as the substrate material, the material to be coated, and the desired
characteristics of the coating, etc. [0031] Once the aforenentioned steps
have been conpleted, the arc initiator 81 is brought into and out of
contact with the evaporative surface 24 of the cathode 16, causing an arc
to junp between the arc initiator 81 and the evaporative surface 24. The arc

to | en t he it ! : e 24. T
or e e anpya iR A Sg Pl P Sitec® 2, 3P AREL R oof Bb0lE RRIRER: [t or o0

i s no | ofpé¢pepdoxioihe otifiatichadfibelmagfct pbize, sndalljthipaghat $€eR dridaedat hode 16
and the deflector shields 80 electrically  connected to the vessel 12 (or
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field geper Lt4,0f [ ] IV e spot al ong
t he evapgl(réaet@ %@Jémgérs ggéeet%ﬁﬂgifdsutb ﬁgﬁtzhglly %ﬁ%ﬁf}%{.}faﬁ%@%@mpm??gétggréﬁei c, each side
magnet pmaghtieSichd amighe tiectricicalrenttdiahe yre creartfordeleheddilheffiet)ldn thadrer uns
substantially 7 l?aral | el tocéhe cat hode evaporative surface 24, The

di rect | oHabfaupgIdnGAG @ ravel @i diftance aEqupe thesciryaperace efibncathedcold. efficat i on of
the magnglcIPRieof uf e & %gtﬂéﬁiéﬁ?ﬂﬁﬁ:t s}ocﬁ i Esely PR the !Plah'c?lﬁ%ctrfﬁﬂ:@er . A

vector 59 representing t ectric ar in contrast, extends away from the
evapor at i.«earsinceaean 24k Hall effent foteantusss b degreaspen diecdwdl timer Agiersmn.of Toget her

the magnetjc field and the electric.current of the arc create a force (the
i | of 1 9l o (s St Treoshizs it e et e oot ey ERUFS EOSOCTIEIREE ar ound ¢ he
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particular arc spot is Inversely related to the effect force; i.e., an
i ncr easedépositddecopang. ef f ect force, causes a decrease in the dwell tine. A
person of skill in the art wll recognize that decreasing the dwell tine

reduces [(083pccdheeindieidodl magnetio Sieklp bf theandgnels &8 didpateddiongtheaideel y af f ect

the uniformty and surface finish of the depaosited coating. [0033] The

i ndi vi dusirfaqe(§heithe ferfosmagactys cantrapigesy o i closr circuperential|nsprgmitydo engle

surface( ﬁg@egt ' a?l‘ﬁﬁl |l | tial
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evapor at pate. The hwaberd4 nadgnag S8ntha relatiyeadphcing bEmagmdvierfiebds enmguaehsfrd®m, t he

relative spaci nrgé netic fifl ds emanating, from the Hx%(gne_t ?Sh g, and the
i
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application at hand. In some applications, however, it is advantageous to further include a
magnet 84 (see FIG. ‘3) disposed proximate the center of the ferromagnetic centerpiece 56.
The magnetic field of the centrally located magnet appears to favorably influence the
geometry of the magnetic fields emanating from the magnets 58 disposed along the side

surfaces 60 of the ferromagnetic centerpiece.

[0034] The energy delivered by the arc causes the material at the arc spot to vaporize,
thereby liberating atoms, molecules, ions, electrons, and particles from the cathode 16.
The biased substrates 82 attract the ions, causing them to accelerate toward the substrates
82. The ions strike the exterior surface of the substrates 82, attach, and collectively form a

coating of the cathode material.

[0035] The rate at which material is liberated from the cathode 16 and deposited onto
the substrate(s) within the vessel 12 (i.e., the deposition rate) is predominantly a function
of the magnitude of the cathode amperage. The maximum deposition rate for a given
cathode material is dictated by the maximum acceptable heat transfer flux value for the

evaporative surface 24 of the cathode 16, which is a function of the arc current magnitude.



application at hand. In sonme applications, however, it is advantageous to
further include a magnet 84 (see FIG 3) disposed proxinmate the center of
the ferromagnetic centerpiece 56. The nagnetic field of the centrally
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the ferromagnetic centerpiece. [0034] The energy delivered by the arc causes
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[0036] The maxi mum acceptable heat transfer flux for a given disk-shaped
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met hods, including but not [imted to applied coating to
ascert ai hVismpsotiged lgwmgm ﬂluz«mchechamct@rmd a tMeenohaiialhmightc Eptheldé e heat
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mai ntai ns the heat transfer | ux "at or bel ow the determ ned maxi mum

accept abblkthpeeatings apriedrat ﬂiftcxcrw afthede Jropa7des peovadesdiaimbdrojatian oetelisde 16
s S tani q .
Four | nch tsfalin P Pt amite Sintnte gyely B i perahe 1S AE S & SBERE app | e

to the cashadgpldl @nE: hfeaRs@bed fburlind@afeRAHARRYN ANGY ithdRdei t ude  of
macro particles and cathode nelting exceeds a predeternined tol erable |evel.

Anal ysi spfodﬂceﬁ heopsad¢nsis obpprrpeienataly 46 ﬂméﬁféﬁPcf(ﬁaﬂWGd@Cfmﬁﬁé’ﬁHyétswpr ovi des
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above- deé\ihlpbﬁﬁde Eurthce 29 b (HE AtRIde 61 Hh@ﬂd:ptﬁiti%h'r@t)é a€at#AG akbperage of
450 amperes is in the range of approximately 1.5 mils to 2.0 mils per hour. Increasing the
magnitude of the electrical power applied to the same cathode 16 geometry yields a higher

deposition rate, but the applied coating is less desirable.

[0038]  Increasing the cathode evaporative surface area by, for example, increasing the
diameter to six inches while maintaining the axial height at two-inches, decreases the
power density and heat transfer flux out of the evaporative surface 24. As a result, the
current applied to the cathode 16 can be increased. A current of approximately 600
amperes applied to the six-inch diameter cathode 16 comprising the aforesaid titanium
alloy, creates the same power density and heat transfer flux as 450 amperes does for the
four-inch diameter cathode 16. At a cathode amperage of 600 amperes, however, the
deposition rate increased to within the range of approximately 3.5 mils to 4.0 mils per

hour; i.e., at least twice the deposition rate possible with the four-inch cathode 16.

[0039]  Referring to FIG. 1, when a coating of sufficient thickness has been deposited
on the substrates 82, the power supply is turned off and the arc extinguished. The vessel

12 is purged with inert gas and brought to ambient pressure. The contactor 18 is actuated
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produces a power density of approximately 16 anperes per square inch of
evaporative surface 24, which in turn produces a maxi num accept abl e heat
transfer flux out of the -evaporative surface 24 of the cathode 16. The
deposition rate at a cathode anperage of 450 anperes is in the range of
approximately 1.5 mls to 2.0 mls per hour. Increasing the magnitude of

the electrical power applied to the sane cathode 16 geonetry_yiel ds a higher
deposi t i B A sPHactith @ﬁéa%& I taapiiﬂﬁgr fsgempgued fala@"g?feeams@ 1?0638]
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t wo- i nchbe loddext Hatsards thiae inspuedbackiantsithe/vessel 1Bemthetmamef descfibedkeaylier of t he
evaporative surface 24, a result, the current applied to the cathode 16

can be i MHBEREGESSAREHent of approxi mtely 600 anperes applied to the
si x-inch_di ameter cathode 16 conprisinqlthe aforesaid titanium _all oy,

creates t0040kanetifoneh thiningertiondig beerbshopingmd described withgespsot 9iher es” does
for the - ] o) :

anperes, d%%\%\ggvégjrﬂfo Ia{rﬂéetﬁgg%geg)g’iqﬁgﬁgereﬁngrﬁt%r aﬁsiggc? k%kg?evdﬁ{ hi nﬂ?ﬁ’é‘%“éﬁ’g‘g of

appr oxi netiangss i8 formrandsddtail thefeofiimag bp@iade athont departingafrorh étasdpiriteindehd he
deposition rate possible with the four-inch cathode 16. [0039] Referring to
FIG 1, seenohthednienignof sufficient thickness has been deposited on the
substrates 82, the power supply is turned off and the are extingui shed. The
vessel 12 is purged with inert gas and brought to anbient pressure. The
contactor 18 is actuated 9 out of contact with the cathode 16 and the
platter is renmoved fromthe vessel 12. The substrates 82 are subsequently
removed fromthe platter and new substrates 82 attached. The |oaded platter
is then inserted back into the vessel 12 in the manner described earlier
and the process repeated. [0040] Although this invention has been shown and
described with respect to the detailed enbodinments thereof, it will be
understood by those skilled in the art that various changes in form and
detail thereof may be made wi thout departing fromthe spirit and the scope
of the invention. 10 What is clained is: 1. A nmethod for applying a coating
by cathodic arc coater, conprising the steps of:
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providing a cathodic arc coater that includes a power source and utilizes a
di sk- shaped cat hode, the cathode having an evaporative surface extending
axially between a first end surface and a second end surface, and the
evaporative surface having an area; determ ning a maxi num accept abl e power
density for the evaporative surface; applying a nagnitude of electrical
current ﬁ%Pnnt e nger source to the cathode, wherein the electrical

current 6%?5 YB*Uvi ded by the area is equal to or less than the naxi num
accept abj e popeficttRI®l hyplyiRE aldoatSVEPedtRidiy fc THitbAeBmpAsing MR fidshwd of claim
1, wherein the determ ning step includes analyzing applied coatings of

mat eri al | i bepravidingra eathadicears gpaeiibat igcludeser pavraseuree ard wiiliges a dider ei n t he

appl i ed i r .f0 .esen ro i.c particles. 4.
The. met rodbtCHdRge B SRR AR B B APREe R RERRRRLBUGRERD. 1 no The
di sk- shiapeehdosatfaadad dsecditbertsuiface, ahd MHeaivapatati Wik fatahiviey gh ska;shaped

cat hode is anal yzed for indications of cathode nelting. 6. A nethod for
appl yi ng a codat¢rrnipg aseaxipamacesntatiepewsr depsiiydfor Hernyaperati v siskacef ;
providing a c ' (o2 ' tilizes a
G s shapod clpaief nfipfinSRTHEleckilal oSl HURMEPAOUFOUERIE BR ARG L
surface whéreindhagectbiedlwaaentamidnitatle divitled byfthe freaicbqaalste @ ks el thair f ace,
determ ning a nmaxi num accept abl e heat transfer flux value for the

evapor at nyEmug)pacgpiable pewey dengity fordheevapprative sufacent from the power source
to the cathode, the electrical current having a magnitude that operable to
create a heat transfer flux for the evaporative surface that is equal to or
| ess thah theThexethudobiclampl abhaeinahd déterarising isteplincdudal analykiog applhie]

evaporative surface. 11
coatings of material liberated from the cathode.

3. The method of claim 2, wherein the applied coatings are analyzed for the presence

of macroscopic particles.

4. The method of claim 1, wherein the determining step includes analyzing the disk-
shaped cathode.
5. The method of claim 4, wherein the disk-shaped cathode is analyzed for

indications of cathode melting.

6. A method for applying a coating by cathodic arc coater, comprising the steps of:

providing a cathodic arc coater that includes a power source and utilizes a disk-
shaped cathode, the cathode having a diameter, and an evaporative surface extending
between a first end surface and a second end surface,

determining a maximum acceptable heat transfer flux value for the evaporative
surface;

applying an electrical current from the power source to the cathode, the electrical
current having a magnitude that operable to create a heat transfer flux for the evaporative
surface that is equal to or less than the maximum acceptable heat transfer flux value for

the evaporative surface.
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