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A COATING APPARATUS Technical Field This invention relates to an
arc deposition 5 apparatus for applying a coating to a substrate.
Background Physical vapor deposition (PVD) is a technique typically
employed in coating applications. PVD finds 10 utility in industries
including but not limited to, sémic@h8 it rdFrRa&Ad8IHg, mold deposition
and hard coating. Known PVD processes include evaporation, sputtering
and arc deposition. In recent years, arc deposition has gained 15
importance in the realm of PVD IBgh#d afeld&icsiton, an electric arc is
generatedrand maintajaed between he .coating.source (usually biased.as ; s o,
the cathode) and an anode surface. The cathode, upon being struck with
a HigReledtie chrént@ypizalfiniexeess bR 200 aniperes POYAYE -
releases a high velocity jet of vaporized cathode material, known as the
plasma beam. The plasma beam contains high energy particles including
ions and electrons. The plasma paRfFESFLHAlong a plasma beam
path and subseguently imapinge oatg.a substkate 2bpsurface:which is ta:be,n i que
coated with the plasma particles. This form of arc deposition technique o
has tBuhcto 've  FARICHIERT suitableI8i niherBHE coRfmererdt - VD finds
applications, particuladyinsthe; deposition obwear-ceat: surages ofigutting o,
tools, drill bits, gears, molds, etc. 30 In one known arc deposition \
appPArAtE e &iSire 16'b8 cddted i Mourftéd On & StBStaePolgepe  hard
which4s iveftically aranged torhe substantially perpendicularto Weaporation,
direction of the glaasrrlndal g(}-;%m.‘ One problem associated

sputterin deposition.
in recent vears, arc deposition has gained
importance in the realm of PVD. During arc deposition,

an electric arc 1is generated and maintained between the
coating source {(usually bilased as the cathode) and an
anode surface. The cathode, upon being struck with a
high electric current (typically in excess of 100 amperes
{(A}), releases a high velocity Jet of wvaporized cathode
material, known as the plasma bean. The plasma beam

contains high energy ©particies including ions and

electrons. The plasma particles travel along a plasma
beam path and subseguentl impinge onto a substrate
surface which is to be coated with the plasma particles.
This form of arc deposition technique has found te be
particularly suitable for numerous commercial
applications, particularly in the deposition of wear-coat
surfaces of cutting tools, drill bits, gears, mclds, etc.
In one known arc deposition apparatus, the substrate
to be coated 1s mounted on a substrate holder which is
vertically arranged to be substantially perpendicular to
the direction of the plasma beam. One problem associated

with having a vertically arranged substrate holder 1s

1



with having a vertically arranged substrate holder is 1 that there exists a
need to secure the substrate(s) on the holder during the deposition
process. This problem becomes especially pronounced when it comes to
large and heavy substrates, for example silicon wafers or molds. 5 Silicon

walers, are:gosty subsfrates and-highly brttle; dp nature. Rresantly: siie@ny sy  on
wafer deposition typically utilizes magnetron sputtering and chemical
vapor SdepositiGn proceases. itiedesired SRdwéever, 16 eRpidy ard'2s Problem

deposiionen sikgen-wafers forits-high eaergyrand 1Q-highglensityy 1arge ang
deposition. A problem arises because there is need for the wafer to be

tilted® ‘Becatitidtate Convertional SfE BpFardtuses Whiciii§ers o molds.
5 congplicatechangk Aot economical 4n the samiconducier ingdustry thely brittle
loading of wafers 15 is %gliﬁ/?”y perf(ﬁfrmed through robotic arm loading on

a chiickTHe" Ghuck typically also perfoliis théFhnctionBiocdotiy; “Yeicatly
rotationlanckinsulatiogr(tor edectricalhiasiag ipurposas)d As stichpthes 1 vapor

design of the .chuck can be complicated inCParticuI%r, when it comes, to
; osi§lon. rocesses. TS eﬁlre , owev%f tTo employ
provi ﬁqg coollnﬁ in vacaum: There is usually a heed to provide a
medium betweenithechack and theowafes f@ ensuregoddsthefmal energy and
conduction, Typically Opelium. as will be,used. , Helium will be purged in .
1 géonguction, ’ gaz il D&, ol PLRS PY! the:
“between the@é}%t}c and the wafer but due Foré)r%"f/ﬁyr;, helitm is on%;/Cause Fhere

present intke! grdoves 25:betweernethe wafer aad the theck. Duringiccommodate

conventional f‘é%a%ep%%t{” nowever, the wafer,needs tobe titedtothe .y 4
vertical position. Hence, t e?&%wmg téchnical problems arise: 1."An
additivhat meckanisid may be required to tilt the

In the semiconductor industry, the lcading of wafers

15  is typically performed through robotic arm loading on a

chuck. The chuck typically alsc performs the function of

cooling, rotation and insulation (for electrical biasing

purposes) . As such, the design o©f the c¢huck can be

complicated, in particular, when it comes to providing

20  cooling in wvacuum. There 1is usually a need to provide a

medium bpetween the chuck and the wafer to ensure good

thermal conduction. Typicaily, helium gas will be used.

Helium will be purged in between the chuck and the wafer

but due to gravity, helium i1s only present in the groovas

25 between the wafer and the chuck. During conventional arc

deposition however, the wafer needs to be tilted to the

vertical position. Hence, the following  technical
problems arise:

1. 2n additional mechanism may be reguired to tilt the

30 helder from a horizontal to a vertical position

which cannct be accomplished with ease in vacuum due

to the need for precision control and the weight of

the chuck;
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30 holder from a horizontal to a vertical position which cannot be

accomplished with ease in vacuum due to the need for precision control

and the weight of the chuck; 2 2. There is also a need to ensure that the

wafer can be held firmly on the chuck. Complicated jigging may need to

be designedsas=a tesultl Hlowever: énl modesm avafer fabzicatior; jiggigriscan be

generally un? sirable 5 and usually av ideq,‘. 3. The reliability of thermal
and electrica 8coﬁ&ur€%ﬁ/‘fiy i%nadéz}éelf%ﬁgc éd dije’ PSL tjh%ﬁéi%lg of 19T Y
gravitationatdorceacting de thewaferzFhis inr e affeéiswhe final yieldmodern

of the wafer. .10 The technical difficulty in.employing arc depgsition on, _ . ;
heavy mof&?%ﬁcﬁ%@ ?olfce?g%noprfé, p?a'f i%llﬁ]gctlxo% r%%%%f%es in tﬁe esirable
process ofmbunting the relatively cbulky and heavy molds on a vertical

substrate holder apd ;thereafter securing the molds, in;positiop during the . . -5 1
15 deposition process. Of course, this problem plagues various forms of

large substrates.ca iriold is merelyCegamplayy in deatorstrating thisc the lack
problem. Additignally. it cap (equire.an.operatoran inordinate, amount oy ; s in
time to affix thé substrates onto 20 the vertically disposed holder. The

operator niay expend Brdge fifrfe atismpting ®lakfik the sabatratés onto

the holder and-will:alsq be required to,proyide-addiional securingMeeansi on on

to anchor the substrates onto the holder to prevent displacement during.
depeisition. HEteflies 25 tHe subsidiaif probletiiiof Gontamiafio:  *riection

Preferally, physical handling ofthe substrates sheuld:be-minimized-elatively
bulky and heavy molds on a vertical substrate holder and
thereafter securing the molds in position during the
deposition process. Of course, this problem plagues
various forms of large substrates, a mold 1s merely
exemplary in demconstrating this problem.

Additionally, it can reguire an operator an
inordinate amcunt of time to affix the substrates onto
the vertically disposed holder. The operator may expsand
undue time attempting to affix the substrates onto the
holder and will also be reguired tc provide additional
securing means to anchor the substrates onto the holder
to prevent displacement during deposition. Herein lies
the subsidiary problem of contamination. Preferably,
physical handling of the substrates should be minimized
prior to the coating process. This 1s Dbecause physical
handling of the substrates tTends to introduce impurities
onto the coating surface of the substrate.
Understandably, this can have an adverse impact on the
uniformity and density of the resultant ccating, which in
turn reduces the mechanical strength of the coating.
Vertically  arranged substrate holders unfoertunately

exacerbate the proklem of contamination. Due tc the



prior to the coating process. This is because physical handling of the

substrates tends to introduce impurities onto the coating surface of the
substrate. 30 Understandably, this can have an adverse impact on the
uniformity and density of the resultant coating, which in turn reduces the
mechanicat-strength iof theicoatireg. Yertically arranged subistratesheldersy  the

unfortunately exacerhate the problem aof contamination. Due to th
DT s St anc FoHing b Scralgs ntg fhaccrsr  the
vertipalhearrangetkoldérshthe operatordnevitablyrintrodecesmainutesles and
parfigles.and. Impurifies onip the substiale surfacs (Iuan QEESRVE. Beessive
hancrﬂﬁ)ﬂg nother protb em associafed with known deposition apparatus

5 dedignslisithat there is often an uneven depletion of the cathode surface.

The motiog,afithe eleptigare fs random and ds inifiated when e surfagss: « s on

10 of the cathode experiences a high intensity current, resulting in the
formpEen of ashighlemitiarice Zone Wailed théltethode spett LERe an  uneven

cathode spoLis capable,of relocating.to an.adiacent spat, resylting inthe e ¢1¢

apparent motion of the electric "arc". Sometimes however, a 15 cathode
SpGt Y&y Sty at B evaporaliveBpetfor fohger: thark usdal "FeliltiRg i surface

10 excessive vaperization anduthe. syhsequent emission ofialakge guantity, r rent,
of cathode material. This phenomenon causes the formation of
matfopariciBs in the protticedPlastha Bean? 20 Mactoparticids (whigtre  zone
aregssentialiy.a largg cluster of plasmarparticles exeeeding 50NM Mkpable of
size) are undesirable as they are detrimental towards coating uniformity
an&elocating To an adjacent spot, resuiting in the dpparent
motion of the electric Tarc”. 3Sometimes however, a
15 cathode spot may stay at an evaporative spot for longer
than wusual, resulting in excessive vaporization and the
subseguent emissicn o¢f a large guantity of cathode
material. This phenomenon causes the formation of
macroparticles in the produced nlasma beam.
20 Macreparticles {which are essentilally a large cluster of
plasma particles exceeding 50 nm in size) are undesirable
as They are detrimental towards coating uniformity and
density.
Furthermore, as a result of macro-particle
25 formation, small craters may bs formed on the target
{cathode) surface. Such craters, which are the result of
unaven depletion of the target surface, lower tThe
subsequent deposition rate as compared to a relatively
smeooth target surface experiencing uniform erosicn. To
30 ameliorate this problem, one solution adopted by existing
arc deposition users is to cut and expese & fresh, un-
cratered surface ¢f the cathode. However, this approach
causes hassle and disruption to the coating process.

Moreover, such an approach &also leads to significant

4
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density. Furthermore, as a result of macro-particle 25 formation, small

craters may be formed on the target (cathode) surface. Such craters,

which are the result of uneven depletion of the target surface, lower the
subsequent deposition rate as compared to a relatively smooth target
surfacetexperiedcing: anifornherdsionate 30ameliondtetthis problem,canec 1y to
solution %dopted by existing arc deposition users is to cut and expose a
frestﬁfru%- Cratered surface of the cathode. However, this approach

causes hasslecand distyptiot te the coating precess.t Moreovel,Buck ancoating

appiggch alseleafis o significant 4 wastage of e caihode material. o oy ¢y
which’can be costly to purghase. Accordingly, thereis a need to provide a
coatingbapparatissthat. carl seive ve amelidratecthe technicakd problemsvide a

described above, Thete is a.need g provide a coaling apparatys that s, .o 5 4 g

capable of processing substrates that may be too cumbersome to mount
on avgsriventioral stilgstratediolder THere is @lsgog needdo provideant on  a

coating.apparaius that can minimize,impwrities 49.and deposit-dense, peeq 1o
uniform coatings. There is also a need to provide a target source that can

be GRSty depleted o mirtmizelwastage bithe Gathotie rhafetial afgpurities
optimjze deposition ratesslast byt net the leastthere. is a nagd to providg o 4
a deposition apparatus that is 15 compact and suited for retrofitting. o )
Sumfffy TrPa firsPEdpect, thefé idsrovided Bcdatiief 20 apparatts fop - tormly

coating p-substrate GOMRHSING: 8,6RAMBEN of the cathode material and
cptimize depcsition rates. Last but not the least, there
is a need tc provide a depositicn apparatus that 1is

compact and suited for retrofitting.

Summary

In a first aspect, there 1is provided a coating
apparatus for coating a substrate comprising: a chamber;
a cathedic arc source for generating and projecting a
plasma beam along a plasma beam path within said chamber,
sald projected plasma crossing a horizontal plane within
the chamber; a moveable holder having a planar meounting
surface that 1s gensrally parallel to said horizontal
plane, said moveable holder being configured to move the
planar meunting surface relative to the horizontal plane
within said chamber and into the path of the plasma beam
to form a plasma coating on said substrate.

The cathodic arc source may be selected from metals,
metal alloys, ceramics, carbon and mixtures thereof,
which are capable of electrical conduction.

In one embodiment, the present coating apparatus 1is

sulited for depositing a laver of coating on a substrate,

5
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a cathodic arc source for generating and projecting a plasma beam along

a plasma beam path within said chamber, said projected plasma crossing

a horizontal plane within the chamber; a moveable holder having a planar
mounting 25 surface that is generally parallel to said horizontal plane,
said'moveablecheldenbemgonfiguredd4o move-thedplanar mouniipgater than
surfaé:e re&tivego the h%{;zontaljplane within said chamber and into the lud
patﬁ of the p1La§:srrrfae beant 10 76im %nﬁlasr*ﬁ}éegg)a i%ayon Ekalldss‘“ulb“s‘fr%?e. 30" 1S
Thevcathedie arecsouicermay be selectedificmmetals s metal@tioys, bits and
cerargi(%?é carbon and mixtures thereof, which are capable of electrical
conduction. In one embodiment, the present coating apparatus is suited

for depositing addyemaf coating pa ansubsirate; =5 whereia thesabsttdte curved

has, [mensjon greater.t its thickness di ion. mp .
sub%%r%ig%%gl%%e,gl%utlg{eﬁgtsl%:r%%ed‘tﬁ%Iic%%v%?r%%%ﬁll g}%%nnd@%t ko
moleses The plashiaebeanipathemay describesa generallysuried the plasma

trajectory as itpasses from theplasma beam ductinto the deposition.. o the

chamber. in one embodiment, the plasma beam path may be generally
tangeritist Witherespeeitd the horizontal plane. 10 The coating apparatus

may furthep,comprise:fillering means,;adapied-1o separate QIIEMOVes; | roring

macroparticles from the plasma beam path. The filtering means may
incli@é "dny GreBlt BF alcombitaRion ot tve follGRMGS stict-a8pHysical s from

baffles, plasmaductshaving egntinuotisbends ok 15 discrete bends,and; o1 uge

electromagnetic fields. In one embodiment, the filtering means comprises

an a@ny one of, or a combination of the following, such as
physical baffles, plasma ducts having continucus bends or
discrete bends and electromagnetic fields. In one
embodiment, the filtering means comprises an
electromagnetic field applied across & plasma duct having
an angular bend. Advantageously, the filtering mneans
serves to separate or deviate large clusters of the
plasma particles f{i.e. macropvarticles} from the main
plasma beam path. As a result, the deposited coating is
free from irregularities and 1is capable of having a
densely packed arrangement. Advantageously, the high
density of the coated layer correlates strongly with its
good mechanical strength.

The moveable holder may comprise a planar mounting
surface that 1s generally parallel to the horizontal
plane. Advantageously, this conflguration overcomes the
difficulty of mounting large substrates and securing them
onto & substrate holder. Substrates are simply allcwed
to rest upon the mounting surface under tThe force of
gravity. Even more advantageously, this embodiment may
allow for large and unwieldy substrates to be simply

placed on top of the holder without having to install

6
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electromagnetic field applied across a plasma duct having an angular
bend. Advantageously, the filtering means serves to separate or deviate
large clusters of the 20 plasma particles (i.e. macroparticles) from the
main plasma beam path. As a result, the deposited coating is free from

irregularities and is eapable ofhaving & densely packed armngements .  also
Advantageously, the high density of the coated layer correlates strongly

with € 25§86 iechanital’stréhgth. FREMovEabRHold& may camprise 17 2

a plasak mounging rsurfacerthat is generally pasadlel to the hosizental  rfor  an
plane. Advanta%e@c;usly this configuration gvercomes the difficulty of

moGFtitg farde strates drid SERUTIHY hemS30- Gt Sdbstrate Hofddr, Lo the

Substrades-are simplyatiowed toxest upan thes mounting surface ungderude an

the force of %ragity. E\_[Len more advanta ggusl , this embodiment may

aIIoJWnFo??d:r% %ndcﬁr?wiévoii/ SibistAleSto bé sf ﬁfﬁ rplﬁ(?éjdf on top of the

holder witiiout hawingrig instglk teaddittenal means farsecuring the deposition

substrate. Also advantageo I)é, having a mountinfgas%rface disposed. in a
rOFesseS F?efe r? 1 % constant, need LP cool down

ger%ral y horizontal plane’ makes it easier for an operator to retrofit

optiohal struttarat featiimstothetholdel.dExemplaaroptionsd féatureshen  the

may include an integrated cooling system and a power source. A cgoling
rhilcles %npzndlng” oIie supstrace aré Supetheated
system may be usetul’in deposition processes whereby there’is a

constarnt heedto cdol:downaihiel substratefsubstrateiiolderrpartisakasly  Cther

Wh%@@@oa%ga@&geédmn%gg the, aybstrate Sﬁeas%p%rh%ﬁ?dl PAMELES: ¢, an

for example, in sputtering procésses. Other” optional features may

inclijtié gsutecare dhotdlivphited tevamw Ly, an external actuator or motor
for moving the substrate holder along or out of the
horizontal plane.

Also advantageously, the generally horizontal
configuration of the moveable holder results in minimal
handling and positioning of substrates by the operator,
thereby minimizing the risk of introducing impurities
ontc the substrate surface.

The moveable holder may bpe movable relative to a
horizontal piane within the deposition chamber. In one
embodiment, the holder 1s capable o¢f being moved such
that the planar mounting surface moves laterally relative
to the horizontal plane. In another embodiment, the
moveable holder may ke moved in a way such that the
planar mounting surface rotates about a vertical axis
that 1s substantially ncormal to the horizontal plane.
Advantageously, the moveable holder allcocws the operater
to fine-tune the deposition process and allows for a
greater degree of contrel over the coating tThickness and
coating area. Also advantageously, the rotary motion of
the planar mounting surface during the deposition process

ensures a more uniform distribution of the plasma



integrated power supply, an external actuator or motor for moving the
substrate holder along or out of the 15 horizontal plane. Also
advantageously, the generally horizontal configuration of the moveable
holder results in minimal handling and positioning of substrates by the
op&ratdri thereby minimizing:the rigk oftirroddeing smpufities 20 orto thevenly
su@g{géqu%.ghe moveable holder may be movable relative to a
horizontal plané within the deposition chamber. In one embodiment, the
holder is capablecafie ¥y meved sach thatthe plarfar madiiting stefaget may
moyes-lajgrally.relatives2s to the horzontal plane, dn anothep.embodimenty the
the moveable holder ma¥ be moved in a way such that the planar
> mobAff§Surketotars

to thehosizontal planem Advantagequsly; thermoyveablg;holderallowsdhes s any
operator 30 to fine-tune the deposition process and allows for a greater

degreé 't 'eofitrBravet the Baatirg thickn@ss and - dshting s teaAlsg T1eid- In

advantageaushs the ratary meton gf the plapar mounting sukfaee during rrying
the deposition process ensures a more uniform distribution of the plasma

7 partfefest tEsuftiglin tRE Y pBsifidn SERATEFE oatdtriaysr- Thetleld for

aboBtE Ve at axisathatis Substantiiy hordl e the

10 coatingapparatusiof the first aspecihmays furthercomprise-a magnelicd may be

20

25

30

diffuser disposed along the 5 plasma beam
entfich AGAE depostion it

suitable meansreapablerof generatingacmagneticifieldalnddnergent manner.
empodiment, the diffuser s a curment canmying. _ netic field to achieve

h, gﬁneferabl at the

t
ChariBer=THE difftiser may Coniife stany® “24ee

the convergence and/or divergence of the plasma beam are
well-known Lo the skilled person in the art and will not
be further elaborated upon herein. In one embodiment, the
magnetic diffuser i1s configured to cause divergence in
the plasma Dbeam at the entrance to the deposition
chamber. Advantageously, the divergence of the plasma
beam may be coupled with the rotary motion of the
substrate holder to achleve a surprisingly uniform
ceating. Alternatively, The magnetic diffussr may be
empioved To converge the plasma beam onto an area of
substrate where a thicker coat is desired, for examples,
in the coating of tocl tips or where the size of the
substrate 1s smaller.

In a second aspect, there 1s provided a cathcde
asgsembly for generating and projecting a plasma beam in
an arc deposition apparatus, said assembly comprising: a
target positioned for generating a plasma beam along an
adjacent plasma duct when an electric current strikes an
ignition surface of sald target; an electrode disposed
within & piasma duct and bkeing configured to emit an

electric pulse intermittently on said ignition surface of

8



10

20

25

30

electric coil capable of generating a magnetic field for 10 directing the

plasma beam path. The magnetic field may be configured to either

converge the plasma beam or to cause the plasma beam to spread out in

a divergent manner. Methods for manipulating the magnetic field to

achieve theacomvergenceramngifordivergencead the plednma beam arplB-ing  a
well-known. to the skilled person in the art will. not further. .
eIayt})ég)(l%lté(\é\%lu%ojriJhue}rgei%O In%)jh%eé:r%b%?ﬁ?ne ?%hsén amg)gr?é%tic%&%uﬁcﬁ isS atd duct
cotifigtred 0 sauswodivéigerce dhathbgtasa beamiatihe enfrance tothent ial

dee%%ﬁ%gbgﬁnb@&vé%@%%%s@a divergence othe plasma 20, o oo
beam may be coupled with the rotary motion of the substrate holder to
achieveatsurprisiglyeniférm eoating sAkerhativily, the nidghetie diffdsererent

may. %WQV%@E%%V@%tr?;‘?ep@%%&?a@‘u?@@ga%é@@r%ftion of said

substrate where a thicker coat is desired, for example, 25 in the coating of
todPtipS®E where the size of the substrate is smaller. In a second aspect,

there is prayided a.cathode ;assembly for gengrating andpiojectingd8  may be
plasma beam in an arc deposition apparatus, said assembly comprising:
a 30°thfgEt Positioned for Geherating & pladRPBeam dlong aATaGacent:?  one

plasma-duet wvhen an-glectric cusant strikesan, ighition surfage ghsaidar unit
target; an electrode disposed within a plasma duct and being configured =
to &M Blettric Prldeintermittdntly Git'said ignition sBifade bf® sEigos~t+on

targetz adnagnetic spuree sapableof.emitiing adaagnetic flux to direct the
plasma beam within said duct towards a deposition chamber and to

induce a prefer8iitit Sarc totiBA toWards Said BFget- afd iedhs frcnantcally

moyingthed to the target. In one embodiment, the moving
means may be provided adijacent to, or within, the cathode
asgembly, such as & motor or an actuater. In one
embodiment, the target 1is ccupled to a motor configured
to rotate the farget about an axis. The axis may extend
from a substantially central pesition of the target. In
one embodiment, the target may be rotated about the axis
whilst electric arcs are being intermittently triggered
on its surface to enable different ignition surfaces to
be struck during the generation of plasma.

Advantageously, the rotary motion results 1n more
uniform erosion of the target material and minimizes the
formation of large craters on the target surface. Crater
formation is undesirable as 1t reduces the rate of plasma
deposition and further promotes the ejection of
macroparticles from the target.

The electrode configured fto configured to emit
eglectric pulses on the target may be biased as an anocde.
In one embodiment, an electric arc 1s generated from the
ancde by intermittently contacting  the target. A

mechanical “striker” coupled to the anode may be used for

9



5 target relative to said electrode to enable different ignitions surfaces to

be struck during generation of said plasma. The cathode assembly of the
second aspect may be releasably coupled to a deposition chamber. In

one 10 embodiment, the cathode assembly may be a modular unit

capable of being-retrofitted,ontosan existing depesitien. chamberfor.c  rorm a
generating a plasma beam. The means for moving the target may be

meEharigally Sddiipled to the terget i/ e embobifféthe Mdvifigeisng  an

means gay: ke provided-adjiacenite, enwithiny the-cathode assembly,
such as a motor or an actuator. In one embodiment, the target is coupled

. . Y _—
to a motorCnfigdredl toTobdtEde ATGEEABbut AR axis = ThE Bkishay SEriking

sexterd freana substantiallyicentral positierretithe tafget. 4 20:0n€0  seconds.

embodiment, the target may_be rotated about the axis ,whilst electric arcs

are oBg ftermittetiFtriggersd™ bhits Sfaceds Enabiediffefent fghitior: 22

surfaces e rioe: struck-during:the genesation-ef plasmaaAdvaniageously;sequent

the rotary maogion results in more 25 uniform ergsian of the target material

and AirimiZes (hd Tormatort Bf fige ERErs ort e argel Shrtade rate P2
formatieirisauirrdesitable asé reduees thesrate:of plasmahdepasitienands have
further promates ihe ejection, of. macjoparticles fromthe larget 30.The, o 4 o
electrode cor%ﬂg%ré/d to con?igurec?to emit electric pt}lses on the f:arge§ -
may be blased-as-aafanede. intonevembodimerntamelectfic arc i$0 seconds,
generated from. e, anods, by intermittently contacling fhe 1arget A o across
mechanical "striker couplea to the anode may be used for 9

the surface of the target. As a result, a more uniform

16

erosion of the target 1s achieved and this effect
15 advantageously synergizes with the rotary motion of the
target assembly.

The cathode assembly may further comprise filtering
means as disclosed in the filrst aspect. The filtering
means may comprise an electric coil for inducing a

20 magnetic field. Without being bound by theory, the
inventors have surprisingly discovered that the fluxing
of the magnetic field lines (induced by the electric
coil) with the target may influence the arc movement on
the target surface. In particular, it has been ocbserved

25 that the flux between the magnetic field and the target
causes the electric arc to preferentially “migrate”
towards the centre of the target. Advantageously, the
rotary motion of the target, the intermittent contact
petween the striker and the target and the provision cof a

30 magnetic flux cutting through the tTarget surface, egach
alone and in combination, results in a surprisingly
uniform ercsion profile of the target source. Hence, the
present cathode assembly advantageously overcomes the

as

technical problem of crater formation. The present

1.0
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the contacting or "striking" of the target to form a close circuit

configuration, thereby triggering an electric current through the target.

The time interval between the intermittent striking 5 may range from

about 30 seconds to about 60 seconds. Typically, the electric arc

describes @randerrarnd, intependent aec paths a new ane generateddystantly
subseguent stdke from the gnode tiavels independently atthepath .. ;o
undértaken by the previous arc. The'inventors fave J‘ﬂ‘f(‘}"surprlsmglfI

discoveret that byrieitiating arcsfermatiorp On the targetatiintervads-ob 1l whilst
about 30 fo GSOaISneeCQ#{jrgé Ca;%%%de%%F?Ptfgrma%onoist@o%eie‘é%”'%si fon rate
distributed across the surface of the ?arggt.aAs a?esupﬁ, a mofe uniform: ’
erosion of the target is achieved and this effect 15 advantageously

synergizes with the rotary motion of the target assembly. The cathode

assembly may further comprise filtering means as disclosed in the first

aspect. The filtering means may c@@Btiné Bhastectric coil for inducing a

20 magnetic field. Without being bound by theory, the inventors have
surprisingly discovered that the fluxing of the magnetic field lines (induced

by the electiie Esihwitrithearjet afayiffidenice the b¥c AfovVenidnt ofefers to

the 1arget syrface.n particplar, it has heen; grv@@&g@tﬂ%ﬂ%m target

between the magnetic field and the target causes the electric arc to
prefetEntally*tRighite" idwardstheentrelstthé target Advantageously,

the rotary-mation: ofthedargel the jntermittent gontact; betweenthe rerers to
striker and the target and the provision of a 30 magnetic flux cutting

4

throtigh thé'far§ét surfate 2dach: aloR& afd in combinationCrestfs in #7d  1ts
surprsip@lyites, and mixtures thereof which are capable of

electrical conduction and to which an electric arc 1is
applied to cause vapcorization and thersby emits or ejects
a piasma beam.

The term “electric arc” as used in this context,
refers to the apparent motion of an electric current on a
target material caused by tThe migration of the cathode
spot on the target surface.

The term “macro-particles” as used in this context,
refers to relatively large clusters of ejected target
material having an aggregate diamster cof larger than 50
nm.

The word “substantially” does not exclude
“ocompletely” e.g. a composition which is “substantially
free” from Y may be completely free from Y. Where
necessary, the word “substantially” may be omitted from
the definition of the invention.

Unless specified otherwise, the terms "comprising"”
and Tcomprise”, and gremmatical wvariants thereof, are

intended to represent "open” or "inclusive” language such
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uniform erosion profile of the target source. Hence, the present cathode
assembly advantageously overcomes the technical problem of crater
formation. The present 10 cathode assembly further negates the need to
constantly expose a fresh target surface for plasma beam generation,
therehy:preventing wastagé-of the target materahavhilst abile samedimeermit
maintaining, an og%’mal ge osition rate. 5 Definigonsi The tterm "plasma”

1NC4 W n =) 1L 10Ia unreclte @ |l emanTs, . .
as USE&d i this contexff1 refers'to 10 an amajrgamatlon of vaporized ions
ejected from thestatgétsctiree and maysalso Cantain:ftee electronrs. dhetext of
terr{:‘o}%{%ﬁ% r%sté{%fnds'” thc|>sfc.ontc:ec)§ztdnp§8¥1€er%1t_% a%%‘eta%ﬁgram!ﬁ% @ne&%lﬁtions,
alloy, carbon and 1ts composites, and mixtures théreof which are capable
of X5/electrical’comtection and-to which arfelectrie arcisa applieditalcause more
vanorizafign and thereby emits of ejegts, a.plasroa beam, INe e ; a1y 4 /-
"electric arc™ a5 used in this context, refers fo the apparent motion of an
electtic cdrrenteon at20 targetamateriallcansedby theermigration/of thes of  the
cathade spot,an the taiget surface. The ferm, imacro-partieles’ s used in. . cq
this context, refers to relatively large clusters of ejected target material
havitid af aggregate didmetersf larger thahl50 28 nmiThé werd the stated

o "substantially” does not exclude “"completely” e.g. a composition which is

20

30

"substantially free" from Y may be completely free from Y. Where
necessary! HHEWord “Substahfialy* Ay B bfnitteebffornin embodiments may

be disclosed in a range format. It should be understood
that the description in range format 1s merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have gspecifically disclesed all  the
possible sub-ranges as well as individual numericail
values within that range. For example, description of a
range such as from 1 to © should be cconsidered to have
specifically disclosed sub-ranges such as from 1 to 3,
from 1 to 4, from 1 to &5, from 2 to 4, from 2 to &, from
3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, 5, and 6. This applies

regardless of the breadth of the range.

Disclosure of Optional Embodiments
The filtering means according to the first aspect of
this invention can comprise any suitable means adapted to
remove oOr separate macroparticles from the main plasma
trajectory beam. Exemplary filtering means may include a
torrous duct having a curvature of about 0° to 90° offset

from the plasma beam path. The torrous duct may have a

single continuous bend or discrete angular bends. The

12



30 the definition of the invention. Unless specified otherwise, the terms
"comprising” and "comprise”, and grammatical variants thereof, are

intended to represent "open" or "inclusive" language such 11 that they

include recited elements but also permit inclusion of additional, unrecited
elementss Asyseddaeren, the terme"about"cithihe icoatexd of magnetic field
concentrations of components of the formulations, 5 typically means +/- .
0051 tie Satecl VARTE ribre fypically /- 496 o the tkted vafle, Mbre 0173 2
typieaty:¢£:30 of thel stated natire, moee typically, #/h2%mof theetstatedfield is
value, even moreftypi(i@ill +/- 1% of tl}g stated ,V%Ige and eve more

.

n
typically ¥1-0.5% of the-stated 10 valtie. THrougHoUt this disciodura.  °F  the
5 certair embadiments may dezdisclosed irea tangenformat. deshould beans is a
understood that the, description n ande fomat s merelyfor. convenienge ., .
and brevity and shoultPnGt be constried as an 15 inflexible fimitation on
the $¢0pelofthetdisciosed rahgespAecordinglyathe descriptiovopaeangeith a
shayld be ,consilered,to have, specifically disglosed all the possible. v i co:1
sub-rg%ges as well as ingri%/?(lju% numéri(% veﬁues %ithl}fn that range.CFgrlc =
example caestripionlof a2@ rargedsueh-as from 1 to 6 should be
10Considered 19, have, specifically, diselosed subyanges such as from 1 {0.3n s may
from 1 to 4, from 1to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well
as inBiviolEt nGmbersWwithih tRAL pange!l foresampleal 2034 B yngleong the
This, applies 25;regardiess of the breadth of the zange, Disgloswe of 11, one

Optional Embodiments
embodiment, 1t may be possible to filter the plasma beam

Fh

with the wuse o paffles alone without the use of a
15  teorrous duct and/or magnetic fields, depending on the
guality of coating desired.

Certain deposition processes may reguire the height
of the substrates (and substrate holder) to be adjusted
relative to the plasma beam. Accordingly, it should be

28  appreciated that the height <¢f the horizontal plane
relative to the plasma beam path can be readily adiusted
by suitable mechanical means common to the designs of
deposition apparatus. Whilst the present application
expresses a preference to instell minimal mechanical

25 structures within the deposition chamber, the present
invention  does not reclude sultable and routine
modifications to the height of the substrate holder.

The cathode assembly of the second aspect may
further comprisse moving means coupled to the target. The

30 moving means may be sultably configured to move the
target 1in a rotational motion about an axial axis
extending Irom the c<cross sectlonal surface of the target.
The axial axis may extend from & substantially central

point on the target surface. In one embodiment, the

13



5

10

i5

20

30

35

The filtering means according to the first aspect of this invention can

comprise any suitable means adapted to 30 remove or separate

macroparticles from the main plasma trajectory beam. Exemplary filtering

means may include a torrous duct having a curvature of about 00 to 90
offsetviram thegqlasma beanepath=The tarteus duct snay hawe=d=siagley, the
continuous bend or discrete angular bends. The 12 filtering means may
also comprisé a magnetic field genel?ator Couplekc)ly[o fhe plasmagtfucwor N B
providinga magnetic field witkindbeé ldudt: Thesaagietic field is capable

of affecting,the trajeclory movement fghe & plasma beam. J0.9ne. .o may
embodiment, the Tiltering means'is a duct comprising an angular berd

with ardureature ofaboat 30 (relative tortheplasmatbeamypath)yicoupledns may
wit tig figle rator, whi a a Gl oié.h. s
sur%é%n r%%}'ﬁ%.'t egplggun%%gﬁlc%goo\%t#e% E[%%é%?e \%%%%ﬁ% é:of the ﬁl?esr?n% within
meahs neyt linclgde Brreinstallati® of:mecharieal Fafflexralong the uid may be
plasma.dugt for trapping, macroparticles. In.ane embodiment, tmay be . pesc
possible to filter the plasma beam “with the use of baffles alone without

theSuse 6 e £5 tSrrdusdestanarst magrietie fiefds; dependmgoithere of the
quality. gf,ceating.desired. Ceytain,depgsifion; progessesmay sequirte-the) y14 s
height of the substrates (and substrate holder) to be adjusted relative to
the"ptasha beam. Accordingly, it should be 20 appreciated that the height

of the horizontal plane relative to the plasma beam path can be readily

adjusted by suitable mechanical means common to the designs of

deposition apparatus. WHHEEIRSFEEEME IR IFo Tawings

Fig. 1 1s a schematic diagram of a coating apparatus
according tc a disclosed embodiment.

Fig. 2 1s an expanded view of the cathode arc source

of Fig. 1.
Fig. 3A is a top view of the cathode showing the
erosion patterns of the cathode spot(s). Fig. 3B 1is a

side wview of the cathode with the cathode spot and
magnetic flux lines. Fig. 3C is & simplified version oi
the cathode of Fig. 3B.

Fig. 432 and Fig. 4B are cross-ssctional views of the
plasma beam duct. Flg. 42 further includes a £filter
bend.

Fig. 5A and Fig. 5B are schematic diagrams showing
The relationship bketwsen the magnetic coll current and

the magnitude of plasma beam divergence.

Detailed Description of Drawings
Referring to Fig. 1, there is provided a coating
apparatus 100. The ccating apparatus 100 conprises a
cathode arc source 4, a plasma beam duct &, magnetic
colls 26 (acting as the magnetic source) and a deposition

14



expresses a preference to install minimal mechanical 25 structures within

the deposition chamber, the present invention does not preclude suitable

and routine modifications to the height of the substrate holder. The

cathode assembly of the second aspect may further comprise moving
mednscoupledto the target:The 38 mevingtmednrs nfay be suitdblyed on 2

configured to moye {he £af%e%i%%i{9¥~?“%%%' moéi%‘s%bt%%” 2AAXS 5 guen
extending from the cross sectional surface of tcfﬁeptarget. The axial axis
mayhexterichfforaasubstantially eentrad ypointert theitargét sufacei én eneng a

embodiment, 19 13 meving peans isaneleqlrlp matgr Preferablv.tiies . rie
electric motor can be powered by an’integrated power source coupled to
5 thecedthode assemblyuThe catritlecasseniolyrofithersecontaspettimays beam

5 fyrther comprise caqling neans, The, cogling means may GOINPIISE 83165y &

plurality of parallel conduits disposed within the cathode assembly. When
in tsez Feoolantfiuidinay bel prévidedatithin the plivalitfef€snduits fopt the

heat, exchange.ta thereby reduce theverall temperatuteof thesl0eric  flux
cathode assembly. In one embodiment, the coolant fluid is water. Brief

DeSEristiohOf Drawindgs Fig "R e sdiemafié diagraf of a%oatinge  Suitably
10 appaatus; dpaccrdingto ardisclosedrembodiment:frig. Z2is an as  shown in

expanded view of the cathode arc source of F?' 1. Fig. 3A is a top view
th

of thé%athode SHGwirkyl tHe @roSiifpaftefs of thé Bathode Spat(sy. Figict and
3Bdsap20 side vigw ofthe cathode mith the eathade spebandting with the

deposition chamber 2. Due to the magnetic colls present
at the bend, the plasma beam 11 curves downwards under
15 the influence of the magnetic field.

As such, the plasma beam 11 enters the deposition
chamber 2 at an angle that is shown in Fig. 1 as (90-90)°
and deposits a coating on the substrate 8, facilitated by
a negative bilas which is being applied toc the substrate

20  holder &. By introducing the plasma beam 11 into the
depogition chamber 2 at an angle, this ensures that
macroparticles within the plasma beam duct & £fall
downwards under the force of gravity (as a result of
their significant mass) onto an empty area adjacent the

25 substrate holder instead of ontc the substrate 8 or the
substrate holder ¢. The movement of the macroparticles
within the plasma beam duct 9 will be explained in detail
further beslow.

A magnetic diffuser in the form of magnetic coil 10

30  1s positioned at the entrance of the deposition chamber 2
to diverge or broaden the plasma beam 11 entering the
deposition chamber 2. Due to the effect of the magnetic
flux, the plasma beam 11 becomes diffused and spreads out

such that the width of the coating depcsited on the

15
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magnetic flux lines. Fig. 3C is a simplified version of the cathode of Fig.

3B. Fig. 4A and Fig. 4B are cross-sectional views of the plasma beam

duct. Fig. 4A further includes a filter 25 bend. Fig. 5A and Fig. 52 are

schematic diagrams showing the relationship between the magnetic coil
cursent=anck the Mhagnitudesebplasmadean divergencer3t:-Petailed: 10 aids

Deseription, of %rraV%'HQS Referring t9.Flg, 1, there is provided acoating . ¢,
apparatus 166. The coatn]?g apparatts 100 comprises’a cathods arc

souroe 4; agdasmatbeanr dacti9.cmaghetici35 coils 264actingras theee &  and
magnetic squrce) and a deposition. 14 chamber 2. Tn use, a substrate 8 is .
Pl o Kb ea e oS S o obodton thasiies 7 auch frat 7°
thessudpstrate 8-danysubstrateshalder 8 lie alonga substaatially horizentaly and

plane (@r ajang.the x;axis). Tt§e5 cathode %@‘Ecsou%:? 4&?%6@%%%2‘1 beam 11

prolectsaplasmabeam 11 that travels within the plasma beam duct 9
aloAd 20 plasiiasseahs pathi{Asteshewnprrheadicectiompt thee plasma- rol over

beam path s controlled by the magpetic flux generated by the,magnetic, .. 1,

coils 26 that are suitably 10 positioned along the plasma beam duct 9. As
showiih FigS3ethe plasita beatfiriuet 9398 tofusduéitantheomprisasse of

an angular bend pror 1o contagting with e, depasjion, chamber. 2, U6 t0,y 11
the magnetic coils present at the bend, the plasma beam 11 curves ,
doWnwardsUHtRF 2£5 the'inflieRce 6 the FRagHctcTeld AL such the 1t being

plagmabeam dd.entersithe depositionz cc zrea.

The substrate heolder 6 can be moveable such that the
substrate 8 or plurality of substrates 8 placed thereon
can be displaced to a desired coating location. In this
case, the substrate holder 6 can rotate about a
substantially central axis 7 that extends normally from
the substrate 8. As the substrate holder & rotates, the
substrate 8 can be evenly coated by the plasma beam 11
that enters the chamber via a fixed point. In ancther
embodiment, the substrate holder 6 can be mcecved laterally
along the horizontal plane such that the plasma beam 11
can continuously coat a number of substrates 8 without
having to move the plasma beam 11. Such mobility is
envisioned to be particularly wuseful in & continuous
coating configuration whereby a plurality of substrates
are to be coated seguentially as thev move along the
horizontal plane, for example, on a conveyor belt system.
In a further embodiment, the substrate holder 6 can be
moved vertically (or along the y-axis) relative to the
horizontal plane such that the sides of the substrate 8
can be coated as desired. The motion of the substrate

holder 6 is controlled by a mechanical motor (not shown).
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chamber 2 at an angle that is shown in Fig. 1 as (90-0) and deposits a

coating on the substrate 8, facilitated by a negative bias which is being

applied to the substrate 20 holder 6. By introducing the plasma beam 11

into the deposition chamber 2 at an angle, this ensures that

macropariicies withindtie plasma dbean:duct 9 fallydowawardstindenthe plasma

for%e of grﬁvit (a& a resul%of their significant massz onto, an etgqngty hialrea o
< - o t
adja%%ﬁtt 8%)65 substrate gldgrem%?eaac}jéfyon%ooﬁ% Stbstrate 8'or the® ~- 7
substeate4wolder 6. The movement of the macroparticles within the

plasma beam duct 9 will be explained.in detail further below, A magnetic_ _ ...
diffuser in%%rg form of milagn%%(c cori%%d% g%?swpgs#tio”ne% aét%tﬁe“ %n%ra%ée of TTE
theldepositivachambef: 2 etortivirge oF broaded tAé plasmaiseanmi 11 as  shown

entering the deposition,chamber.2; Que tothe effegt of the magnetic, fux, ., oq
the plasma beam 11 becomes diffused and spreads out such that the
widiel e eating déposited onthe a8 sabstibste 8 incleades: Hexegger 24.

thermagnelic,cil 10 aigs 1q direct the plasma peam 11,0ntg.the subgirate .. ¢
8, increases the coating width on the substrate 8 and improves the

codtineruniforntity~oh thie stibstrates: This 5 enadlesBiggePsdbstiates t6- the

be coatedgfficigntly andwih Jess fime..The divergence ofdhe plasma:  snown)
beam 11 also serves to confer an operator imﬁqroved control over the

depdsitifirates? ATeds diverget plashiatseant 11 whi posskesdastenduit 16

depositien-rades at the gxpgnse of 10coatinga smallepareacA marey  extends
divergent plasma beam 11 will conversely have lower depasition rates,

alb¥it beirig abfe t62oaL4 fargérsurfaté afegoting concult 1o allows a

cooling means such as a cocolant to flow through the
cooling conduit 16 and inte the cathode 14 so as to
prevent over-heating of the cathode 14. The coolant can
be a refrigerant or water.

A power source 18 provides a low voltage, high
current supply to the cathode 14. As the trigger 24
strikes the cathode 14, the electrical circuilt between
the cathode 14 and anode 22 1is closed such that an
electric arc is produced on the cathede 14 surface. The
trigger 24 strikes the cathode 14 at regular interwvals to
engure uniform ercsion of the cathode 14. Part of the
magnetic coil from Fig. 1 is shown in Fig. 2 as magnetic
coil 267, The magnetic flux 28 generated from the
magnetic coil 267 fluxes with the cathode 14 and extends
within the plasma beam duct 8’. The presence of the
magnetic flux 28, The rotational metion of the cathode
14, coupled with the igniticon of an electric arc at
reqular intervals, allow fcr a more uniform ercsion of
cathode 14. The inventors have ZIfound that without the
rotational motion, the cathode 14 tends to erode in an

unevean manner. An insulator 20 surrounds the cathode 14
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The substrate holder 6 can be moveable such that the substrate 8 or

plurality of substrates 8 placed thereon 15 can be displaced to a desired

coating location. In this case, the substrate holder 6 can rotate about a
substantially central axis 7 that extends normally from the substrate 8. As
theisubstraterhdlderd eotates, thee substiate 8 candetevenhrcodtes bynd also

the%a%'?%%m %%ezgﬁ@‘é‘{ epters th 8@%’998&%‘5‘&@&% gpomt- In

another ‘embodiment, the substrate holder 6 can be moved [aterally
along the hotizontal planessuchthat tve plasma bearmdic can codthuodslyis. 2

coat,g,pumher pf substrates 8 without having,tg moye the:plasmabeg,.; onaqg

11. Such mobility’is 25 envisioned to be particularly useful in a continuous
coaigconfighifationiwhéredy a pldraliti6Esubbtratescatd e cédted regular

sequentially, as they move-along the horizontal plane, for example, 00 a- 4t hode

conveyor belt system. In a further embodiment, the substrate holder 6

carfbe 30 moved vertically (6F alonttthe yiBixisy Felafive-to e hdRzontaf? and
plane such dbat the sides.of the substrate 8rcanthe-coated @sdesiredor 30 is

The motion of the substrate holder 6 is controlled by a mechanical motor
(noP §R6WA).©T6 ThERathble afc'stilifce £ togetlicr withth& piaafife surface.

beam €uet 9 can pedeleagably coupled 1o thedepasition ghamber2. Faconds,
2 is an expanded view of the cathode arc source 5 4 and part of the

A part ¢ _ .
Magnetic-CollS 2661 1. £ Stowtin £y 1 5heotted bog 22 The o @

cathede arC seueecdeomprses:a cathode 14, an anode2:and adriggete first
24. The cathode 14 is rotatable about an axial axis that extends from a

suB%%ﬁﬁ%ﬁ?céﬁﬁ&lp%%M&ﬁcﬁ%ﬁ@“l“at@d as the arc current always

chooses a path of least resistance. Preferably, the
trigger 24 will strike the cathode 14 cleser to the edge
of the cathode 14 surface to allow the arc spot to
preferentially migrate towards the centre of the target.
The rotary motion of the cathode 14 further allows the
cathode spots to be ignited at distinct iocations;
resulting 1in an even distribution of cathode spot
formation. As mentioned, the cathode spot 30 and
retrigger cathode spot 32 tend to erode along an erosion
pattern 34 and migrate preferentially towards the center
of tThe cathede 147, The same erosion and migration
pattern can be seen 1n Fig. 3B and Fig. 3C, which are
side views of the cathode 14'. In Fig. 3B, the arc spot
30 is shown to be positioned along the top of the cathode
14" and aleng a magnetic flux 28'. This cathode spot 30
ig shown to be moving towards the center of the cathode
14" as shown in Fig. 3C as shown by arrow 36. As
mentioned, it is believed that the cathode spot 20 tends
to migrate to the centre of the cathode 147 as a result
of the intersection between tThe magnetic flux 28" with

the cathede 147 surface. Particularly, it has been
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10 cathode 14. A moving means such as a motor (not shown) is used to

rotate the cathode 14. A cooling conduit 16 connects a coolant source

(not shown) to and extends within the cathode 14. The cooling conduit 16
allows a cooling means such as a coolant to flow through the 15 cooling
condiitl6 ard intetthe cathodetl:l saas ta: preveniiovet-heatingpof-theto move

cathode 14. The coaqlant can he a refrigerant or water. A power source 18
[ d t% 1 I;l % LPI T t"g no t
prov?d%aéra Fow v&ta%g:é,rﬁfg:; lgarrgnt%ﬁpply t(E)3 thnéagaﬁﬁode 1\%%,&%: thJéY1 SrEechks

triggee 24220 sttikes the eathode 14 theasisctrical cireait bétweenthéhan 90°.

cat 14 node 22 is cl uch that an -electric arc is produg £14
on 518? %atﬁlé%%%&’surféé? Thgj%t}%égsfﬁzokq strikes the{cta(tehode ipflg a% 1% o

reg@@rﬁﬁﬁ@_@%glﬁ@ lehsgir@ &_ﬁﬁornt@rgsmqh@ caﬂwodéelfﬂ@?’altlo‘f theentral
25 magnetie coil from.Eig, 1 is shawn in Fig. 2 as;magnetic col 26 The; i, o

magneétic flux 28 generated from the magnetic coil 26" fluxes with the
cathiode 14 andbeRteAlS SWithin e plabterBedmauct On THe présénce of

the magnefic flux28,the retafionakmotign of the-cathade 3014, coupledor the

with the ignition of an electric arc at regular intervals, allow for a more
unifokirErbsioR®dt caiRode”4. Théliventots kaverfotiRd thattvithotfife s are

rotational motiong the catbgde,14 tends to.prede inan: pnevemmanagiol.  In
An insulator 20 surrounds the cathode 14 17 in order to prevent the risk

of sho¥t-ciréditry &fd also- 16 Proteet e uSeFfront electrical ¥hbcks Rigiaes an
3A isa tap vieveetthegathode 14:0ffg: 2 1thatLis representadthers ashe point
cathode 14' . As mentioned 5 above, the trigger 24 hits the cathode at
rega%f entry into the deposition chamber (not  shown).
Baffles 40 are provided within the plasma beam duct 97 to
trap any macroparticles that are present in the plasma
beam 117, The macroparticles may bounce off the baffles
40 and travel along a zig-zag path 42 and separate from
the plasma beam 117 alicng the bend 38 and fall downwards
under the force of gravity. Plasma particles that are
present in the plasma beam 117 will proceed to be
deposited on the substrate within the deposition chamber.
Fig. 4B depicts an alternative embodiment of a plasma
beam duct 9” without the bend 38. A plurality of baffles
40 are positicned within the plasma beam duct 97 to trap
the macroparticles and hence, remcove the macroparticles
from the plasma beam 117.
Fig. 5A and Fig. 5B are schematic diagrams showing
The relationship between the magnetic coll current and
the type of magnetic flux produced. Here, like reference
numerals are used but deplicted with a tTriple prime (7]
symbol. In Fig. bHA, the smaller ceil current provided to
the magnetic diffuser 10'" causes the plasma beam 117" to

experience a reduced magnitude of divergence.

Consegquently, the width of the coated substrate 8’7 1is

18



intervals to produce a cathode spot. Such cathode spots are shown in
Fig. 3A as cathode spot 30 and retrigger cathode spot 32. The first
cathode spot 30 is generated when the trigger strikes the cathode
surface. 10 After a fixed time interval, typically about 30 seconds, a
seconickstiike dgcunsanderetriggérs the fermeationsof a secondlldathodeibstrate
spgt,32. Upon the secand strike, the first, cathode spot 3Q.is terminated as. , .
the% arc cli rgrgnt%ﬁ/va%%z%o%o‘s%%ig pa(t:ﬁ%}: Ieecést‘?é%?gaﬁceo{l Preferab y?ltahoeS ttien
15 trigger 24 wilkstrikeghe cathodedi4 closer ta the edgeasfithewatiodesurrent
14r§9€@§‘?%é°da”e%v the ear%n%%‘%%é%i%re@i%%'}t!?é'éém'gr@%ow%%s fasma beam
ceritre of the target. The rotary motion of the cathode 14 further allows

5 thel ¢athodespetsieriseignited ap distinettlocations] 20¢esultidg inddrvergence.
even.distribution.of cathode. spot, faimation. Asmentioned, e, cathode ; ¢om1
spot 30 and retrigger cathode spof 32 tend to erode along an erosion
patfera B3Zcand: aigrate preférentiay eowaes e cénter 6fthe cathode
14'. The same erosion and migration 25 pattern can be seen in Fia. 3B
and Fig. 3C, which are side views of the cathode 14'. In Fig. 3B, the arc
spot 30 is shown to be positioned along the top of the cathode 14' and
along a magnetic flux 28'. This cathode spot 30 is shown to be moving
towards the center of the cathode 30 14' as shown in Fig. 3C as shown by
arrow 36. As mentioned, it is believed that the cathode spot 30 tends to
migrate to the centre of the cathode 14' as a result of the intersection
between the magnetic flux 28" with the cathode 14' surface. Particularly, it
has been 18 observed that arc spots have the highest tendency to move
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towards the direction where the magnetic flux intersects the cathode

surface at incident angles of less than 90. Accordingly, the provision of

the magnetic flux 5 advantageously helps to promote a generally central
migration pattern as shown in Fig. 3A, resulting in a more uniform erosion

profile of the cathode surface. Figafdfhind=Fid.o4s are cross-sectional

views of the plasma beam duct 9". Here, like reference numerals are 10

used but depicted with a double prime (") symbol. In Fig. 4A, the plasma

beam duct8:furthetinctudesanrangulardiend:88 thatds positiomedntion may

pr |matet 0|pt of entry into edep sition chamber (n own,
Bl 4006 SroGd Wi (he PleS Baa BLEL O LTS fap Ay L2ree ©F

mabtroparticler-that are present initheyslasma eamddr. Theers, tool tips
magroparticlesmay bownce 0@15'%%@%‘2'93 4(%%”,%%9"9' 0”9 @Qﬁzzaag;eouszy

path 42 and separate from the plasma beam 11" along the be 38 an
fall dopieids undee 96 force of grsnity rRlagnia particles tattare 200 such a

pregent insthe plasima beam 11; will progeed.to.be depositedondhe s vare s

substrate within the deposition chamber. Fig. 4B depicts an alternative
emBodifiErt of a plashia eant-duct O"fithdt the pehd 38. Aplirality of the

baffies, 40; arepositioned,within the plasma beam.duct 9"to trap2pthe st ig

macroparticles and hence, remove the macropartlcles from the plasma
bedti 1P “Efy. SA N Fit 584t 'schefmalic ddfFants Showidg thend may be

relationshipbetyveen the magnetic g9l current and thetype:of magagtic ny the
flux produced Here, like reference 30 numerals are used but depicted

witt a%riple Brime Py SSyiAbGE In BigE BAT #E SMallérGoil c%%m%\ﬁdedmder
to thernagneticdiffuser: 10" sauses thesplasma beam 11."

The coating apparatus of the present invention may
be wused for producing ccatings that contaein minimal
impurities and possess high density and uniformity. The
ease of mounting the substrates reduces the need for
physical handling and lowers the amount of impurities
that may be introduced as a result. Furthermore, the
moveable substrate holder and the magnetic diffuser of
the coating apparatus serve to ensure a uniform coating
depcsited on the substrate. The cathode assembly of the
present invention further ensures an even erosion of the
cathode target and prevents the formation of
macroparticies in the plasma beam. As a result, the
coating depeosited on the substrate is capable of being
densely packed and has uniform thickness. This result is
particularly useful for coatings that are expected to
resist severe wear and tear.

Furthermcre, the cathode assembly of the present
invention preferably comprises an integrated power and
cooling source and 1s releasably detachable from a

depcsition chamber. As a result, it 1s highly compact and
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experience a reduced magnitude of divergence. Consequently, the width
of the coated substrate 8" is 19 relatively smaller. In this manner, a
smaller substrate 8™ can be effectively coated with a higher deposition
rate. In Fig. 5B, due to the bigger coil current provided to the magnetic
diffiser1@%the plasmaheam:s 11"sexpetiences-a greater magnitude of
diver ence. tI-Jcence, a rglativeh/ Iar%Fr substrate 8" can be uniformly
coated, fowever, at & Tower (Ti’e&%fsitlc?ﬁj Fate. Rp%ﬁ)@aaf%anémr‘he coating
apparatus of the present invention may be suitable for use in deposition
processes for large or 5 bulky substrates, for instance, silicon wafers, tool
tips and moulds. The substrate holder is advantageously adapted for
holding and securing the substrates in such a way such that the length
dimension of the substrate is disposed relative to the horizontal plane of
the 10 deposition chamber. In this manner, the substrate is mounted onto
the substrate holder with ease and may be further held in place by its own
weight, reducing the risk of substrates disengaging the substrate holder
during the deposition process. 15 The coating apparatus of the present
invention may be used for producing coatings that contain minimal
impurities and possess high density and uniformity. The ease of mounting
the substrates reduces the need for physical handling and lowers the
amount of impurities 20 that may be introduced as a result. Furthermore,
the moveable substrate holder and the magnetic diffuser of
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the coating apparatus serve to ensure a uniform coating deposited on the
substrate. The cathode assembly of the present invention further ensures
an even erosion of the 25 cathode target and prevents the formation of
macroparticles in the plasma beam. As a result, the coating deposited on
the substraiaxistgapable of being densely packed and has uniform
thickness. This result is particularly useful for coatings that are expected
to 30 resist severe wear and tear. Furthermore, the cathode assembly of

the preseht inv&ntior preferably comprises anfintegratedtpower and substrate

cooling sour%eoagq 'ssrll _sably detachable from a deposition chamber.
As a result, it is highly compact and 21 foresees utility as a modular unit
suitable for retrofittifigeowtoother deposition apparatus. 22 Claims 1. A
coatlng apparatus for.coating iacsubgygte £ompusing Y| chgglpgga% ing
cathodic arc source for generating and projecting a plasma beam along a
plasma bédr paftt Withintsalkiléfaiabdresaid profoctediplashies Brbssingn

path

a horizontgl plang ng.ﬁrﬁth@ﬁﬂﬁﬂ@‘eﬁ @a@@%@@?‘@é@@erﬁé{%ﬁ crossing

planar mounting surface that is generally parallel to said horizontal plane,

said moveable Rélgier baihgreottigured folihove Sthelara mounting

10surface relative tg the, harizontal planewithinsaid chamber,and-iato theo ynt i ng
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20
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15 path of the plasma beam to form a plasma coating on

surface that 1s generally parallel to sald horizontal

piane, said moveable heolder being configured to move

the planar mounting surface relative to

the

horizontal plane within said chamber and into the

path of the plasma keam tToc form a2 plasma coating on

sald substrate.

[

. A ccating as claimed in c¢laim 1, wherein

the

substrate has a length dimension greater than its

thickness dimension.

)

. A coating as claimed 1Iin c¢laim 1, wherein

the

plasma beam path that crosses the horizontal plane

is generally tangential with respect to

horizontal plane.

4., The coating apparatus of claim 1, wherein

said

said

cathodic arc source is capable of electrical

conduction and is selected from  tThe group

comprising of metals, metal alloys, ceramics,

carbon and mixtures thereof.

5. The coating apparatus of claim 1, further

comprising a filtering means.
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said substrate. 2. A coating as claimed in claim 1, wherein the substrate
has a length dimension greater than its 20 thickness dimension. 3. A
coating as claimed in claim 1, wherein the plasma beam path that
crosses the horizontal plane is generally tangential with respect to said
25 horizontal plane. 4. The coating apparatus of claim 1, wherein said
cathodic arc soyrce is ca@able of electrical conc%ucti(in and |3$ selergtgd g
from the group 3 ecor%%?isfh%gof etais” metal a oy%, 8etamics, Carbon = °%
and mixturesttheteofi 5gThereaating apparatuslafactaim 1, further the group
comprising aﬂfiltesrwgtrgggns. 203;6. Th% C gﬂ'n apparaft%ssgﬂfﬁclairgg s
wherein said” fitéring means is sélected from the grotip “consisting of:
baffles, plasmarducts:with 5 coatinisous dendsiorsdiserete angutarbends,bends,
electromagng '%.B%fén@gn%'{yi%‘?“%b'”i gn of the above, f;T1e.cqaling ¢ tpe
apparatus of claim 4, wherein said 10 iltering means'is coupled to a

magnetic sogeeysaid magnetic source configured to project said plasma

beam along said plasma beam path to contact with the substrate. 15 8.

The coating apparatus of claim 7, wherein said filtering means is capable

of segregating Pigcropatticlas fromsaia plesmaibearedging: gravitaticnal said

with

1 force. filtering means is Coupl@d to a magnetic source,
said magnetic source configured to project said
plasma beam along said plasma beam path to contact
with the substrate.

15 8. The coating apparatus of claim 7, wherein said
filtering  means is capable of segregating
nacroparticies from sald plasma bheam using
gravitational force.

20 9. The coating apparatus of claim 1, wherein the
moveable holder moves such that the planar
mounting is lateral movement relative to said
horizontal plane.

25 10. The coating apparatus of claim 1, wherein the
moveable holder moves such  that the planar
mounting rotates about a wvertical axlis that is
substantially normel to sald horizontal plane.

30 11 The coating apparatus of claim 1, wherein

movenent ©of said moveable holder is driven by a

mechanical motor.
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20 9. The coating apparatus of claim 1, wherein the moveable holder

moves such that the planar mounting is lateral movement relative to said
horizontal plane. 25 10. The coating apparatus of claim 1, wherein the

moveable holder moves such that the planar mounting rotates about a

vertical axig that is Substaatallyrarmal taxsaid borzentaliplanes30-k The said
coating apparatus ofglaim : wb%rein movement of said moveable holge%f

is driven by & fmedivanical motor. 24 12?3%rajp%%?atuas of @Igfﬁ?i?‘c rriuser
wherein saiddapparatus furthes comprised asmagheticcdiffasér. disposed

along said plasma beam path. 5 13. The apparatus of claim 11, wherein

said magnetic diffuser comprises a magnetic source, and wherein said
magnetic source is Tonrfigured to- addiverge said plasma beaim projéctedin  said

from said cathodi% QECCS%{%%U%% %4.&@& %Q%aratus of claiglt;]@ vgherein

said magneﬁ"icagllﬁuser comprises a magnetic coil. 15 15.°A cathode "~~~ and
assembly forgesrerating and orojecting @i plasmabeam id an arenfigured to
deposition apparafus, said assembly comprising: a target posifigned for, - 5
generating a plasma beam along an adjacent plasma duct when 20 an

electric current stikds andgnritisr stfface of said target; an electrode

disposed within a plasma duct

14. The apparatus of claim 11, wherein =zaid

magnetic diffuser comprises a magnetic coil.

15. B cathode assembly for generating  and
projecting a plasma bkeam in an arc depcosition
apparatus, saild assembly comprising:

a target positiconed for generating a
plasma beam along an adjacent plasma duct when
an electric current strikes an ignition surface
of said target;

an slectrode disposed within a plasma duct
and being coniigured fto emit an electric pulse
intermittently on said ignition surface of said
target;

a magnetic scurce capable of emitting a
magnetic flux to direct the piasma beam within
said duct towards a deposition chamber and to
induce a preferential arc motion towards said
target; and

means for moving the target relative to
said electrcde to enable different ignitions
surfaces to be struck during generation of said

nlasma.
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and being configured to emit an electric pulse intermittently on said

ignition surface of said 25 target; a magnetic source capable of emitting a
magnetic flux to direct the plasma beam within said duct towards a

deposition chamber and to induce a preferential arc motion towards said

30 target; and means for moving the target relative to said electrode to

enable different ignitions surfaces to be struck during generation of said

plasma. 25 16. The cathode assembly of claim 14, wherein the electrode

is configuted to plilse atxegulastime skintervalsf 17 Thercathpdewherein the
assembly of cl?im t1E4f<,)(\§vherﬂ.ein said fassembly ig releasably C%UpLeed t&ar Fime
said depositign “Chamber. 10 18 The Sathode assemb 3? of claim 147 "5+ ©
wherein said imeansddsmoving said target rotates the target about an

axis. 15 19. The cathode assembly of claim 17, wherein said axis extends

from a substantially central position of said target. 20. The cathode

assemblylof claimitid, fuatherd20 eamprising acooling:neans foricodlingn said

the target. 21..[he £athode agsambly of claim 1,2, yherein said.Goolng, . < 1 ¢ 5 on
means comprises a body coupled to the
chamber.

18. The cathode assembly of claim 14, wherein said
means for moving sald target rotates the target

about an axis.

19. The cathode assembly of claim 17, wherein said
axis extends from a substantially central position

of said target.

20. The cathode assembly of <c¢laim 14, further

comprising a cooling means for cooling the target.

Z1. The cathode assembly of claim 1%, wherein said
cooling means comprises a pbody coupled to the
target, the bedy having a plurality of conduits
extending therethrough for allowing cooling Ifluid

to be transmitted therein.

22, The cathode assembly of claim 20, wherein said

coolant is a refrigerant.

23, The cathode assembly of claim 20, wherein said

coclant 1s water.
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target, the body having a plurality of conduits 25 extending therethrough
for allowing cooling fluid to be transmitted therein. 22. The cathode
assembly of claim 20, wherein said coolant is a refrigerant. 30 23. The
cathode assembly of claim 20, wherein said coolant is water. 26 24. The

cathode assemblyref cl:aimhb@@vfﬁe;i@r@:aiqz etectrode imbiaged agap=in said
anode. 25. Th cathod(g?asse laim 23, wher%n said 5 anode

comprises a thanieaf strike %gﬁﬁf réd to qn%ﬁ% 6tziently contact the

cathode to thereby generate an electric current on said cathode. 27
25, The cathode assembly o©f claim 23, wherein said
anode comprises a mechanical striker configured to
intermittently contact the cathode to thereby

generate an electric current on sald cathcode.
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