* - Apparatys for Driying the Are in 2 Cathodio Are Coater

- Thxsmvenuonmlatesto apparasiss for vapor deposition of coatings in
| ggrié#_al; wndo cathodw atcvapor deposition @Pmm'i? Pmc‘ﬂaf |

} Va_por deposmon 8s. a mezns forapplyinga coatmg fo'a: substrate isa’
hxown art that mcludes pmcessm such as chemml vapor deposition,
physical vapor deposxuon, and cathodic-arc vapor deposition.
Chcnu@l..vapo.r-d@omuoq involves introducing reactive gaseous
elements into 2 deposition chamber containing one or more subsu'éﬁes
to be coated. Physml vapor deposition involves providing a-source
material and a substrate 0. be coated in a evacuated deposmon
chamber. The. source material is, converted into vapor by an enetgy
input, such as'hw;ing by M§e. inductive, or electron beam means.
Cathodic arc vapor deposition involves a source material and a
substrate to-bé 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 (hetanaﬁer 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 poteatial 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 triéger 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 poiat, or
points, where an arc touches the surface of the cathode is referred to as



a whode spot. Absent L8 steenng mechamsm a caﬂzode spot will

N move mndomly about t’ae surface of the cathode.

Theenetgydepdabedbytheamatawﬂxodespotxsmtense on

 the order of 10° to' 107ampetespecsqueceuumeter with a duration

ofa. fcw to sevetal nucrosecoads ‘I‘he mtenslty of the energy raises

. "the Iocal tzmpcmnne ofme mﬁlodc spot to appronnwely equal that of
'the bodmgpomt of the’ a:thode mzcenal (at the- evacuamd chamber
- .'pressure) Asatesult, athodemaxenalat ﬂxecaﬂtodespotvappnzes
,-mto a plasma con(ammg aﬁoms, molecula:, mns, electroas, and

particles. Posmvely chatged ions liberated. from the cathode are
attracted toward any object within the deposition chamber having a
negative electrical potcnttal relative to the positively charged jon.
Some deposition processes maintzin the substrate to be coated at the

.same electrml potenuﬂ as the anode. Other processes use a bxasmg

source o Iower the patmﬁzl of the substrate and thereby make the

substrate relatively more aftractive to the positively charged ions. In
either case, the substrate becomes coated with the vaporized material
liberated from the cathode.

The random movement of the arc can somefimes lead to non-
uniform erosion’ of the cathode, which in fura can limit the useful life
of th_e-(a'thode. To avoid non-uniform erosion, it is known to steer the
arc relative to the cathode. United States Pateats Nos. 4,673,477,
4,849,088, and 5,037,522 are examples of pateats that disclose
apparamsforsbeedhg an arc relative to a cathode. Some prior art
steers the arc by mechaaically manipulating 2 magnetic field source
relative to the cathode. Other prior art steers the arc by alternately
electrically connecting a power supply lead between (wo ends of 2
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



: lmumuon Is.the complenty of the smmhmg mewamsms and the
hatdwe neceesary mampulate a ngneuc field source relative to
._thecazhode 'Apemonofshnmtheaﬁmﬂmmgmzethata
_producﬁon coanng env:mnmeat is- harsh and sunphclty generally
equates with refiability.”
: Presently avaﬂable cnthodxc am ooaters typwa!ly use 2 cooled
'cathode ﬁxed in place thh:n the coater One cooling scheme provides
S a mamfold amdled to the w.thode that permits the passage of coolant
between the cmhode and mamfold. Another scheme uses coo!ant
pxpmg connected to.a-hollow cathode, A pmblem with either scheme
is that the cathode must be machined to accept the manifold or piping.
Not all cathode matenzls are amenable to-machining and even where
. 'possible, mac(unmg adds sgmﬁmﬂy to the cost of the consumable
cathode. Another pmblem with “duect’ly cooling” the cathode is the
labor mquxred to replace the cathiode when its useful life has expired.
In the previous example. where a manifold (or plpmg) is mechanically
attached to the cathode, the manifold (or piping) must be detached from
the old cathode and attached to a new one, and the deposition chamber
subsequently cleaned of coolant. For those applications which require
cathode replacement afier each coating run, the labor costs and down
time can be considerable. Still another problem with direct cathode
* cooling is-leakage. Coolant leakage occurring during deposition can
contaminate the substrates being coated and require extensive cleaning
within the deposition chamber. Airfoils for gas turbine eagines are an
example of an expensive substrate to be coated; one where it would be
a distinct advantage to minimize or efiminate losses due to
contamination.
In short, what is needed is an apparatus for cdthodic arc vapor

deposition of material on a substrate that operates efficieatly, one
capable of consistently providing a high quality coating on 2 substrate,
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'one that optumzes caﬂxode erosmn, and one that operates cost eﬁ'ecnvely
) '. Accordmg to a ﬁrst aspect;'the present mvenuon provxdes an apparatus '
for applymg matenal by cathodxc arc? vapor deposmon to a substrate,
comprising: a vessel ezns for ‘majgtaining a vacuum in said vessel; a d1sk-
shaped cathode, pos:uoned inside saxd vessel, havmg a first'end surface, a
- second end surface, and an evaporauve surface ax.ta!ly extendmg '
therebewveen, means for selecuvely sustammg an arc of elecmcal energy
between sald evaporauve surface and an- anode, and means for driving said atc
~ around sazd evaporauve surface, Wherem sgxd means for dnvmg said arc is
_posmoned in close proxmnty to,said- cathode, and said means for driving said
'arc produces a magneuc field that permeates said cathode; wherein said arc of
elecrical energy extending berween said cathode and said anode liberates a
portion of said cathode which i is subsequendy deposited on ‘the substrate
located msxde said-vessel.

Accordmg 10 a second aspect, the. present invention provides an
apparatus for applymg material by cathodxc arc vapor deposition to a
subsu'ate_, comprising: _ ‘a vessel; means for. ‘maintaining a vacuum in said
vessel; a dis'k—shalied cathode, positioned inside said vessel, havmg a first end
surface, a second end surface, .and an eveporative surface axially exténding
therebetween; means for Seleoﬁvely sustaining an arc of electrical energy
between said evaporauve surface and an anode; means for driving said arc
~ around said evaporative surface along an arc path, having a magnetic field
generator attached to a ferromagnetic center piece, wherein sgid magnetic
field generator includes a plurality of side magnets attached to said
ferromagnetic center picce, and a center magnet positioned radially inside of
said side magnets; wherein each said side magnet produces a magnetic feld
-that permcat,es said cathode, each said magnetic field including a portion that
runs substantially paralle! to said evaporative surface; and wherein said center
magnet influences said arc path relative to said axially extending evaporative
surface; and wherein said arc of electrical energy extending between said
cathode and said anode liberates a portion of said cathode which is
subsequently deposited on the substrate located inside said vessel.

According o a third aspect, the present inventon 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



-5 -

vessel, a dlsk-shaped cathode, means for selectively sustaining an arc of .

- electrical energy between the cathode and an anode, and means for steering
- the arc around the cadxode The arc. of. electrtcal energy extending between
the cathode and the anode hberates | pornon of the: cathode which is
subseqnently deposzted on' the: substrate located msxde the vessel

- Ad advantage of the present mventton is that. the apparatus for

K cathodxc arc vapor deposmon of taterial on & substrate is’ desxgned 10 operate
-ina cost eﬁ'ecuve ‘manzer. One cost effecnve charactensuc of the present

- invention'is the cathode, wlnch is. dxsk-shaped and so may be cut, for

R " example, from-a cyhndncal casung. The snnply formed cathode reqmres

' :mmnnal expensive’ machmmg, thereby reducing the cost of the cathode and

. the overall coating process Another cost effective’ characteristic is that the’
‘erosion of the cathode is cxtmmferenually uniform. As a result, the life of the -
cathode can be maxnmse.d before réplacement is necessary.

Another advantage of the present invention is uniformity of the coating
process The means for steering the arc around the cathode increases the
umforxmty of the cathode erosion. Specaﬁcally, steering the arc around the
crrcumference of the cathode ata subsmnt:ally constant velocity causes
uniform circumferential erosion of cathode. ‘The substrates disposed around
and equally. spaced from the cathode consequently receive a more uniform -
deposition of coating. In addmon, the velocity of the arc around the cathode

.circumference is a function of the strength of the magnetic field and the
amount of current supplied. Asa result, the velocity of the arc can be
mampulated by changing the amount of current, the strength of the magnetic

- field, or both.

~ Another advantage of the present invention is the simplicity and
reliability of the tneans.for steering the arc around the cathode. The means
for steering the ar¢ includes a mngnetic field generator having a plurality of
side inagnets and & ferromagnetic 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 ferromagnetc center piece
and the magnets is provided to inhibit corrosion of the ferromagnetic center
piece and the magnets.

Certain preferred embodimenrs will now be described by way of
example only and with reference to the accompanying drawings, in which:



- a!c vapordepos:uon appamms
“ FIG.sza_‘__‘. mumatic
showmg twin, magnzuc ﬁeld genemtorx
_ FIG 3 1s a4 : sxde view-of a magneuc ﬁeld
geneiator; “ i
FIG.4 IS a top vxew of the magneuc ﬁeld genera:nr shown m |
FIG 3 . _ : :
. FIG Sisa dtagmmmaﬂc top vxew of a magneuc field generator
havmg annular side magnets;
* FIG.6 is a side view of the magnetic field generator shown in
RG.S;
FIG 7 isa dxagrammanc view.of a w.hode and magneﬁc field

generator vath a center magnet, including magnetic field hnes

w:mg the cathode s and
FIG.8 is a diagrammatic view of a cathode and magnetic field

generator, including magnetic field lines permeating the cathode.,

secuona.l vxew of g.contactor,

L Apparaius |
Referring to FIG. 1, an apparatus 10 for cathodic arc vapor
deposition on a substrate 12, hereinafter referred 10 as a “cathodic arc
coater”, is provided having a vessel 14, means 16 for maintaining 2
vacuum in the vessel 14, a cathode 18, a contactor 20, and means 22
for sustaining an arc of efectrical energy between the cathode 18 and an
anode 24. A ¢oolant supply 26 maintains the apparatus 10 within
acceptable temperatures by c¢ycling coolant through cooling passages
28,30 within the vessel 14 and contactor 20. In the preferred
embodiment, the means 16 for maintaining a vacyum in the vessel 14
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| mclud&c a mechamml rough vasuum pump 32 and a high volume
mfﬂmonoqrpe vacuum pump 34 pxped to the mtenor of the vessel 24.
Othervacuum m&ns may be used altemauvely R
_ Refemng o FIGS 1 and 2, the cathode Bisa subsmuany

. cylmdrml dxs!g yawgg an. evapozauve surface 36, exteadmg betwesn a’

' par—ofendsurfam3840 'meendsurfaces3840aresubstanuaﬂy

E pamllel thh oneanother. “The coafing to be deposued dlctatcs the -

| mazeual qomposxtton of the cathode 18, and ofien the wthode 18 can

- simply bé cut from 3 cast rod., The axial length 42 ofthew.thode 18is
preferably. longer thdn the anucxpated ﬁnal width 44 of the erosion
| pattem 46 a.long the cvaporauve surface 36 of the cathode 18. Keeping
 the erosion pattern 46 between the end surfaces 38,40 minimizes the

possibility that the arc will leave the evaporative surface 36. of the

cathode 18. The substrates 12 are mounted on 2 platier 48 that rolls

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

rotating the substrates (not shown). |

 ‘The contactor 20 includes a head 52 attached ¢0 a shaft 54. The
head 52 is positioned inside the vessel 14 and-the shaft 54 extends from
the head 52 to outside the vessel 14. An insulative disk 56 electrically -
-insul'aws_-di‘e coatactor 20 from the vessel 14. The contactor 20
preferably further includes & cooling tube S8 coaxially positioned
" within the shaft 54, a coolant inlet part 60 (see FIG.1) connected to the
cooling tube 58, and a coolant exit port 62 connected to the passage 30
formed betwesn the coaxial coolant tube S8 and shaft 54, The coaxial
arrangement between the cooling tube 58 and the shaft 54 allows |
coolant from the coolant supply 26 to enter the cooling tube 58 and

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

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

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



ﬂangeﬁhsﬁxedtotheshaﬁ54andtbecup66:sremovablyauached
-'toﬂlcshaﬁﬂangeGS 'l‘hecup66 shaﬁﬂangeés andshaft54am
fabrmted from an elecu'mlly conductive marmal such A&s a copper
| alloy 'rhe magneuc field genemtor 74 includes a fezmmagneuc center

i pch82 apluxahtyofstdcmaguetsM andacenwrmagnetSG The
center piece: 82 includes at Jeast one.side surface 88 extendmg between _

two end surfaoa 90, and a hollow 92 for: reeemng the ceater magnet

o _86 'I‘hesxde&andcentarsﬁmagnetsampmfembiypemanent

& magnets although a!temahve magneﬁc ﬁeld sources ‘such as
elearoumgneucs may be used. Cyhndnczl permanent ‘magnets, for

' exaimple, are advanmgeous because they are commemally available and

telauvcly mexpensxve (see FIGS. 2-4,7. and 8). An ansiular magnet,
segmented or-whole, may be used altemaﬁvcly (see FIGS. 5 and 6).
The side magnets 84 are attached to the side surface 88 and the center
magnet 86 is either received within the hollow 92 or attached to an end
surface 90, FIG.8 shows 2 magnetic field generator 74 that includes a
fermmagneuc center piece 82 and side magnets 84, but does not
include a center magnet 86. In all embodiments, the number of side
magnets 84 can be varied to accommodate the process at hand.
Referting to FIGS. 1 and 2, apparatus 94 is included for
rotating the magnetic field generator. The rotation apparatus 94
" includes a rod 96 extending tirough the coolznt tube 58 and into the
head 52 where it connects with the fecromagnetic ceater piece 82. The
* opposite ead of the rod 96 is connected to a variable speed drive motor

98 via a drive belt 100 (see FIG.1).

The cathodic arc coater 10 may also include an actuator 102 for
selectively actuating the contactor 20 into electrical contact with the
cathode 18 which includes a pair of two-way actuating cylinders 104
(hydraulic or pneumatic) acting between the vessel 14 and a shaft
flange 106 attached to the contactor shaft 54. Mechanical apparatus




) maybeusedmplaceofmeacmungcyhndem 104 A comumercially:
avaﬂable controller (not shown) can be used (o contml the position and
t‘ome of the cyhndets 104 (or mechanical appazatus) FIG.1 shows the

..wthodewdzsposedbetweenaﬁxedsupportwandanacwable '

"mnmcwr 20. FIG.2 shows an. altemanve cathode 18 arrangement

| .wheranaoontsctorzo wmcoa(actwltheachend surfaoe38 400t‘the
wthodc 18‘ 'mc second contactor 20 may. be ﬁxed oractuable. _
o The (athodzc arc eoater 10 preferably mcluda a biasing source

108 for léctrically biasing the substrates. 12, Negatively biasing the

: substmtes 12 mlauve to the anode 24 makes the substrates 12
eIé;c_u;caﬂy _aﬂracuve to positive jons libe.ratedzfmm the cathode 18. A
contact 110 electrically connects the biasing source 108 to the platter
48. ‘The substrates 12, which are electrically connected to the platter
48, are consequeatly electrically connected to the biasing source 108,
Other means for electrically connecting the substrates 12 to the biasing
source 108 may be used alternatively:

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

such as stainless steel.

The means 22 for sustaining an arc of electrical energy between
the cathode 18 and an anode 24 includes a direct curreat (D.C.) power
supply 114. In the preferred embodiment, the positive lead 115 of the
power supply 114 is connected to the vessel 14, thereby making the
vessel 14 act as an anode, The negative lead 117 of the power supply
114 is electrically connected to the contactor shaft 52. Alternative
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- _embodxmeuts may use an anode (not shown) dlsposed friside the vessel
' 14 Anamxmuator 116 mmnlamed atornwtheelwtxm.l poteatial

.'__ofthev&csel 14, musedtommateanam. :

Refemng to FIGJ m the opetauon of the ptecent mvenuoa |

 eathodic are coater 10, a plurality of substrates 12 and 2 catiode 18 are
. attdched to the platter 48 and loaded inito the vessel 14, The substrates
12, have been prevxously degrw.sed and submuaﬂy clwled, although
mh will hkely have some molecular contaminant and oxidation

remzining on its extcrxor surface. The actuating cylinders 104
subsequeatly actuate the contactor 20 into electrical contact with the

- cathode 18 and the vessel 14 is closed.

The mechanical rough vacuum pump 32 is operated to evacuate
the vessel 14 to a predetermined pressure. Once that pressure is

reached, the high volume diffusion vacuum pump 34 further

evacuates the vessel 14 to near vacuum conditions. The substrates 12
are then cleaned of any remainhg.ooix(mninﬂt_s andfor oxidation by a
method such as “sputter cleaning™. Sputter cleaning is & process well
known in the art and will not be described in detzil here, Other
cleaning methiods may be used alternatively. Afier the substrates 12
are cleaned, the contaminants are purged typically using an inert gas.
Prior to initiating an arc several steps are cbmpleted, including:
(1) the substrates 12 are electrically biased via the biasing source 108,
mzking them electrically attractive to positive ioas emitted from the
cathode 18; (2) the substrates 12 are rotated at a particular rotational
speed; (3) the power supply 114 is set to establish an arc having a
particular magnitude of current and voltage, but no arc is initiated; (4)
the vacuum pumps 32,34 establish and maintain a particular vacuum
pressure of gas within the vessel 14; and (5) coolant is cycled through
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the coolmg passagw 28,30 wuiun the vessel. 14 and conmctor 20.
' fSpeaﬁcpmpammemmdepeadupon factorssuchasthe
subsuatcmawaal, themaeenaltobecoated andthcdeszred

- “charzcteristics: ofthecoa!mg etc.

o O;ice the aforemenﬁoned steps have beea completed the arc
mxtxator 1164 is brought into and out of conm with' the evapo:auve

o '.u:ﬁce360fthcmmodels ausmganarctojumpbetweenthem "

 initiator. 116 dind the evapomﬁve surface 36. . The arc initiator 116 is

| subsequently moved a2 dtstanoe away ﬁ'om the cathode 18; prefexably a
tadxally outside of the subsu'ates 12.- Once. the arc initiator 116 is no
longer pmxlmate the cathode 18, the arc jumps between the cathode 18
and the deflector shiclds 112 electrically connected to the vessel 24 (or
' directly between, the cathode 18 andthe vessel 24).

‘The magneuc field. generator 74 posmoued in the contactor 20
drives the cathode spot along the evaporative su;fasc 36 of the cathode
18. To be more specific, cach side magnet 84 produces a magnetic
field that permeates the cathode 18 and runs substantially parallel to the
cathode evaporative surface 36. FIGS. 7 and 8 show an approximation
of where the magnetic field lines are believed to run and vector 124
- represents the magnetic field extending between the cathode ead
surfaces 38,40. The direction of the magnetic field vector 124 depends
" upon the orientation of the side magnet 84 poles, and gl side magnets
84 are oriented in like manner. A vector 126 representing the electric
arc, in contrast, extends away from the evaporative surface 36 in a
substantially perpendicular direction. Together, the magnetic field and
the electric current of the arc create a force (the Hall effect) o the arc
that causes the arc to travel a distance around the circumference of the
cathode 18. The dwell time of the arc at any particular cathode spot is

inversely related to the Hall effect force; i.e., an increase in the Hall
effect force, causes a decrease in the dwell time. A person of skill in



. ~12- -

the art wﬂl recogmze that decxeasmg the dwell time reduces the

- ._ occurrence of: macm—pamclm which can adversely effect the uniformity
_andsur&ceﬁnmhot‘tbedeposmdcoaung '

memdtwdwlmagnzncﬁddsoftheademgnets& xnclose 5

cxrcumferenual pmmmty to one another, eol!ecuvely force the arc to

circle the: wthode evaporanve surrace 36 along an arc path. 122 (see

'FIG 2) 'I‘hc number ofsxdemagnets 84, the telauve spacing of

magneuc ﬁelds emanaﬁng fmm szde magnets 84 and the. mtens:ty of

-those magne&c ﬁelds can be adjusued to sausfy the application at: hand.
In some. applmuons, however, itis advantageous to further include a

center magnet 86. The magnetic field of the center magnet 86 appears
to influence the geometry of the magretic fields emanating from the

“side magnets 84. As a result, the arc path 122 around the

circumference of the cathode 18 is moved axially away from the side
magnets 84. Hence, thecentermagnetSGmbeusedto move the
axil position of the arc path 122, FIG.7 shows.an approximation of
how the magnetic field lines from the side magnets 84 and ceater
magnet 86 are believed to interact. An arc path 122 proximate the
axial midpoint of the cathode 18 helps maintain the arc away from the .

 contactor 20 (or between both contactors 20), thereby minimizing

undesirable wear on the contactor 20. An arc path 122 (and

" consequent erosion geometry) proximate the axial midpoint also helps

increase the efficiency of the coating process by maximixing the
amount of material that can be eroded from a particular cathode 18.

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



FJG.2 shows an eroded catfiode 18 in phantom, subsmnuaﬂy
symmetuml about the arc path 122, In the- embodlment which includes

appamms 94 for ro(atmg the magnetxc field generator 74, rotation of

a ;the magnetic- field generator 74 within the contactor 20 he!ps promote
| '.umform axial and a:cumferenual erosion: of the cahiode 18. The .

ro(auon dxsmbutr:s the magnehc coutubuuon of each szde magnet 84'
axound the c:ramlfexence of the. cathode 18 as a funchon of time. It
must be emphaslzed however, that rqwmn of the. magneuc field

'-geaexaﬁor 74 is not reqmmd to crmte a cxmlmg arc. As stated above,
‘the individual magneuc fields of the side magnets 84 collectively force

‘the arc to circle the c_ntho_de evaporative surface 36.

Refemng to FIG.1, when a coating of sufficient thickness has
beea deposxted on the subsu'ates 12, the power supply 114 is turned off
and the arc exbnguxshed The vessel 14 is purged with inert gas and
brought to amb;e__nt pressure. The contactor 20 is actuated out of
contact with the cathode 18 and the platter 48 is removed from e

,vaéel 14, The substrates 12 are subsequently removed from the pIat'tef

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 ¢his inveation has beea shown and described with
vespect to the detailed embodisments thereof, it will be understood by
those skilled in the art that various changes in form and detail thereof

may be made without departing from the scope of the

inventon. In one example, means for cooling the contactor 20 may be
used otfier than that disclosed above. In another example, 2

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



both comactors _are Mable. In some wses, however, it may be
aweptable 0 have stauona:y contactars 20.

_ Thus, at least accordmg to the lllusl:rated embodunents, there is
pIOVlded an apparatus for cathodlc arc vapot depos:uon of matenal on
as substratc thar opcx:ates in 2 cost eﬁ'ecuve manner, whtch provxdes a
'_._umform hxgh qualuy coatmg on every substz:ate within: dxe apparatus, :
 and wh1ch mcludesappamtus for steenng an arc relauve to q cathode
that overcomes the lmutauons of the prior art. '
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) I An apparams for applymg material by cathodic arc vapor- deposmon 0.

a subscrate (12), compnsmg-
a vessel ( 14), ,
means (1 6) for maintaining a. vacuum in said vessel;
a8 d:sk~shaped cathode (18), posmoned mstde saxd vessel, havmg a ﬁrst _'

) ._.“-nd surface (38)3 a second end surfacc (40), and an evaporauvc surfage (36)
‘axially cxtendmg tixerebelween, : :

xneans (22) for selecuve!y sustammg an: arc of elecrical énergy berween

- said evaporauve surface and an anode { 14,24,1 12); and

means. (74) for- dnvmg sa:d arc around said evaporatwe surface, |
wherein _saz_d mieans for driving said arc is pos;uOned in close proximity to said
cathode, and said means for driving said arc produces a maguetic field that
permeates:said cathode;

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

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

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

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

" to said vessel (14), thereby making said vessel act as said anode; and

wherein said cathode is electrically insulated from said vessel.

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

a ferromagnetic center piece' (82); and

a magnetc field generator (84), attached to said ferromagneric center
picce, wherein said magnedc field generator produces a magnetic field having
a portion (124) that runs substantally parallel to said evaporative surface (36)

of said cathode (18).
-_

LTI,



4, An apparatus according | o claxm 3, wherein said magnetic field
genetator, further comprxses :
g plurahty of magnets (84), wherein each magnet is attached to a side

" surface of said ferromagnetic.center piece (82).and said magnets are
_ umformly spaced around sa1d ferromagnenc center pxece

5, An: appatatus accordmg to cla:m 4, wherem each said magnet CORY
cylmducally shaped havmg 8, ﬁrst polar end anda second polar end, said
- second polar end having 2 ‘polarity opposite that of said first polar end;
o wherem Sald first poIar end of each saxd magnet is attached to said

SR 'ferromagnenc center pzece (32)

6. An apparatus according to claim 3, wherein said’ mngnctic field
generator (89)is an annular magnet, having an inner :adxal surface and an
outer radial surface, said outer radlal surface havmg a polanty opposite that of
said inner radial surface;

wherein said inner radial surface is attached to said ferromagnetic
center piece (82)~ - :

7. An apparatus according 10 claim 6, wherein & plurality of magnet
segments collectively form said annular magnet (84).

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

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

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

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

(38:40)5
wherein said magnetic field generator (84) is enclosed within said

housing,.

(O
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11. An'apparatus. according to claim 10, further comprising:
' means for selccnvcly transfernng thermal energy from saxd hdusmg

thrcm sa:d mcans for transfemng thermal energy selectively transfers
thermal energy from said housmg

12. An apparatus accordmg to claxm 100r 11 ﬁm:her compnsmg"
- a’rotator.(96,9 8,100), attached 10 said ferromagnetic center piéce (82);
wherem ‘said. rotatdr rotates saxd fen:omagneuc center plece and '
attached magneuc feld generator msuic saxd housmg (66,68).

13. An.appgrath_:s~ g'ccq;ding, td claim IZ,th:cin_ a'ai';i rotator comprises:
a drive motor (98), p’osi_tiqxied ourside said vessel.(14);
arod (96), attached to said ferromagnetic center piece (82), wherein
said rod exrends ourside said vessel and is selectively rotated by said drive

motor.

14.  Anapparatus accordmg 10 any. precedmg claim, whercm said means
(74) for driving-said arc around said evaporative surface (36) comprises:
a pair of magnetic field generators (84) each attached w a

- ferromagnetic center, piece (82).

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

wherein each said magnetic field generator produces a magnetic field -
having a portion (129) that runs substantially paraliel to said evaporative

surface of said cdthode (18)

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

a vessel (14);

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

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

axially extending therebetween;
means (22) for selectively sustaining an arc of electrical energy between

said evaporative surface and an anode (14,24,112);
AL
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means (74) for dnvmg said arc around said evaporauve su.rfacc along
‘an arc path, (122), havmg a magnetic field generator (84,86) attached to &
; ferromagneuc center piece (82), wherem said magtietic field generator
' mciudes a plu:ahty of side magnets (84) attached to said ferromagneuc center.
' pxece, and a center magnet (8 6): posmoncd radxally inside of sa1d side
magnets,.- R L
wherein each sald side magnet produces a magnetic field that
permeatcs saxd cathodc, each said magnetic field mcludmg a portion ( 124)
that mns subStanually parallel to said evaporauve surface, and -
_ wherem said center magnet. (86) influences sa1d arc path relauve to
) 'saxd axxally extendmg evaporauve surface; and ' o
_wherein sa1d arc of electiical engrgy extendmg between sa1d cathode
-and sa1d anode liberates a portion of said. cathode which is subsequendy
depos:_ted onthe subsu:ate (12) l_ocated inside saxd_ vessel.

16 An apparatus accordmg to claim 15, wherein sald means (22).for
sustzining an arc. of electucal energy between sald cathode (18) and said
anode (14,24 112) comprises:

a power supply (114), having a positive lead (115) and a pegadve 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 epparams according to claim 15 or 16, wherein said magnets
(84,86) are permanent magnets. -

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

19.  An apparawus according to any preceding claim, wherein said center
magnet (86) is attached to an end surface (90) of said ferromagnetic center

piece (82).

RER A
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- 20, An apparatus accordmg o any ptecedmg claxm, wherein said center

magnet (8 6) is cyhndncally shaped havmg afirst polar end and 2 second

polar end,said secomd polar end having a polam:y opposxte that of sald first

" polarend;. R S :

_ wherem sa_td ﬁrst polar end of each saxd magnet is are attached to said
' ferromagneuc centcr pxece (82)

21, An ap‘paratus aécbrding 0 any preceding claim, further comprising:

| 2 prorccuvc coaung, said coating encasmg saxd ferromagneuc center
p1ece (82) and sald magnets (84,86) 0 mhﬂnt corros:on of saxd ferromagneua :
. cem:er pxece and sazd magnets. ' -

22. An apparatus for applymg material by cathodm arc vapor deposition to
a subsirate, said apparams mclud.mg a vessel (14), means (16) for maintaining
a vacuum in the vessel, a disk‘shaped cathode (18), means (22) for selectively
sustaining an arc of electucal energy betwecn the cathode and an anode
(14,24,112) and means. (74) for steering the arc around the cathode.
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