METHOD AND APPARATUS FOR CATHODI C ARC DEPGCSI TI ON OF
MATERI ALS ON A SUBSTRATE BACKGROUND OF THE | NVENTI ON
1. Technical Field [0001] This invention relates to
apparatus for vapor deposition of coatings in general,
and to cathodic arc vapor deposition apparatus in
particular. 2. Background |Information [0002] Vapor
deposition as a neans for applying a coating to a

substrate METHOHAND APPARNTYS Fdl?b%%lﬂ@&ﬁéses such

as chem cal vapor deposition, physical vapor

deposi ti on,DE WTM&@NAWRATE]

Chemi cal vapor deposition involves introducing

reacti ve gaseous el enents into a deposition chanber
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the arc at an are spot is intense; on the or 105
attashed © an anerkic member: Afaredinitiasia trigger, &t ongeatthe same eleqtrigsl

ety b LELBURIRLs ol GHRIEERNMBscaliRy ALY toTnet e

energy raises enpera ure’ o Spo
cathgde0 Wihiesntthd tyiggeriastill in close proximity to the cathode, the d1fferencc 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). As a

result, cathode material at the arc spot vaporizes into a plasma containing atoms,
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that of the boiling point of the cathode material (at

t he evacuated chanber pressure). As a result, cathode
material at the arc spot vaporizes into a plasna

contai ning atonms, 1 nolecules, ions, electrons, and
particles. Positively charged ions |liberated fromthe
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deposi ti on chanber having a negative electrica
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on a substrate that is capable of operating at a high
sigaibieant dameeer ate. DI SCLOSURE OF THE | NVENTI ON [ 0008]
According to the present invention, a method for

[0087] yi Awysherte whetiispeeded ig 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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cathodic arc is provided. The nethod includes the steps
of : a) providing a cathodic arc coater that includes a
power source and utilizes a di sk-shaped cat hode, the
cat hode having an evaporative surface extending
between a first end surface and a second end surface,
wherein the evaporative surface has an area; b)
deternmi ning a nmaxi num accept abl e power density for the
the pawer satiicy & thel CitAcde, whereinale adRicdl digrenit MRghidute!di®ided by the
el ectri cal cur$en from?2 th&gﬁﬁmer sqQurce to the i
arga siegial o giHessdhan the,maximum gop CRPMEE AENSHY &7 the gyaporative
sitfa¥é ded by the area is equal to or |less than the
maxi mum accept abl e power density for the evaporative
muo]}; aC An PR ofthePriBN iR@RLG méth&d 8 URE § Bhthbdll! 8RdefRition
nmethod 1s that” a cathodic arc deposition process
pronesh iscenabledithatwvill peprait thick qoatings (e2at0-2Qkmils). tg be apmlicd 0wa

' . he | I. substrate within a .
suBsteld »l o B B Ao ol T b e n i pusotipp method
andappiraiud Bndbhds [egbsitin dateueto ahd beyond W 0esilsqep Béur| thexdby more
rates up to and beyond 4.0 m|s per hqur, thereby nore
thap dpubling theidspositinn ratepassitle with pyrrently available catfipdip arc coaters of
I ail abl e cathodic arc coaters of which we
wggg V%\/\qaltr/aéréé?'?ﬁl%/'OMO] Anot her advantage of the present
r atyl - :
(R BB BN el ophelud BBl i Bt el Ficqrty of
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These and other objects, features and advantages of the

[091 €5 ©N{ThidB URD bihF objcts, fealiFs AHE adVAREESR Uk Fy't?rbéésie&h?veﬂfioﬁ Wil

detail ed descriptidon of the best npde enbodi nen

bedome @pparent islight bfithe detiaided] descriptien aftthe hestmpidergmbedimint ghereof,
BRI EF. DESCRI PTI ON HE.DRAW NGS [0012] FIG 1 is a
a%jliﬁg r"gﬁ:%l% e@c%%n%g eMPesent invention cathodic arc
vapor deposition apparatus. [0013] FIG 2 is a

di agrammatic view of the contactor in contact with a
BRIEINDESCRIPTIORDOR THE DRAWINGSner at or i s di sposed insi de
of the contactor. [0014] FIG 3 is a diagramatic view
(02} he FiGnk ig edingrampagicatiow off the prgseginxeniion cathgdig arc vapor

d&ﬁ)&i‘fi%ﬁppa}é{&sysna“ ng magnetic field configuration.

[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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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0015] Referring
to FIG 1, an apparatus for cathodic arc vapor
deposition on a substrate, hereinafter referred to as
a "cathodic are coater” 10, is provided having a vessel
12, means 14 for maintaining a vacuumin the vessel 12,
a cathode 16, a contactor 18, and neans 20 for

sustai ning an arc of electrical energy between the

cat hode 16 and an anode. A cool ant supply 22 maintains
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afctb@ed 10 as Peschibed MRS R i@rdnerosedaﬁ WIS FARADN 06036828,
used alternatlvel cat od| c arc coater 10 as

“@é@é?h%@lﬂ’lﬂwfmﬂﬂ% pwrefgeneph is disclosed in U S, Patent
No. 6,036,828, which is hereby incorporated by
[00d6kr e B@f@mr[glo fﬁq}S RefBithe qagloclcalﬂs @substantially cylindricahdisbde

niind sy E3lehe Buaplle POl oy Siab s AR Rgone
s‘hﬁtcwmaaa Theicoatinig t6 béldepasited Aivtdiesdhe Adteridltompositiones the
be deposited dictates the material conposition of the

ceth?qfrclée The endrsyefagss 2628 areubstantiglly paralied withione anather) The axial
‘@3{"?8 |t khevva{hhd@ms%a% P S gremils o1 'tﬁu antibi gﬁaa BnadQviftth Jf

I's equal 'to or greater than the anticl pate
efosion IpatWindﬁh(stwn inephantiony ahmg peteveporati3@ syrfdeo 2 of the cathode 16.

hant al ong..th va o v rface. 24 of the
KRR B bR Bacs) 32 BAPREN B afoyfrotss FiGinf s o debSinity shapghe
a1 Seavé %QSaﬂ&dﬂkaMth@fﬂh@&ﬁhéﬂe'lﬁty that the are
will |eave the evaporative surface 24 of the cathode

[0047] [ OGhLatlibiR 163l @ dRxikfum &2 elabIPevapbrati A Akt ifeat transfer

evaporative surface 24 heat transfer flux that occurs

far that eqgbsedien qubjected toarpartisulaspoviss density dalye.t ThatamucheatThe
txragfépﬂug Q/gltue” rd@ﬁr?efdears tlIe a é@llxe%t{ansi%r gﬁﬁ% %lﬁﬁ'nﬁ uﬁipc?f

verage heat transfer va
e%pamwasudaee %ﬁéaofethaéatm& 460Thé lbﬁn t:pdvm densixﬁ’.’ is definddeas the

power enS| is defjned as . th I 0 .

nglpcqa Weripirosigedigto; the %wﬂe 1% th'r a%thq% ampegage”)

dl\fP&HtB?@?e mrtl?&&agoramevshﬁs‘& Y A "l‘hé)éatlL amperage/
evapofative surface 24. A portio e cat

ckotpical zpagy mtls!dwﬂ lite ahe cathedeylpb dxits tlm@athedb 16vie an hlecmcal arc
BRI pdi ep e SR TGS Puld R e PLgheh S0hy S
eRitsghé édtlfo’detw ROthe if@‘ﬂ‘l afthérﬁel énBigy 9 Yhe 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



exits the cathode 16 in the formof thermal energy. The
thermal energy is a function of the electrical

resi stance provided by the cathode naterial (e.g., a
cathode that is nore electrically conductive wll
produce |l ess thermal energy than a cathode that is |ess
el ectrically conductive). According to the present
invention, the thermal flux (thermal energy/unit area)
exiting the evaporative surface 24 nust be below a
applicttionidontemphitade Anldxainpleds previded belslepend princi pal [y on
the cathode material, is associated with a particul ar
[@8as8kr daesithode\eahporativasetfics 24l isaizet eslerbate & PowemdehsIty that in
amount of heat transfer that can, occur for th

at ,
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roduce coating operable for the 4 application
h@%%?%ﬁi%ﬂ@f‘é’@ﬁle'm exanple is provided below [0018] The
ode, evaporatjive surface 24 is sized taq creat
LT o SRR 82 5 Soui e oupiBe o & Biusr i b ey rolls
irit6 antEdu® bf the WEsséiNROTREpIa? 38 YRRIBEAhEMS féritblaffEthd dutishiaks 82
is equal to or less than the nmaxi num acceptabl e heat
(matshemdr f| ux value for a given cathode anperage. Heat

transfer at the point of the arc is greater than the
[0620] nuhhe condasterdi8ancludesr htadd6sttached kaxshafti 38e The bt is

&0 okl ik Becieansf 12 P e SR BB 8 Bsend s Gicbisile
vésdel IZn@Annhaildioe didk 40 (et FIBS ) BRAHGalfyGfisuldddsahd Ehtdctve 18 from
substrates 82 (not shown). [0020] The contactor 18

therigrsgbils heisertacton! &prefatshbyfutther inchidas 4 capding e 4earxidly
phsiionR8 Mihlr3RE thatt i, EEpP BT e e FRS 1) BBl o P coling
tube4Q) amtlia\ceoldntkitHOrt 46 eenricttéd tolthe pdseape 4B darnied betweeh tices

th t 18, f | 12. Th tactor 18
CORA BB PP P ERA FIaf: e SO BEERGER GEkeR HE SRy iy
4P ad th SRR MITols BodiRf gﬁhﬁﬁt A % ﬁ@tﬁ‘ant fuppRI2A8 lentel {h‘étcoglig{gtnéIMZ

(see FIG 1) connecte e cooling tube 42,

andrstuam viadhd passsge #8 hgweenthe sha8B8tapd thesoplingstubre42 9r vige vassh.
bet ween the coaxial coolant tube 42 and shaft 38. The
[@023ki aThecomtanyemiSritadimtindesa dupS0cshkft flgnge i2e andi@magmitic

e asieriet ¢4 oMb Rytepaper b b 5 Bl ciils Yenchably
aRAHERDehshaRFlaneesD. 1R cap 80, shadBflaige 52 had ehddt 38 g Fabdeated

42, or vice versa, )
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 permnanent
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

5



[0021] The contactor 18 head includes a cup 50, a shaft
flange 52, and a nmagnetic field generator 54. The
shaft flange 52 is fixed to the shaft 38 and the cup 50
is renovably 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

all oy. [0022] The nmagnetic field generator 54 includes

56. TRY sRBRERAH bf the 96d 68 BicBRcedto PdiaBle spleddiive botdR%8 via a
magnets 58. The centerpiece 56 includes at |east one

dgyefeltsi®s f ace 60 ext endi ng between two end surfaces 62.

The magnets 38 are preferably permanent magnets,
(00281 o u dimsamne embagdiments, thepabodic arfcicoater Hoinelydes aniactvates 72 for

Q netjc . . The A 3 [
SRSk SRR b Conltfon 15 s el AT P e b eRR B oo,
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process at hand. %OOZB] Referring to FIGS. 1 and 2,
PEGWHIALiG) acting hetyveen the Messel d 2apd a F'@ftglaﬂﬁﬁg%t attachaggp ghecontactor
. i r ; e
o GREHEA pardhos ftPoc ki e BERE abbitme Whad Heek
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ferr netic centerpiece 5 56. The opposite end of the
fqrs%ofggéa%gmgmﬁogaegﬁarﬁqg?ﬁpws}ml e speed drive notor 68
vi g a rive helt 70. [Q024] In, sone enbodj ments, .t he .
[%f&?hodngw a%temg%arpéfatarol[q Indidsaa bissite sRurerafetor glsctyigally biasing
tRUBSHate¥ 82.Y N@ﬁt}izé‘lg'b%in Eﬁelégﬁﬁia&@%ﬁ reldtfve!td e aﬁb&crhelﬁdgggash

contact with at ho The actuator 72 inc

sebspratey 82¢lectrigal lywattragiévea posiivedons livdrated fiom the cgthpde 16. A

oS BB conRTRIFEbe Biesctd QR SR I SIE RO Raed

whith a@ﬂ&ﬁrﬁ&aﬂ? omeped & 46 planyt 22 care S6ifdequently &lecri€dllylcbfnected
actuating cylinders 74. A conmerci al é avai |l abl e

‘e babiasing surgenth heripgant o elﬁ@tlﬁ_a@gﬁoam agithe él;bsm@s |82 to the
bg'lg%g%% us@f%%&?ﬁé;m%g@ﬁ%i ;:nasz:scgg{ e?reioaimng?udes
(@787 RReAGhfefon el UiLebbih shate 3 L onphd i yaporized

chithbddetrhate@idiOintticaredefdRe sibktefest82e The ddfketlontlfieldS80 attached to the

electrically attractive to positive ions liherated from
vessel 12aplatracind sontactor Hialsgmingnige undesizable materigl butld-up ga those
e ) T ’
SBIR3 S SR ok, L Bt it o Sl
acoiesaipaincdmpeatédotthe veasel §2 entare mhdaof anelectrizally eondnetive

Sour fr;%ggtggt tgaﬁg}%gfiﬁgﬂﬁ ag gtg.inﬁalsses?etef.i cally connecting the
[0027]  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



bi asi ng source 78 may be used alternatively. [0026]

Defl ector shields 80 are used throughout the coater 10
to confine the vaporized cathode nmaterials in the area
of the substrates 82. The deflector shields 80 attached
to the vessel 12, platter, and contactor 18 al so

m nimze undesirable material build-up on those
surfaces. In the preferred enbodi nent, the deflector

10adédah@3h3bssHl 1 2CTRGsubSrtd3 B2 \WaGStRlen al%woaﬂse degressed hsl |y
connected to the vessel 12 and are nmde of an

substaptially cleened. althaugh eachevill likely haveisome snolecyler congaminant and
0 '8£doﬂwa£lmn§ Wit @ﬁeﬁéﬂh{f& &S The h&ing ﬂ%;s ﬁfl;ﬁb ;ﬂﬁéo

or sustalnfng an arc of el ectrlca ergy betwe
agtaatdrthel eortgetoraiBdntarelegtrivalecontact] withethe catblided 6tand ther\essbl 12is
D. C) power supply. In the preferred enbodi nent, the
t|ve | ead of the pomer supply is connected to the

el .12, there ng the  vessel 12 act an
N&ﬁiﬁ Thf et igice) uEh VisHoB PR is QPERER 13 FppYe e veswel 12 08
ﬁh&%ﬁhéﬂadrés‘éutéomgé:ﬂlﬁlcbrests&e fd¥8ached) kiecHigh vaiidk Ehfﬁﬁron vacuum

Alter native enbodi nent's may use an anode not shown
pemnp fistherrviapustes dhe vessel b8 togtearivacuysmcenditiongi Theasubptrages 82 are

I
R ldh DS el RS AFE/0E ision B R Pl o S
cleﬁmir_g"((jBSplltter icltaing ;s@ﬂﬁb@ks well lafovxnlhe ttl';erwtmfltwnll muﬂtretde@dgxged in
oal ar c oat er u | rates
d‘aﬁ'ﬁjp G cleaning et eC[ gte E%y a?\fterr g3ubstsgies § are
clegRrlatic bedthilfs 4E ok gy%waﬂ GirgdhShérppas 82 have been

previ ousl y degr eased substantial Iy cl eaned,

[(ﬁi3b{1 ou 99019@‘}&1 i anl a'ré< @é\ﬁéra!? &t ?@fo?f%c? Opfle as‘rub?‘trates 82 are

cont am nant oxi dation re ng on its exterior
ebctnﬁ&lb'@as&"mmaalm hiasingspurcy l78,rmkhng them slebrsieajlyeattracyive to posmve

R &R

rOTRINAPERA. The peReVappY s $ prof&icalcatholi®ark
the vessel 12'to a prede erm ned pr.essure, ce that
establishagap archaying @rp@tﬂe erthisedcugtent; butneerelisfsitiated nTheavaquim

t
Pt Bichled U RER 0 it DR Rberbind R el e
wmah‘ﬁhmvas@l ap. nCam:ﬁtamyaleﬁnhhb@gh the cabling pissiipes avithin thevbssel 12
such as "sputter cleaning". Sputter clegning is a

ang epatagtor \}\%I peciisinrogess Rammicssrs Wildepehd ypoR %ct% surbas theped
sﬁﬂgtratg Sfafbirial, hﬁrrﬁatergl ke ohRd ind %e'ﬁ%hf&‘&@ﬁmﬁ&hﬁﬁs bSthe! coatmg,

alternativély. After the substrates 82 are cl eaned
etche contam nants are purged typically using an i nert

[003% 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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[0030] Prior to initiating an arc, several steps are
perfornmed. The substrates 82 are electrically biased
via the biasing source 78, making themelectrically
attractive to positive ions emtted fromthe cathode
16. The substrates 82 are rotated at a predeterm ned
rotati onal speed. The power supply is adjusted to
produce a cat hode anperage that establishes an arc

havi ng a predeterm ned current, but no arc is

paralldl tethe dathddeevapeativesurfiacepd. Theedirossmdfable inagmesic feldi vetror

d intain a predeterm ned vacuum pressure o as ,
SR SBAE U sieB o b petiet DS BTG PSP S griented
irCIR! rhahdler) 25 SRR 59 W préseAtidghtRe d16tkS@ire, I7 corthish, ERABIABGWaY from

18. Specific process paraneters will depend upon
§

theg¥aporasive surface 34 imasubstansially perpendiquiar directionh dogethery the |

o 58P e A e SO SR ORI

tHateassds elerare trtpdvel adistatdearcund therirtumferenc8df the cattiode uGhThe
into and out of contact with the evapqrativ face 24
Pt R OEWE His b noEparU e A gpOLIR ST ey Epep (e PR e e
1.8 4n ihétedst ff ME HAll efrest £5106, cRMBPPiRdadeEin Sk dwdrimé - A PBRon of
arc initiator 81 is subsequently noved a distance away
skill imthe e wilh racognizelthat deeredsinghe gwell time reidnges shet ascereengé of
dal LAt [
S B TRARIS Db Gtk sl s el sl Tnll of e
dépositadaoltiige 16 and the defl ector shields 80
electrically connected to the vessel 12 (or directly
[003B}\e e Thé fidividdahegnelib fiakislof the mégrets38 dishosed 416hkthe die
magneti c field generator 54 positioned in the contactor
surface(s) of dhe fepramagnetic gentarpiggenifyiniaiese sirenseferential Praximity toone
f i P .
R e S e g
patht Tbetmniler afniagnetsss8s thio s¢lativeispdcing of Thagaeti! fiedds epmnating from

cat hode aparative surface 24, di rrecti o f t.
opRar s abrary it o R Gagie i o b Bl e
apflichtivs ABAHIC Un B&theSppliddtidns hbweves, 118 ddainfagshis 36 further include a

oriented _in |ike manner. A vector 59 representing the
mageat 84 (see HIG 3) dispessd prozimate the cemvierof thrfrromagnetic epaterpiece 56.

[ f ' i.al ' ar
Y FRGHARE ¥R o7 e Aty Rpcalba O A B brdbfy RAEHCE the
gednsattyraf cheanagnetid fields dritmating fram eetntagaets 68 dispdset elohgthe side
effec on tt@he arc. that causes the arc to travel a
suyfacesG0of the igpmagnetic eenieIPif%er ence of the cat hode 16.
The dwell tine of the arc at any particular arc spot |
10034] \y dirg enepey daliyered by theiarccapges thednatenal at the atg.spotjto xaporize,
' j [. . ef : e
tllfénfbb? ﬁgéﬁ@gﬁtb@?,ﬁgﬁe% ) é?'gsé glﬁgcgon&%& BartiCie4' 6 the SRIIE 6.
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.



skill in the art will recognize that decreasing the
dwel | tinme reduces the occurrence of nmacroscopic
particles that can adversely affect the uniformty and
surface finish of the deposited coating. [0033] The
i ndi vi dual magnetic fields of the magnets 58 di sposed
along the side surface(s) of the ferromagnetic
centerpiece 56, in close circunferential proximty to
one another, collectively force the arc to circle the
cat hode evaporative surface 24 along an arc %ath. The
S

(0936 e r The masigre: accegable heat franster flye fog g given glisksshapegcathpde 16

ot LHERNAN: kil be At RAR Sorical BRUIORE incluging bu

netdini& yo, tifspectimp of theapplmd castingdn ascertain density,aguiih isizatetam rnce
however, it | dvant us to, further incluyde

theax{Aurh acceptaBle Aeqs rangter ffus andiherelots,onet densiy, is knqu fophe

give cdtitgde HBGTAE theCdepOsiti R e RaEbORcreast By IReEAShE Sothitlid dhthode
of the centrally |ocated nagnet appears to favorably

ampgragecand hersefacequenpf the cagode Heinrpaaiethpicmaintaingshe heat transfer
. ; . 4
flgur ; a?:)lélggégé %‘,{R [ Ee fer ﬁ%@aﬁ%ﬁ%ﬁ@ﬁaﬁ%% ece. | gogldf] °
. . o
QD) 5 85 syt SicBfhotd 16 Coborlihg s PP by (-2 gL 1o

1WDis@eailided haviap s fourlinehidigmeer afd d (wérinich akiabheighonChdhede

cat hode 1}%@ The bj ased substrates 82 attract the ions,
aWRYTager anHEdie e srtbeded o and incested yntikiBe bggiepey,ardior mpgnitude
oforh PHRCIR i o Pl A REai B Amf¥ed IR R, Ry
oftht bertisgnapplied atldiff¢rerd 3athodeampesiges providdsi thdrinflarmatiorahecessary

i .ated from t.he cat e and deposi t ont o e .
s BB FEpreseminke S RiaB el o Bibe pRReRe. Bl amifes of dlfeea
pbwéraxpplicd t6 tRABHVIRREMBEd FodrlinthidiMibter Gtanidif al@\OditHode €6 Of

t he cat hode ang,er age. The maxi mum deposition rate for a
pepdyees a pewenrsadityfrapprosimately I rnperespensauarednchefichinerative

8 f 3 f
oGHEETL 0ich M Eh ol el sl b e 0 olle o o o e
evaporativosurfate 24ef the catloade 16.nThedepositierdmate a8 a catB@dE] amifieeage of
xi mum.accept abl e, heat ., transfer, fl for a,.given

438 Smpecti e T A APRE realel 15 mikgo 2 Uyait peg Py Incrcasing the
n{iBhif/de Bf the 8RctrRalPRWRF dpheditolthe AfRichth6dd ld”@oﬁﬁdrz yields a higher

including but not limted to, inspection of the
depepitioe thte; but the gpnlied seating isdess dgsirblet y, grain size, etc.

Once the nmaxi num acceptabl e heat transfer flux, and
[0038] ef dmozeapingithe adthodé exaporativeaudage ararbyt for examplerincreasing the

d%?’ntepg ?ségﬁ:ﬁeré | vﬁ'lgllc thle{lnrﬁgige g?‘%g%@a? Hei élﬁta'ta tv\(/:oa-lﬁ]lcge%, ciierz:(r:etaseeasl theed

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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anperage and the surface area of the cathode 16 in a
ratio that maintains the heat transfer flux at or
bel ow t he determ ned maxi num accept abl e heat transfer
flux value. [0037] As an exanple, a cathode 16
conprising a titaniumalloy (e.g., Ti-8Al-1M- 1V) is
provi ded having a four-inch dianeter and a two-inch
axi al height. Cathode anperage is applied to the
olﬁ@t b@iﬂz&:t ﬂvﬁh ghiectatbodé e6aRItheplaitdr id Mol dd-fiotR ifdyvesseti DI The

macyr o rtlcle and cat.hode It|n
i}\%é?ﬂélf%qynﬁc ¥edi T, k? ater andew s 82 attached.

Tﬁé‘ﬁa&‘aﬂ\ﬂdtt@ 0% tiRhdeREd Bdck @b HRVBREI 8K 'ﬁ@rﬁaxﬂﬁpgés&g&% earlier
provides the information necessary to establish t
ansk thelproegsptapedied.ol erabl e | evel . I n our experience, 450

anperes of electrical power applied to the
[Q%&]v e- ddtboughlshid irfvention hras heelishoren and deseribed smithatdpest to the

agled iBodinenB el RENREROR By e Ty eRe el phrions

chifpésn dim dndl Aetail GbrdoE nadt bamawwma@ ﬂé}ﬁhﬁr@ feorh ehatspirit and the
transfer flux out of the evaporative surface 24 of the

seope plohie inventionh e 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 nagnitude of
the electrical power applied to the sanme cat hode 16
geonetry yields a higher deposition rate, but the
applied coating is | ess desirable. [0038] Increasing
t he cat hode evaporative surface area by, for exanple,
increasing the diameter to six inches while
mai ntai ni ng the axi al 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 approximtely 600 anperes applied to the six-inch
di aneter cathode 16 conprising the aforesaid titani um
all oy, creates the sane power density and heat transfer
flux as 450 anperes does for the four-inch dianeter
cat hode 16. At a cat hode anperage of 600 anperes,
however, the deposition rate increased to within the
range of approximately 3.5 mls to 4.0 mls 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 anbi ent pressure.
The contactor 18 is actuated 9 out of contact wth the
cathode 16 and the platter is renoved fromthe vesse
12. The
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substrates 82 are subsequently renoved fromthe platter
and new substrates 82 attached. The |oaded platter is
then inserted back into the vessel 12 in the manner
descri bed earlier and the process repeated. [0040]
Al t hough this invention has been shown and descri bed
Wth respect to the detailed enbodinents thereof, it
wi |l be understood by those skilled in the art that
arious changes in formand detail thereof may be nmade
aff?c?h}‘llma‘iﬁarti ng fromthe spirit and the scope of the
invention. 10 What is clainmed is: 1. A method for
appl ying a coating by cathodic arc coater, conprisin
It he ét@%aodépr applygia §Paiige By eaiodisdrocoatets cupptisivg thersigps of:
pl R ARBtheHi PRV Eate? BHY i QuARD S pdiber bduf@ Andutiliz&la BRARSH
cat hode, providing a first disk shaped cathode havi ng
cathodsy alf@@ldmgia\féstéuﬂﬁ@@ed eashodeBrving;an evapprtiyesupface xtending;
aihify deriddfl 2 Tkt Ex?ofs‘ﬁﬁﬁ‘d% &a s%‘é&i?iréﬂ? Sifles tflé? Srapdtitibesiiface
evdporative surface aving a first 'surtface area I n
haangh firstatidace agte inssaidicoatery a maxi num accept abl e power
densitg f.or the .evaporat'l\/e surdf ace.of. said firs ditsk
shap SAEARSHBAINE 40P RRIS PP R IS0 S 479 VAR P 1 5Fe 4
mat esdidiirst dikkeshageddathodeparmlai d cat hode formng said
coating; .sai ¢ deposition increasing_step,conpri.sing
repl a&s?eﬁﬁn%aa%m&rﬂﬁqn&w ar w@%ﬁ@aﬂe&m SHig ok fomiec ond
s&li sdatinglaped cat hode having an evaporative surface wth
a second surface area greater than said first surface
ar ea Sathdepasition JB¢IPRING LStoDe PAMPIISINE r rapjacingy Baid durst disk shaped
c &ﬁ@\qthda' s%gonﬁl?l?sk@ﬂalpg?émg h%\nﬂﬁé an ottt Qrfide RANE Second
ensity equal to o ess tharr sai d nmaxi mum acceptab?e
sprtaee areal grestiert than aid fitstcsurfedelaoed and incteasimg dyrenttaaperage appiied
determinj Rg step,includes' , anal.yzin | i ed .coatings
iR i Fheps sqtione sl mallithld neltlr dERSHy, il G 1609
tleaa sdid daxinmmpec bt peeadentity. det er m ne when frequency
and/ or magni tude of macro particles exceed a
predeterm ned tolerable level. 3. The nethod of claim
21, WraE Bietholi RE ceh @ WhétbilGhSdRRminifS HEE fcRidsd YahbREingt he
di sk shaped cat hode to determ ne whet her cathode
ag@;qdiclqgtu}-gégf matesialibprajed from the cathode at different cathode

amperages so as to determine when frequency and/or magnitude of macro particles

exceed a predetermined tolerable level.

3. The method of claim 1, wherein the determining step includes analyzing
the disk shaped cathode to determine whether cathode melting has exceeded a

predetermined tolerable level.

4, The method of claim 2, further comprising analyzing said disk-shaped
cathode to determine whether cathode melting has exceeded a predetermined tolerable
level.

5. A method for applying a coating by cathodic arc coater, comprising the

steps of:
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predeterm ned tolerable level. 4. The nethod of claim
2, further conprising anal yzi ng said di sk-shaped

cat hode to determ ne whether cathode nelting has
exceeded a predetermned tolerable level. 5. A nethod
for applying a coating by cathodic arc coater,
conprising the steps of 11 providing a cathodic are
coat er that includes a power source and utilizes a

disksha d cat roviding .a first disk-sh
cat hBEPé( %ﬁ/? ﬁﬁﬂ 1¢ F’ic atgy ‘gﬁ‘ég%lll esé‘rPd’Wﬁﬁs"“é?fa"B‘gr“&ﬁF?Fea

dssisHapeEcanddendi ng between a first end surface and a
second end surface and having a first surface area,

det ePFAViflinga ér%ﬂs@kﬁh?ﬁeéee@pdea@mgraefaﬁt diprgetex, @pd an yx
eValorRivk @ﬁrf&é&%xteﬁﬁﬁg @E@Jebl‘( & v eh PGB0 addBsdebhdind surface
di'sk- shaped cat hode; and increasing a deposition rate
apd havinma Erst allrfﬁfcolamang sai d coating; said deposition

rate | Rg I rst

di sk d'letlr‘%ap g%'% ’ﬁﬁlg% a%Q{Pnggéﬂééég%% gpéé k Y “gg% S;h% at hode
elaporatiye aurfaoeayd dreﬂhnswchslsshapextcmthndbimﬂ second surface
areagﬂ%eater than th rst s§§face area and i ncreasi ng

fd
cur r SHtcadfipa Aepgaition, {0t adnerial lpring o o s shaped

cat hgsle dedkition e intreasiigngepRemprisificiepladig Sdiflst dik shaped
| ess than said naxi mum acceptabl e heat transfer, flux

cthpdrevithy sesond ligk shars sathode haglag Py BRPYAtesEHaceat
sgdoﬁlf s&fb@@ﬁ‘éa £R4BOHS the firsT ARFPPEHELHd Her&kidl Bhrlent ¥hFESlen

said EDOSI tron rate 1 ncreasing step conpri ses

applied éasilthigoendediskwhppadathode \&lrlbanaamln@a ipewen fepsitytequal to
o?{@%t?lﬁg&fd Hadm tdc@e#a%%&ewaﬁﬁ@ i Jaﬁl@#or shid %ﬂ%{a Fartlvg I ux

ow a deter max| num acce
stufarn ©h egid fdcund disk-shapedrcathble net hod of claim 5, wherein
sai d deposition rate increasing step conprises
i ncreasi ng the evaporative area and sai d current

6anpeITag tethod af ¢laitd Q whein 3kl dep@ition rite dicreadih @16 Qmprisesx
at or bel ow saj d maxi rum accept abl e heat transfer f| ux
increaging theevaporative area and said current amperage in a ratio that maintains heat

transfer flux at or below a determined maximum acceptable heat transfer flux value.
7. The method of claim 5, wherein said deposition rate increasing step comprises

increasing the evaporative area and said current amperage in a ratio that maintains heat

transfer flux at or below said maximum acceptable heat transfer flux value.
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