WO 2012/ 044258PCT/ SG2011/ 000342 FI LTER FOR REMOVI NG MACRO- PARTI CLES FROM A
PLASMA BEAM Technical Field The present invention generally rel ates
to a fil two 20vo4smROVi Nng nmacro-particles froma pl asna keamc2dih®odzayent i on
also relates to an arc deposition apparatus and a nethod for renoving

macro-particles froma plasm beam Background 10Arc deposition techni ques

have been copFpek HERIREAODIAEUARCRUNPARIZEREGORRGAOS BRASHANAEARPOSI te

coatings. However, arc deposition techniques are known to generate
macro-particles vvlthl n the plasma beam These nmacro-particles negatively

i npact the quality of the coatl olgt and hence it is desirable
to reduce the amount of macro-p ‘f}}ﬂ:'ecsa r%s%n‘? in the plasma beam which

ultimately coat sHehgysddacei ®fehhtosufsheabesy relatesKnomu netheds of
filtering macro-particles fromthe plasma _beam have been taught in the art.

For exanpl éOfl NroPCVoRe & Alfe Hatdvirt It héé@m thePpP&san M i s Sheer ed
through a grad at:clogle%tlh% Qee'l%t%fsbacod%% Aﬁh 6‘?11:1 t#oédg?la%% and

macr o-partic romthe plasna beam novvn me nvol ves
steering traentelta]m floeametrtarvaugh naicrlceqmrtim@ ffremerd grachualbdrmnds, bot h
of which are 25 present in different planes, also in attenpt to renove
macro-particles fromthe plasma beam In all of these known nethods, the
bends used are gradual and gentle BacRhkeuwna snooth transition of
directions for the plasnma beamto travel fromthe source to the substrate.
Wi | € 030t hese nétrifods s ittd o rie E@xXtichte § diiie e Pereemitayey ofsed to

macr o- partb%b%%c'“¥U54¥1H§f§”@o§€§ﬂééGQBB'%%n&ﬂ%ompOSlte coatings.

However, arc deposition techniques are known to generate

macro-particles within the plasma beam. These macro-

particles negatively impact the quality of the coatings

15 obtained and hence it is desirable to reduce the amount

of macro-particles present 1in the plasma beam which
ultimately coats the surface of the substrates.

Known methods of filtering macro-particles from the

plasma beam have been taught in the art. For example, in

20 one of the known methods, the plasma beam is steered

through a gradual gentle bend of a duct in attempt to

filter off macro-particles from the plasma beam. Another

known method involves steering the plasma beam through at

least two different gradual bends, both of which are

25 present in different planes, also in attempt to remove

macro-particles from the plasma beam. In all of these

known methods, the bends used are gradual and gentle to

allow a smooth transition of directions for the plasma

beam to travel from the source to the substrate. While

30 these methods do to some extent remove a percentage of

macro-particles from the plasma beam reaching the



substrate, all of these nmethods are still far from producing the desired

| ow | evel s of macro-particles in the resultant coatings required in certain
macr opar twol2etemsst i ve applications. 5For exanple, in ®OmSGapploogati ons,
such as in the manufacture of hard disk drives, the internal conponents
must be clean and substantially free frommacro-particles inside the hard
di sk drive (casiing r@NVvi Lannent, tQea%0i fe6ARREONE8ENYsPN { herfunctigni ng of
the hard disk drive. 10 Thus, at the tine of assenbly, each of the
conponent s pusethtimdasseablde stirechal e dilsk edrsi vel netc rive pegrty cdlesanimnd
substantially free fftorp1 macr o- pgarti cles disposed.theregn which may
interfere \X/ihteh event ual thar d°airsk9dri ve C%)uperea i on" ACCOrdi ngl y,a(i: ho

appl i cati opsirsueh casceratding Eppafi dde dwy.d di sk conponents, it is
desirable to reduce the anobunt of nacro-particles present in these coatings
to a I%evel of | &8 tHaH"2Lfmchs- s cPEBLE6Rt$PREs Ui 8Fordd! ofN®ar ger)
per cn2 of substrate.. Howayery asspentioned ahevenang ofcdfisokione arc
deposition 20 techni ques are capable of achieving this desired result and
accor di ngl ywusanmet die aerf feect iswdlst argeich tly doate haran diake campohept ¢S

Hence, there i.s, a need to provide a filter.for use in arc deposition

t echni ques l1nﬁshdeovt ecolﬁ%gdo?lgtk Iderals\’:te 25 S Hhel rora 8?“‘8?\%'o‘rscorn)‘—’lr\téo%)(f1 t he

di sadvant agempdesarsibed abovee functithenhg it atise aameediitsk pdovvee an arc
depositi on apparatus and a nmethod for renoving nmacro-particles froma

pl asfd beaftifat dverdsnesi®? &f 123xhe! | 6P&NesC bnENSOSTOMRPREBES t he

diSadvanta%%%d“%%”éé%@hgpgvghe BUPRIY sk drive must be very clean

and substantially free from macro-particles disposed
thereon which may interfere with eventual hard disk drive
operation. Accordingly, in applications such as coating
15 of the hard disk components, it 1is desirable to reduce
the amount of macro-particles present in these coatings

to a level of less than 2 macro-particles (of sizes 0.2

microns or larger) per cn® of substrate. However, as
mentioned above, none of the known arc deposition
20 techniques are capable of achieving this desired result

and accordingly cannot be effectively used to coat hard
disk components.
Hence, there is a need to provide a filter for use
in arc deposition techniques that overcomes or at least
25 ameliorates one or more of the disadvantages described
above.
There 1is also a need to provide an arc deposition
apparatus and a method for removing macro-particles from
a plasma beam that overcomes or at least ameliorates one

30 or more of the disadvantages described above.



According to a first aspect, there is provided a filter for filtering
macro-particles froma plasna beam 5 the filter conprising a bended duct
for carriwgeofossmsd pl asnma beam the bended duct conpr PSIT/SG2611/000342

i nternedi ate portion connected at one end to an inlet portion having a

| ongi tudi nal axis disposed on an inlet plane and at anot her opposite end to
an outlet portion having a 10 |ongitudinal axis disposed on an outl et

pl ane, said inlet portion allow ng said plasna beam cont ai ni ng
macro-particles to travel toward saiShnmgxy nedi ate portion in an incident

direction and said out.l et portion.allow ng said plasm beamtq travel from
%Ccoriﬁ%% QESEin?éﬁslnﬁiégﬁtﬁiFBEFFOﬁFSSEF8WH%%ﬂn%diate

sai d internedi ate por
portion beifg teanfiguredl tor deyi abherbhgaiockdent rdionect ik dnts theagmer gent
direction at an angle of nore than 90 and thereby renove nmacro-particles

from ai d pihgs e P&am E R E 1 pased PARGAGhALaitd fiomt eratediagte Porsadbd, and

wher &l n 20381l ok a0 aRd U &, o a0gnBLesdhaPased Ao AR gl st angl e

from each other. The di scl osed ‘hr ee- di mensi ona
conf i gur at ipomt iweceinmeadied rtetorencralttd cetararin separsat exbibyhaning a

i nternedi ate paortiaon containing.,a first bend at .25nmore than 90 degrees and
wherein th oﬁ%ﬁéydéﬁﬁiouﬁﬁéf agésﬁ8?65i§ﬁbséﬁloﬁ fre sﬁhﬁnﬁlaﬁadasa%ach

ot her . anBdviant agepusliye t Baashabp shangeciacdipestion ofathey a
internmedi ate portion causes the incident plasma beamto deviate at an angle

of mdle t haR"90 tUSHERr 1t Ratl <t KE SFOMect Spart it tdset rdvade i e i imket nei dent
direction andthaw ng1afiigher dneftia ddhan thefestoafs g d ongadlp,the

particles to travel toward said intermediate portionlin
an incident direction and said outlet portion allowing
sald plasma beam to travel from said intermediate portion

15 in an emergent direction, said intermediate portion being
configured to deviate the incident direction to the
emergent direction at an angle of more than 90° and
thereby remove macro-particles from said plasma beam as
it passes through said intermediate portion, and wherein

20 said 1inlet plane and outlet plane are disposed at an
offset angle from each other.

The disclosed filter has a three-dimensional
configuration, wherein the inlet and outlet are separated
by an intermediate portion containing a first bend at

25 more than 90 degrees and wherein the inlet and outlet are
not disposed on the same plane as each other,.

Advantageously, the sharp change in direction of the
intermediate portion causes the incident plasma beam to
deviate at an angle of more than 90° such that the

30 macro-particles travelling in the incident direction and

having a higher inertia than the rest of the ions in the



pl asma beam are renoved. Further, the change in direction of the inlet

pl ane and outl et plane at an offset angle al so causes the plasm beamto
devi at e, whepeh4z58novi ng macro-particles travel ling al @eag/SGhet1ionéa2 pl ane.
5 Accordingly, the macro-particles are advantageously renoved by both the
bend of the internediate portion and al so by the bend between the inlet and

| nter medi atn ROM kAN d NeRENh DY NARL L he d Dt &l ipdl ale RPLLLONoAN

outl et portion as the plasnma beamtravel s t'hroug bends on
di fferent plfangss théeébylianer emsd nguthetr grioved of macCrod-faart | ehgse
relative to.a filter which ingﬁa si ngle bend or indeed a doubl e bend

t
that is di ?p}ogé)eacaoq?et%et%eané?%f%ﬂe BPwEen Y 390 et T E DUt FREOVHRBIce, the

di scl osed fdadre-rravides a hivgh 18fifd chiengy ©fe magra- pilndarticle renoval
relative to single or double bend filters in which the filter duct is

di sposed on a ¢ dinerle, the megrpheprtiRécsverts |adhamged¢auahyl es
bet ween t he nci d.th r . eqm.'s 2

advant ageo(l:rse yggglfe%gdpéover }ﬁﬁalgéeﬁ So%ﬂ%&??ﬁg&%&h%%ﬁc&;@o ccoér%i%% y, the
angl e of thésbendybetweercdmt ibalteteepor ttihen andetnt endediratermodiaon, the
angle of the hend in the interpediate portion, and the angle of the bend
between t hEOearmEd e BT S LTI BTG 1are 3P ot overtly
pronouncedoythiet I;I§oa@ly@;mt ageodse bepialse t Beafll salpreds f hielgdoesy ot
renmove the desirable ions in the plasma beamat the same rate as the
undesidr abl &engdsgen Wadiersartt indlses ssudhansdty tie e iing thy benachl eved at

a faster rate i.th § r Cro: ticl et . f. coat | and wth
hi gher eff I%](::fl énﬁa\c@yl % &agr};@vcel%?so rge]fp%qﬁ\}ee(r: ﬁgv?nglgg%gﬁgﬁtﬁc\%%{?@% slar{%a are on
the sane plhagéeorbemnd idt eintawding arluplendoq@rdnbuacedsbendairgie. on

Advant ageously, this reduces the utilization of the target arc source for
preparing Eﬁg c6atS ,arf%e'P%BVe?adGhengl% sand) Puﬁiﬁtal &6n5&an the

sur pri si nghy sehseeveds { had r WhanLike d nheregd ate Montder i srconpfigured to
deviate the incident direction to the energent direction at an angle of
nmor e 1bhan 960tiglear geraweunt refl afddico- par t isdines ecarpbe darmhvaed Hemin t he

pl asma bea?&ﬁ@e?§hﬁ%v%ﬁaé%xﬁﬂémkilter duct 1is disposed on a common

plane.
Further, the overall change in angles between the
incident plasma beam and the emergent plasma beam is
20 advantageously spread over the bends in different planes.
Accordingly, the angle of the bend between - the inlet
portion and intermediate portion, the angle of the bend
in the intermediate portion, and the angle of the bend
between the intermediate portion and outlet portion is
25 not overly pronounced. This 1s advantageous because the
disclosed filter does not remove the desirable ions in
the plasma beam at the same rate as the undesirable
larger macro-particles such that the coating may be
achieved at a faster rate, with fewer macro-particles per
30 cm? of coating and with higher efficiency relative to a

filter having consecutive bends that are on the same



10 having less than 10 nmacro-particles (of dianeter 0.2 mcrons or |arger)
per cn2 of coating. Advantageously, the configuration of the bended duct
conpri si yozhe/i4m58r nedi at e porti on connected at one en@CI®GRéua/0pIBUzt
portion and at anot her opposite end to the outlet portion 15 allows a
sharp change of direction, thus preventing the mgjority of the

macr o- part i gles, i a r . Lhertli r i ons of
t he pl asmlpgggl% O}LM(; afcgfl?%%//v&% hkégﬁfgﬁggh?g %lhr%e F?’glﬁ%%rgg%aeﬁan%rg le%hsl Y,

t he pl asna2beamtthaousdy , pasded t hrealigle ssaitthd ntwerineidi st ieon 200 porthen
energing at the energent direction is substantially free from

macr o- par t it@FE& T srd STH"ohe I!ec?f'bot?lrr?é)ﬁtr,mtgnetgﬁt eF Bl Bfe poPEfoRYis

bei ng confi-guiednyo devisate the incident direction to the emergent
direction at an angle of fromnore than 90 to 25 less than 1800. In one
enbodinent , t he litnhéts Fdrsta & cand iR iUt ety porasoieartédth vimen stime pl ane.
I n one enbqdi t, .t of .angl e. be inlLet p . do et

pl ane is nﬁ(r%etg? gr?lfg%. Iéggﬁl(l)?ﬁer le%b%%?%‘wee? he t(;%ffs!égogﬁg?e b%%%/\een t he
i nl et pl anenanded@outilrefctplane:d stihet areng20tt 0iG6candnpref errabdyg bet ween
30 to 45. In angt her enbodi ment, the inlet portion further
conprises &% dP¥tS e%llﬁ?‘bog i on 3 o e A" bnLeAd FE TRE GG et At e
portion fopcpasshhdegairddpl asAR QepBHd OMAM atE§ SRS, d 0asatshting
internmediate portion. The upstream 5 portion and the inlet portion may
provilfe a Gentinguodsspat hhdr omn M@cE osParde e st héoifnt @t adratre Goftion

d b |yt h tl et tign. T . '
22nfisgufgg%§%tf Vi S?Ee ?ﬁg%(?ir ecﬁg)?%nlcon t%ee(ﬁ?gg%&sg?ﬁrﬂ%do%%%y%f " source

to the incicdent cénreguiranivawand {1Besabendoaderdrdt ateoporisomgattlam angl e
of less than 90. In one enbodi nent, the é{)stream portjon is con,fi][gured to

prevent at PE&LMeSdmt SR L 120 t FRPBECERSt HaveBe&T S i tPel88 by ITe

i nter medi atg RAGH QAR df L@MareM el %fptzﬁqk;é R the L SOUEE. portion
Advant ageously, due to such 15 configuration, macro-particles that have
not @&/t er edlilnwe teheslarp echpogei @f vilifeqbiotal Fhdpr @gEvenddéle tohehe arc

source a”dm%o%tral@y”%? the ane Csroou—rpcﬁ)ti%al'[%r’ v}h'l%h”aﬁg%paét iféffeﬁay
accumul at e ™8t “t'he upStream poratl on. ‘e ‘advVant ageously, the upstteam
portion praviedesaathan the rest of the ions of the plasma beam, to
follow the change in direction. More advantageously, the
plasma beam that has passed through said intermediate
20 portion emerging at the emergent direction is
substantially free from macro-particles.

In one embodiment, the intermediate portion is being
configured to deviate the 1incident direction to the
emergent direction at an angle of from more than 90° to

25 less than 180°. In one embodiment, the inlet portion and
the outlet portion are in the same plane.

In one embodiment, the offset angle Dbetween the
inlet plane and outlet plane is more than 20°. In another
embodiment, the offset angle between the inlet plane and

30 outlet plane is between 20° to 60° and preferably between
30° to 45°.



20 relatively gradual change in direction of the plasm beamfromthe arc
source to the incident direction toward said internediate portion,

m ni m zi lgounreaexssary | oss of plasma ions present in tRETSIGasITABIAM af t er
passi ng through said upstream portion.

251 noneenbodi nment , t hei nt er medi at eporti on conprises a first extended part

for allowing magio- paLkcleschg.hravel, algng sand.i nbdent,directjop to the

first extended part ongitudinal axis of the first extended part may
be subst antdoaiplryLs@w aalri elp sttor etdve (B3 tairgi tawdhmead t ki st ocﬁné hend ntettiperti on.

Accordingly, the fj extended part allows macro-particles that has not
passed to CfidSHECE orpt 4 %o fg’arssfjatsrﬁjdlﬂgl?at tHe? §1¢ ekt e part and

may be for a%’myber@e redroxed abyi e Adsll { 4 eaalpdammdd ngTHaI tugst Ached to
the first extended part. Even nore advant ageously, the first extended part

5 may pr ovirde tderesznd o thke Jmﬂ%tt portien AWy | pEeyhedi at ecpokinemusor
cl eani ng p'f)%%%sefsﬁoﬁr( Oihrgrgk L3 0{%3@%5%%' gﬁaeﬁl_{%@eagmb&f Uurt P{\éath' n

t he duct. |rrent e i ntermsdl ate por
conpri ses a;usse@@;rm(éne)ityenntedtmrbuthet bastaohong‘lhteudlp’ﬁatlreah() gacxrsw\ﬂm chis

substantial ly araIIe to the longitudi nal] axi.s of .the outlet portion.
Advant ageoﬂ?lyy m‘gxﬁ%nﬁgﬂlﬁﬁ?tthﬁ )éﬁrr(‘?\cfltdé’naé’dfestsh? t3ema

i nt er nedi atR JROTetrioaN 3 drhe Qutdet ROrtHON fOrq s ea - P Posesa ey for

i nclusion of accessories such as baffles within the 15duct. I n one

embodifnent salishginttrtinediaespoftite Bhl & pordioneffiless &haenddd part,
outl et po”'o% %”deré:fc&% ext ended %EEe!aHt §o§%%natlsa csdr{’fgl%i;grpeodz”&o The

presence o sUch |gura i'on provideées rel ativé manuf act uri
that is, spehkveonfigurai¢ont ofsdnfre malcetopanttiaied | tobtexhendedopant ,
out | et port| n and %dlco d extended art together nmakes manuf, actgél ng easi er

as conpared?l 6 eE & § ohStSURRA R € hBEE WP PhGEE™ HE ridsEit P 3F X t he
first and gseeond wgxd ended pathscetherpf@e4QMEdNY, due to such

15 configuration, macro-particles that have not entered into
the outlet portion will not fall directly back to the arc
source and contaminate the arc source. Rather, the macro-
particles may accumulate at the upstream portion. More
advantageously, the upstream portion provides a

20 relatively gradual change in direction of the plasma beam
from the arc source to the incident direction toward said
intermediate portion, minimizing unnecessary loss of
plasma ions present in the plasma beam after passing
through said upstream portion.

25 In one embodiment, the intermediate portion
comprises a first extended part for allowing macro-
particles to travel along said ;ncident direction to the
first extended part. The longitudinal axis of the first
extended part may be substantially parallel to the

30 longitudinal axis of the inlet portion. Accordingly, the

first extended part allows macro-particles that has not



25manuf acturi ng costs. I n one enbodi ment, the outlet portion further
conpri ses a downstream portion connected at one end to the internedi ate
portion WO 2peeBi#sg sai d pl asna beam from sai d i nt er rediPaTSGparov@I2t o a

I n one 30enbodi nent, the downstream portion is configured to

substrate.

provi de a continuous path fromthe internedi ate portion

Wslsed e dQuNShI@am R QI RIovides tﬂ]altcamw% ngheopgduit for

Advant ageo
connecti ng
enbodi nent
portion co
portion co

bet ween 20

t he energe
| ess than

the outlet portion with a substrate t IS to be coated.
exttleadelf searanghe betwebn ther Sxémpée pleaneendvéede biynl &

to said substrate.

In one

nprd.si.ng the upstream portiqon _and the outl et .pl ane of the outlet
i3 e TBRneES UM o Pttan o Nt o PRar 0 15 BHoT P

enbodi ment patdte offset mapgl edvenweerdilRe yi,nl @ie pkanetargtewdet phane is

to 60 and 10preferably between 30 to 45. The downstream

portion mayiabe REGHHIARUIARFLD° devi BRe ERéSEi Podttiion nd et aRedi deam f rom
podiegotiaon Lo g direetion-toverd sai d sybstiate alean apol e of

0. The downstream por 5 configured to further

filter at lkeastssaresr engihniasg beddrlesparittihdlres tehatudtave not been filtered
by the internediate portion,and thereby.prevent, .t hem passi ng dowstreamto
it tecsad R PR o

t he substrate. A a

[@]

Sgddit Y e e FEEBRFEGIFati B, " Yhe W0

portion previnges sas2Qr eladdivel ¥x g adkia@l pghanggaicn hdist ectl oy £ o eim dde

energent d
unne

irection to a direction toward said substrate, mnim zing

t hrough Sa%@ﬁgg%‘ét EREM DO Ld Onpuhkh 8k ata 4N, ST, (4 1P, fihberdng, of f

macr o- part

15

20

25

30

gitended part may provide access to the intermediate
portion and the outlet portion for cleaning purposes or
for inclusion of accessories such as baffles within the
duct.

In one embodiment, longitpdinal axes of the inlet
portion, first extended part, outlet portion and second
extended part intersect at a single point. The presence
of such configuration provides relative manufacturing
ease, that is, such configuration of the inlet portion,
first extended part, outlet portion and second exténded
part together makes manufacturing easier as compared to
configurations such as those without the presence of the
first and second extended parts, therefore reducing
manufacturing costs.

In one embodiment, the outlet portion further
comprises a downstream portion connected at one end to
the intermediate portion for passing said plasma beam
from said intermediate portion to a substrate. In one
embodiment, the downstream portion 1is configured to

provide a continuous path from the intermediate portion

5t ream

fssar §Xli§s ¢hGfCp| e ndilp DN bt @5bnt PR A2 L R 1 pltes il bt Bt et 1 pas si ng



25t hat have managed to enter the outlet portion. According to a
second aspect, there is provided an arc deposition apparatus for coating a
subst r at eyvothe/@gasar at us conpri sing an arc source for pPOTSG20I]/080332 asma
beam a filter for filtering macro-particles froma 30plasma beam the
filter conprising a bended duct for carriage of said plasma beam the

bended duct. cqnpry %%tl%&é-m%wr%f@%efos&?w %gwpg%]ﬁtﬁgpftfgg to an

inlet portion having a |ongitudi I'sposed on an | ane and at
anot her opposivtiglesnca t goaneottihet goortiidn frawi ngnaekbomngot udienabuakes

di sposed on an .outlet plane, 5 said.,inlet portion allow ng said plasna
beam cont aPfithd SPadrdpér tslu(?ﬂsetsrat%é3 tdtlré{}ellst v S-St er nedi ate portion
in an incident dinreehkone@psdsmeflt outdied parddan ahlhow ngesatdnpl @sga beam
to travel fromsaid internediate portion in an energent direction, said 10
i nt er Pedi atié 1§ér tHlem et hgt tdnt P Yak eBor s 1gey icame rtifsd NondihfertP 9§ ¥@@mi on to

the emergent, di;rect Lon f’ighén éﬂghgtf’f MRLE than %Qean&éi‘%{ 923%5@{@9{9
macro-particles fromsaid plasma beantas I't passées through sai
i nt er medi atenmparitsiion, tane wheneicmesai bdrdiein pianencard oushetOgl.anen 15 are

di sposed at an offset angle from each_other; and magnhetic field source
forpprovi diaﬁé)tgeﬁag?f@?‘?%gf‘?r&d 55tk S?T]eaBQQ(?rr;b%té”g‘?ﬁrerHlet he* ki dent

direction taahke emer gent 1dis egliie. The maghetdc fiEl d mot ey sigers the
pl asma beam 20 fromthe incident direction to the energent direction on an
x-y a¥is i RreAergbane betiveemagiet it® fi%el-d al so causes the plasma beamto

drift fromone plan t.her ; gr.an _X- \- 1S, .S t t he
pl asma beami s gp%e%@ﬁsﬁq%aﬁrpe%%nﬁneﬁg?gngg Fégﬁiléﬁ%gcg& ;&%}a%@ét he
inlet 25 phanedamdcthenoublket tpbanelesméhebeascl bsed fild erersgmgent

advant ageously offset in a direction that fqllows the three-di nensional
bend of thélﬁle§§r+€nbe5?n b gﬁﬁﬁcltﬁ(?“drw‘t’aﬁgusﬁfcbySPﬁétﬁﬁ‘éﬁet?E f3'el d may

be conpensatgde Henceekhe Wise! 0sed afe dapasktr-eAmaRRAAMUS may be
15 configured to further filter at least some remaining
macro-particles that have not been filtered by the
intermediate portion and thereby prevent them passing
downstream to the substrate. Advantageously, due to such
configuration, the downstream portion provides a
20 relatively gradual change in direction from the emergent
direction to a direction toward said substrate,
minimizing unnecessary loss of plasma ions present in the
plasma beam after passing through said downstream portioﬁ
whilst at the same time filtering off macro-particles

25 that have managed to enter the outlet portion.

According to a second aspect, there is provided an
arc deposition apparatus for coating a substrate, the
apparatus comprising an arc source for producing a plasma
beam; a filter for filtering macro-particles from a

30 plasma beam, the filter comprising a bended duct for

carriage of said plasma beam, the bended duct comprising



30suffers mnimal |oss of desirable ions in the plasma beam and t he

t hroughput of the arc deposition apparatus may be WO

2012/ 044256R0CID/EBEZ811/ 000342 i ncreased by about one to wPem/siGabid/ones42 he
utilization of the target arc source. Advantageously, as the configuration
of the filter follows the bend of the plasma beam the plasma nmay be

carried ef el entddnd 0 dde pSUbBLE algnnecrod BYM LRGN orfS 416l A8, beam

goes throug tlhe bends of the |scloser& ?l?ter, the macro-particles in the

pl asma beamamyidre leffiwg eat [lpngernmviedal axis disposéAdvant ageouslyt the

arc depositi,on appar at us of .the 10second aspect, is_abl e to produce coatings
f

that are stostEntT&r1 §°f rde Fidm ABRY 32 bar £1'd 6° PR G ISTh P HEh?D t he

arc deposi tia@n rappar abugi ehidt he1 se&anrd @speedeProdueas waatdgot hat, has

| ess than 10 nacro-particles per cn2 of coating, |ess than 8 o

macr o-par t iS¢lies 1NBHePCERROBF addatilny, Fasd Pﬁaﬁme PEGHD- PRt 3 EN BRI per cnR
of coating. &8ss 1han A Jmcro; particles peg, cpg of ag‘&at'ﬂguebﬁféi%@é” 2
macro- particles per cn?2 of coating, or |ess than 1] macr o- particl es per
cn? of coatoong,icand nvyer eimctdenadi oepaibnches a&ree D.itlier gnsroiohar ger .

20 The bend duct of the arc. deposition apparatus nay al so additionall
conpri se tﬁqutwﬁ@rg adaiafgonaﬁ)l%%rﬁ?i Lréeaéﬁdy °© pa tréwﬁﬁ degﬁ??‘beds%lb ve. Y

Accor di ngl y ntehardike cduglo reanpr | ses the ahergdinr tionsdeset | begk apove,
the upstream portion, inlet portion, intermediate portion, 25 outlet
portildn and dEWASCLéaM pBPEitéRN MY SLBPm acebhBiABgustpatPeTbrtal | ng t he

pl asma beaﬁh%@d%%%vgiﬂgéyﬁéﬁuk5”€%éog$g§g&9ttB%réBQﬁgBa%%'an angle

of more than 90° and thereby remove macro-particles from
said plasma beam as it passes through said intermediate
portion, and wherein said inlet plane and outlet plane
15 are disposed at an offset angle from each other; and a
magnetic field source for providing a magnetic field to
steer the plasma beam from the incident direction to the
emergent direction.
The magnetic field not only steers the plasma beam
20 from the incident direction to the emergent direction on
an x-y axis in one plane, the magnetic field also causes
the plasma beam to drift from one plane to another plane
along an x-y-z axis, such that the plasma beam is steered
in a three-dimensional fashion. Accordingly, the inlet
25 plane and the outlet plane of the disclosed filter are
advantageously offset in a direction that follows the
three-dimensional bend of the plasma beam so that the
drift caused by the magnetic field may be compensated.
Hence, the disclosed arc deposition apparatus
30 suffers minimal loss of desirable ions in the plasma beam

and the throughput of the arc deposition apparatus may be



According to a third aspect, there is provided a nethod of filtering
macro-particles froma plasna beam 30the nethod conprising the steps of
gener at i nyoaoegas8a beam cont ai ni ng nacro-particl es thePersG2pansdzz t he
WO 2012/ 044258PCT/ SG2011/ 000342 pl asma beam cont ai ni ng macr o-particl es

therein through a filter for filtering macro-particles froma plasm beam

the filter conprising a_bended duct for caryia sajrd jplasny peam the
bended duct™td ?ng %5 aalr?l)%lu%t g)rn%e |oat€e)w% flJ[;)f({)érjt?gn(ei(?(?n?lletct eé at one end to
an inlet pentionthaykeng aalkengi tudirnal. axirslvdintposedsdy,an iad et tgleane and

at anot her opposite end to_an outlet portion _having a |ongitudingl axis

di sposed ofCBALBUERELCOPI afk, &2F d ﬁlrhtsﬁr p(groﬁilc%’sal I%Bﬁn n@eggi o pl zaaté}ﬁa beam

cont ai ni ng mggf‘ng:beég_, Pakki chesmborkhayel oward s3id dirtrerrediatdor tion
[

in an incident rection and said ouflet portion allow ng said plasma beam
to tréavel bpbetsakd.intermediate portion in an energent direction, said

i nternedi ate porti being configured._t viate t incid i ion to
the 15 energen u(’:'li%B&?t’i (?%’ a‘f%%nggﬁa 8 %F%rﬁrlor%?%aﬁﬁﬁgggiﬁd%ﬂ?e%e{)ﬁ enove
macr o- part gl eshér om sai dsphasial beam ashé t npassespd hir dulghs saird  the
internedi ate portion and wherein said inlet plane and outlet plane are

di sposed aPlafmafpsel BAYl €f £EmicaER trh&PMO4Rd -appl yi ng a magnetic 20

field to the pl ﬁa@an%g%glsf,eecrhet her Pl @spBs beash f bpprtheusneideante
direction to the enmergent difection so that the anobunt of nacro-particles

in sabd ouskebnpor ébpacts fessabbtative REOIWEE anpmt 1S nedtd- patig cles in
said inlet rtion. According t fou S i e isprovigded a

met hod of Sggéﬁépﬁdag§goat ifﬁgehavi%ﬁgml esgntaﬁ%%n_%%q&alcér%%arti crioes orgée

di amet er OeRpbBHERERS ,Orthar ger pRfpan ofn cagpbmrgtusheofrethed somprd si ng
the steps of generating a plasnma beam cont ai ni ng macrg— Bar%}cl es therein,
passi ng 30BRECELasPECPEERT csitdHi Mg tRacr o2 par thti%s tOAGr et h Macto

particles per cm® of coating, less than 8 macro-particles

15 per cm?® of coating, less than 6 macro-particles per cm?
of coating, 1less than 4 macro-particles per cm®  of
coating, less than 2 macro-particles per cm® of coating,
or less than 1.8 macro-particles per cm? of coating, and
wherein the macro-particles are 0.2 microns or larger.

20 The bended duct of the arc deposition apparatus may
also additionally comprise the other additional portions
and/or parts as described above. Accordingly, when the
duct comprises the other portions described above, the
upstream portion, inlet portion, intermediate portion,

25 outlet portion and downstream portion may form a
continuous path for allowing the plasma beam to travel
from the arc source to the substrate.

According to a third aspect, there is provided a
method of filtering macro-particles from a‘plasma beamn,

30 the method comprising the steps of generating a plasma

beam containing macro-particles therein; passing the

10



through a filter for filtering macro-particles froma plasm beam the
filter conprising a bended duct for carriage of said plasm beam the
bended duwO 20auisgi ng an i ntermedi ate portion connect e®CalSGang/0eesd2t 0 an
inlet portion having a |ongitudinal axis disposed on an inlet 5 plane and
at anot her opposite end to an outlet portion having a | ongitudi nal axis

di sposed on.an outlet plane,. said inlet | I i sai |.as beam

cont ai ni ngPhacls- partt d%8s 18 q%mﬂﬁcféwéggﬁggp%gi%ﬁ%%%gaingo% rt?ﬁn in an

i nci dent dik geti-ofoand iSaied i1 Ireic porid on dDeal fowhng paiadmal asren beam to

travel fromsaid internediate portion in_an energent dinectio%, sai
di

i nt er medi atBepSAtiten SEMRG 16GMIS GUrRRNYeF devfat °FhEaFAcPEENC [diFEH i on to
the enErgeP&thge%géM}aéh@nbgﬂggg Qfy 10T Eodhans 90 apd tikeramediemmyve

macro-partrcles from15 said plasma beamas it paSses through said
i nt er sedi aperpaphi cnnardteherti pnsaiedd rloetanpliade tam rdutdreth 331 idrie ar e

di sposed at an.offset angle from each, other; applying netic field to

t he pIasnaHBEQﬁFPng?éergfhﬁ p ﬁ?%ﬁ“ﬁ%aﬁ??r@ﬁltﬁgxﬁgci %%ngi%%%tfgﬁ to the
emer gent  2@nodheect bppos@tthatntihecamoant @it recr eegartdcl emvingaia outl et
portion is less relative to the anmount of macro-particles in aigv%nlet
portion; ahdngéavrpagaa §ﬁ5§tﬂ&ﬁ@oﬂﬁ@h0@hé“pﬁ#§&§tbé§ﬁﬂﬁunsﬁ%ft%‘ tling in

the energegggggégctgqqo&gngroggqg aGQakiaNg A NGdRsSS diha) Fndmed-0-

25particle I amet er mcrons or larger per cn2 of coating.
Accondi ng paeraisilesh taspecayet hepeairs praovd dedt ¢ heedsat of Polé 10N t¥€r, arc

Cepos oM SBIBLE U A TEL00, ) ) oSt el RS 0ROt B MLtk |
filtering mBGHOpPPALKACKHRSN teMtaapleas TR ditamid intermediate portion
in an emergent direction, said intermediate portion being
configured to deviate the incident direction to the

15 emergent direction at an angle of more than 90° and
thereby remove macro-particles from said plasma beam as
it passes through said intermediate portion and wherein
said inlet plane and outlet plane are disposed at an
offset angle from each other; and applying a magnetic

20 field to the plasma beam to steer the plasma beam from
the incident direction to the emergent direction so that
the amount of macro-particles in said outlet portion is
less relative to the amount of macro-particles in said
inlet portion.

25 According to a fourth aspect, there is provided a
method of producing a coating having less than 2 macro-
particles of diameter 0.2 microns or larger per cm? of
coating, the method comprising the steps of generating a
plasma beam containing macro-particles therein; passing

30 the plasma beam containing macro-particles therein

through a filter for filtering macro-particles from a
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the duct conprising a portion having a continuous path for allow ng the
pl asma beamto pass therethrough; and a single bend |ocated within said
portion cwof2orpuersst o al |l ow the plasma beamtravel | i ng PPomsGdel110h@43i ngl e
bend 5 in a first direction along the continuous path to, after passing
said bend, travel in a second direction along the continuous path, wherein

the second GlIGel! gBafeviates AN NEohbESL iflLr eft b Ay anuanol £opf more

than 90. 16D&fi nitions he foll om hg words and terns used herein

shal | have calre img@niafy saidd cat @sina beam, theThendedmdudcrosmartsthes” as

used herein refers to, particles, havin sigg{g %é di aneters of_ 200 Qanorret ers
r

and 15gr eaffdy 1nterme T o H Vi AYEP T 8 FoFer™ 1B at¥epart ur e

froma pregeterimmeathpaidit aofiohefieneneel Foriexamppeseddevi alre anfét st
direction to second direction"” refers to the departure of the second
di recti on fdemet hend i a5t 2@ tdigfectPoPs 1 The caAgl e ofNdéVitdSitorP@RbLP™ t hus

al so be undger od, a LN o] n {. :%r!%le t i t i tion
changes frg%vtslh§ ]SLI[ rg?}?@?tgg!{%{%%} tag%;ghe&%g}con d??egp?gﬁl&l&e Siéﬁ&,
Thewor d" substiantiraldty" doesnot exdllude nz5 sxohppétehy” beag @omoaposndgi on
which is "substantially free” fr%m Y may be conpletely free fromY. Were
necessary, "#5& WEAd PLSU5St ant? al | §'avﬁg§ be?'5H € t ed-Fom theS T8t HitFon of

the inventi®ition in an MMtegsSnepecitiedont hapwissad the ted NBor €0sMI i Si ng”
30and "conprise", and granmatical variants thereof, are intended to

reprddent ‘Bdgewingr "PBaéFusiREASPAnglRE sudl? t KdeVehey fREMudeS?ERit ed
elements byt,al 3o A8La t J4ighus) on of addidional,. unyealied, sl enents.
intermediate portion being configured to deviate the
incident direction to the emergent direction at an angle
of more than 90° and thereby remove macro-particles from
15 said plasma beam as it passes through said intermediate
portion and wherein said inlet plane and outlet plane are
disposed at an offset angle from each other; applying a
magnetic field to the plasma beam to steer the plasma
beam from the incident direction to the emergent
20 direction so that the amount of macro-particles in said
outlet portion is less relative to the amount of macro-
particles in said inlet portion; and coating a substrate
with the plasma beam that 1is travelling in the emergent
direction to produce a coating having less than 2 macro-
25 particles of diameter 0.2 microns or larger pér cm? of
coating.

According to a sixth aspect, there 1is provided the
use of the filter, arc deposition apparatus and method
disclosed herein to coat a hard disk component.

30 According to a seventh aspect, there is provided a

duct for filtering macro-particles from a plasma beam,
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As used herein, the term"about”, in the context of concentrations of
conponents of the fornulations, 5 typically neans +/- 5% of the stated

val ue, nowe 201pi4emBly +/ - 4% of the stated val ue, nore PgpiSGabipossu2 3% of
the stated value, nore typically, +/- 2% of the stated value, even nore
typically +/- 1% of the stated value, and even nore typically +/- 0.5% of
the stated % . Thy Qqugho i .SGl e -t al ergg)tdd'rrents
may be di sctzfl'gsé%l in %orrn%]rrljg-ser%gr%at]?&f{'P%ﬁoﬂlagqggsﬁldg?&?%%gbpﬁat t he
descri pti ofioirn arldange nigortigt plsa srexr ebgarf ot o cpavenitérce tamd ulgheviand and
shoul d not be construed as an 15 | n%l,exi ble limtation on.the scope of the
di scl osed FaRges. edr diordthrd t HaTBEBcrittd oRO5F 187 aﬁ%’éféﬂ‘dﬁ?g e

consi der ed 4 @ sRave SRAG L abd i di s£1Ose0n @l LolihedBOSSEDIsa nple- nanges as
wel | as individual numerical values within that range. For exanpl e,

descr Bpt i onnok & 126 tr ahigee Suicin asldnontlet eoBtshvard Batborsi-detddE% o have
specifically di.sclaose ub-ran u s fr - fro froml
to 5, fror‘rf)éstséng, Sfarlom?‘)fntdé é,q%?r%m&gl {%o Sgcg{ng.l,&%se%m% ({n a@slj?r%ggitﬁ%ual
nunber s w tbBhAihhatisr angeh, f aheexdmpl ehe 1,se20r3dl dirb¢tand Glevildtseapplies
25regardl ess of the bhreadth of the range. Detail ed D scl suregoj

Enbodi ment §rom the Elash| §lyechdrn i fng e FirmBIts 5‘%‘3&1 9 ter for
filtering macro-particles froma plasnma beam an arc 30deposition apparatus
and a nmethod for filtering macro- particles froma plasma beam w !l now be
di scésed. WD 2012/ 044258PCT/ S BefApaFIens

The following words and terms used herein shall have
the meaning indicated:

The term “macro-particles” as used herein refers to
particles having sizes or diameters of 200 nanometers‘and

15 greater.

The term "deviate" used herein refers to a departure
from a predetermined point of reference. For example,
“deviate a first direction to second direction” refers to
the departure of the second direction from the first

20 direction. The angle of deviation should thus also be
understood accordingly to mean the angle at which the

direction changes from the first direction to the second

direction.
The word “substantially” does not exclude
25 “completely” 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"
30 and '"comprise", and grammatical variants thereof, are

intended to represent "open" or "inclusive" language such

13



There is provided a filter for filtering macro-particles froma plasm
beam the filter conprising a bended duct for carriage of said plasnma beam
t he bendewlodort04¢x38pri si ng an i nternedi ate porti on connectrsd2at/oonse25 end
to an inlet portion having a longitudinal axis disposed on an inlet plane
and at anot her opposite end to an outlet portion having a |ongitudinal axis
di sposed on _an outlet plane,, said i.nlet partion allow ng said beam
cont ai ni ngtﬁﬁér o-%bﬁlyti &Inggutd@ ttre?\?éthetdE)vvaeﬂ(?mse :}ds fﬁy%l n?aelrsfroedi%%{[%rti on
in an inci daat udiibacbirordand isaiad , outlretc iperd icarr@dtew ng sai d pl asma beam
to travel fromsaid internediate portion in an energent direction, said

i nter medi ate poPsi o WeiRF ot i gif cbe¥® debpate t A8 iHhE F&titr Rtion to

t he energeggpgggﬁggkquy aﬁggm§i§£5g%§gsn0%@ t han: 90 @and, ther £hys r emove

macro-particles fromsaid p amas It passes through said
i nt er sedi atgppartlilgn, rerchsaher/ei n $ai dof nl eéhepl anetadd owtluvet, plregves ar e

di sposed at an offset angle from each other. The energent .direction may
devi at e erﬁPﬂﬁélﬂﬁcﬁ'éhfi?dﬁér%%?iBgag?gaﬁaéﬁﬁre g ei&ﬁﬁﬁ?ﬁiy i

‘om ‘gr oup

consi sting3ef 90<tXe< sk8ed00X140, HLPXL60yp120X1{p0 +and 4800X140ne | n one
enbodi nent, the angle X is about 135. In another enbodinent, the angle X is
sel ect ed f eémtede ot cBASNSHIOFG ofYA#92Llhpo+tdnd P518D. the yt2 &8dt her

embodi ment ,, ;the angl e X.Ls ahoul %%gicall +} D gnesenbodipentst gy i nl et
portion conpri'sés an upstream portion congected at one end to the
i nt enivedi atvelper.ti on for passing said plasma beam froman arc source 30to
said interhEdia%%r%%Qia%%'éﬂ%% %9%%& ggﬂngtE8?t§?¥ %%bodiments may
be disclosed in a range format. It should be understbod
that the description in range format 1is merely for
convenience and brevity and should not be construed as an
15 inflexible 1limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have specifically disclosed all the
possible sub-ranges as well as individual numerical
values within that range. For example, description of a
20 range such as from 1 to 6 should be considered 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 6, from
3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, 5, and 6. This applies
25 regardless of the breadth of the range.

Detailed Disclosure of Embodiments
Exemplary, non-limiting embodiments of a filter for
filtering macro-particles from a plasma beam, an arc
30 deposition apparatus and a method for filtering macro-

particles from a plasma beam, will now be disclosed.
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configured to deviate the direction of the plasm beam WO

2012/ 044258PCT/ SG2011/ 000342 fromthe arc source to the incident direction
of said iwoenmedizs8e portion at an angle of |ess than 9®CTHG0i1003dZNt
direction may deviate fromthe direction of the plasm beamfromthe arc
igg(r)ce at an angle Y selected 5fromthe group consisting of 0< Y < 900, 10

20 Y 70, 300 Y 60°ARd Jzﬁx WO\@ﬁieq n one er‘r%odl ﬁ%ﬁt teeralnmg emYa I s “about

450t ﬁéﬂtibﬂegﬁhﬂfﬂm@t phedrea t be arnl etth@orftulmercom:mpsesmge aupst ream
portion, '

e offset angle A between the 10 inlet ane of th
portion cohﬁﬁﬁ@ﬁn@uﬁﬁe%@ﬁstcraéférﬁ% t9fonSahd Pﬁés’ﬁﬁt E8Mp| &RE %s?lyp@c?g} of f set.
In one enb ﬁ&@ee% gﬁ%lﬂbf%%ifHEHfhé&f&%@W$®r£b§npb@ﬁﬁ@atédﬁ%&e<ﬁhan about

20. 1 n another e 5di ment, the of f set angle Ais selected fromthe group
consi stingenfl 20s Aar 9nldB2(perien ghang A < l7omitagliagso,a:30A 600,

S e O ehnafgnc RSB psl M08, S PR AP S, and
an outlet portion having a longitudinal axis disposed on
an outlet plane, said inlet portion allowing said plasma
beam containing macro-particles to travel toward said

10 intermediate portion in an incident direction and said
outlet portion allowing said plasma beam to travel from
said intermediate portion in an emergent direction, said
intermediate portion being configured to deviate the
incident direction to the emergent direction at an angle

15 of more than 90° and thereby remove macro-particles from
said plasma beam as it passes through said intermediate
portion, and wherein said inlet plane and outlet plane
are disposed at an offset angle from each other. The
emergent direction may deviate from the incident

20 direction at an angle X selected from group consisting of
90°< X < 180°, 100°< X £ 170°, 110°< X £ 160°, 120°< X <
150° and 130°< X £ 140°. In one embodiment, the angle X
is about 135°. In another embodiment, the angle X 1is
selected from the group consisting of 149°, 120° and

25 160°. In yet another embodiment, the angle X is about
120°.

In one embodiment, the inlet portion comprises an
upstream portion connected at one end to the intermediate
portion for passing said plasma beam from an arc source

30 to said intermediate portion. The upstream portion may be

configured to deviate the direction of the plasma beam

15



conprises a first extended part for allowng macro- 20 particles to trave
al ong said incident direction to the extended part. The |ongitudinal axis
of the fiwenoexuesded part may be substantially paral | elPCIsGRiua/000342

| ongi tudi nal axis of the inlet portion. In one enbodinent, the
macro-particles can travel in a straight 25 line path fromthe inlet

portion to_the first_extended part. .The firs t q%% y have a
cl osed endfWhAPcHfay?he 5%¥V%ﬁgl ¥ &%E%ebhé;éﬁggegfge t%%%¥a§gess to the
i nter medi at grpenthoptanddhe dml et portdroyle of less tmamn@0émbdthierent,

the intermediate portion further 30conprises a second_extended rt that
has a, Ionéﬂ?&é?ﬁéld&%ﬁ§tWﬁPch%;Qﬁﬂégﬁﬁuf%ﬁmytﬁﬁrgﬁF@FEﬁ8ntﬁgp%he

I ongi t udi nghasﬁléi Qf theopuihet Qr tiQRrcd Nagnesrenhegi aent s sdtad ght
line path exists fromthe second extended part to the outlet portion. The
second ext émded tpar tgmmayp haves bsttlosedf eAd<whi ch ARy, bé0opt Yoralds opened

when desired. 5faor access to.the . jnternedi fot and: 4 he oqut |
portion. 38 é ngoﬁg)enbggiﬁeﬁi,_tﬁgpld%é?tﬁgiﬁa?paiegﬂ%f'tﬁg'iéﬁ%ﬂ
portion, figsbaextandednparhgleutd ets poictitordSd&nd second ext ended part
intersect at a single poi nt, such 10 that a " X! shaped .bended duct is

achi eved. In andfhéneemiRAdiahint WS ohlg A& SFnPSE TN iTHP S Hi%t nedi at e
portion, agqeotl,]tlggﬁrg%t igm'tair&],pr%%nt@ff@etl o tdidinnabe exesnoftidie inl et
ou

portion an et portion intersect at a single point to forma ">" shaped
bended ductinlen 18 aarotdiert esrbounl aenporivhene conby 1SAEd Mheét PoTRIHY first

ongi t udi haP<EAEE of "Enelh el G- pTLi G =1 r SF Yox CEndl  Bar (. End GUT | ot
portion i ntekrseGineal ,a thien@lre spai pingle ffonyemader hapeddictis Inosdoul d be
than about 20°. In another embodiment, the offset angle A
is selected from the group consisting of 20°< A < 90°,

15 20° < A < 80°, 20° < A < 70°, 20° < A £ 60°, 30° < A <
60°, 30° < A £ 50° and 30° < A < 45°. In one embodiment,
the angle A is between about 30° and about 45°.

In one embodiment, the intermediate portion
comprises a first extended part for allowing macro-

20 particles to travel along said incident direction to the
extended part. The longitudinal axis of the first
extended part may be substantially parallel to the
lengitudinal axis of the inlet portion. In Qné
embodimenﬁ, the macro-particles can travel in a straight

25 line path from the inlet portion to the first extended
part. The first extended part may have a closed end which
may be optionally opened when desired for access to the
intermediate portion and the inlet portion.

In one embodiment, the intermediate portion further

30 comprises a second extended part that has é}longitudinal

axis which is substantially parallel to the“longitudinal
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20 noted that the "X', ">" and "Y" synbols are provided herein only for
general illustrative purposes and should in no way serve to limt or define
t he angl ewobetvmesst he |ines shown in the "X', ">" and P¥I/Sepoiobes42| n one
enbodi ment, the outlet portion further 25 conprises a downstream portion
connected at one end to the internedi ate portion for passing said plasma

beam 1 rom saiid oK SIAPUALE PYLLONA0 f Sbetdi s e dounst s seghpor i on

may be con to deviate the rection of the plasma beam fromthe
ener gent dilrieet i patB0ex imtdi r Bcomon heovwee dosdi @xsuhbstedatieant &0 anlgbe Z of

| ess than 90. .The angle Z b I df WO
2012/ 044258>|5<§11F§628T%F686323¥98ﬁs?5%e?‘?‘ﬁ e(ﬁxt&%%ou © 18280, 2796 ,230z60

and 40Z50. Jdip@Re &MOdhAeR!t mdhepand® i%ras 18bosbedda hihehedesbosiment
where the outlet portion conprises 5 the downstream portion, the offset
angl e B betfwaenachesenltét phand narrmatE aif | BETpRaRe I1d t RESout¥et®hortion
conpri si ng ptot}féi%%vmst ream portion may be offset. In one enbodi nent, the
of fset angle bet'ween the planes is nore than about 20. In another
enbodi nent, the Iof f set aagbedBndfis sElectlehdiramitiel greags cofsishéng of
20< B < 90Q , -
inlet portion, first extended part, outlet portion and
second extended part intersect at a single point, such
10 that a “X” shaped bended duct 1is achieved. In another
embodiment, where only the inlet portion, intermediate
portion, and outlet portion are present, the longitudinal
axes of the inlet portion and outlet portion intersect at
a single point to form a “>” shaped bended duct. In
15 another embodiment, where only the inlet portion, first
extended part, intermediate portion and outlet portion
are present, the longitudinal axes of the inlet portion,
first extended part, and outlet portion intersect at a
single point to form a “Y” shaped duct. It should be
20 noted that the “X”, “>” and “Y” symbols are provided

herein only for general illustrative purposes and should

in no way serve to limit or define the angles between the

lines shown in the “X”, “>” and “Y” symbols.
In one embodiment, the outlet portion further
25 comprises a downstream portion connected at one end to

the intermediate portion for passing said plasma beam
from said intermediate portion to a substrate. The
downstream portion may be configured to deviate the
direction of the plasma beam from the emergent direction
30 to a direction toward said substrate at an angle Z of

less than 90°. The angle Z may be selected from group
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20 < B < 80, 20 < B < 700, 20 < B60, 30B 60, 300B500 and 30B450. In one
enbodi nent, the angle B is between about 30 and about 45. In the enbodi nent
wher e t hewonbeto4passti on conprises 15 the upstream port ipom/seneiitoh@s4put | et
portion conprises the downstream portion, the offset angle between the
inlet plane of the inlet portion conprising the upstream portion and the

outlet plane of the outlet, portion.conprising the do seam portjon is

nore t han ?@?SFﬁElQ@ gﬁpﬁﬁéf %nﬁogpnégﬁfifhegoffzgk’ang:é_bglﬁEéﬁthe inl et

pl ane and gutkety pt age°i sirket yeen 20 € 0560. and psef ecmbbygibhehweerti30 to 450
The bended duct described herein may be toroidal. In one

embodi ment angher & ﬁﬁyaB@Uﬁo4§fngle line of sight from 25 the inlet portion
to the outlet popt 'tﬁ@- chBoARRBIDQdRRN L het R tAlANG R IWH Torddie dasma

beamis travelling fromthe arc deposition source to the upstream portion
and tbBe pl ahe chrwadtofedrhepptason, bedm i of fsavekhiodg fB ohetheennltdte porti on

to outlet portion _are 30not parallel. In,anoth nbodi pent, the .plasm
beam travelPitfRg ﬁﬂ@ﬁ%rﬁﬁ nFBF|ﬁﬂéﬂ?ﬁl?$aPﬁeé§ﬁfhﬁ por F%npﬁﬁifg%e
pl asma beapplpayeh hyna Her amdhier downspbeambpoialyorbd 0ot heesubgtr atree i s on

the sanme plane. The upstream portion, inlet portion, internediate portion,
out| et por elbadangndowhser €4MSEEr BPER Smiy PfdWeen the planes 1s more

than about 20°. In another embodiment, the offset angle B
10 is selected from the group consisting of 20°< B < 90°,
20° < B < 80°, 20° < B < 70°, 20° < B £ 60°, 30° < B <
60°, 30° £ B £ 50° and 30° £ B £ 45°. In one embodiment,
the angle B is between about 30° and about 45°.
In the embodiment where the inlet portion comprises
15 the upstream portion and the outlet portion comprises the
‘downstream portion, the offset angle between the inlet
plane of the 1inlet portion comprising the upstream
portion and the outlet plane of the outlet portion
comprising the downstream portion is more than 20°. In
20 another embodiment, the offset angle between the inlet
plane and outlet plane is between 20° to 60° and
preferably between 30° to 45°.
The bended duct described herein may be toroidal. In
one embodiment, there may be no single line of sight from
25 the inlet portion to the outlet portion. In one
embodiment, the plane on which the plasma beam 1is
travelling from the arc deposition source to the upstream
portion and the plane on which the plasma beanm is
travelling from the inlet portion to outlet portion are
30 not parallel. In another embodiment, the plasma beam

travelling from the inlet portion to the outlet portion
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5 substantially the same dianeters or entirely different dianeters. The

di aneters of the upstreamportion, inlet portion, intermediate portion,
out | et powoOi2ore/@mFsdownst ream porti on of the bended ducPCmsg2ig/opesdzpendent
selected fromthe group consisting of dianeter fromthe 10 range of from
about 50mm to about 250mMm about 60mm to about 240mm about 70mm to about

230mm_aboyt, B0t o about, 2200m - ahaul. .90y g 2eut, 210MB., Ao, 00 t o

about ZOOHﬁPdab nmto a nm~-ab nmto about 160nmm or
about 140nmputeiaboutol56Omen shidterdendad deet ahd issméndbvameal Tortions
may be made up of any material that has little or no nagnetic field

shi el di ng EPPEEESM Fref et @bl v, inlfd b@ﬁéédoauctl%ﬁﬁr‘f‘?gl‘gﬁﬁi R Ohor ti ons

are made up,ef atephatsohhat ;ane sybstantiah!y poeEiof o iy zatippe to
avoi d cont gﬁigngti onE)ZO 019 theapl asma beam duri ngﬂ) arc %eﬁ)osﬁ&? on. The bended

duct &nd i ssbishdinviidddly porei sagenayidechatde @F nankirals thidifareantable to

t ai diti h as A d als.or all
Ther cof .1 ALGNE BRboai Tt THEC BERABA UL WR- T e, RAFVLE0A Borti ons are

made up of p3sstiainnl essnséeebdiate pdidier, mypuallee beppresent wirddin the
bended duct. In one enbodinment, the liner is renovable for cleaning

purposes af@vNEtEreTeRCIGRy 1 i RRRpBRIECE r BREBUMAi KRG JPR P HE Huct
wal I's. The Liner npyhe,posidi yebysbiased.s 30y rb £akh ¥nk e betrwRan ahout 10V

to about 30V to Create a repufsion between the liner and the positive ions
in thé WOraogz/ G44258RCTABGRO11YMO034Q pbasiva Aeum andoeher &9y ne? eases

the fl ow of Pﬁl&%za @rﬁﬂjg%hge P@n@gegodua%qut-rhggbi er UL;SI ggmp\e agdapt eﬁ

further to® of “hacro-particl romthe plasna beam |

one enbodi gBBLL tAErkn Nesbbst MBdemUP: ©f aBobt SArnes ofbsitgs Obawi ngo f | anges
that project outwards into the interior of the duct and are _an

backwar ds aR@UEWHWRE t T gt OThé O jaRay tall et magBogt d 49 l eg%O of
rings |inkedo 81 LaoRA 6L 2coUNd dohel e PeteniRem for exampl e at 12
o' cl ock an o' clock, and then at 3
15 The bended duct and its individual portions may be
made up of any material that has little or no magnetic
field shielding effects. Preferably, the bended duct and
its individual portions are made up of materials that are
substantially inert to ionization to avoid contamination
20 of the plasma beam during arc deposition. The bended duct
and its individual portions may be made up materials that
are able to sustain vacuum conditions such as Al, Cu and
other metals or alloys thereof. In one embodiment, the
bended duct and its individual portions are made up of
25 stainless steel.
A liner may also be present within the bended duct.
In one embodiment, the liner is removable for cleaning
purposes and to prevent long term deposit from building
up on the duct walls. The liner maybe positively biased,
30 typically to between about 10V to about 30V to create a

repulsion between the liner and the positive ions in the
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10 o' clock and 9 o' clock. In one enbodinment, the liner is flexible and
suitable to be pushed into the duct and around duct bends. There is
al so prowdedi2zzm4m8c deposition apparatus for coating aPsuisskortoe)342 he
apparatus conprising an arc 15 source for producing a plasma beam a
filter defined above; and a nmagnetic field source for providing a magnetic

field to steer th | asma pe fromthe incident dir ion.to £rer gent
di recti on. pi‘ﬁémai gt%%)%%e(?néfc%géﬁgg?/t i %%C%%%éé?%t utshcgma?/(i gveO%an ptlg% i ncr eased
t hr oughput tarothighgehaitbéhaadi ancef. tie al tnsouney oflshobe @umpwedwo fold

. This is advantageous because the target arc source may be chrom um which
i s expensi GBr6Pegr AphilbErcASEotdilrGy ot R Hﬁcﬁﬁélafr&i%eossefgmﬁén s nore

cost eff ecghxgmaZQZQﬁ.p&gs cbeam-canche guirded iby ra icunmdad-iueass ragneti c
field along the | ength of the duct. Alternatively, the plasma beam may be
gui ded by aechiessed eliegtsr hevand Wagnetisc thiagl ®rodsidts avdyvadido ek drovi ded

on the bended duct to provi th gnetjc._steeri i t pl asma
beam TheséhﬁoiH%twrgeo\épﬂiﬁb%ag}lggmatnedr ¢ool ea&gq%({ e?%gﬁj\gﬁéﬁ%, %gdr manent
nmagnets nay-ak$asbeheusedgethe TrRgNEtier fie) dost medgt bfappldead emyobe in

the range of from about 20 gauss to about 100 gauss, from about 3 auss to
about 90 g&dgss firidasthoutlBOrpatiesyt §TabGG B HauBsrip Sﬁllﬁﬁomfo@g gauss

to about 70,gguss. 5.1 rom aboulo A0 GAUSSs & aheii 60 aussnehr ogr abput 30

gauss to about gauss or from about 30 gauss to about 50 gauss. In
one enbodi neniothe ardc 3owrcéocki.l tlr and substdigteantar etlu@deéd negc ukfn

conditions. . T i ti
flegﬁbﬁgceg$ O%bh%%%le to be pushed into the duct and

around duct bends.
There is also provided an arc deposition apparatus
for coating a substrate, the apparatus comprising an arc

15 source for producing a plasma beam; a filter defined
above; and a magnetic field source for providing a
magnetic field to steer the plasma beam from the incident
‘direction to the emergent direction.

The disclosed arc deposition apparatus may have an

20 increased throughput or target utilization of the arc
source of about one to two fold . This is advantageous
because the target arc source may be chromium which 1is
expensive or graphite. Accordingly, the uniquely
disclosed bend is more cost effective.

25 The plasma beam can be guided by a curvi-linear
magnetic field along the length of the duct.
Alternatively, the plasma beam may be guided by a crossed
electric and magnetic field. Coils may also be provided
on the bended duct to provide the magnetic steering field

30 for the plasma beam. These coils may be optionally water

cooled. Alternatively, permanent magnets may also be
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10 apparatus may al so further conprise a vacuum chanber fluidly sealing the
arc source, filter and substrat. A vacuum neans may al so be provided to
create vawoumaamd8ti ons in the arc deposition apparat uPCT/EIGR0MACLBIMN
pressure created may be in the order of 10-6 Torr to 10-5 15Torr. The
arc deposition apparatus may further conprise a substrate hol der for

hol ding th bstrat [ [s1-1aN erg ihe arg, depasi;ty o,
appar at us ﬁggg'cghﬁeogg‘%é%%{%eggg??i gﬁ %BS\g&atffg thereagray allso beea 20
nmeans for eaabengf héroat kadeit | A0 aneiuzer embadiontnt] 0@ hgaases, defpognt i on

apparatus further, conprises ans_f applying a positive bias to the
filter ducgPout 30 RRUgFSc Gy O%tup%ﬁ yg%ﬁ§¥be958ﬁn§§f3él& ?(9 %' SSoure and
provi des pawel;+f &o bei st he rabg anbfor3@r gaskisi kidgadsut i goi tgams,

achi eved using a noveabl e striker |ocated insider the vacuum chanber. In
one efbodi fEnRr, abrutar dOcugdent ite adRVLLf dm 28UEH afdi™ 280°4kps3C from 30

to about 130,30ps, [18MA%H04aR0UL o10G 20PSy08, {99 80,Ea AROULLAQ. anps

and variatron-in the curren arres th ate of deposition of 1ons on the
substrate. 5Argavelktage is al so materi al dependent and for any given arc
source set up does not vary outside fal rI(y// narrow range. Wth a carbon

target the arc v8lt&4€ i SR EHNY abdur 289, Source: | nigdéSdmdthident ,

t he apparatysshtyniben conpueses Rk esrlaeated atry dosedaswadds of the
vacuum 5 chanber of the apﬁar atus and between the cathode target and the

pl asid duceprerpsdgcemirdi k3¢ mivattdradi r EOFPER S6f Br aVRFUBT tHErmber
macr o- parti.cl. e nd. | | e a amcJ e [ +o hey baf fl es
e e T

are non-con ceram c or e baffles may be non-
10 netal, eaguunmdreecahsgraphitelso cleeanprovidednotdhercmesdiodi mergyun he

baffl es are renovabl e for cleani g,

4 iy

conditions 1n the arc BEQ?%?%h apparatus. The wvacuum
pressure created may be in the order of 10"¢ Torr to 1075
15 Torr.

The arc deposition apparatus may further comprise a
substrate holder for holding the substrate. In one
embodiment, ‘where the arc deposition apparatus 1s a
cathodic arc deposition apparatus, there may also be a

20 means for cooling the cathode. In another embodiment,
the arc deposition apparatus further comprises means for
applying a positive bias to the filter duct.

An arc power supply may be connected to the source
and provides power for both the arc and for arc striking

25 (ignition), achieved using a moveable striker located
insider the vacuum chamber. In one embodiment, the arc
current is about from 20 to about 200 amps, from 30 to
about 150 amps, from 40 to about 100 amps or from 50 to
about 80 amps and variation in the current varies the

30 rate of deposition of ions on the substrate. Arc voltage

is also material dependent and for any given arc source
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Thi s apparatus may al so enabl e gas ionisation to occur in the arc.
Accordingly, in one enbodinent, a gas 15 introducing neans conprising a
gas inl etwpoprasmat in t he vacuum chanber. Ther e PC3/S&ke0/0pe3dyi ded a
met hod of filtering macro-particles froma plasma beam the nethod
conprising the steps of generating a plasm beam contai ning macro- 20

particles thereiiqgpassiag {he,pbasiaqheamsaentiai M JYRCF Sipar ti ot igs
therein through a filter defined above; and appl'ying a magnetic field to
t he pl asnmaabeambon Stagaett ié eplagsime dddaad rigm el danldixeadtowli r&¥fi on to the

energent directi.gn so tQ%%oBhﬁe%gDuQFePf nacr o- par ti cl S, 25 in_ said outl et
0

S S
portion is IessIPéV%.?ve th&"amoun o?p%%g?ggﬁaéyfgﬁbéji?P%ﬁﬁ%F?%let

portion. baffll’ onecanbadi gentorthelddd tern akeldeposi ttpe appaiahus and
met hods descri bed herein is capable of producing a coating that has | ess
t han &bout chgmwecr L 3bhar Peres tpsr Reteeari hfe Iceddhadtan-abdtE 8

MAcro- _par Ligl %%ep%rla“srsﬁ% t%p:llccto%tcj Nal &S Al AUl & MRCr o= s parstcl es

per cn2 of coating, le an about 4 nmacro-particles per cnR of coating,
| ess than &lvewel2 afcridrpampiccloepapérn cdrB ofndoatdmy, ior tkss phasmabout

1.8 macro-particles per ¢ f coati n erein the 5 macro-particles
are abour B Aol ST SepSR a0 hie o BA Y R Rore Form ik SHTE S 0. 8
m crons or el.gr.gafada@beut deEnGrONS ropTrET.geThe apaUts 12 97 B4 PNHeOrn b+ ger,
about 3 mcrons or |larger, about 4 mcrons or |arger, about 5 mcrons or
| ar géP, abBG{tag i r8ns BRI arfer ITABEUTES7 OO nFBEBRSCor TRAr @OtdbuUt 8

mcrons or o %%@g%en%poukﬁ%rﬁﬁgf¥¥é§r éﬁég?Eem@QQBHeloﬁgﬂnw%ﬁﬁéﬁiﬁgrgeﬁ

In one enbodinent, the filter, arc deposition apparatus and ne
descri bed peregioseiss capabl e of producing a coating that has | ess than about
L 8 macro-partigles per cng of 13coating, gherein the ygcro-particles are
about 0.2
occur in the arc. Accordingly, in one embodiment, a gas
15 introducing means comprising a gas inlet 1is present 'in
the vacuum chamber.

There is also provided a method of filtering macro-
particles from a plasma beam, the method comprising the
steps of generating a plasma beam containing macro-

20 particles therein; passing the plasma beam containing
macro-particles therein through a filter defined above;
and applying a magnetic field to the plasma beam to steer
the plasma beam from the incident direction to the
emergent direction so that the amount of macro-particles

25 in said outlet portion is less relative to the amount of
macro-particles in said inlet portion.

In one embodiment, the filter, arc deposition
apparatus and methods described herein is capable of
producing a coating that has less than about 10 macro-

30 particles per cm? of coating, less than about 8 macro-

particles per cm®’ of coating, less than about 6 macro-
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m crons or |arger. As a conparison, a known double bend filter

W thout an internediate portion configured to deviate the incident

di recti orwbDaotdg4m8er gent direction at an angle 20 of mpca/SGhen /08942 such as
that disclosed in WO 96/ 26531, produces a coating that has about 10 tines
nore macr o- particles per cn? of coating, wherein the macro-particles are

about 0.2 Q_Q-S_Le%r 1@1}:98&12 %?Brdc?aftl[?ﬁfcrﬁ boncg DL g¥hP9S macrolthe

acconpanyi g ravvl ngs | ustrate a disc ose enbodi nent and serves to
expl ai n t hpaptiindiepl gseof cihe odi sm:tajsledg,enbedsrrmﬂan Iabostt @ beacmader st ood,

however, that the drawi ngs are d f 30i || t
only, and ﬁé‘trtéé:‘iﬁsde??ﬁ?tci”bn %19 %ir}ﬂ"?g f‘%%elsn Eht | ISL? u%V\D{Jl 8"

2012/ 044258REHoS6a0%1/QQR34 2 r cszi Gt 1cA)§t|ELOM§ a §m<ﬂie wheve Df  ofige
enbodi nrent of the filter disclosed herein. g 1B shows a cross

secti dnal vieewooPatd cflielst e rof abiogt | X ¥ BWETONSorRt hé 2éAGTof TPRMENt 114
and taken %a:5 @qc&%ﬁ' e ﬂér@'_sr, abo SHth sl Qi $howss an- ordhagonaly, view of

the filter ovvsaperspectlve view of the filter
of Fig. 1Al microns or larger, about 2 microns or larger, about 3

microns or larger, about 4 microns or larger, about 5
microns or larger, about 6 microns or larger, about 7

10 microns or larger, about 8 microns or larger, about 9
microns or larger, about 10 microns or larger. In one
embodiment, the filter, arc deposition apparatus and
method described herein is capable of producing a coating
that has less than about 1.8 macro-particles per cm? of

15 coating, wherein the macro-particles are about 0.2
microns or larger.

As a comparison, a known double bend filter without
an intermediate portion configured to deviate the
incident direction to the emergent direction at an angle

20 of more than 90°, such as that disclosed in WO 96/26531,
produces a coating that has about 10 times more macro-
particles per cm? of coating, wherein the macro-particles

are about 0.2 microns or larger.

25 Brief Description Of Drawings
The accompanying drawings illustrate a disclosed
embodiment and serves to explain the principles of the
disclosed embodiment. It is to be understood, however,
that the drawings are designed for purposes of
30 illustration only, and not as a definition of the limits

of the invention.
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10Fig. | E shows the configuration of the magnetic field on the filter of

Fig. 10. Fig. 2A shows a side view of another embodi ment of the
filter diwolopdd4iserein. Fig. 2B shows a cros®CIscrianad3svi ew of
the filter 150f Fig. 2A viewed fromthe end of elenent 214 and taken al ong

the line A-A

on the fil

ter

Fig 20 shows the configuration of the nagnetic field

of Fig h id
anot her embodi mEAE - 26@f%ﬂﬁ¥%|?té%d8|¥&FHs€ réh%?%méoé&mgng %@‘gp shows a
si de V|em19519g§ guhedibaent hakctihe arc depositi on apparatus dlsclosed

her ei n.

of Fig. 4A vie

Dr awi ngs

Fig. 4B shows another view of the arc deposition apparatus

Wg d.fram the, end, of .gkement-t4lha 125, Dok abk ed hBesmiriqd on O

errlng to Figs. 1A, 1B, 10 and 1D, there is shown one

enbodlnentoﬁfEadllnknvﬂimbdofrbmltBE|m@dnﬂﬁcﬁlement 114 and taken

5

10

15

20

25

along the line A-A.

Fig.

Fig.

Fig. 1C shows an orthogonal view of the filter of

1A.

Fig. 1D shows a perspective view of the filter of

1A.

Fig. 1E shows the configuration of the magnetic

field on the filter of Fig. 1C.

Fig. 2A shows a side view of another embodiment of

the filter disclosed herein.

Fig. 2B shows a cross sectional view of the filter

of Fig. 2A viewed from the end of element 214 and taken

along the line A-A.

Fig. 2C shows the configuration of the magnetic

field on the filter of Fig. 2A.

Fig. 3 shows a side view of yet another embodiment

of the filter disclosed herein.

Fig. 4A shows a side view of one embodiment of the

arc deposition apparatus disclosed herein.

Fig. 4B shows another view of the arc deposition

apparatus of Fig. 4A viewed from the end of element 414.

one

Detailed Description Of Drawings

Referring to Figs. 1A, 1B, 1C and 1D, there is shown

embodiment of a filter 100 for filtering macro-
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particles froma plasm beam di scl osed herein. The filter 100 conprises a
bended duct which has a first portion 102 defined between a second portion
104 and awohorxb4passti on 106. The first portion 102 direeC3/SGhelipbesea beam
5 travelling in a first direction (arrow A) along the second portion 104
to a second direction (arrow B) along the third portion 106 such that the

second direction rr B) vi ates from.t first directi ( A at
an angle oPaffdc(l(ae%glf(e}\g% 2 %g‘fﬁénab}r?féndrgdlu%eloé%%dz hceg‘ln%)% 'sefswea %3{0%%1\%
portion 108 odefdoned ibetswaemen dad tduqronttiah 1k andf tter seeonibpor@? on 104.
As can be seen in the figures, the Ion]rgitudi nal axis of the fifth portion

110 i s not d5&FA&ECePRY IHe 7 oYU RAF taRN s 18f eRE Seddhid Ddr?ibhPas 104

and forms %Sanglrﬁ_eof £306anghe - Y) oW t hooneqapether . cJhe fosshh posihon 108
is configured to direct the plasma beamentering along arrow E and

traveld i ng tirava ltihingd dir ezt | e (far row et igirond atrikewf | At h pbeRYontngo to
the first directjion (arro al ong_t he second portio Q Os hat the
first direcfoR &Y WA V%(J[Q/ita? e3 ??S%rl?héltrﬁﬂ%dogi r(%cr'grioi)&fn arérﬂ%\g/.lvn ) at an
angl e of 3@neangherd) .portion Al oGansbehsegiat N thieg. séBomhi o i Sciai el 0SS
sectional view taken along line A-A,  the plane 109 on which the fifth
portion 1103rEoyn BAndFaHed (i aner M 1toR WAFeh CHé o5 108eddid Porth ot 104 i s
on are of fset .and f o ar angl Of«)30 with one another. The

t hr ee-di nensi onal configuration of filter 100 is al so apparent from Fig.

1D. 10 The Bérdédrdicct dlco zbiprteseprassbxeh fponrttihopar2l wonh@gted to

e o S BRGS0, B g bon SRk RN L gy HYlodspm Lhe
t he portion 104. As <can be seen in the figures, the
longitud;nal axis of the fifth portion 110 1is not
parallel‘to the longitudinal axis of the second portion
15 104 and forms an angle of 30°(angle Y) with one another.
The fourth portion 108 is configured to direct the plasma
beam entering along arrow E and travelling in a third
direction (arrow C)‘along the fifth portion 110 to the
first direction (arrow A) along the second portion 104,
20 such that the first direction (arrow A) deviates from the
third direction (arrow C) at an angle of 30°(angle Y).

As can be seen in Fig. 1B which is a cross sectional
view taken along line A-A, the'plane 109 on which the
fifth portion 110 is on and.the plane 111 on which the

25 second portion 104 is on are offset and forms an angle of
30° with one another. The three-dimensional configuration
of filter 100 is also apparent from Fig. 1D.

The bended duct also comprises a sixth portion 112
connected to the first portion 102 for allowing macro-

30 particles to travel from the second portion 104 the sixth

portion 112. As <can be seen in the figures, the
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| ongi tudi nal axis of the sixth portion 112 and the |ongitudinal axis of the
second portion 104 are parallel to each other. Mre specifically, the sixth
portion WO 2aredh4815¢ second portion 104 share the sane | engisGadilmadd4>axi s.

The bended duct al so conprises a seventh portion 114 connected to the first
portion 102 where the longitudinal axis of the seventh portion 114 and the

| ongi t udi ngloraxicsiahANe salsr dopor thon 106.arepparabhel 1930 Lgqeaghe ot her.
More specifically, the seventh portion 114 and the third portion 106 share
t he sane | dngictiddidialalaixsis Fronthdesécgudepoirt ican 1dlds@a e sEenl 1dht t he

| ongi t udi nal axes of the second portion 104, third portion 106, sjxth
portion 11goanetf VRRhE AT poﬁf)irSn S%ffﬁ%iciﬁ]l&ys’ec&%t nggknéﬂ% nnti.i(£
The bended guctt2d S@<EORBN iwaS th el ght spentd ofnd 16 agef | ety betaeeanl t he

third portion 106 and a ninth portion 118. As can be seen in the figures,
the | dngit@disal axis of the ninth portion 118 is not parallel to the 20

| ongi tudinal axi gyof theaLhi rdoporsjon 186.and Lorums 3y angl &.0f 40, (angl e

Z) with one another. e el ght portion i's configure rect the

pl asma beamltdr avelnrieng dch ttre seltondfiisect pomtianr owOB) altenge t hehd¢ hird
portion 106 to.a fourth direction (arrow D), along 25 t ninth portion
75, auch CRECIEHE LG ¢ At 6t | SR o aF FERNES denii®s fridm PhE Saibng
direction (ang@wuBinall akangbe @hedQ HianglgodioalbbesrB20amy1 pés0 be
present throughout the duct in different portions as required. The baffles

120 é&n be tionserhe@the 1t-hélogedisresridicyddnti die ofetaidtheridd @uct 14 hr ough
the openi ngy.atefhe gndOf QPEEbRF‘%]o%lzsﬁQPe“t‘}ke ame 19 \’%ﬂlrdfhé‘f& the
act c e FIT" 100 a

pl asma beam conprising macro-particles enters t ter ong arrow E
and travel sxfiisr.st Fromt hehd hifidudiesect t orcgrar rdwoC)bal ergrf i £thhtporiie on 110

on plane 109, passes the fourth portion 108, ' 5 then trave in the first
di rgcti on Qplgg\}}/uﬂ)m ﬁon@@é’cor‘? pSTtS orf 64 %n &ﬂratrfeonllll,défiass%“f?rst

portion 102cbefigne cdwngkngrdi (RO Mh agapn ahQl téayeheih npbhe 1$econd

direction (arrow B) along the third portion 106 al so on plane 111. The
firstloportiloferg2credll es siingd espaipt -

The bended duct also comprises an eight portion 116

defined between the third portion 106 and a ninth portion

118. As can be seen in the figures, the longitudinal axis

of the ninth portion 118 1is not parallel to the

20 longitudinal axis of the third portion 106 and forms an

angle of 40° (angle Z) with one another. The eight

portion 116 1is configured to direct the plasma beam

travelling in the second direction (arrow B) along the

third portion 106 to a fourth direction (arrow D) along

25 the ninth portion 118, such that the fourth direction

(arrow D) deviates from the second direction (arrow B) at

an angle of 40° (angle 2Z). Baffles 120 may also be

present throughout the duct in different portions as

required. The Dbaffles 120 can be inserted to the

30 different portions of the bended duct through the

openings at the end of portions 112 and 114.
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10 change of direction (nore than 90) in the plasm beami: As the change of
direction is sharp, macro-particles which have a | arger mass and therefore
a | arger woentZm@4158an the positive ions in the plasnma beamwSGeartonesdz t heir
path towards the sixth portion 112, wi thout substantial 15 deviation in
directions. Accordingly, a large anount of nmacro-particles are renoved from

the plasma beamyigsyl tingyisd theypl aﬁ@smsa%&gﬁve&bﬁnﬁmgﬂn{;hemésfgnd

direction (arrow B) along the third portion 106 having littfe or n
macr o- par t icalmsi.c I'Ere grltestm tean ey 200 tabwed safrom E hend hi ravebst i on

106, towar t he ei_gh porti.on 116 _and.changes direction,to the, fourth
di rection (&rrrsg\lv D)’ a%geprgé'éégs é%ﬁﬁgfﬁg n?ﬁfﬁoﬁor §onai<i%9 Agﬁﬁf)gtrate
(not shownpdiltaced Mo the ©ngnof 10he peBkhspamid abulls isotdiesn coaged by

the plasma beam which_is 25 substanti al Id)é free fromnmacro-particles. The
ni nth YortitdF1118r88FESs 48 a-Rodnrectithg BrRGkidh deréet's the pladda beam

fromthe t*yerc%nreprgg Nok06 4o fgrlﬁq% SuUpst ;;?é%es-rhfifé‘é?%@rtpf)éﬂi P 1ﬁ6 ey

al so renove any r ual macro-p es th ave managed to enter the
30t hi rd porteiforel0thanqRefer dingtokpy. BEatimerted sshawal he ncdrifed gseadndn of

the magnetic field on the filter of Fig. .. The magnetic field is required
to steer tHe SR bHm o#r}tﬁéoflﬁré;?lediltrqélc{? oﬂofﬂ&l%aﬁgé BY S rdW A to
5 second digneeid on1indi T ed iy tar pewtBonTheosymodu O d ndircatessk hgp

direction of the magnetic field travelling out of the plane of the paper
whi | % he $Papele 0F ndi Eatesor hémairfedtioon Ut° k hénmagRetd @ el edfavel | i ng

into the phane gt the,paperyr The sgneli c;iti eld, sprengihy 1001 £ he encl osed
areas 1, 2, 3 and 4 1s Wwthin 20 to 100
which have a larger mass and therefore a larger inertia
than the positive ions in the plasma beam, continue their
path towards the sixth portion 112, without substantial
15 deviation in directions. Accordingly, a large amount of
macro-particles are removed from the plasma beam
resulting in the plasma beam travelling in the second
direction (arrow B) along the third portion 106 having
little or no macro-particles. The plasma beam then
20 travels from the third portion 106, towards the eighth
portion 116 and changes direétion to the fourth direction
(arrow D) and proceeds along the ninth portion 118. A
substrate (not shown) placed at the end of the ninth
portion 118 is then coated by the plasma beam which is
25 substantially free from macro-particles. The ninth
portion 118 serves as a connecting arm which directs the
plasma beam from the third portion 106 to a fixed
substrate. The eighth portion 116 may also remove any
residual macro-particles that have managed to enter the

30 third portion 106.
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gauss. Referring to Fig. 2A and 2B, there is shown anot her enbodi nent
of a filter 200 for filtering macro-particles froma plasm beam di scl osed
herei n. TWe 20idwe258200 15 conprises a bended duct whi clrCiss2611f0D0332
portion 202 defined between a second portion 204 and a third portion 206.
The first portion 202 directs the plasma beamtravelling in a first

direction (arro ) - t se dp ion 20 o] sec irectjon
(arrow B) alongwég§€ﬂha hi?g po???bn gg%’suc eﬁﬁ%t ?ﬁ% sgggﬁg di?%%tion
(arrow B) devifates triam tdfe fHe staghateict | fore (droow A atlasr anfl Bigf 121.6
(angle X). The bended duct al so conprises a fourth portion 208
defined betieen! B f PREREPAFt iTdrP P10t nd SOle T&EC Il S55CportiorP2d2M As can

be seen inydhe fEguheshd hesilongiiudinaloraxi §q0fatbe Hyf thrpoptironc 210

| ying on plane 209 is offset to the |ongitudinal axis of the second portion
204 | i ng ergunahed2ttcandnf oindiantadgl ey ofaRfoy aryl e THe wistyimborle Canot her .
The fourth portion 208 is 30configured to direct the plasma beamtravelling
in a thirddid&aticon (i rdw eyt aPongtt RBSf MROR ST iTorf IFL0- E 3V e Hhe¥i r st
direction (arrowAA) ,alon he secon ortli 204, . such at e firgst
direction éoélrtr ov(\)/fﬁ) tggvi gtléggf rggn tﬁ%gt hﬁg‘%ﬁgﬁi r"éel% ]F%n t(%’igr]r osvyr%Olat één angl e
of 200 (angheii¥atdsAxtandbesseesni 8f Fige 2Bgnteha d hriea-dli tenss Dhahg
configuration of filter 200 is apparent The plane 209 on which the fifth
portion 216Nt® difearRiae pf ahde2R2P8A - Wi Eh MRE tdonid 6t t$oRE294 i s on

i s ofifiset and for s, an, 809! £-0f 529, wiot h png, angt her ,,;1@The Jhended; gyct al so
conprises a sixth portion 212
gauss.

Refefring to Fig. 2A and 2B, there is shown another
embodiment of a filter 200 for filtering macro-particles
from a plasma beam disclosed herein. The filter 200
15 comprises a bended duct which has a first portion 202
defined between a second portion 204 and a third portion
206. The first portion 202 directs the plasma beam
travelling in a first direction (arrow A) along ‘the
second portion 204 to a second direction (arrow '‘B) along
20 the third portion 206 such that the second direction
(arrow B) deviates from the first direction (arrow A) at

an angle of 121.6° (angle X).
The bended duct also comprises a fourth portion 208
defined between a fifth portion 210 and the second
25 portion 204. As <can be seen 1in the figures, the
longitudinal axis of the fifth portion 210 lying on plane
209 is offset to the longitudinal axis of the second
portion 204 lying on plane 211 and forms an angle of 20°
(angle Y) with one another. The fourth portion 208 is
30 configured to direct the plasma beam travelling in a

third direction (arrow C) along the fifth portion 210 to
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connected to the first portion 202 for allow ng macro-particles to travel
fromthe second portion 204 the sixth portion 212. As can be seen in the
figures, wbeolznmgissudi nal axis of the sixth portion 212pam$Gzing/00d342

| ongi tudi nal axis of the second portion 204 are parallel to each other.
More specifically, the sixth portion 212 and the second portion 204 share
the sane | ongitudi nal .axis. .The pbended ct_.al so nprises sevent h

por o 20 213 4 LT he R bd T tne TTTE Por (1 oH DoS ARErE THe TGt Chdi na
axi s of thesgvestibnpaHdtontRd4 mndd hailkeagibudi nadraxi g)ofdéheatdisrd
portion 206 are parallel to each other. Mre specifically, the seventh
portion 214raid the t FPAdpoPir6Rt206 shar&otheCsandt| oRgi t¥WPREI 25  axis.

Fromthe fizg)ur(%gglte gan al so be seen that the |ongitudinal axes of the
second portion 4, third portion 206, sixth portion 212 and seventh
porti én 214 int érssecénatbea seagl eémpoFayg. 2B, the thhesetdinsesiohel pl asma

beam conpri si macr o- 30parti.cles ers the filter along arro and
travel s fi rcé’tnr%%r‘?‘%rﬁé?]t% rogr (ﬁlﬁetceﬁ Y ars SRR Ht'on effg?%an%o%%o%nﬂo on
pl ane 209, \passescideri ount Roperibinon 208i st ban didavehs pnahke Fir sén

direction (arrow A) along second portion 204 on plane 211, passes first
portion 20¥hgefortdecsaefngg RATte@n oP hgad Pt ot § rabvfetet mitef QERBNAN 5

direction I(ag{?rl%\évf@ ﬁOOQQtEhSnEthQtRQEt.i on 206 also on plane 211. The

first port results 1n a sharp change of direction (nore than 90) in
t he pliasma beamThas hdedehadget ok ldior esinmni s&s shasp xthm@ao-tpart i ¢l2s whi ch

have a |l arger mass and therefore a |arger i i 10 .t han the positive
ions in th Oﬁ]lna?scﬁﬁoge%% tESntﬁﬁf&tﬁ@F +pat %%ﬁ)wg?ﬁsa hgwslin@t H'porion 212,
Wit hout substrantdials devitatdven ifrdi new i sond\geordiagl 304 achar gexanount  of

macro-particles are renoved fromthe plasma beamresulting in the plasm
beam t r avelPdrig o tHe seddhd cam dPfecERBR (&fy owhB) &l shyrete thHI®d

portiOP zoq % %in%fgaﬁt!%xqg n%fWHGBQ’pgﬁkkﬁleﬁortion 212 and the
Ref erri ngt oFi % ztél therei Sshownt he
15 longitudinal axis of the second portion 204 are parallel
to each other. More specifically, the sixth portion 212
and the second portion 204 share the same longitudinal
axis.
The bended duct also comprises a seventh portion
20 214 connected to the first portion 202 where the
longitudinal axis of the seventh portion 214 and the
longitudinal axis of the third portion 206 are parallel
to each other. More specifically, the seventh portion 214
and the third portion 206 share the same longitudinal
25 axis. From the figures it can also be seen that the
longitudinal axes of the second portion 204, third
portion 206, sixth portion 212 and seventh portion 214
intersect at a single point.
When 1in wuse, the plasma beam comprising macro-
30 particles enters the filter along arrow E and travels

first in the third direction (arrow C) along fifth
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configuration of the magnetic field on the filter of Fig. 2A. The magnetic
field is required to steer the plasma 20 beamfromthe first direction

i ndi cat edwbyomvmes8A of Fig. 2A to second direction indipcasedotypoez ow B of
Fig. 2A. The synbol O indicates the direction of the magnetic field
travelling out of the plane of the paper while the synbolindicates the

direction g thie rmanetie fighd 285, ¢ LAKELLI g d %%é;r PAANERTobhe paper.

The magnetic f| el d strengt ose ar eas is Wihin 20
to 100 gauss$en travRéfer Lhngtmew ﬁJorsF’u gdiFedthere i(srshewnAyetaaoonther
enbodi mrent of a filter, 30%40r frlterr mac 0- art cles 30froma Iasma

beam di scl G$&EF Wer&ih 3 19 P I i hoed et ohi 82 has a

first portigrc3Q2 cr@igﬂe@ hetueenoa %%qrﬂld wrﬁkweﬁoélnar%@ thisdgportion
306. The first portion 302 directs the plasma beamtravelling in a first

di rectd on (s al DEPY h) saéond pére i on B04rebt 408e@0fd aligeceion
(arrow B) alang §1§rhe M‘ rdpart %r%%nsu {3‘ ”&aés s Sqg¢ond g%lég(%' on

(arrow B) deviates fromt efrrst |rect|on arrow at an an 120
(angl e X). change The dendedidoct(malso themr&es anfcuuret Ip Jpomtd Ore &08

defi ned betwee fifth portion 310 and the second 10 portion 304. As can
be seen in Qr‘legu?}é%ng heo"il ofgiTETdiirR  &Ri sSBPFIPhe FGFEH PRTEHOMSS10 i s

not parall e«lhlrctpl the,d ongi hugeRahdd s therse6pBdapardiiqay 304 ang, for ms
an arigjle of less than 90 with one another. The fourth portion 308 is

conf ildur ed thendithecrastid iplcasipms 19 Bewmakasre 19eani recentinye dieketion
(oo © 34090 0% (44 ROSLIR LRy 1ok LB, £
devi ates fdemitheophiid directions(arcawrGinaflyan angkegef aressitt hah 90.

macro-particles are removed from the plasma beam

resulting in the plasma beam travelling in the second

15 direction (arrow B) along the third portion 206 having

little or no macro-particles.

Referring to Fig. 2C, there is shown the

configuration of the magnetic field on the filter of Fig.

2A. The magnetic field is required to steer the plasma

20 beam from the first direction indicated by arrow A of

Fig. 2A to second direction indicated by arrow B of Fig.

2A. The symbol © indicates the direction of the magnetic

field travelling out of the plane of the paper while the

symbol ® indicates the direction of the magnetic field
25 travelling into the plane of the paper. The magnetic
field strength of the enclosed areas 1, 2 and 3 is within

20 to 100 gauss.
Referring now to Fig. 3, there is shown yet another
embodiment of a filter 300 for filtering macro-particles
30 from a plasma beam disclosed herein. The filter 300

comprises a bended duct which has a first portion 302
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20The bended duct al so conprises a sixth portion 312 connected to the first
portion 302 for allow ng nmacro-particles to travel fromthe second portion
304 the swethizpasisson 312. As can be seen in the figureeCTiSeeoli®ngs42 udi nal

axis of the sixth portion 312 and the 25 |ongitudinal axis of the second

Portion 304 are parallel to each other. Mre specifically, the sixth

portion 31 he second port 3 har e e l.angi i Xi S.
The bended%gafg?lesﬁ o) corrpri%e%éggg%vgﬁ%ﬁpgért?)}bgna%%g‘a t?(()E%lklnéec (Begg%%ﬁt he
first porti3@®.30Zheherfershe pbomgibudi B&R adiseofst hehsevehstmporbean 314

and the | ongi tudi nal ,axis of, the third portion 306 are parallel to each
oher | hor 6 eIl 15 ot betenl e tih SP4 T the  ehePd piSi on 306
share the sam@nongttudimaloaxts. a FEepbhhedfiirgurasn t(Labalso Heosgen that

the 5 longitudinal axes of the second portion 304, third portion 306,
si xt h Sport ithre 31R1isAd BEVeh Pkt | BRcB14hat ertdect sacondsi tigi Pt .

When in use, .the as b C I Sl Ng<E o-Jparti.cles I ilter 300
al ong arroﬁvaﬁrgﬁvd%rave lsaecae% %@t%% Fggg%hidregegitgeoglt i((;%r?r?jeﬁr%)w eSC? al ong
fifth portiaonadtQe paEsded °t hanfogdw th .portion 308, then travels in the first

direction (arrow A) alo second portion 304, passes first portio 02
bef ore chaﬁlgi ngT&PieZ &s[r]cpfgi ég‘éﬁ% %&%a%mmeﬁﬁél TEUTHE d?or‘gtc]ﬁrbn?Q%rrow B)

along 15 yhe itk dppektkiean 306£;ifhe fhostipArton 29241 eswld t ssédo@qsharp
change of direction (nmore than 90) in the plasma beam As the change of
di redtli on Porshgnp, Jfcr o-fpar t¢aP esPohi ERSRavéna Itdrgert igdsEesand $herefore

a |larger inerti. th sitive . iQns d. e ng. b - i nue
t heir pat hﬂtgg\t?ér%ggdqﬁ%el s%ﬁ% pé)rf;/i otlr?%glzf],ﬁvﬁtk?héﬁjt&éu st g%rq al 12étge\(iri%;l%i on in
di recti onspakedardi ngl ytha Langetanduall efximaced- paet isclcesicargorteimved from

t he pl asrraégeam resulting in ttle ma be rgg r9aovdelvliitqqg in the second

pl
direction C&Ar GRIBY CAFBng ™t REH15 < 5 one another.

The fourth portion 308 is configured to direct the plasma

15 beam travelling in a third direction (arrow C) along the
fifth portion 310 to the first direction (arrow A) along
the second portion 304, such that the first direction
(arrow A) deviates from the third direction (arrow C) at
an angle of less than 90°.

20 The bended duct also comprises a sixth portion 312
connected to the first portion 302 for allowing macro-
particles to travel from the second portion 304 the sixth
portion 312. As <can be seen in the figures, the
longitudinal axis of the sixth portion 312 and the

25 longitudinal axis of the second portion 304 are parallel
to each other. More specificalIy, the sixth portion 312
and the second portion 304 share the same longitudinal
axis.

The bended duct also comprises a seventh portion

30 314 connected to the first portion 302 where the

longitudinal axis of the seventh portion 314 and the

31



25306 having little or no macro-particles. Referring now to Fig. 4A
and 4B, there is shown one enbodi nent of an arc deposition apparatus 400

di scl osedwbepeini4258he arc deposition apparatus al so compcirseg0d/ohedse er

havi ng a bended duct which is structurally simlar 30as those descri bed
above and based on simlar working principles. Reference nunerals 402, 404,

406, 408, 410, :412i8nd %ﬁ&oakest@a%n%ﬁﬁcpe?&w@ﬁx BQ ¢t @eref'%ﬁ??gé%' on,

t he second portlon the third portion, ourth portion,
portion, the siadth qidretd -ofcarsd tovec isfevenit Yy portte osevdineh fpdthigorsion 410

s dlrectly ed o _a_catho arc source 420 for eneralon of a
pl asma bear‘?l ?n&&ﬁ%s??iﬁ éopo$06 aéﬁth cSAFE sbUteet 438 dted may

be one whi (élb(l'SS conpRnl yhdised gukclshe; ar tearExanebesp,of whirchtake diggl osed
in WO 96/26531 and US 6, 736, 8 49 both of which are incorporated herein by

10r ef er encéCnggpliddarilongxes  ofThe s eseatand dikkttosed 1304 er, tlated
deposi tion %F%F&qrgt U§o@nds”§ttﬂ°f1§oﬁ§ror§' Aphe el %éizgr(?{hd%or%lon {E”‘DV' ng

a | arge anbunt of nacro-particl om a pl asna beam vant.ageously, the
presently dngelresed faitl taersma_;rl(e ¢eposi.ti on apparatus and nethods are

capabl e of prod ng coati ng less than 1.8 nmacro-particles of
roetor 0.5 i USSR HPer BBRCcRES 514 c dutTihg. C RGO G YICB0" t he

di scl osed fplalrttqrc,le@r CeflEPPSI tﬂlq&eaﬁppaoattﬁ&@ get-hQdss may qgber psedh £ or
ultra clean applications such as for the coating hard di sk conponents where

t he plesendédrsft alhi ghhRunbBirdf @hepetparnti chesocanhbt HEORBI efJaf*'el@I The
arc deposi t, IOng%@paSrl%t ”spfékdeﬁr%’dfoﬂ?hah%?t% ableg 23,49f glla%/\h dSS and

rel atively high deposi‘tiion Tate as conpare her doating
al so capablie ofher dducitngdt héot coat i mg:rfqu nﬁ ) ofa less Blaannanrpoﬁundm

characterl siles s especiel |y benel i cigl fotouse bn e copliga of bard
of the arcaguin€flo travel in the second direction (arrow B) along
15 the third portion 306. The first portion 202 results in a
sharp change of direction (more than 90°) in the plasma
beam. As the <change of direction 1is sharp, macro-
particles which have a larger mass and therefore a larger
inertia than the positive 1ons in the plasma bean,
20 continue  their path towards the sixth portion 312,
without substantial deviation in directions. Accordingly,
a large amount of macro-particles are removed from the
plasma beam resulting in the plasma beam travelling in
the second direction (arrow B) along the third portion
25 306 having little or no macro-particles.
| Referring now to Fig. 4A and 4B, there is shown one
embodiment of an arc deposition apparatus 400 disclosed
herein. The arc deposition apparatus also comprises a
filter having a bended duct which is structurally similar
30 as those described above and: based on similar working

principles. Reference numerals’402, 404, 406, 408, 410,
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used for the disclosed filter, arc deposition apparatus and nethods is
typically between about 50 to about 80 anps, which is higher than the
typi cal vwokoreg4smages of currently known filters (abouPCZBG2e118803a2ps),
there is a large inprovenent in arc stability as conpared to 5
conventional filters, arc deposition apparatuses and arc deposition

met hods. 1@%&@n{§%ﬁpﬁfﬁé&@@@e heen, enpl p?fg%{e()%g?§f£hbe

equi val ent e sent invention, it w pparenf to the
person ski ldhed igeddred arportifomf t etheeadhngdt hedrriegoi ngclte scfosutle, t hat

various other .nodifications.and adaptations of .the invention may be nade
therein wi tﬂ?&ﬁlo§épa§€?n Jffrtg}n Pﬁé%gﬁflri ttr}é%dsé'é%g‘e RFTthel r‘?vn%tFBﬁ and it
is intendeddvrattral lpssuchiodifHeats omns, angh adapt ati pns coMegW-EBE Dyt he
scope of 15the appended clainms. Cains 1.Afilter for filtering

macr o-Yar t ixdIteLacorhca Pl beanr ¢ eyide er2Gofpr | serrr at bemdefl duct 5
for carri agﬁa%fmas%garm %%rﬁacaq(?ﬁrxqg E#:(gs P@P\q d 1%%@ COMPr SRS AL 5 e

i nt ernedi ate portion connected at end to aninlet portion having a
| ongi t udi nalouaxies 4iGs posstl rany ape i ohet wphhiahe iand catncanot hevredpposthe end to

an outlet porti havi ng a. 10,1 ongi tudinal axis di sposed on an outl et

pl ane, sai&anIE&ﬁﬂﬁ%?%nonggﬁfﬁg%§ﬁ(ﬁﬁﬁ?ﬁﬁﬁ? eéﬂ1&&ﬂ%ﬁ¢%QQfl and

macr o- partivel es, 196t r avel Haawar ds sahd chntardredhab epBeLt AN Har A | Hgi dent

direction and said outlet portion allow ng said plasma beamto 15 iravel

fromidai d irsferPddicat e portion in an energent direction, said intermediate

portion being configured to deviate the incident direction to the energent

direction at an angle of nore than 90 and t hereby renove macro-
Applications

The presently disclosed filter, arc deposition
apparatus and methods are simple vyet effective for
15 removing a large amount of macro-particles from a plasma
‘beam. Advantageously, the presently disclosed filter, arc
deposition apparatus and methods are capable of producing
coating having less than 1.8 macro-particles of diameter
0.2 microns or larger per cm®’ of coating. Accordingly,
20 the disclosed filter, arc deposition apparatus and
methods may be uséd for ultralclean applications such as
for the coating hard disk components where the presence
of a high number of macro-particles cannot be tolerated.
The arc deposition apparatus and methods are also capable
25 of having a relatively high deposition rate as compared
to other coating methods and also capable of producing
thin coating films of less than 2nm. Such characteristics
are especially beneficial for use in the coating of hard
disk components on an industrial scale. |
30 Furthermore, as the working range of the arc current

used for the disclosed filter, arc deposition apparatus
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20 particles fromsaid plasma beamas it passes through said internedi ate
portion, and wherein said inlet plane and outlet plane are disposed at an
of f set amgbeoframseach other. 252. The filter as cl ai me@CirsGebaonnsi?
wherein the offset angle between the inlet plane and outlet plane is nore

t han 20. 3. The filter as clainmed in claim2, wherein the 300ffset
angl e bet t J t . tl | ane_j etzween 2Q,10.60,~4. The
filter as c%g n@%tllllﬁégl ai mag,ypggg%ie) nbﬁtg%oe s%ft)éléﬁglgé@ebg?m%gr? the89nl et

pl ane and euidset wiiagte is begmeentB8nt @hé5.tyvph.calhevdrilitrey msngdai oBd in
any one of the preceding clains, wherein the internediate portiop is

confi gur ed 3 TFé\H1at g‘”ﬁ%@ ifst,litcfé?ﬁ AUt idh 1D The®@hge tedfrectfon at
an angl e ofy frqam noke-dhake D0 tonl egs-t hana18@.1t10 &s Thedddtey asoclai med
in any one of the preceding clainms, wherein the inlet portion and the

out | et> por tdomy edrte dng It hel Keaves pl anhe. deB?siThenf e sgsiselsaiaietl #ACany one

of the pr e%%%i %Q&(ilo%i rﬁ%th\g&?.ei n the inlet portion conprises an upstream
portion connected at one end to the internediate portion for passing said
pl asma beam fr omhan ear o esoluree 1tec0 S ftbd e erimedk atleeqor tém@piloyed  to
describe equivalent embodiments of the present invention,
it will be apparent to the person skilled in the art
10 after reading the foregoing disclosure, that various
other modifications and adaptations of the invention may
be made therein without departing from the spirit and
scope of the invention and it is intended that all such

modifications and adaptations come within the scope of

15 the appended claims.
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20 8. The filter as claimed in claim?7, wherein said upstreamportion is
configured to deviate the direction of the plasm beamfromthe arc source
to the i nwpDaeryo4aissecti on of said intermedi ate 25porti oRCAISGaM1AngHE Of

| ess than 90. 9. The filter as clained in any one of clains 7 or 8,
said upstreamportion is configured to prevent at |east sone

macro-particles that have 30been fil teLeds
reverting back into the arc source.

The filter as clainmed in any one of the
precedi ngcl ai ms,whar ef nt e ntfermediiate rport | oaceorprairseslast i Esbmexsended
part for 5all ow ng Cro- artichﬁiatgltravel Iggglsald incident dir

to the extended parte

5

10

15

20

25

30

asma eam, lter comp a bended duct
for carriage of said plasma beam, the bended duct
comprising an intermediate portion connected at
one end to an inlet portion having a longitudinal
axis disposed on an inlet plane and at another
opposite end to an outlet portion having a
longitudinal axis disposed on an outlet plane,
said inlet portion allowing said plasma beam
containing macro-particles to travel toward said
intermediate portion in an incident direction and
said outlet portion allowing said plasma beam to
travel from said intermediate portion in an
emergent direction, said intermediate portion
beihg configured to deviate the incident
direction to the emergent direction at an angle
of more than 90° and thereby remove macro-
particles from said plasma beam as 1t passes
through said intermediate portion, and wherein

said inlet plane and outlet plane are disposed at

an offset angle from each other.

. The filter as claimed in claim 1, wherein the

offset angle between the inlet plane and outlet

plane is more than 20°

. The filter as claimed in claim 2, wherein the

offset angle between the inlet plane and outlet

plane is between 20° to 60°
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11. The filter as clained in claim 10, wherein the |ongitudinal axis of the
first extended part is 1lOsubstantially parallel to the |ongitudinal axis of
t he inl etwpantzw@mssl2. The filter as clained in any onePofi/Schaitepo3dd to 11,
wherein the internediate portion further 15 conprises a second extended
part that has a |ongitudinal axis which is substantially parallel to the

| ongi tudi nal axiss phel NS QU eLsPALiifeq 13n ThEaEh! (21 ahetkaimedhin any
one of the 20 preceding clains erein the outlet portion further

conpri ses a downstoéasepornigdre mmmwﬁﬁ@dtae omel &ndpl eneherniant ev ket at e
portion for passing sai d, glssga bea t bd internediate portion to a
substrate. 25 14. Fha"fittePSheeglat glain113, wherei n said
downstream portion is configured to deV|ate the direction of the plasna
beam fromthe ener%ent direction to a direction toward said 30substrate at
an and e of les$-thap HpltersasTraafieded Nadidl A0fedl itiihyPoRecdinNel ai ns

13 or14, wherein th8199mg§tr%ﬂgkgqrthnk§ intermediate portion is

configured to deviate the incident direction to
the emergent direction at an angle of from more
than 90° to less than 180°
10
6. The filter as claimed in any one of the preceding
claims, wherein the inlet portion and the outlet

portion are in the same plane.

15 7. The filter as claimed in any one of the preceding
claims, wherein the inlet portion comprises an
upstream portion connected at one end to the
intermediate portion for passing said plasma beam
from an arc source to said intermediate portion.

20

8. The filter as claimed in claim 7, wherein said
upstream portion 1is configured to deviate the
direction of the plasma beam from the arc source
to the incident direction of said intermediate

25 portion at an angle of less than 90°

9. The filter as claimed in any one of claims 7 or

8, wherein said upstream portion is configured to

prevent at least some macro-particles that have

30 been filtered by the intermediate portion from

reverting back into the arc source.
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configured to further filter at |east some renmaining nmacro-particles that
have not been 5filtered by the internediate portion and thereby prevent

t hem passwogotbonmesBr eam t o t he substrate. 16. An arc depogiSGzar/oagspar at us
for coating a substrate, the apparatus 'conprising: 10an arc source for
produci ng a plasm beam afilter for filtering macro-particles from
a plasma beam the filter conprising a bended duct for carriage of said

pl asma beam the bended duct conprising an intermnmedi ate portion connected
15 at one end td0an ifdlhet gdordttiean havi npgaamkdngiitudansl exés df spolsed on an
inlet plane and at anotger opposite end to an. outlﬁg por.tril on hac\(i ng a

| ongi tudi nal axis %F%f)% ed%on an? ot et "ﬁ)l%ﬂ said'Tnl et E)%rrr{l? on- ar | ow ng
sai d pl asma 20beanpeoptahni BEImPREEEsPakt | Gliestt 0 ditasled owsd k Saf élr
intermediate portion in an incident direction and said out]et portion

al | owing sai d pl as#hlBeahdt one¢aoePaFEbf1 8&i dt P nteF#eet at2lPR¥ti DAL En an

emer gent di rection; , said, 23; | oL e gRdi 8t £nROELEORABAI BY,EONTi gured to

deviate the incident direction to ?ﬁe ener gent gl rection at an angle of
nore than 90 and t hereby renove macro-particles fromsaid plasm beamas it

passes through idinter iate or%i on, .and 3CeEwher in said inlet plane
and outlet pl anzﬁare%esp@e rata%nC F48f ARgF aflfnoﬁ’loéacvﬁ]eo]ieﬁé};t%%d
longitudinal axis of the first extended part is
10 substantially parallel to the longitudinal axis

of the inlet portion.

12. The filter as claimed in any one of claims 10

to 11, wherein the intermediate portion further

15 comprises a second extended part that has a
longitudinal axis which is substantially parallel

to the longitudinal axis of the outlet portion.

13. The filter as claimed 1in any one of the

20 preceding claims, wherein the outlet portion
further comprises a downstream portion connected

at one end to the intermediate portion for

passing said plasma beam from said intermediate

portion to a substrate.

25
14. The filter as claimed in claim 13, wherein
said downstream portion is configured to deviate
the direction of +the plasma beam from the
emergent direction to a direction toward said
30 substrate at an angle of less than 90°.

37



a magnetic field source for providing a magnetic field to steer the plasm
beam fromthe incident direction to the energent direction. 517. The arc
deposi ti onOappra4ars8s as clainmed in claim16, wherein thecoiSGzet/oarsgt e
between the inlet plane and outlet plane is nore than 200 . 18. The arc
deposition apparatus as clainmed in any 10 one of clains 16 or 17, wherein

the internedi at gspor trin@n 45 G NG conkl guped %rﬂ?\/(%ﬁé eskhe 1iN¢demm
direction to the energent direction at an angle of fromnore than 90 to
| ess than 180. 151® THd,ar cwdepesnt i drhappaoatss rasncl apoedion anys one of

| ai 16 to 18, wh in the iplet i on dth | ti
The same pl ane. 20O THE &S dehbei {Lgh "Sdpar U s CF ai 1885 20  one

of the claims 16 teedfin@rehacibephnt et1pOrt LAALCORPRESEHAN URsdd eam
portion connected at_ one end to the internediate portion for passing said
pl asm& beam from aht BfRrebubre the st iHRErRi BPEL bRt PHA. TB1ELY The arc

deposi tion appar atuls, as, ¢! !W%éé‘s%a%i&}%? £ Wosh ey rgﬁé%#@%%ﬁ@. portion
IS conflgured to deviate the dirtectionh o t%e prasnma peamr trom e arc
source to the incident 30direction of said internediate portion at an
16. An arc deposition apparatus for coating a
substrate, the apparatus comprising:
10 an arc source for producing a plasma beam;
a filter for filtering macro-particles from
a plasma beam, the filter comprising a bended
duct for carriage of said plasma beam, the bended
duct comprising an intermediate portion connected
15 at one end to an inlet portion having a
longitudinal axis disposed on an inlet plane and
at another opposite end to an outlet portion
having a longitudinal axis disposed on an outlet
plane, said inlet portion allowing said plasma
20 ‘ beam containing macro-particles to travel toward
said intermediate portion in an incident
direction and said outlet portion allowing said
plasma beam to travel from said intermediate
portion in an emergent direction, said
25 intermediate portion being configured to deviate
the incident direction to the emergent direction
at an angle of more than 90° and thereby remove
macro-particles from said plasma beam as it
passes through said intermediate portion, and
30 wherein said inlet plane and outlet plane are

disposed at an offset angle from each other; and
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angle of less than 90. 22. The arc deposition apparatus as clainmed in any
one of clains 20 or 21, wherein said upstreamportion is configured to
prevent avolemsu4zssenme 5 nmacro-particles that have beenPCrISGeoadodsg2t he
intermedi ate portion fromreverting back into the arc source. 23. The arc
deposition apparatus as clainmed in any 10 one of the clains 16 to 22,

wherein the internediatg p[%(%ljlgpi ogf{éfgs S liLst soxt L pasd for

al l owi ng macro-particles to trave ong sald incident direction"to the
extended part. 1524dagideiar €idéposict istrecapparat psaasachabmed riom cttae m 23,

wherein the longitudipal axis of the first extended rt is.substantiall
parallel to the Io%ﬂ%%ril?laqil’é%’él%? ‘E(ﬁetﬁ“ﬁl%TQB%?PFga,”%@g%?nThe arc Y

deposition apparatus as clainmed in any one of clainms 16 to 24, wherein the
internmediate portion further conprises a second extended part that has a
| ongi Budi nal axilg -whiTéle i rsubdenasiiaiPy papaprefuso &he ¢bngneddiHal axis

250f the outl et po&l%&?ng. %%g'v\)imgrg{gt %ﬁsgkgggég%ﬁﬁlﬁ Ug.agchaiqed in any

one of the clains erein end urther conprises a
downstream portioninlet plane and outlet plane is more than 20°.

18. The arc deposition apparatus as claimed in any

10 one of claims 16 or 17, wherein the intermediate
portion 1s being configured to deviate the

incident direction to the emergent direction at

an angle of from more than 90° to less than 180°.

15 19. The arc deposition apparatus as claimed in any
one of claims 16 to 18, wherein the inlet portion

and the outlet portion are in the same plane.

20. The arc deposition apparatus as claimed in any

20 one of the claims 16 to 19, wherein the inlet
portion comprises an upstream portion connected

at one end to the intermediate portion for

passing said plasma beam from an arc source to

said intermediate portion.

25
21. The arc deposition apparatus as claimed 1in
claim 20, wherein said upstream portion |is
configured to deviate the direction of the plasma
beam from the arc source to the incident
30 direction of said intermediate portion at an

angle of less than 90°.
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connected at one end to the outlet portion for passing said plasm beam
fromsaid outlet portion to a substrate. 27. The arc deposition apparatus
as cl ai resoizn125ahm8m 26, wherein said downstream porti oRrCirsGeanfongpdz ed t o
deviate the direction of the plasma beamfromthe enmergent direction to a
direction toward said substrate at an angle of less than 90. 10 28. The arc
deposition apparatus as clained in any one of clains 26 or 27, wherein the
downstream portion is configured to further filter at |east some renaining
macr o- parti cl es 22hat Thaeveamotddeesi ibén | dppedabyst he ialteameediat eapprti on

and thereby prevent them passing d streamto the substrate. 29. The arc
deposi ti on appar atﬁgeasor?cl ﬁiﬁéﬂgi ngﬁy?ro T]Of " Zéatlg 2&SWhe?Bin t he

upstream 20 portiedrtidheti POEbheNgulaberd®dpatecper taon, cautl esopertion
and downstream portion forma continuous path for allow ng the plasnma beam
to travel from theNafECSBAFEECLDSt HE & UbSEVEL ebe?%S(ﬁl]AerFeet%oé}’oftlﬁil tering

macro-particles frPHE@rmediate portion from reverting back into the

arc source.

23. The arc deposition apparatus as claimed in any

10 one of the claims l6 to 22, whergin the
intermediate portion comprises a first ‘extended

part for allowing macro-particles to tfavel along

said incident direction to the extended part.

15 24. The arc deposition apparatus as claimed in
claim 23, wherein the longitudinal axis of the
first extended part 1is substantially parallel to

the longitudinal axis of the inlet portion.

20 25. The arc deposition apparatus as claimed in any
one of claims 16 to 24, wherein the intermediate
portion further comprises a second extended part
that has a longitudinal axis which is
substantially parallel to the longitudinal axis

25 of the outlet portion.

26. The arc deposition apparatus as claimed in any
one of the claims 16 to 25, wherein the bended
30 duct further comprises a downstream portion

connected at one end to the outlet portion for
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pl asma beam the nethod conprising the steps of: generating a plasnma beam
contai ni ng macro-particles therein; passi ng the plasnma beam
cont ai ni lyormarwrma4B8parti cl es therein through a filter f®cTiSG2o01Er0008g2
macro-particles froma plasma beam the filter WO

2012/ 044258PCT/ SG2011/ 000342 conprising a bended duct for carriage of said

plasma beam the hended, dugt; goppcLatng.an i:Ler edials, pant on. congect ed

at one end to an et portion ving a longitudin axl s disposed 5 on an
inlet plane and attanatfepsopposite end to an outlet portion having a

| ongi tudi nal axis disposed on an outlet plane, said inlet portion allow ng
sai d plasma beam contai ning macro-particles to travel toward said

intermediate 10opQrti amd Naal idehsent shregddaammand sai deosihel ppgition
allow ng said plasnma beamto travel fromsaid internmediate portion in an
emer gént di recti onchai®i nter nedh et epor t$dhbei Y ORFFYUr LTl evikt e t he

poor dent direction i fa the egengent 4 tact |0 <ok ian YKl Olp Phf,  han

900 and thereby renbve Cro- par es fromsaid plasma beamas 1t passes
t hrough sai d i nt ereegih atfeoporticonemandenherdinecgdiah | nd et pliarectainoh out | et

pl ane are di sposed at an offset 20angle from each other;_and app! yi ng
a magnetic field toPYHEd pSadia %é% %t§t§gT $he 2BLASTE hedft*Fr o iThe

incident directionggo, the emergent direction so that the anount of
macro-particles in said outlet portion 25 is less relative to the anount
of mdéro-particles in said inlet portion.

28. The arc deposition apparatus as claimed in any
one of claims 26 or 27, wherein the downstream
portion 1is configured to further filter at least
some remaining macro-particles that have not been

15 filtered by the intermediate portion and thereby

prevent them passing downstream to the substrate.

29. The arc deposition apparatus as claimed in any

one of claims 26 to 28, wherein the upstream

20 portion, inlet portion, intermediate portion,
outlet portion and downstream portion form a

continuous path for allowing the plasma beam to

travel from the arc source to the substrate.

25 30. A method of filtering macro-particles from a
plasma beam, the method comprising the steps of:
generating a plasma beam containing macro-
particles therein;
passing the plasma beam containing macro-
30 particles therein through a filter for filtering

macro-particles from a plasma beam, the filter
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31. A nethod of producing a coating having | ess than 2 macro-particles of
dianeter 0.2 mcrons or 30l arger per cnR of coating, the nmethod conprising
t he st epswof2012/044258 generating a plasma beam cont ai ni RgTIS&Re10ApEHAL i cl es
t herei n; passi ng the plasna beam contai ni ng macro-particles therein
through a filter for filtering 5 macro-particles froma plasma beam the

filter conprisi ng.&nﬁ%rldsqqlggugt forqgarrdage of,sabd, pkagem beam,ithe

bended duct conprisi an Internediate portion connected at one end to an
inl et portion havigigasand ongédmdi naheaxiterdiesposddeotl0 onmanipahgt pirane and

at anot her opposite end to an outlet portion havjng a |angitudinal_ axis
di sposed on an outﬁré'te.rﬂ}eéﬁea, esa?‘ath?gt Cﬁmﬁc&ﬁ?% %%woﬁs gearllé(; lf)Pasan% beam
cont ai ni ng macr o- pa{itdcl@sr it ot ryel ng ovardngakddi Aber eedisatd skbseartion in

an incident direction and said outlet portion allow ng said plasm beamto
travep from said iaft exmetibee PoRRFPORNCh dn ¥MRFRRAt oPPOsite end to

di rection, sai di nt er medi at.eport i 1.ng figured i-ate it he Jinci dent
direction to 20 tHe egr)éjftglgegct Eﬁllo(r}g?ﬁrgn h%sﬂé{r?gar?gl é%gfﬂ%r%q%hlan%§68§and
t hereby renove nactrieardd cbes afr omutskhetd plasem beswid asniet passdsi arhr ough

sai d internediat rti i id i '
e porti.on, and.wherﬁl n said inl etcglngggg and outl et plane

are disposed at arf of€dt? 253ngfe PrémEac Gther ning

particles to travel toward said intermediate
10 portion in an incident direction and said outlet
portion allowing said plasma beam to travel from
said intermediate portion in an emergent
direction, said intermediate portion being
configured to deviate the incident direction to
15 the emergent direction at an angle of more than
90° and thereby remove macro-particles from said
plasma beam as it passes through said
intermediate portion, and wherein said inlet
plane and outlet plane are disposed at an offset
20 angle from each other; and
applying a magnetic field to the plasma beam
to steer the plasma beam from the incident
direction to the emergent direction so that the
amount of macro-particles in said outlet portion
25 = is less relative to the amount of macro-particles

in said inlet portion.

31. A method of producing a coating having less
than 2 macro-particles of diameter 0.2 microns or
30 larger per cm? of coating, the method comprising

the steps of:
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applying a magnetic field to the plasma beamto steer the plasma beam from
the incident direction to the energent direction so that the anount of

macr o- parwochewm4ursssai d outl et portion 30is | ess rel ati PeTisG20hmo@sapunt of
macro-particles in said inlet portion; and coating a substrate
with the plasma beamthat is travelling in the energent direction to

b oduce 5 ooati 0 havi g e AN2 JRELR: PRLLC SOl flATEIge 2
clainms 1 to 15, ampamepodsiditorerappearatus of any one of clains 16 to 29 or
met hod of any one of clains 30 to 31, 10for coating a hard di sk conponent.

passing the plasma beam ontalning macro-

particles therein through a filter for filtering

5 macro-particles from a plasma beam, the filter

comprising a bended duct for carriage of said

plasma beamn, the bended duct comprising an

intermediate portion connected at one end to an

inlet portion having a longitudinal axis disposed

10 on an inlet plane and at another opposite end to

an outlet portion having a longitudinal axis

disposed on an outlet plane, said inlet portion

allowing said plasma beam containing macro-

particles to travel toward said intermediate

15 portion in an incident direction and said outlet

portion allowing said plasma beam to travel from

said intermediate portion in an emergent

direction, said intermediate portion being

configured to deviate the incident direction to

20 the emergent direction at an angle of more than

90° and thereby remove macro-particles from said

plasma beam as it passes through said

intermediate portion, and wherein said inlet

plane and outlet plane are disposed at an offset

25 angle from each other;

applying a magnetic field to the plasma beam

to steer the plasma beam from the incident

direction to the emergent direction so that the

amount of macro-particles in said outlet portion

30 is less relative to the amount of macro-particles

in said inlet portion; and

43



10

WO 2012/044258 PCT/SG2011/000342

32.

coating a substrate with the plasma beam
that is travelling in the emergent direction to
produce a coating having less than 2 macro-
particles of diameter 0.2 microns or larger per

cm® of coating.

Use of the filter of any one of claims 1 to 15,
arc deposition apparatus of any one of claims 16
to 29 or method of any one of claims 30 to 31,

for coating a hard disk component.
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