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_· App~ .fOJ;"_D4~~tqe ~ in·a·Gathodio Arc~ 
.. • . : ~- -.. /·.~ : ·. .. . . . . 

·'fhis·:~ven~-~-~-~ fu.r ~ .~~~tion.Qf~tings.in 
:Beri~~ an4:.to.~~-~--~r dCpQsi~n appa.rat.Us·in ~~. . . .. . . . .. . . ·.. ·.. . . .. 

. -. . . . 

-V8jlor-~9n ~.:a ·me:~nf(or.~pl~ .• ~g. to: a ·substrat.e,is .a · 
.: kno~ art--~-:incl~~-p~~ -~~~~~f ~~~--~r-deposition, 
physical~ vapor d_epoSiti.qµt. and ,~94fc ·arc vapor deposition.. 

. . 

Ch~µU~ _vapo~-~q>oSitioZJ·invo~v~ W.~~~ reactive gaseous 
ele.tnents_ into a dq>asitio~ cham~ containing one otmore subs~ . . . ~ 

to ~_coated •. Physical_·vapor deposition invol~_providing a source 
. . 

material ~d a subS(mte to. be coated in a· evacua.t.ed deposition 

chamber. The source material is. e:onverted int.o vapor by an energy 
input, sucb as h~ by re$tive, inc;fuctlve, or .electron· beam means. 

Cathodic arc vapor depc;.sition involves a source tna.teria1 and a· 

substate to:be coated p~ in an evacuated d~sition chamber. The 

cham~ conf.ain.s only a relatiVely $mall amo~t of gas. The negative 

lead .of~ direct.cunent. (DC) power· supply. is attached to the source 

~ (h~ ~-to ~ tµe *Qathc;Jde") and the pqsitive lead 

is a~ed tC) an anodic member. An a.re-Initiating trigger, at or near 

the same electrical potential as the anode, contacts die cathode and 

subsequently moves away from the cathode. When the trigger ·U still 

in dose proximity to the cathO:de, the difference in electrical potential 

between the trigger and the cathode causes an a.re of electricity to 

ext.end 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 
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•oye:~do~y.:abouf ~-~-of the cath~ 
-~ :~~ ~te.d- by·.IJieaie·at·a -~spot is intense; on 

. ~-ord.c; .o.f ·tlf.. ~ ..to1 ~~Pet~-~ID·· with a dUration: 
. .. · .. : . . . ·. . .. . •. ·= . • ; .• . . : . . .. - . 

of a. fe\V to sev~Jnicroseeon~. ~ ~iensity .of.the.erieigy nises 

-~·~·,iem~'.ot-fh;.~c ·~·w.~xirqately equal~ of 

·iheJ>~~ ~t ~tthe·~o(Je ~ (~,th~··eva~nated ~bCr 
· . · p~g:)~ .~-~ .. ~~---~Od~ ~at th~ caUt~e spot vaporizes 

.. · . . . . . . . . . . . : . . 

.. -intq a:~Jna.-~rt~g ah)~, ·,molecul~, .iQnS~: electrons; ~d 

particles .• _ l1o~tiv~y -~ed iQns· ~ted-:f~m. the cathode are 

attra¢te.d. towazd any obj¢ct Within the deposition ~her having a 

negative el~¢ po~f;ial relative to the IJ<>~tively dwged ion. 

Some. depo~on processes maintain the ~bstraie· to· be coated at the 

.sam~ el~CaI.~tial as the ·anode. Other pri>Ces~ use a biasing 

~rce to 'lower ·the ·po~ o( the .sUbs(i-at.e .and thereby ·make the 

substrat.e ~vely 111ore attractive to the positively charged ions.. In 

either case, (he substrate becomes coated with the vaporU.ed material 

~.frorp. ~e cath~. 

The ~dom movement of the arc .am. sometimes .lead to non­

unif~~ eiosion. of the ~e. which in ~.can ~t the useful life 

of the cathode. To a.void non-uniform erosion, it is known to steer the 

me relative to the.cathode. United Sfates Patents Nos. 4,673,477. 

4,849,088, .. and S,031,S22 are examples of patents that disclose 

appamtus for steering aa a.IC relalive ta a cathode. Some prlor art 

steers the ~ by .~echanically manipulating a. magnetic field souroe 

relative to the cathodec Other prior art steers the arc_ by aitemat.ely 

electrically connecUag a power supply lead be~een two ends of a 

cathode. In both these approaches, the speed of the arc relative to the 

cathode is limited by the speed of the apparatus manipulating the 

magnetic field source, or switching the power supply. Another 
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. -~t.ati~n -~~:~e coinp~ty of;tfle -~~g mechanisms and the · 
~wm,e·,~_-co ~pUiafc·:a:maP.eti~ field s0utee.~ve-to 

. t1te;~~~- .'~-~n~.of-skilrm the-~ ~-rcco~ that-a 

.F.Qcl~eµ~a..~ ~~vll:Qn~~t is_.hirsh-~ct ~~city .gen~ 
' --~~;."?l~·-··~tr.~. ... ._.. . . . .. . .... ..:.:. 

~tly. a~e ~O,dic ~ ~ typically use .a cooled 
· cath04e. -~ hi :p~ ~diin.· th~-~~ . ~~Jing Scheme provides 

. . . . .· . . 

: a:m3nifo~d ~ecl:tO ~~ ~-e ~-~ts the-~e of coolant 

~een the. cathode.:ailCi':do~d~ : ~o~ef .~eme U$eS coolant 
piping corui~ to .a ··hollpw ca~<ldt; A problem with either scheme 

is that -the cathod~ mu$t be _m~chin~ tO accept the manifold or piping. 

Not all _~Ode materials are. ~emJJie .to--machWng and even whete 
. . . ~ . . 

~ . . 

possi"ble, machining adds sig~canf1.y to _the <?Ost of the consumable .. . 

catliode. Another problem With "direotly cooling" the ~ode is the 

labor req~ to replace the cathode when its useful life has expired. 

In. the pr_eVious ~ple. where a manifold (~r piping) is mechanically 

attached to the cath~e, the manifol~ (or piping) must be detached from 

the old cathode and attached to a -new one, and the deposition chamber 
. . . 

subsequently deaned of coolant Por those applications which require 

ca.th_ode -replacement aifter ea.ch coatini nm, the labor costs and down 

time can __ be ~derable. Still another.probl~ with direct cathode 

cooling is-t~e. Coolant leakage occurrlng during deposition can 

contaminate the ~~ being coat.eel and zequire extensive cleaning 

with.in the deposition chamber-. Airfoils for gas turbine engines are an 

~ple of an expensive substrate to be coated; one wheie it would be 

a distinct advantage to minimize or eliminate losses due to 

con~on. 

In short, what is ~eeded is an apparatus for cathodic ate vapor 

deposition of material on a substrate that operates efficiently, one 

capable of consistently providing a high quality coating on a substrate, 
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·aQ.e·~~.o~~~i~:c~tb.o~e cr_o~ion~_~nd-~n~ ~roperates co~t effectively~ . 
. . ~cco~4i~~-t~.:a fu.st ~pect;-'¢,e pres~~t· in:v,~tiQn· p~vides. an ~pparatus 

fo~ ~pplyj~ :~~J:~~aj :by" .~thodig ·iu;c .yapor _depQ~ition ro ~ substrate,· 
'.· . c9µlp_~t~· a.·~sel~ -~~~s f9i:·m~~ta.~}.iia".vaeuuin" in. said vessel~ a ~k­

sh•p~d,~$9~>-~osi~.oo.ed inside. sa~d v~seii~a~ug •. first·."~d s~~ce, a . 
. seco~d ~~:s~c¢1 -~4-a~·~aiio~ti~-~~~c~ ~~atly._extending 
.: ~er~~,Y,eenp:pea~·~Q~ selectively. sU$auqmg an arc of:elec¢ca(energy 
be~~ _s?:id: ~po~~tive ~utta~~--and 8:ll ·AAodei a~d meUis tor driving. said arc . 

. arQ~d-~aid~po~~e:_$~a,~,-~~r¢~,saj~-~~ns.for dtjving.said are is . 
. posi~on~.iti ~l~~e p~xiini(y t~."~aid. -~rhcid~~-.and ~aid m:eans for driving s:tid 
··arc ·produc~ ·a :m~erlc fid.d that:permeates said. cathode; wherein said arc of 

. . . . - . 

elecnical _energy e~ending b~tween said cathode ~ said ~node liberates a 
portion.of-said .cathode which is subse~uendy deposited on· the substrate 
located insidesa~d·vessd. 

Acco.rding to a second aspect,· the present invention provides an 
apparatus for applyiI;Igmaterial:bycath<>~c arc vapor.deposition to a 
subsrrare~ ·comprising: ·a vessel; n_ieall$ for .. maintaining a vacuwn in said 
vessel;· a disk-shaped cathode, positioned inSide.s.aid vessd, ·having a first end· 
swface, a second-end surface, .and an eva.poracive surface axially extending 
therebetween; meaD.$ for selectivelY: sustaining an arc of elecuical energy 
between said ev8forative s~ce and an anode; means for driving said a.re 
around said evaporative surface along an arc path, ha.ving a magnetic field 
generator attached to a ferromagnetic center piece, wherein said magnetic 
field. generator includes a plurality .of side magnets attached to said 
ferro~agnetic cenrer piece, and a center magnet positioned radially inside of 
said side magne~; where.in each said side magnet produces a magnetic field 
that pe.rmeat:es said cathode_, each said magnetic field including a portion that 
runs substanti~y.parallel to said .evaporative surface; and wherein said centet 
magnet influences said arc path relative to said axially extending evaporative 
surface; and wherein said arc of electrical energy ex.rending betWeen said 
cathode and said anode liberates a portion of said cathode which is 
subsequently deposited on the substrate located inside said vessel. 

According co a third aspect, che present invention provides an 
apparatus for applying material by cathodic arc vapor deposition to a 
substrate which includes a vessel, means for maintaining a vacuum in the 
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ve8se1~ .a "disk-s.haped .cathodei meam for·~eiectively sustainitig an arc .of . 

. el~co;ial:.energ~,.beiwee~.-rhe. ~a~!l.de -and a~ a~ode,_ and -n:ieans. for. steering 

·the ·ai atound. ~e c~thode. The·a~c,9f.eie9tricaJ energy.extend~ between 

th,e--ca~~de. a!ld the a0:~4~ libera~ -~ pon.f on··of the::cathode whi~h ~ · 
s~seq~~tly depo~:ite°4 on·-~~-::substt~t~· focated insi4~ the· vessel.. 

. : · ~ ~d~ra2;e· of.th~ p~es~nt:=fii~entio~ i$ that.the appa~t:Us for· 

... ca$<?dic··~.r<; vap<>r ·de.positioµ .~f mate~_al on· a· substrate is· desigile_d to operate 
- :i~.~ c.ost~ffe~tiye:m~nn~. · Pn~.-~osre!fecfive charactetj~tj.c o_{t:he pte~~nt 
: in~~ti~~- is die "cathod,e, .v$icb ~ .dis).;~haped and ·s6 may be cut, f~r . · . 

. · ·. eiample, fr~~- a .cylindrl~al c~tl~. 'Th~- siijiply :rorm.~d cathode ~eqliires · 
. ~1 ·exp~ive"niachlning,.therebyreducini the cost oftlie ~th.od~ and 

.. rhc overall ·coating process. Another. cost effective· characteristic js that the 

.erosion of the carh~de. is drcwnfer~ntially unifo~. AS ·a result, the lffe of the 

cathode can be maximised befo.re. replaceme,o.t is .necessary. 
i\npther adv~ntage ·of the _presex;it invention is uniformity of the coating 

p,rocess. The nieans for stee~ the arc around the cathode increases the 

unifonnify_ofthe c~thode erosion. _Specifically, steering the arc around rhe 

cii;~erence of the cathode at· a. substanti8.lly constant velocity causes 

uniform circumferential .eros.ion of cathode. The substrates disposed ar.ound 

!lll4 equally.spaced from the cathode consequently receive a more uniform · 

deposition· ~f coating. · In addi~on, the velocity of the ar~ arolind the cathode 

.·circµmferenee is a.function of the strength of rhe mag0etic field and._the 

amount of current supplied. As a result, the velocity of the arc can be 

manipulated by changing the amount of current, the strength of the magnetic 
field, or both. 

Another a_dvantage of the present invention is the simplicity and 

reliability of the means. for steering the arc around the cathode. Tue means 

for steering the arc includes a magnetic field generator having a plurality of 

side magnets and a fer:romagneti~ centerpiece; no switching mechanism is 
required .. The absence of a switching mechanism increases the reliability of 

the steering means. 

Preferably, a protective coating encasing the ferromagnetic center piece 

and the magnets is provided to inhi~it corrosion of the ferromagnetic center 

piece and the magnets. 

Certain preferred. embodiments will now be described by way of 

example only and with reference to the accompanying drawings, in which: 
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.fta,.1 ·~ ~-~~-yi~w of·a preferre~ ~th()di~ 

arc_~·~~~~~~-;" , 
-~9.~~-is·a ~'~ss~sec:tt~nat wew ofa.conf;aetar,· 

sho~ ~-.. •~--#~4-~s¢n•rs; · 
. -_~g·~,~~~!;'='~~P.¥.~~ffl~~~- ~~-view·of a .magnetic .fi~d . 

g~era~t; .. " 

. ~G ••. ·$$ a· tap .Yte\1{ .of .(JJC magnetic field· g~erator ~owtt ·iii 
~q. 3; - .. 

· Fiq~sJ.s. a ~c- tqp view .of a.magnetic field generator - . - . . . . . 

having annular side ~~1 
. FJ;G.6 is a _side ~ew of tbe magnetic field generator. shown in. 

'FI:G • .5; 

FIG. 7 is a :~_matic·view .of a cathode and magnetic field 

geneator wi~ a ~ter magnet, ilicluding magnetic ·field lines 

permeating fhe cathpde; ·and 

:f{G.8 is a diagrammatic view of a cathode and magnetic field 

genetator11 including magnetic field lines permeating the cathode. 

I. ~tus 

Referring tq FIG.1, ~ appm.tus 10 for cathodic arc vapor 

deposi~ on.a sub~ 12, hereinafter ~em!d fD as a •cathodic arc 

coater", is provided.having 8: vessel 14, means 16 for maintaining a. 

vac~um in the vessel 14, a cathode 18, a cont3ct0r 20, and means 22 

for sust.aining an m:c of electrical energy between the cathode 18 and an 

anode 24. A (:oQlant supply 26 maintains the apparatus 10 within 

acceptable ~ by cycling c.oolaat through cooling passages 

28,30 within ~e vessel 14 and contactor 20. .In the preferred 

embodiment, the means 16 for maintaining a vacuum in the vessel 14 
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"in~~ a ~mcal.f(Ju~ vaeu•·pump· 3~ and· a high vol~e 
..... · .1. . • ·• : • . • ~ • : • • • • • • • . • • 

~on~-~\llll P~P. 34 piped. to· the m•r·ot the vessel 24. 
otti~~~~-~~·'.may .. be:~_~vely~, .. · .. ·. . 

. · -·· --~~,·~_:A:as ... 1.tl 2,: the ~ode:lB··i~ ~sub~tially · 
· ~dri~ -~.-'-~· :;. . : . . Qti"t'I .s. ·36. eXtett~ -betw · · -~, ...... , . ~ .•• f.'',··;·~~;._~·-.~., .. c. . . . . . . . .. g .. een a 

~::~r:.~4 ~ .... 3s,40'!. 1be:end.~·~s.4.0··~-:~~lially 
. . . . . .·. .. . 

. pa.i:iu~· ~tJt p~~~o"1er •. The eoadng to "be &:Post~ ~ the . 

~ ~~~tion-~f'~~ ~ode·18~ and p~·_ftie ~¢e 18. can 
. • : • J • • • •. . .. -~ • • . :" : . . • . • .. . :· • ~- ••. ~. : . . : . 

· · ~ply_ be .cu,t (tom. f. ·ca.st tod •. ·The axiatle:ngth A2 of .~e ~e 18 is . 

pref~ly: lo~ger ~die aµticlpat.ed final width 44·of tlie ·erosion 

pattem-46 eio~gth~ evap0rative·surfacc 36 oftlie cathOde 18 .. Keeping 

the erosion patt:em 46 b«ween the end surfaces 38,40· minimizes the 

posSi"bility that the arc will leave the evapoumv~ stJtface 36. of the 

cathode 18. The·subsfl'ates 12 are mounted on a piatter 48 that rolls 

into and t;)Ut.Qf ~e vesSeJ,--14. The platter 48 includes means for 

~tating ~e $Ubsttates (not shown). 

The cont.actor 20 includes a head ~2 attached to a shaft 54. The 

bead 52 is po$idoned Uiside the vessel 14 and -the shaft 54 extends from 

the he.ad 52 to outside the vessel 14. An insulative disk 56 electrically· . . .. ~ . 
· ins.ula~ · t4c co11tactor 20 ftom the vessel 14. The contactor 20 

preferably fu¢1er includes a cooling tube 58 coaxially positioned 

within the shaft S4, a co0lant inlet port 60 (see FIG. I) connected to the 

cooling tube 58, and a coolant exit port 62 connected to the passage 30 

formed between the coaxial coolant tube 58 and shaft 54.. The coaxial 

arran~em~t ~ the cooling tube SS and the shaft 54 allows 

coolant from the coolant supply 26 to enter the cooling tube SS and 

return via the passage 30 between the shaft 54 and the cooling tube 58, 

or vice versa. 

Referring to PIGS. 2·8, the contactor head 52 includes a cup 

66, a shaft flange 68, and a magnetic field generator 74. The shaft 
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~fJang~:~ i$.-tlxed to ~e sh3fi.S4 an4-the.Qup 66'is:~ovably alt!ched 

.. ~the -~--flang~ 68·. ·n.e ~. 66,, shift·~ ·6$ •. Ind shaft 54 sre 
~1'.i~te(~µi .ii ei~C?JllY eon~~~ suqh.as a.copper 
lqoy~ .. ·ni~:~Q·.~~ ·~r-74 .fnclud~ a (erromagnetic center 

. • • • •• f."~·.·;~~- t.~ ... .... ~ ... -·· .. · .... 7' 1"·." .• '. . . . 

p.~ ·.s2 • a-pl~~-~f =~ -·~ 84, and ·a,centei: -« 86~ The 

<=Cn~-p~:,82· ~cl~~ ·at least.one. ~4~ ~•s8. •ding:betweeit _ 
tw~--~d·.-_·w ... ~4 a-~Qn~~-92· f~-~~:-~ Ceatet Uiagn~· 

. ·.·. 8§ •. ·:rii~:~~-~ m.;~ cCn~--~6;~eis-~prer~y.Permanent 
. : magnets~ ·~i4ougii.ai~ve m3gt,tetic.·fietd --~~·;$uCh a$ . 

elecf1"olmlgil~cs ··•r i>e -use4.·. :eyunddcar •enrmagnets, for 
- . . . . . 

example, are aavan~ec)uS beca.use._they ate co~y available and 

lcl~vely ~ve. (see FIGS. 2-4, 7, .and 8). An amtuiar magnet, 
. . . . . 

_seg~ented -or··wholC, may be.~-~vely (see FIGS.· S ~d 6}. 

The Side magn~ ·84 are .8tta.che4 to ~e ~~e surface 88 ~ the. center 

magnet 86 is either teceived within the .hoUow 92 ·or attached to an end 
. . . 

surface 90. FIQ.8 -shows a magnetic field genepitor 74· that includes a 

. ferromagn~c center piece 82 and side magnets 84; but .does n9t 

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, appazatus 94 is included for 

rotatin~·the magnetic field gencntor. 1he rot.ation apparatus 94 

· includes a.rod 96 =ending through the coola.nt. tube SS and into the 

head .52 where it connects with the fermmagnedc center piece 82. The 

opposite end of the rod 96 is connected to a·variahle speed drive motor 

98 via a drive belt 100 (see FIG. I). 

The cathodic arc coater 10 may also include an actuator 102 for 

selectively ~ the tentactor 20 into electtica.l ·con~ 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 
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-~)'~-~lo.~ of the ~ting cylin~ 104~ A conunercially.· 

a~!~_~n~,: (~ot:~~~ .can be used. w ~~ttolJbe ~n ~d 
f~rce ~--~~q;uq4~JQf.(9r~~·~). PIG.l shows the 
. ·• • · .. : 4 ~· •.. . =:~'"t;' .. ~,_It·;,..':-.::··-· "'.f ·: ~ ... :.:~ • r :'·, ._.::~···.~ . • • • _.• . ~ • ' • • 

.c_ath~.}s:~~ ~=a fixed support .19 qd.an actUable 
. . ·. . . 

. . . . . : . . . " . . . . . . 
· con~tQr.~. FIG~2.sb.ows·~.-.I~ve·~ca.thocJe 18 arrangement 
. ~·~·cxu~~to~·20.1$ iQ ~n~ with·~ end· ~.l8~40 of the 

eatiiOcfe .. -is~ ... ·~·~na con-r ·20. t#a; ·be:fixe.d-.or ~1~~ 
. ·.The -~cxlic -~-- ·_tO·p~erably mdud~ a bfa$.g souiw 

--1~~ .. !~~::~~~1.·&~.·<h~ ~tib$-- t-2. :_NCgati~ety 6~ the 

. substtateS.12:tdanve to. ~e anode 24 makes· the·substtates 12 

el~Cany_attractive tO ~sitive ions liberated ,from· ~e cathode 18~ . A 
. . 

contact 110 electricall.y connects the biaslllg source 108 to the platter 

48. The s~stf#eS 12~ which are eleotrically connected-to the·pJatter 

48, are con;eq~ay electrjcally co~ected to th~ b•g source 108. 

Other mean~ fot elCctrlCally connecting the substrates 12 to the b~g 

source 108 maybe used altematively~ 

Defiector shields 112· are used throughout the coater 10 to 

confine the vapormxl cathode materials in ·the area of the substrates 12. 

The defleof9r. Shields 112 attached to the vessel 14 , platter 48, and 

conW:J,or 20 a1sq m.tnimiz.e undesimble material build-up on those 

surfaces. In the prefemd embodiment. the deflector shi~ds 112 
attached to the vessel 14 are electrically connected to the vessel 14 and . . . 

are made. of an ~Y conductive material resistant to corrosiont 

such as stain!~ steel. 

The means 22 for sustaining an arc qf electrical energy between 

the cathode 18 and an anode 24 includes a ~ cur.rent (D.C.) power 

supply 114. In the preferred embodiment, the positive lead US of the 

power supply 114 is connected to the vessel 14, thereby ma.king the 

vessel 14 act as an anode. The negative lead 117 of the power supply 

114 is electrically connected fD the contactor shaft 52. Alternative 
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. ~ents m..ar ~-an a:node (not ~o~): disposed inside. the vessel 
. - . .,, . . . . . . . . 

14. .. -_.!*11,~:¥.~,t~rJ·l~,~~f!;~;~~-~-ornear,the~carpotential 
: ottiic v~ ·14,. ~ used -toJnitiafe·~ ~ 

_. .. ::II~. D.pepitj9fl "f-thp AJmaratiu .. ·. 
. . . : ·. . . . . . ~ . ~ .·. . . . . ~ . . . . ·.•. : . . . . ; ..... 

. ,~f~ .to FI~ .. ~·-: m .. tfle.o~ of die p~:~vention 
ca~bodi~·~-- 10, a:·P,.umlity ... of.:Sub~ 12:.~·a.·catb~~ 18 are 

. "; •¢.: ~ die platter 48 ~4 ~~· in~·:.tb.e:.~~ 14.. The substtafes 
.. 1i-.:.bave-~.~o~y d~·and~~~~~y ct=.ec1.· although. · 

~:will likely have some motecUlu .. c00:taminant and oxidation · 
ie~g ()1l its exterior surface. nie tictuatirig cylinders 104 

subseqtie!ltly actuate the contactqr ~ into electrical cont.act with the 

cathod~ 18 and -the vessel 14 ·is closed. 

The mechanical rough vacuum p·ump 32 is _opemted to evacuate 

the vessel 14 to a predeterntlned pressure.· Once that pressure is 

.Jea~ed, ~~ high volume diffusion vacuum pump 34 further 

evacuates the vesser 14 to near vacuum con~tions. The substtates 12 

are then cleaned of any remaining. contaminants and/or oxi~on by a 

method such as Bsputter cleaning".. Sputter cleaning is a process well 

~own in the art and will n~ be described in .defail here. Other 

cleaning methods may be used alt.ematively. After the substrates 12 

arc deaned. the -<X>ntamirumts ~purge.cl typically using ·an inert gas. 

Prior to initiating an arc several steps.are completed, including: 

(1) the substrata 12. are electrically biased via the biasing somce 108,. 

making them electrically atttacdve to posiqve ions emitted from the 

cathode 18; (2) the substrates 12 are rotated at a particular rotational 

~; (3) the power supply 114 is ~ to establish an arc having a 

particular magnitude of cunettt and voltage, but no arc is initiated; (4) 

the vacuum pumps 32,34 establish and nudntain a particular vacuum 

pressure of gas within the vcsscl 14; and (S) coolant is cycled through 
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~e. ~~f; ~:ffll•~-,~·~ -~ ·'f<;_,~-. l~. and con~~ 20. 
· ·s~c ~ _pamtµeters:wnJ. d~·tiPon ":facto.~·• as._-the 

"• • • .. I . • • -. • • • • • • • • • . 

. . ~~~-:~ .. ~ ~--~ ~--~,.aAd the.desired 
· . · '~C$:pf. ~e. <"!iafing1. ~·. 

. ·- -.. O~~ -~-~:.~~·~4~ .. ~·-_bave -~ eo~pleteci,. tbe axe· 
. . . hif(iator .116 ~ .b~tiglit.-intcfari<l ~~t ·of am~ .. With "the ~ve 

· :~~ -~~ qf, th~-~~ .~8, .~g -~-~ :.fQ: j~~P.:·. be.tween the arc 

. mi$torJ°i6_Jind 'Ui~:~~~e -~·36 •. ne u.c-.initlatot "i16· is 

. ~b~~-~uf.· .. ~~C4' ~- dls~ee. a~y .. ftcim .. tlle c:aftl®e ·IS; .pref~ly - . . . . . ·. ~ . . . . 

radWly outside ofth~ sub~ 12. · Onee.the·arc initiatOr 116 is no 
longer pro~imate :Jh~ cath¢e 1$, the .arc j~mps between the ca.thode · 1s 

and the detkcto,r sbie14s l12 eI~cally connected to. the vessel 24 (or 
. . 

. directly -~~ .. tµe cath_ode .18 and the veue! -2~). 

11te -magttetic field.generator 74.positione4 in. the contactor 20 
. . 

drives the _cathOde spot along ~e evaporative surface 36 of the· cathode 

f 8. ro be more specific, eaCh side magnet 84 produces a magnetic 

field that pernieates_ the cathode 18 and runs .subSt.antially parallel to the 

ca.th~ evapom~v~ s~ 36. FIGS. 7 and 8 show an approximation 

of where ·the ~etie field lines. are believed to run and vector 124 

rep~ts the niagnetic field extending between the cathode end 

~ 38,40.. The direction·of .. the magnetic. field vector 124 depends 

upon ~th~ ori~tatioa of the ~ magnet ·84 poles, and all side magnets 

~ are Oriented bi Ul:c manner. A vector 126 ~ting the electric 

aic.. in QORtmst, ·extends away &om the evaporative surface 36 in a 

substantially perpendicuJar direction.. Together, the magnetic field and 

the electric ~t of rhe ~ create a. force (the Hall effect) on the arc 

that ca.uses .the arc to travel a distance around the cireumference of the 

cathode 18. The dwell time of the arc at any particular cathode spot is 

inversely ~ted to the Hall effect force; i.e., an increase in the Hall 

effect force, causes a dec.rease in the dwell time. A pernon of skill in 



. ' 

-l2- . 

· .. : ·. : . , ... · 
. ; ' ~ ~ .. ·. 

tfie art ~If~~ tba.t" d~Jng th<':dwell .thne n:du~ .the 

. ~Ce ~f:~~:W.filc4 ean_,ad~~y"effect the .uniformity 

.and~-~-·~ftbe4e.Po~.~ng~ . ·, . 
. . ···. : ;, .... 

. The::fu4iyidwd·~~c ~elds o(.f4e·si4e·aiagnets 8-f:, in.close 

· ~eren~.pfQxhnt~:~o~::lllo.ther, ~nedtveiyJorce·the arc io 
clrcte·iti~:~tfJOd~ ·~vc.·s~_..36 ~~1ran am paih.:1~ (~ · · 
· F:r~~.2). ·'qlQ nu.~ of Si4~ .ma~«s ·u,. th~:reiativ~ spaci_ng of · 

~etlc ·fiet& .. ~~ma?f.A~. tiO~ ~e: magnets .$4,. ·~d. the.Jn~ty of 
·th~ -~~.fields: can·be:Jdjusted:u, ~·_the _appll~on at.:~d. · 

°Jn ~m~ appJicati9ns~ how,evetj .it.i(84~ulgeo~ to further include~ 
• • I • • - ' . 

cen~ ~et 86. ·The ~etic· field of the center _magnet 86 appears 
. 

to influence,_the g~metry of the ~Cdc .fields emanating from the 

·side magnets 84. As a result, the iu-c path 122 around the 
circu.mf~ce of the cathode 18 is moved axially away from the side 

magnets 84. H~ce, the center magnet 86 can be used to move the 

~-t>Ositi~n of the arc~ 1~. ·FIG. 7 shows.an app~xiznation of 

how the magnetic field lines from the side magnets 84 and center 

magnet 86 are believed to in~ . An arc path 122 proximate the 

axial midpoint of the cathode 18 helps maintabt the arc away from the . 

contactQr ~O (or between both contactol'S 20), thereby minimizing 

undedrable wear· on the co~tactor 20. An arc path 122 (and 

consequent erosion geometty) proximate the axial mldP<>int also helps 

increase the efficiency of the coating process by maxUni7Jng the 

amowit of mat.erial that can be eroded from a particular cathode 18. 

The energy delivered by the arc causes the materlal at the 

cathode spot to vaporize, thereb)' liberating atomst molecules. ions. 

electrons, and particles fn>m the cathode 18. The biased substrates 12 

attract the ionst _causing them to accelerate toward the substrat.es 12. 

The ions strike the exterior surface of the substrates 12. attach, and 

collectively form a c.oating of the cathode material. 
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~a.2; shows an·.~ cathf>4e 18 ii\. phantom, ~bst.antially · 

"'1lm~~.ab.Q.uc .. ~.e m.9 Vaih. :122. µi .the-~~t .. wbich inclUdes . . . . . : .. .. ·. . . ··:. . . . . 

appant~s ·94 for ~rating ~e ~efic field generator 74, rotation of 
. . . ·: ·. . .·· . . . . 

· .. the ·~~~·:ft~d generatt;Jt 74·:witbin .f.he. co~tactor 2o·heips promote 

o,ajfo~:_axiai-~d ·~eren~ erosion:.of th~.cafhOd~ t8. The .· · 

~~fi~~-~bu~ the:·~··:.~~µdf)~1.of ~ ~. magp~·.84.· 
. .· . . ' . . . . . . . 

;liound f.h~ -Circumf~c,e of th~.·catfiod¢ 18 aS. a function of"dme. It. 

m\!st ~·emph~~. h~~~~-~tmt· ~~on' ~f ~e-~etic _field 

-g~~t 14 -~ ~~t ~uir¢·.'9. ~ ~- chyiing,atO._ As stated .above. 
·die· htdi~dtial. lliagnetic ficl~· of ·th~· side. -··84·collecfi~ely for~ 
the arc to d.rcle the cath~e evaporative surface 36. 

~eojng to FIG .. l, when a coating of sufficient thickness has 

been deposit¢. on the ~bstra~ 12. the power supply 114 is .turned off 

and. the arc extiniuished. ~e vessel 14 is purged'. wi#l inert gas. and 

brougflt to ambient pressure. The contactor ~ is actuated. out of 

cont.act with the cathode 18 and the platter 48 .Is .removed from the 
. . 

.vessel 14. Tile substrates 12 :are· subsequently removed from the plaiter 

48. and new substrates 12 attached. The loaded platter 48 is then 

inserted. back into .the.vessel 14 ·in the manner described earlier and the 

process repeated. 

Although this invention has been shown and described with 

fCSpect to the detailed cmbodhneats thereof, it· will be understood by 

tho~ skilled in the art that Various clwtges in form and detail thereof 

may be ma.de without departing from the scope of the 

invention. In one example, means for cooling the.conta.ctor 20 may be 

used other than that disclosed .above. In another exampleJ a 

power supply 114 (bat 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 



----·-··-· -··· 

.. : . -l+. 

_:bofh con~tors" are .·icbiible. .. ~ .. ~e ~,··.however, it may. be 
qta{)1e·~· b~.~~·~~ ·20. · 

. ; . . . . . . 

Th~; a~ Ie~t.~~~ to ~e:illtis~ated_.emb.od~ents,:~ere iS 
pr~~ded ... an apparaO,is fOr eath9diC arc wp~~ deposition.of $.att;rlal oii · . . . . . . . . . . . . . . . . . . . 
a·substnte that operates in a ·co~t·.effCCtiV(f manner;.whicfr-provides.a 

. uriif~rm,~h qual~~.~~~~Qg O~ .. ~~~lY.·~u!)~trat~:withln·the appa~tusi. . - . ·. . . . .. . ··. . . . .. 

a.rid which inclti.des..a,pparartzs.fo~ steering an a;rc z::elative to a carh,ode . - . . ··.. . . . . . . . . 

tha,l overcomes the fuiutaP.ons of the prior art. 
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Claims: 

I. ~- ap,g~~µis fo~ applying ~terial by cathodic arc vapor·deposition tQ. 
a su~stµte :(l~)~ .,CQmpri$fni.: ·.. . · ... ... . . 

a vc:Ssei..(l~); . 
~e~n~ :(16) foJ;·maintaini:ng a.vacuum in said vessel; 
a disJi;-Sh~p~<fcathode ·(18), p.osltion~ci"inside·s~~d ~Q&sel, havi1'8'·a.first 

e~4 ~1µfa~ (38)~· a·$~~~d ~d $uda~e. ( 40)~ ~nd ,a~ ·~poiatlve sUrra~e {3~) · · 
·~ally ~t'.nmng tbe~~peJ.;,Veen;. · · . · · · . · · 

. n,lean~. (22.). fo~ ·sel¢crlvely sustafoiiig· Iµ ·m .of-electric.al. energy berwe~n. . . .... · __ ,·1: .. ·. . . ·. . . . . . . . .. 

· s~id C:vapOraQy-~,s~c~,and a~ anqde n.4,~4>.112)> and 
' ~e~_ns "(74):foi·drl~~ sai~ arc ar~~d said evaporative surface, 

wheJ;ein said' means for driving said ~~.is positioned in clo_se ·proximity to said 
cathode, and said means for driving said arc produces a magri.etic field that 
permeates·.slild eaf;hod_e; 

wherein said arc of elec~cal en~ extending between said cathode 
an9 said a,node liberates· a portion of said cathode which is subsequently 
deposited on the substrate (12) focateq inside said vessel. 

2. An ~pparatus according to claim 1, wherein said means (22) .for 
sus~ining 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 c9nnected 

·. to said vessel (14), thereby making said vessel act as said anode; and 
wherein sajd cathode is electri~ally insulated from said vessel. 

3. An appara~ a<'.cording to claim 1 or 2, wherein said means Cl 4) for 
driving said arc around said evaporative smface comprises: 

a ferromagnetic center piece (82); and 
a magne1;ic field generator (84), attached to said ferromagnetic center 

piece1 wherein said magnetic field generator produces a magnetic field having 
a portion (124) that runs substantially parallel to said evaporative surface (36) 
of said cathode (18). 

I If l/llHl/1111111/ If 111111111 
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4. An appa~tus accorrung ~o. ~im _3; wherei.n said magnetic field 
·gen,erator~ further c_omprises:. ·. . 

a plural~cy ofmagrieUi (84),.w:herdn ~ch J+13gliCt.is attaclied to a side 
_ · surfa~ ~~ ~ai<l-.f~J:"t~~~~qe .. c~~t~. pi~~· (s2)::1.lnd:~~-id ~ers are . . . 

Qniforinly spaced aroUiid.· said ·feit<>.magnetic ·center pieee. . · . . . . . . . . . . . 

5. · . :An:appa;atl1S. a~cQ_r:dhlg ·te>· claim _4, WJiere~. ea~ saj.d-magnet (84) is · 
eyliQd.cl.~Uy-sQ.ap~.ci~)1Bt~~i:fiis~-p~Jai_.eng:._WJ ~ .. ~ec.~4.t>ol~r end,, ~aid· 

.- se~pnd.:polar e~·iia~dg ioi~~IarltY'~pposfie th~t of said. fu.s~_.pol~r end; 
. Wherehl s~~d firSr~p~Iar:~nci Of.each said magnet-is .a~ched to. said 

.- ·ferro-~tic eenter"pi~~- (82):. . . . . 
. . .. ~ . . 

6. ~ apparams accqrding tQ daim 3, wl).erein·~aj~i"m~gnetic field . . ·. . . . · .. 
generator (8.4}is an a~ular m~et,, baVing an inner radial surface and an 
outer radial ~urface, said outer radial surface h:avin8- a polarltY opposite that of 
said inne~ radial surface; .. 

wh~!=ein said inner radial surface ls attached to said ferromagnetic 
center piece (82):-

7. An apparatus .according to cla~ 6, \."herein a plurality of magnet 
segments collectively form said annular magnet. (84). 

8. An apparatus according to ~ny of claims 4 to 7, wherein said magnet or . . . 
magne~ (84) is/are perm.anent 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) ~d said magnet or magnet:s (84) to inhib.it 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 with.in said 
housing. 

' f 111111 11lllf lllfl 11111 Ir Jiii * C L M S * 
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11. An app~~-acco"rd1:ng to claim 10, .further comprishig: . 
. mt'.~o,S for selecrlvdy ~fCrring .thqmaLenergy _from said .ho11$ing . 

(6°6_~68); . : - . . . - - . 
. . 

·whe~ein sai4 mea,ns fat: transferring thermal energy selectively transfers 

~~en~ fr.o~.said"l~9usi~, . ·. . 
.. · 

12. ·. ~ ~pv'~'~.-~~e~r4~pti<fcl~itf,.)o~or.i1,_~~ compiisi~ 
. ' a :i~t:a.tor:{9.~,9e;_foo)~ ·a~~eit9 "said_ferromagn~ttc ·c~ter "piece (82); 

wher~iJ{s~id :~o~t6r. rotates: s~d terroriulgn.eti~ center pie~e- t1.nd 

attached ·ro.agnei;i~ fieid gene~til~ inside: s8.id hausing ( 66;68.). . 

13. An.~pp~aiµ$. ~cc0~4itJ.g to cl~ l 2J· Wherell;i :Jaici rotator comprise~: 
a 4ri~e _motQr (98), :()os1tioried o~tside _said vessel.:(14); 

a· rod (96), ~ttached to said ferromagnetic center piece {82), wherein 

said, ro~ ~ends outside sai4.vessel and is selectively rotated by said drive 

motor. 

14. An appara~ acco(~· ~o any. preceding claim~ wherein said means 

(/4) for ~riving-said arc·aro®d s~d evaporative surface {3.6) comp~ises: 
a pair of:magri.~tic field generators (84) each attached to a 

ferromagnetic centei; piece (82). 

wherein one of said magnetic field generators is positioned in close 

proximity to said first e1¥1 surface (38), and the other. of said magnetic field 

generators is position~d in close p~oxim.ity to said second end surface (40)~ 
wherein each said magnetic field generator produces a magnetic field 

having a portion_ (124) tha_r runs substantially parallel to said evaporative 

surfa.~e 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) fo~ maintainiog 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 tb.erebetween; 

means (22) for selectively sustaining an arc of electrical energy between 

said evaporative surface and an anode (14,24,112); 

l lllllfllfflff iJHJfUlfl 111111 
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means (7 4). foi; driving said arc around saiQ._ eV'.aporative s~a~e along 
·an ~re; P3:th .. (122)~·~ying a ma~etic field ~nerator ($4,86) ~tracb.ed tQ.· a. 

· fe~9~agn~tic ~~~t~ pie~e c82j, wb.ei;~in said ~ag11etic ·fieid geQ~rat~r . 
inqud~~ :~_.plµrality of sidt:. ~gnets. (84) .attach~4· tQ ·s~d fe~~etic center . 

. piece; ·~nd-~ ce~~_i;·ri)~~e~ 'cs6rpo_sitione~.~adially fnside of said side . 
. . ·. ·. . . ... ·.· ·: . ... . . . ·.. . . . 

ma~c;~;. 

· · w~erein ·ea,ch·$~id side ~gn~t prodJ.Ic;es a· m~etic: field th:at 

pe~eate~: said. cath~cie,· each said.ma~~tic field i~cludmg a .P(Jrtion (124) 

that rUn.s s~bs~ntia~y p~lel to said ·~porati~e. suiface;: an~ 
.. wh~n:· sai~.·c~nt~.m~gile~. (86) iD.nuences ~aid arc path:relative to . 

-said. axialiy."~~~4J.ng·ey.apo1'.ati\l'e ~Ulface; and · 
.· . whercln s~d ·~re. of e~ectri~ en¢im; exte~d#lg between suci ca~ode 

·and·~aid.anode .lib¢ra:res. a portion ofsaid~cathod.e which is sUbsequently 
deposited ofrthe substrate (12) loc~ted inside saiclvessel. 

16 An.apparatus .accord~ to claim 15) wherein said ~eans (22).for 

sustaining an are. of ~l~ctri.~ai epergy betw.een. said 'cathode (18). and said 
: ; . . . . 

anode (14,24,112) cQmprises: 

a power supply {114), having a positive lead (115) ancl 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. 

17. An apparams according to claim 15 or 16, wherein said magnets 

(84,,86) are permanent magnets. . 

18. An avpa~tus according to ~laim 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). 

I IHlllf JIJl"lf IHJI lllf I If '1111 
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20. An apparatUs accqrding to any prec;:ed~ claim, wherein said centet 
_ma~et·{~·6/- Jg ~lind_ri~l~y-~haped; ha~~ firs~ p~Iat en~ and a sec9nd 
p.olar -~~d; :Saiq se~9n4 po!a.~ ~~d· having a polarity .opposite that Qf said fitst . . . . . . 

· pQI~·end;. . · '· · · . 
·. -. :wh.~rd~:s~d ·first p~fa~ ~d of~~ch s·aia magnet; i.s. are attached to said 

- · .fe~om~~etic_:centerpi~~e (si).. · 

21. °An ~pparatus acc~i:ding "to anypr~e4ing ~fai~, ·iu:qher comprisixm= 
a.prci~ectiv~·coatlng, saiQ. co~tjng·en~asing s~id ferro~a~etic center 

pie~e (82)· and said niainets.'(s4;s6) to .inhibit cbqosion of.satd :feJ:r~magnetic 
. c~nl:eipi~ce an<{s~id··~_e_t:S. . . 

22. ·An ;:ipp~ra~ .for applYing· material by cathodic ate vapor deposition to 
a substi-ate, saidivpararus in~Iudlllg a:vessef(l4), means (16) for.maintaining 
a vacuum in the vessel, a disk-shaped cathode (18), means (22). for selectively . .·.. . . . 

sµstaining aµ ~t~ of eleci;rlca:l .~ne.~ betwe(:n the cathode and an anode 
(14,24,ll2) and means.(74) for steering the arc around the cathode. 

I ;f 11~11 Wiil lllll lllll II 1111 
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