; e3eX$XR6T$ D This invention relates to a filtered cathodic arc source.
More specifi c pnvention relates to an inproved filtered cathodic
arc for gener (mmmlll wm beam containing positive ions for depositing a
coating of th ns on a substrate. The invention relates to

i nproved filtering'%gf*t he pl asma beam to a nethod and apparatus for
coating substr filtered cathodic arc, to a nethod and appar at us
for generati nﬁ@ﬁi@ﬂ%@“jﬂ@{ coatings using a fil tered cat hod@/g B%Mto
ignition of t athodic arc,- &nd to substrates ha H@ coating
of positive ions &% ned using a filtered cathodic arc. Various nethods
and apparatus are known in the art for obtaining a thin filmor thin
coating on a substrate. It is known to deposit filnms by physical vapour
deposi tion techni ques andCEReingartippbud BedodrtimenSeeekni-ques; this
invention relates to physical techniques. It is known to provide such
coatings UphiegnVerARel fediteSRETd @ltei cAREdRNGcSiHicdTEINIGR & Jﬁcﬂ’ﬂ:%ﬂ{/' fgd in
US- A-5225057. The quality of these filnms is open to consi

i Mpr ovenenNVergian kedatehtp 81 inpyered ﬁ’ﬁgfﬁd&ﬂ%‘l‘frﬁf&s@r gergfatinga pAsRaeMf t he

I on beam n@dﬁt?ﬂur{gopd‘\éu‘?\moﬁy%’tcfe%fo@ltlﬂg'aclfoahﬂ ePHd SubitNe ibRs BA Qrsrgbgtrét@ac“ on
of subsequent deposited | ayers. Anot od of depositing thin

i nvol ves tHee inyenten pejatesi wemnsﬁsecgéherm efither @'ﬁs@awmbdp@ mechcsbeumd:e The
cat hodi ¢ a{f&parém@ Pl mé@&g SLpstriteSAlsil 8 HATAR chifoURCHATIN MRirdy SHPL al ned
in metal asma create e arc alone and does not require the addition
of an inerapn;astusdmrrgamsatmemulwlay&r mrlogamlrmygtfdmearc@tmqmc@at,l yoof t he
order of 1 t

vapour geritn Seap Ty firgratBingllc bt Sy fo S HRUEHARL 20Bafiia bLBIRE
the arc culpnenb‘aaeerapelsg&fllaerbdmtmdl@@m tive ions; this fraction is
steered and optionally filtered to produce a coating on a distal substrate.
The increased energy of these positive ions conpared to the particles in
previ ous déaprimsistnethodeizhd@dppaatuhanedinowroniiee artferasainitge drircfilevaptirat i on

t echni ques d i i I I tion of
thin filns %QMquntgggé Iz'iart?: g{}'g%grgg\h t)cénﬂe?’gg,}. f 5‘32 prléklé' Jéfgﬁ&dg‘g%gﬁ%ed
general ly whmqﬂies Wadtdmmmal&moaceleandn@maeahmefeamom\@grynon\tolammm 541 55

(1992) A0Sl ARl o Yo B o o BB RN LRE S Bl e O
r ecogni zedsmepmeﬁr\d anleysughcroethaidf ie clesoribarkinhdS-A- 52956%06' heoatalingsef i n a
vacuum I r fdd oo

needed for t gfla?%iustoi’igg 82% %%tgilglgﬂg%g? %I s’ t%g ni rﬂ;g'.s ﬁ'@%‘r"?gﬁ& rial
syst em nustease assistedat The paamSEyofrﬂae neruibreaw Ayl bprtocnm subisarage pgoatd ng
area, freeg I S o osition of filns
usi ng cat hocggltg‘l&a%?ot%gﬁ‘noé%téaéﬁ&a?ﬁ{%gggﬁasna g'é%%yg%gm tive ions and

el ectrons produced by the arc is frequently contam nated by | arge,

LYPL Sal 1Y RRUEPlechR b SR RS T R VBB R BRfeces .
be defi nedfram q)aathodloea‘cwcmrm eTbad:ethddrseauprslacwrmmfcele&cnopledlsmaigé it m
epost 24 ikl RASIOTSefifd HheP LS HEREENRSObRERERA Kot B "

obt ai ni ng wavireahe aﬂdltelne@ft am)man gosat |C‘ngeant$\/us¢ﬂ Wockthiodict #re sansterhasrdoeen
directed t ti.cl e eby
elimnati n‘&%% off?i'léésﬁda e SI fgégat@&m{ %&?r é@é e@eépg&gé?tggghl cles”
in the depwosial edpwaaemgptedsbyﬁ(heﬁﬂc?el@umsy methdHaeg@aatedra@tme@tf khye

bet ween thg c e he rat revent. . i ng

t he substr%tcegh#%?ejt 5%&%@%\/365 ﬁéé fﬂés'bp%lsf?r%s’ th‘ (%{a#gg étgﬁreg %dﬂd t he
baffl e. Thomdrmﬁymheradiwaﬂuamtaa‘geoathmtort hdtsaansebaraxer srhbdmréaadsanesg» on of
t he pl asma € t he. subst Fl,fll’th | macroparticl es%chthe
substrate B 86%88?' gt 61 ‘i%p%'Fﬁé% 2 PEHE eéd?)BFeaf‘&E BESAODIIETI8 [ n the
name of Faih@lught'a: ia »&bsoxdmrarbeea@reﬁémw&hmquemvmwdmaolsh hvgh @drnsithe

pl asma beam tere atte m nat artlc es

provi di ng '&'9 %Weﬁr%sf FRPYTP l?lf g‘rl 5"@ :HY ?H%’e |3 i PELRY %1'? dﬁmd a
45 bend, there being no line-of-sight fromthe arc spot to the substrate.
USSA 04 F E 6 2003 -3 5279723 al so descri bes using permanently fixed
baffles in the plasma duct to trap nmacroparticies. These confer the

di sadvant age t.hat they quickly beconme covered with a dense coating of
macroparticles which can fall back into the plasnma beam and therefore | ead
to contam nation of the substrate coating. C eaning of these baffles is
awkward as it nust be carried out on a partially disassenbled cathodic arc
source. A simlar shaped duct is described in US-A-5433836.



Nei t her apparatus entirely prevents macroparticles fromthe plasma beam
arriving at the substrate; it is indicated that tests of US-A-5279723 show
a figure of less than 0.2 macroparticles/cn2/ mnute of coating tine for
this apparatus. This latter figure, however, is not acconpani ed by any
preci se deposition conditions thus preventing any confident assessnent of
the filtering efficiency of the apparatus described. O her ﬂ(ﬁtﬁﬁ\ﬁlmﬂbpar at us
use a 90 bend duct with an axial magnetic field to filter out the
macroparticles. Al though these may achféve acceptable results) they do not
provide a _tong term | on f | [ signheq, f or

near cont i Hﬁ%ﬁg’e\ﬁ(ﬁ%eﬁagl_k'%[’)hg"]gé\}é\%}'h&gggﬁ%hﬁ% n%? Bﬁﬂ?@ﬁgﬂﬁ"% b ed llﬁﬂ?s‘o t he
duct wal | 5485 d 992) peges 136v4dnahdfaytheerdievediaSuifeteEngineming) ¥ohgne
resputtered intp the pl.a flux. Thus, only short periods of use of
t he equi p%e‘ﬂ?g(isg rbodsfs)i%gg?@,&l'gg? deposited filnms still contain significant
macroparticle contamnation. A third US patent, US-A-5401543, descri bes
using a particular cathode target_ mterial, b still _suffers fromhigh

| evel s of rb?“ﬁ?)éf?f‘i"ﬂ‘e%c iSYSH poéf‘feeh“*si veRr. re‘ll{ﬁgn'ﬁ%&nﬁérp%?m@Eraof)%srtii cles
in the pl esaativearatcod tb @rodultec esatingsi inca easiury. tHewpvers she @pproaches vacuum
chanber. However, an .increase in pressure .i.n the vacuym chanber is.likely
Lo lead t GFRENAA RRTAIELE ORE (3P RETRRTOIRAAER 48 1BF B THa FRPISrEB08 T YF on t he
subst r at e tedfedued e Butht indgstrial sasef alus bRl pltoumatieardasily nteiftaaed aspunt of
H2 can reduce macroparticles an ir&gr?as,e transparency in the visible |ight
range but PIfIUCCRHIRIIDRIZNG #EaqHAE 1 PIeM§ %far dness of the deposited | ayer)

by gas inclusion in the deposited film 0 4 FEB 2~~5 -4 It is therefore a

problemin the art toage%nerate a filt d plasma beam froma cathodic arc
8¢ ;

ilte

Sourco, | whiRaT BEeM AR aaa e SeReaten: At fiF g SanaRIeAsE PepRPldRy taet
Anot her r ehapREMArsEANEHT pOLIfIRd hsandaéctididtprosuderetle thd arciigfiebgedthe arc.
Once ignited, the tool is no |longer required until arc re-i niﬁion.

Initiati oROBRMIRETARY fRige BIFALY freutiely PREEIES M Aea s MUPIY) S sny a
graphi te madsd txRgmikatmgPaetic18€8redormmbelg Sefetree to BS HagRIpartcieBanEary
manoeuvr ed agai nst the cathgode and in V\:hi%qjh t he m)v,em% is observed via an

A A [ , nt
obser vat i 8f SRIIAEDHF PATICIRS ViRie uperthe ogUeal MITTORCARSIP 2 Timiderasitediiiient i s
Eart i cul aichihorV Ry Eheti®sdae C iTakl p’re?éndegef wiaBetpariicied a'piddhysitkﬂaﬁl_ﬁ% Al |
econes opague, ternatjively, a fixed tungsten or graphite trigger nmounte
ol ose to Prbad s it erndeis e MRy 15t SPeminepaleR) sPr e i ar  on
of a hi ghcuslinggge. Due to this proximity to the cathode, the el ements of
the igniter tend to contam nate the plasma beam Another problemin the art

is that no satisfactory nmethod of obtaining nulti-layer coatings is
descri bed MAth wobasenthe drohadbéemdiredtad towarly dlitecinginargopartiales dinsh tiad e

requires either two separate coati machi nes, . one._for produci ng each

| ndi vi dualPIaSTRCR e TRESTY S PTIDPUYR B AT 5196 HEeGie g04TS PIRTeBIE &' 1 r st

| ayer usi mgacPtisar€ioiatiinxhebddposredtdatingn GBA-J1 STETD lusBg a0batfiei plas&rchi ne so
as to replace th cat hode and then reassenbly of the machi .nf to%e osit the
second | afifFCciy betyeen e cathoogand dhg Fﬂtf.“% RICYRE BHHPPAGICISS 82 prposi te
of netal aneéls@riradé.OThe pEifilie RPsH tHE plada bedrd @redfoctbéd sronnditioxbatéle.
coatings, this is achieved in the art bg/ ﬁreati ng],a, Ia}sﬂa Bagam of net al

i ons, depd<ighatgne AiseavafaphP L (RYEIST e NYVIEBLE 'Sr’?Q‘P”t%et 88F521A %8 ons
with the gasibserata) FetHe), Sontdmatropyitites readh theaubsasteny.bolinesg off i or art
techni ques are rather inefficient in that they use |large volunes of gas. An
i nproved B2 R8s Of % BBRRPHE coatings of this nature is required. It is an
obj ect of aspects of this invention to provide an inproved apparatus for

and net hod of depositing coatin of positive iogns on a substrate, .the
hosi tive MA-BAiS 2 dn NenalPe Sraorla PoRl EFSCHOES AHOROTIS ILEOUTRE ST hor
obj ect i s wiich AR ¥Rmd1Beams 4ilferdd B 20 Qgempt @b fdlifigateymaéropahichssi g a
pl asma beam from a cathodi c_arc so as substanti alqll%eto renove all

macr opar t iPEPERINGrHREBLBENEYGfiBld 19 AR MM INA AdRTH BPaTIATRERD P43 D
provide apehli! ené&d KM fn2bLsight ko thelarE 8o e ARETsabetlakf fiLg-Ant |y at
a high vacuum and substantially w thout contam nation of the deposited
coating by macroparticles. A still further object is to provide inproved
mul ti-layer coating of substrates using a filtered cathodic arc. Yet

anot her object is to provide for coating of dielectric substrates, such as
dielectric optical substrates, using a filtered cathodic arc. A still
further object is to provide inprovenents in arc ignition of a filtered
cathodic arc. Another object is to reduce gas use when depositing a coating
having a netal and a gaseous conponent. Yet another object is to overcone
or at least aneliorate problens identified in prior art nethods and

e A £ * a2 Y S - o, v M Y



a pl asma beam of positive ions. According to a first aspect of the
Invention there is provided a nethod for filtering a plasma beam i ncl udi ng
positive ions, the nmethod conprising generating a plasma beam i ncl udi ng
positive ions froma cathode target, and passing the beamthrough a plasma
duct towards a substrate, the plasma duct having a double be{p@l,tEgymcal ly,
the duct has a first bend with an angle of no less than 20 in a first plane
and a second bend with an angle of no | ess than 20 in a second pl ane. The
first and second planes are optionally %o-i nci dent . Though it is preferred
that the fJ nd seco - 1 NGl t e.a n.angle to
each ot her‘d’,i@m‘zﬁ ai o ggsclrp@ggp gi\g%ggérgré%@y ﬁ%erde%ﬁlgfgrtggrﬁgasgiﬁa ?i%étéﬁéfaé’ of

bet ween 30nafiopartiersh Thiebe confer thesdipadfantagaithiah ateyvt dusickiy becometcoveiedal . A
speci fic enhodi ent of .the invention descr.ibed | ow.has, . a -toroidal duct,
and from & ﬁcdrtg?‘E%FC’ﬁ%'?%Pf ESP"(H%W??%%@&?’{%?FFE‘E‘?"&V'EE%E}%IEW‘B €87 a duct
of the in\éﬂﬂ&h@f&;btl% |awitbabhmrmaa1mé of ahd ¥?ti>s;rift?rc0'adaxj;. Hedning of tHdw

i nvention neverthel ess enconpasses ducts o i fferent. 0 FEB 7003 -s

Cr o5s- Sec RIS S AR e TRR GRS SHOPRG AR/ SISReSHAES BFNORE 1 r ot
aspect of gkdieolmdeend istmilarishapéd @Q6Sisdescabés iraUsEAalskB38a6L enove al |
macroparticles fromthe plasma beam Prior art duct designs have
incorporated a single 45 or 90 bend. These have not totally prevented

nacr opar t iNdiger bpgdratusddtirely préeeris BecraiRtitlvs fioRsttaslashb ®easi ahlingcant
contam nation of the deposited |ayer nmacr ogﬁtl ci.es. Although there is

b
not a |inétahe spBgirater s indicaged éeﬁ% of H5-8tet S A Sha 3 igre f dess

appar at us thiieh 2 inacrDERidISERSImmuts BOtSaTIRUIRERIaRI pRsrith eThRNatter
macroparticles which are thus able to reach the substrate after a single

bounce on figHTe MRWERTr 19B8T BFCIRRANED NP YURTECISEIRERPSRIORRCRNAYORS hUSe fi r st
aspect of dr&\ritingCdHyl O6hfidee aR 3Rt WA St AingREFidiIERELo £ Y Bfparatus
significantly inproved filtering of macroparticles fromthe plasm beam In
order for dés?&@'lgparti cle to reach the substrate via the plasma duct of the
invention, at |east two successful bounces off the duct walls nust occur. A
| arge anount of macroparticle kinetic energy is |ost during each bounce and
t her ef or e Qtheq knqwn 3aPIgays virea SOCIRANG F4& With an sxiel Bisarerefigldin @rarng t he

duct withoatkhd Fra@dpdftifies.] ArPBARE XhedeCHBs SbHleVY abBeptagR! @oulds, dappLg bounce
on the plasma duct walls and to arrive at the substrate is virtually zero.

This i s pdPtiREAYISR| § 1PN TEHE cSaUWNGE TomindusiiahAawPmeRE fpsianed dpemeapl anes,

si nce t he chhtifloRORErkieg0Thd GeRBDY 8mdaht bEmBteritls dbatBdTBRid tReict dalie for
passi ng through the second. Therefore jt is a considerable advantage of the

i nvent i on BUHAELP] IUSF SWRsiaRd MayripR) i Pattiglesyaiembr 0JERPENHEd NAgkANgrtBat er
proporti opiRmdBGeX.OTALS, 6MIfShakedrRdB\v¢ sk b hd BuiBhRATR: BeRMIAr AIsd, g at
the substrate. Wth the ability to renove the macroparticles in this way)

it is not 9§ReEtLfiNNS $| cantainptienifipnt MRpeRRRiciRyCItAMMAIAT ke carbon, to

i ncrease the pressure in the vacuum chanber, which pressure increase would
conprom se the properties of the deposited film and therefore the

oroper ti o 3Hd KIS BEI9AL USth-PrOTBAAn SBeTBles 4SNB PriATtivdar catode Wrasts 2003
The first mgBRat bof stillSutErFPdrh HigrlevRIsPE oMb EIRPaRRIA iAldEpobREd GRREr at i ng a
substantially pure plasma beamincl uding positively charged ions, the

appar atus conprising neans for generating a plasma beamincluding positive
i ons fromyheGRiMRA 8¢ rakiiaritles A tRE BRImatitan R0 RELEES MERRrédihPREN0de
target and a substrate, wherein for a nmacroparticle entering the duct there
is no | i n®reysuss fithe yAeUYD CHPMGEE HOwRYY  BRINFreaseiALrefsEte BXNE VagueEn duct
has an i nR@emiRt s IBH @ 1eb88SE detllidietoH FStheidropdleie ¥k khelfageNBEMIRTeE OF 2
macroparticle to reach the duct exit. I'n an enbodi ment of the invention the
duct has #ndbasHestrRiad Wherhgerositing @rehedrial ampeangHs CERAN, §1i1ack ameuet bend,
a second %Fma'&htrea«?%tmgao BriRfEeNd magsde%s%a}éncp%wmisiatngﬁe%'gen- Such
a duct is ilkustrated In tﬁe exanpl es and, as wl| be seen, has a

ser pent i nduhavilireompremisee ite gegsits and hardnelscef the Pepositaseayent by a88 each
ot her, praovi - ed jngl e bounce path fromthe entrance of the
duct to tﬁ,’?"g‘ﬁ‘?’f?*%f%@g@%ﬁﬂ'{ﬂbt of the apparatus typically has a first
bend with an angle of no |l ess than 20 degrees in a first plane and a second
bend with an angle of no |l ess than 20 degrees in a second plane. In
particul ar enmbodi ments of the invention the bend angles are, independently,
in the range 30-90 degrees, nore particularly 35-80 degrees. Another

enbodi nent of the invention provides apparatus for filtering a beam of
positive ions- conprising a vacuum chanber, neans for generating a beam of
positive ions, a filter duct having an entrance and an exit, and neans for
steering the beam of positive ions into the entrance of the duct and

- = e — —— s =, . o S a
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apparatus for fi
generating posit

In a further enbodi nent of the invention there is provided
Itering a beam of positive ions, conprising nmeans for
ive ions, nmeans for steering positive |ons |n a beam and a

filter, wherein the fitter conprises a double bend duct. ﬁj@ﬁmflc
enbodi mrent of the invention described in detail below a cat é i
source, capable of generating positive carbon ions, is located within a

vacuum chamber,
the filter and o

magnetic neans are provyded to steer positive ions through
nto a substrate) and the double bend of the filter duct

filters nmagriopablciélees droBBMPRStHd Y@ to0hénerdtess ifiiterddiplabiz) bdd Grom a
particul ar, enbodi nent of the invention provides a f| | tered cat hode arc

source for °%F€BB'§| 3'F $QURSs iYhic TiterRY RAPm IssEHRstaiiady @Grﬁf rMe¢rRgarticesyacuum

chanber - neans

in the chanber for generating positive ions froman arc at

a cat hode targ‘gtmé| a substrate |l ocated on a substrate holder - a filter
a

duct | ocat 8a°

e PrOblefR Gencenng & we! SAids ngeeediR ignedig R rani@nee

positive i e,ra&ear1%1tBBestn%rneﬁgemaﬁ.rwu@m% rd- @n&wn' vlﬁn%ometﬁ&?,%tﬁa%t e -

means for coolin

t he cathode - neans for applying a positive bras to the

filter ducbeen &iepllyi CFQTé‘rm'Ge@tV'WVnQ’h&’qur%tgril.ﬂihfé e dfixedstoca refownded -
means for gengd d@ét@& ﬂﬁ%ﬁmﬂﬁaﬁuﬁhﬁI'rflnbeuxﬁw%a:ﬁ@zs{ﬁe' Rhbd A EnRIPWAR AL he

first bend,

- neans for generating a magnetic field

to steer p

ﬁ@, mpyemeohis aysgimed via an observation window in the wall of the vacuum
chamber. This arrangement is particularly awkward, especially as the window is
rapidly coated and becomes opaque. Alternatively, a fixed tungsten or graphite
trigger mounted close to the cathode surface is used to ignite the arc by the
applicatiori of a high voitage. Due to this proximity to the cathode, the eilements

of the igniter tend to contaminate the plasma beam.

Another problem in the art is that no satisfactory method of obtaining multi-layer
coatings is described. At present, to obtain a multi-layer coating on a substrate
requires either two separate coating machines, one for producing each individual
layer of the multi-layer coating, or the depositing of a first layer using one coating
machine and then the dismantling of this machine so as to replace the cathode and
then reassembly of the machine to deposit the second layer of the multi-layer

coating.

Where the coating is a composite of metal and gas atoms, such as aluminium oxide
or silicon dioxide coatings, this is achieved in the art by creating a plasma beam of
metal ions, deposiiing these on the substrate and reacting the deposited ions with
the gaseous component, such as oxygen, of the coating. These prior art
techniques are rather inefficient in that they use large volumes of gas. An

improved method of producing coatings of this nature is required.

It is an object of aspects of this invention to provide an improved apparatus for and
method of depositing coatings of positive ions on a substrate, the positive ions

obtained via arc evaporation of a cathode target. Another object is to improve the



t he second bend In a specific enbodiment of the invention described in
further detail below, an arc power supply is connected to the source and
provi des power for both the arc and for arc striking (ignition), achieved
using a noveabl e striker |ocated insider the vacuum chanber. The striker is
grounded, as is the arc anode, and is noved towards the targB# REBt03 a tip
portion touches or nearly touches the target and ignition occurs. The arc
current is around 70-200 anps) and variation in the current varies the rate
of deposition of ions on the substrate,5though the relation is not |inear.
Arc voltage.is materjal dependent and_.for an Lven arc source set up does
not vary QificieaeY §$fﬁé‘ief'r‘9 428{;?5\?/ bearm &roma; ?%Qgg'ﬁraﬂﬁn”t a3t gebsendally o

vol t age i Sekble Gl mdcdpakicleiom thel Hitdred tolmaBe B! | AfuRPePbB)CE® & Pl asma
duct having a single, graduated radius that does not provide a single

bounce patffovEe \feBlietedecathpdietarg fQuiqtethal s ioa areretRd effisiens!vot amihes for

the doubl g,e60f Bh@Sitsthitfally Switholtechmakfthiin BRAYhE HidpBSREd doltiRgtdy
t heoretical and practical aspects. Wiilst in theory, ané. conbi nat1 on of

angl es carmprronagigless of s duraRertaieqtiiy i Pravieimrioyed ayg0 coatng kcond
at | east 1QbafgidshRidgd Mkerdl REMIGAR atcatyet BicthePbjebtls BY Adviderorchiddnyt step
is to decide the space angle in light of the size of the duct. An angle of
10 in a dutdigleciihsybsirares §Ueh fasclielpsINe REtGRIgFEStRIESr YEing duditteidves
increased dahdlfEaRsS] R%th’l%rﬁﬁ%ﬁob}?cpﬁ tbcﬁ?gﬁﬁe!iﬁp%&%en&ﬁir@é{&' igni?]igntcﬁ 2 4

| i ne-of -si ght around each be n use, the inventors have f

duct di andilteredicathadiearc.4 Anather phieatds taoedunt DT Wpe iwhemdepasiting lay

sui tabl e. : eﬁ‘ﬁ t h u Ndsn rr t there is no
single bouér?%gkgat "?B;:a gqeﬁ%cfnooggr ?%s%]oggbet \/\gaerﬁ'mt%hegtggr%ggﬁ1 éncgﬁ‘%%e'g to

subst r at e.ovArehroe ati 2tnieest apfeliprade ipfoblems( Blegtitied iprariorders reétheds iand
filteri nga?' ta%tﬁém” doubl e bend angl es, such as 20 degrees and 30 degrees.
On the oth Ip and, a 0 4 F E B Z003 - 10 duct of such a small size
produces a correspondingly narrow pl asma beam and | oses significant amounts
of pl asm & frkizpliicdr ¥8libverRRATBRNEN indrbydtPfindhiRPE! mbE ARSI A8
perfornmance conpared to | arger dianmeter ducts. ct's of these dinensions
may t her efeoplesiye tiegdi ehpesitivkéanshi gh filtering efficiency is a priority.
There is also a practical limtation in that the wi der the duct the greater
the difficulty in providing a nmagnetic field to steer the plasma. In use,
it has bee¥cdontdind te [adirstaspect hhtherigvefitiometheresisiproviied 4 metbhd fordfiltemirlg (| Ocm
- 15cnm) r i e r d LI . j Gl di ment
of the i nanaEr i beptiIRO0u R pRLRR s Uned BREPebctonhidh i S AL pBIRET 070y
a |iner | deareigciidirg positive iphaiénean agathode tariget. @angfrasaipgghe hagmithiaighi ner i s
renovabl e 1 I RYFR05€e S i fied REvihihner I become
coated w theesqen 80kf SRR s e plocRe Fict IFyo S skl Pri

parti cl es Twpigallyhehaldpeishas e fisschend Wil #n Bagk ¢fme lessehph &ifainbedinstand
cont am naleddignd galaLPAg BEnd Rier? R ShoR! St nal s khdlPpOb Sn BEERYAIRaned! | OV N
it to be replaced wth a clean 1 ner periodically to prevent this long term
deposit from building up on the duct walls. The renoved |iner can be

cl eaned r t : \f a f.er i ment
of the i vt e e e UReARBALS N okl BEIHCIE bl R EEFEEnETIRR

10V- 30V. Ahe digstaaticaggeond adriascare gfot chtiigcibentsbutsare laaaniangty waeash etheepul si on

mor oases TR 1 SRRt 1Y BeRkep e oAl b SnBRIE DROREAT IR O6R ELY

Thus, any eagtwabeéron in pl asma beam transm ssi on due to the double bend of
the apparatus can be at |east partially conpensated by biasing the duct
liner. In a specific enbodiment of the invention, the double bend plasna
duct is |ilnsdpreféernecatiatritbe dadajs edtoidal.t Aespecifid embedismentidftteeiimgerafon
macroparti gl m t h I e The.liner |s. - f a series of
g, navidiseaed 88cW fiaf = 1BARad Y, G oS pop e BRI By Qe B 3B o
and are argbingd toacdonatrdstiamaftaodacdsf the imangeth.is Twailéblactommerdally iof a
series of rin | inked, alternately around their peripheries,.f exanpl e
2t 12 o ol B rregone o) s ARG Inateriest Korbaeiid GueRGr ufter &R0 o
-11 o'clock. This liner is flexible and suitable to be pushed into the duct
and around



t he duct bends. In another particular enbodi nrent of the invention) the
apparatus further conprises baffles located at or close to walls of the
vacuum chanber of the apparatus and between the cathode target and the

pl asma duct. It is observed that nost nacroparticles are emtted fromthe
cathode target at a large angle and these are prevented fromhitting the
target walls, or entering the plasma duct at a |arge angl e, OByFRBM(Paffl es.
Macroparticles and plasma emtted substantially normal to the cathode
target surface pass through the baffleb 1t is preferred that the baffles
are non-cog Hﬁ&&ﬂﬂww?'g' made of PTFE; initial arrival of positive ions
establishes a positive charge that exerts an electrostatic repul sive effect
agai nst the positive ions in the plasma and i ncreases the flow of plasma

i ncl udi ng ' eferred

that t ho o Pt BEE ARl Rl oM BHE dBLESe b ok CadtREL bP IRl CLl )

becone coat édpossibisesulistantially itmneempse tallcoéarbpamictsi ingmarnd plesmbiteais

al l owed ta, build : | o) i .t can t agipate t | asma beam
Baffl es tﬁ"éP’a?r”ed”;égﬁg%'gﬁ? ga‘éea'ﬁgﬁ;e‘mu’ disHtls §Q98b§§g§8”% ?ﬁe% RAYSE 9Af f | es
and t he diwtaliyopresenizd riecropeadsl frompteachingmheheubapasy alUtisnstédd wdvof t he
filtered cat hpde .arc.source the invention, it is desirahle t rovi de as
Shor e ge piedfitu dRraRRERen 8l v dBab Bt lay by dacrbBeREist Aindubl vBikdm “Tni's
can be achis eved libg-oftsht diony the catboadent@rhessibstratehiatprios astudpabdtys hegé,
typically of th rder_.of 10-6 Tor t hough during deposi.tion this pressure
oy Copi 2df PevaEeli G i elp auns Heth pos iR i TapPeE R e Siashit Bl T oL
t he vacuuniocbagtomie.substrétgfteak sty bdurae, ontdmannarcuinface lbdtizegiasraa puegped down

to about 10' 6 Tory and during deposition the pressure may rise slightly
towards 10 RigFpa Jﬁﬁé°ﬂé’%¥'ﬁl PR ‘thf’ '?)‘éﬁ“F'PBI'B%mPHr%tﬁset%?é@ S BBAm can
further benhessldeaferygrificatityi intpbravnél dieghghiohgnappparaties fevi thg slasraliort as
possi bl e at?edi stance between the cathode target and the substrate. 04FE
B 2003 - 1%%fhe pl asnma beamis gui ded through the plasnma duct by nethods
and apparatus known in the art. For exanple, the beam can be guided by a
curvi-linear gﬁ{qgetic field .a} ong thg Ihensg%h of t.hehdu t. Alternatjvely,
the pl asna"b Y JUTEEPHYCE & (8548 OV R ¥Ad ﬁa‘aﬁséP? Yt &' d€ coi | s)
when pr oviideehtmm, Bhizapt aesrsuchessfut bolriae s, duco wallevmube ocher. niadargé | C
steering field fqr _the pla heam are optj onal | ter copled.. Permanent
mgnet & ard B e iR HAE RSt nerd & 08 P08 eafh BRUST GRRHRDsIora | o
possi bl e tie facdd eva tae depoabilityt a ataerafartige teataaimguthe Iducangist soffiigoer
second over a{fn area of 25 jfnl2 é %%7 cnP L{_ﬁigg an ar? currentd o? ahout 120A
and havi né"%\e G S PNGUHERES Y 48 UNPRECRERET'? ROPTE A" FIORIEENE AMEF W% rent
i.e. the farel ©® arnise de théreukateht ¢s bietudly zerw. about 60 ml on the straight

pi eces between the bends and about 40 nT on each of the two bends. The

macroparticle count of TAC filns produced using the nmethod and apparatus of
t he i nventThis isheardcliedy theecssereiderande twobdndoaredn ldéftesethplandd)Birperthen? in a

coating 60 stroms .thick. These val ues conpare.fayourably wth those in
USA- 540154“8‘???%“%’1“% "8%%’??8}’%83?'-‘%5&"5%|”6°§Be%§ﬂ?”éﬁa§}éc%6 Ressing MR 15, 000
per cn? f otheasecomad.i ng of thickness 500 angstrons. This latter figure is a
typical figure for the Ievel of macroparticles in filnms of the prior art. A
second aspect of the invention relates to the application of a coating of
posi tive iTrsefont 0 isa copsiteablecddvantige odfahembiengor chatlrapeaedrfitesispett of

the inventjon there js ovi ded apparatus fqr_ applyi.ng a coating .of

posi tive I OROEPE I8 SANBYELEY] & CLTRIC: #RPRIMIOPIFE MK eRa FES AEHETIA P eans
f or gener afnenglasmaabeanataraviegt fodee tsabgredte. t Weitic ahboatdlityatagyeémovattae ni ng
the ions to be deposi Ieg_‘_on the dielectric subgtrate ma&neti neans for
di recti ng R2HORAMUHES BB % il 7 MO T8FESBLY nERIeSX ARG K" FT 198BPSTHAR h
subst ant i adibioh@-lik€aysoryawRr PReddsk cthe sprebsirefin afe vaeaos Evambel, divinight he
dielectric substrate in th? filtered i on beam -13 neans

( ( . Q 4,}1 F EB 2%3? q
for applyi H§SSHiE RRCTERSR WAYId FRMBraINise the PIORBLiEs &' e Feposusg i, an

therefore the properties of the deposited film can be greatly improved.



el ectrostatic charge accruing on the dielectric substrate by deposition of
positive ions. Whereas prior art coatings were not considered of
sufficiently high quality to obtain optical and el ectronic coatings, the
filtered plasma beam of the invention is of such purity that hi gh qual ity
coatings suitable for optical use can be obtained. Exanples p ?@f
coatings include tetrahedral anorphous carbon (TAC) and sili con coati ngs,
and oxides) nitrides, selenides and car b'In?' such as silicon dioxide,

al um ni um oxi de, titaniumoxide, titaniumnitride. In an enbodi rent of the
second aspectnofsirkN@shBy ek B, idVagtien | SsT el ided aHRERE U généiea%&'a“ ng
a nulti-layer coating of positive ions on a dielectric optical elenent, the
appar at us cosyistantia§y Pure iasren bReAdNEIHRiGatPasHtY eivuFR3TERd (tQﬂﬁprth% iBpgam@tyecond
cat hode targgy gﬁe&% s' R deMefdtrae Pidiond BEarhiindibo Wﬁ‘; satdnde
targets wt houteﬁ,re Kin vaéuum fén theq}a ppar at us. ! I'n ugce]Ip T rstn coating of
ions fromt h@atﬁbde;tta'tgaﬂgpeld psplagmpeidust locatgetbetween dhernrpspde tateet and gaki ng
vacuum and t s rget .
The fil tor parvaye e 8rs kit Hlerl AESnisrnBpR ARt he AR (OMEFFaR I,
subst anti al Ivyt_:ssogieehmmee pady tpuetdust exit f Wbmuh@qelmnaemalmnwaeewawo
conveni ent | y%&g{%é %9{ # e&aLQﬁe fnbéé%a by ahﬂ:‘i’ e LYERN RB du'c e%a

particul ar enbodi rent of the second aspect of Sthe i hventi on, uct is
lined with a |iner, preferably a non-nagnetic |iner. Mre preferabl y the
liner is renpvab t,.t he
liner is gi ana%aérggéﬁ Q’gtgéjmvekg Ijz‘a%?&t shE! ﬁo%tbggé/ gﬁlﬁ&q‘é er|Ston
enabl es deposn'anglmsem:fnoa, & ifirsn m!fndTA@ecdmi snragsmmnanta aétond ard arahe third
potentially e ntlr e_of i ned
wi t hout the %’éa'ﬁ ecg'ﬁ%r o%llﬂc?‘ea%r‘i’tc g&\%%gﬁén c e;n-%h@eg aInH‘ 8?8\/ @ﬁ%&gﬁﬁ
formati on of has a sdrpeOtide Ratur8 D@D emd@Eng|Esrit itoe degt vmvcmriegusdermm ohedon

| eads to a dg erloratl A

ot her appi i carErieogpes St BE SRR B e B bRl b UG A RRBR b S SR el dhe ' T

TAC coat i ngsexf. the i nvention can be deposi ted with the foll ow ng
characteristics: (a) snobothness root nean square of 3 angstrons average
deviation fromsurface, for a TAC coating deposited on a polished silicon
surface. (b)ThapldsmesiuebotP® qpnaratus typicallyhas @ fasizdngewsh an@oglemt nouess

di amond) . Tygifalo B r@EE?r?a e EuQﬁe l&?a%%%@h&‘%%@%ﬁ%@ 'aﬁﬂ leHtHo B% Yhin/ °
GPa, for a fil'mon"s onten e 1nvention is
typically at20 dasrteeSGJ% semm_d maeeTbtucbammulsr eyhbadimentsasihe fvengon yhs bexid y  at
| cast 85% angh LN ROTRIGRGEERLY, ATAYED 50-86 dBbRs 2?8 Yarddiferly 55 205 €

spa cont ent
degrees.

Another embodiment of the invention provides apparatus for filtering a beam of
positive ions- comprising a vacuum chamber, means for generating a beam of
positive ions, a filter duct having an entrance and an exit, and means for steering
the beam of positive ions into the entrance of the duct and through the duct to the
exit, wherein the duct comprises at least two bends. The two bends of the duct
are such that, for a neutral particle entering the duct, there is no single bounce path
to the exit; instead, at least two bounces off inside walls of the duct are needed
for a macroparticie to travel from the duct entrance through the duct and to exit

from the duct exit.



i nvention conpared to prior art films gives increased hardness. For
exanple, the filns produced by the equi pnent of Fal abella et al

(US- A-5279723t are reported to have spa content of around 60% (c)
refractive index 2.5-2.6 (conpared to the value for dianmond of 2.4). (d)
optical band gap approximately 2eV. (e) transmttance 70%in MEFEIHQP 2 red
spectrum (f) Young's nodulus 700 GPA) typically 600-800 (conpare

15 - 04 F E B 2003 1010 GPA for di am)nd) (g) friction coefficient of
sapphire of TAC fil m of apprOX| mat el y 0815. (h) density 3 g/cubic cm The
density of ,pure, natu d [ The density of
TAC 111 m. OF SenanrothByaRF BRI PRty et Bioluded 4Pl ntitgina ar al v
3.2-3.3 g/ ceBrmosf pdsiinee ioRs) oomangmgmhﬂansefbr gaserhdng pbsnpnoetnerds dhedrzndr t i ke

carbon filns_ having.a dens lt of ar artl ul ar
Cavant age (REARGRBSENE B1F I BRomiHed 4 0iudt: et fue bher EorBo Rty & 80t o1 i cs
and that thendidues 0hoa Uﬂécnﬂ@mbemmta:myhe)fnv‘ehﬁ@edemmaamae&mltfé$ova8aa
result of efforts to renove croparticles fromtgbq:q ns. Macroparticles

are subst afBFA9eRrE FOHFE F3PRIB PEGOBY2HAG PPRFVEFAEPAN PP er FrYCRd pHERIn

i nvention, asS@calim dhagfrer qhagmtceﬁeﬁslae&pmmelaao@mealpaadve forishBralgResd t ed
film 1t |s particul arl ugtlceable that the TAC filns of the invention do

not absor b T4er @ 08HYyt hSURSYBIS: 3% thR t FPURIY qqﬂda%oﬁhﬁt figer, dushi ¥®s ng no
hydr ogen i mnddiéparficiek iftdib pobitivendder aspect of the invention accordingly
provi des a TAC fil m possessing the above-identified filmcharacteristics.
The filmdepth is typically 50-1000 angstrons. In a third aspect, the

invention rekat esrthér, PRdral giirfieuisY ldmbddyent 608Hd MN8N drovBsd bakiRredy
multi-layer coating it is intended to indicate that the substrate has a

first coatiCAYASE BRSOREREr JEPOHTRH PASITILE [QNEAD BiSHRFUFCaRAMRIEB80Nnd coat i ng
of a different material, such as alum niumoxide. Miulti-layer coatings are
of particular use in t he optical and electrical field in which the

conbi nation of propéet VRYMEPATRRW by the individual coatings produces an
overal | property of the coating which is of a particular application. 04
F EB 2003 - is Athird aspect of the invention provides a cathodic arc
source for generati MGENHINIERLBED fPOIFNLI BN BER Y ISt OB AMRICARY: a
vacuum chanber, a fiddihodeartdigete | ocated at a cathode station within the
chanmber, nmeans for generating an arc fromthe cathode at the cathode
station,

- a substrate located on a substrate holder

a filter duct located between the target and the substrate and through
which positive ions from the target pass in order to arrive at the

substrate

- means for cooling the cathode

means for applying a positive bias to the filter duct
said filter duct having a first bend and a second bend

means for generating a magnetic field to steer positive ions around

the first bend, and



a second cathode located within the chanber, and neans for interchanging
the first and second cat hodes w t hout breaki ng vacuum Known cathodic arc
sources incorporate a single cathode target. To produce nultilayer coatings
it is normally necessary to break vacuumin the chanber, replace the

cat hode target, punp down to re-establish vacuumin the chzﬂnﬁg ﬁm t hen
apply the second coating layer. As will be appreciated, th ﬂ spect of
the invention enables nmulti-I|ayer coat_iﬁgs to be obtained without the
expensive and tinme consum ng step of breaking and then re-establishing
vacuum in the chambgfeans tfol §ekdtavihg %%Q%ﬁ’é’dcdﬁ‘elé hishedr sRIVPnk AVGInLT 2
metal in conbination with one gas and then a second coating |ayer of the
sane netal and a seH¥h$RCPRY.berdr exanple, a silicon nitride coating may be
applied on top of a silicon dioxide coating. Qher such conbinations wll
be known to those skilled in this art. To obtain such a nmulti-Ilayer coating
t he cat hode aspegiic grabogimenypf thixinyantiomeessricad in fysier ejailgirdewaat atchode
target hasyhge isWohRereliiththe §88rck AR drbviBES L) j th
traces of S‘Ecﬁgt rgf#rigglsg_gs.é%en t 3t sracl_:rre codrﬁt\gmgngtgg’grcaﬁoggg ?é'%gasﬁgd W th
a second dfas are lsiking figaitiop).agthietashnsing cnmoeakatsitkers losatedninsidentieed wit h
ions of t I I j i 1.C e thi.r p of

i nventi onnlrasct"gfrg%h%?ﬁgdvgrq E&ggﬁﬂs{su@h%uassewﬁee %‘r%@?a{% ﬁgdg "(I:él\ﬂa%be
exchanged tawands theee targdt catihade pbriidnetasighes watnesialtputhes thiectasgarcardi
cathode is_pot c ' e N [ . aj.n, this
exchange i'gﬂ'g'é ié;é\}té"g’mr gﬁed?vmgﬁﬁerﬁa?g i %ﬁ°§ﬂ€|5@&@%&%@‘%%?@'%@@&% in the
chanber. Thereseceries the fatel@f dapositonné iaxts en pleuswlsiraye, ahoggtt breedeedatianhe
source conprisi. means i ' e fjfst hode with any of the
pl urali tyrggfn Ogé{ﬁ%&de?évxx {Iﬁafgﬁt'gtﬁﬁéetgﬂggtgép{& ﬁggrt\}a%'{j:‘u%$ aagtaq'\éennagrlcyfo%rﬁeesgtecond
cat hode i sud does edt ivana octaide defamhgazirow. rangea YWdtht &8 caron @arpedtheeatc of t he
third aspect . dnvent ere is a vacuum | ock between the cat hode
magazi ne Z\ﬁo ta?’%e'g (t:kg%'%%l eggs Ug?l%\;r}. The vacuum chanber advant ageously may
further conprise first and second vacuum conpartnents; the cathode nmagazi ne
is |locate 1§ hi e Q t t. th th tation is

| ocat ed WIdIE#I }n"}?‘h%étap i Zﬁgvtgar\é%%%%%rgﬁgnﬁﬂcﬁgw gt%%”égupga(ea%@g?@ﬁd?@s nmeans
f or separ ahet deexnett pronidefa sihglefbausice anath betveeen thacanget endiee suhenitaze. |1t i S
preferred that the second conpartnent conprises a port allow ng access to

t he cat hode magazi ne wi t hout breaking vacuumin the first conpartnent. In
use of t hiBhepahnadice olf angestfoditmedbyublarbemderiasroa dust sbioebe bokad ratdasegs t o
cat hodes i ' R eaking.v m_| : er

ol ding- ¢ HEoRRTRGR® RREr A Ehe et itpePls” N Y RENT sl coRfu iR
conveni entofenglesmae bef usedt bodg dsthe firsteangigyia 2t reaswil @ Aotne sehend at least

ti me-consufp i rees | ' {1 er in
the. appar At I REE 1AL RERRERRTE: ERTICE hpaciREt s Sl R b AE

cont i nuousspeceatangte iorlghe s the sizedofctnd dund. NMAn engleafetO T oas idogt 6finchdsst r at es

is greatly facilitated. In_a _particular enbodi nent qf_ the i. njLon to be
deser | bed PRh el ranBisk A 6o e SRS MR teiartsh ety RO

conpri ses tze baghotheorger ppengiddeline of-sighnemiindreaahtbenget transport arm and
adapted to transfer a cathode between the cathode station and the cathode

magazi ne. 04 FEDB 2003 A fourth aspect of the invention relates to
coati ngs slnalseashssinveswns tav falendothaak wucn diamenan oiebdtinvaenaard Bebetidsi ¢ and

gas corrponﬁlat 8nd 15cm) is particulariy suitable. In these ducts, the double bends are
arranged so that there is no single bounce path for a macroparticle between the

target and the substrate.

A duct diameter of 2-3 inches (5-8 cm) provides effective filtering with small

double bend angles, such as 20 degrees and 30 degrees. On the other hand, a



According to a fourth aspect of the invention apparatus for applying a
coating of positive ions to a substrate conprises: nmeans for generating an
arc at a cathode target, the cathode contai ning one conponent of the
coating, means for introducing into the arc a gas conponent of the coating,
and magnetic neans for directing a beamof ions via a filtermgz gghg t he
substrate, the filter path adapted substantially to extract ticles
fromthe ion beam This apparatus enablﬁ; gas ionisation to occur in the
arc. Conveniently, the gas |ntrodUC|ng ans conprises a gas inlet proximnal

to the cat i : t rc is fierce.
Thus, gas *1%9 Hgg ta gr}f'{ngp Jgpgcgsg%%eg%Adéﬁ Y r{%ﬁog‘?é%gﬁ’f ?%ﬁﬁ‘ 888 and
contri but elssqmsghnﬁuemyambam@eﬂ p;asma omshe dudtheaill eswsagbealy it Bys prpcsor
callbratlon of the i y S i s _obfai ned ont ai ni ng
metal lic poRI¥TvECD & %%rmgn sﬁc{ \tlo;(@a1 l%%g%sg%rrp%gg;na??tﬁ @ug& o?f €Sfetric
ratio to pdumﬂumenanmyrmsafbe hetrmihcaged;mathngtgfllmermgmffsmwnﬁa@noﬂ'h,e fourth
aspect of the invention enables highly efficient use of gas and can be
adapted to ensure that gas use is at the nost efficient |evel to obtain the
requi red chngpedss tatsogaspnaetied! Ianlaatmgurolthathmeswhmrrtabeduoé\pqnargrteaferaaeor di ng
tothefou% rther

ot ol osuiEyRPRE Sonptiions s eBE T 5 fe¥Hhd B la, Blutst Rap g™ ° °°°

simpl i fyi ngusomisdtrducts baving dtalmetsnsbstmaumdmlsimchamdcmf- 15een) pbAagagiveuct .
Exanpl es of gl tabl e 0‘8??65 for obtaining gas-netal conposite coatings

i ncl ude  tpeadle rgtes of ‘P& oxygen, nitrogen, hydrogen and met hane.

| ntroduction of gas into the arc of the cathodic arc source can

advant agequs conbi ned with other aspect t his |nv ntion descri bed

Sbove. 1'n 15 aartrE APOEEH HEHE BreTRE: TR A cd ot TIRRHAEE | on.

t he cat hode shﬁplémfehfeﬁtb\l)ﬂtiﬂ%}d@cdteﬁ&Ii'&ﬁh fiie Maghd Bocte ISk réferabld fratshigt i on

bei ng positioned s él}é}t ap arc can be eneratcgd ffrtg.m a cath de | ocat ed at
PLs'ee S

the stati dWe'tsHé”é?pYﬁ OB PRI T §Pfrg™ AANELEAREN% PRER Bt ed in a
cat hode rr&gﬁzwwlthtdﬂeewaraaaus thighd bl@dw@d)fmbduﬁi 0§ ob®ativde f particREfgrhangi ng
the first ‘ﬁgté@()de W t [Yhfe econd c V‘frthOUt br eaki ng v%cuum_i n the
vacuum cha p°§\bb\éﬂ"é?' ag F(ﬁmﬁd atsﬂla G eRC SEPECRINEENE&0RHADt ed f or
appl yi ng nad theémserratec.oa'h? nigar tsOreh‘EﬂgBlébStldS\ﬁhg it cmae Iremedsec?fmtﬂchréeﬁti ng
conpri sing. i ons he first _ cathode an anot er of t c i ng
conbr i o1 ngEDAETPHIEAN Hb Piavelh AR SOt Drabsm Aol TN g Btk oved
wi t hout Dbrwalls, NOhe eeioved indrhvanvacelaanechamnae frofn thd appaaspect of the
invention relates to arc ignition avoiding drawbacks of previously
available igniters. Afifth aspect of the invention provides apparatus for
appl yi ng dnagatiicuardf pra¢esrdd ermbodiment of the invention the liner is positively biased,

typically to between 10V-30V. An advantageous effect of this bias is that it
creates a repulsion between the liner and the positive ions in the plasma beam and
thereby increases the flow of plasma through the double bend of the plasma duct.
Thus, any reduction in plasma beam transmission due to the doubie bend of the

apparatus can be at least partially compensated by biasing the duct liner.

In a specific embodiment of the invention, the double bend plasma duct is lined
with a liner adapted further to increase filtering of macroparticles from the plasma
beam. The liner is made-up of a series of rings having flanges that project
outwards into the interior of the duct and are angled backwards and towards the
target. The liner is made of a series of rings linked, aiternately around their

peripheries, for example at 12 o’clock and 6 o’clock, and then at 3 o’clock and 8



ions to a substrate, the apparatus conprising : means for generating an arc
at a cathode target, nmeans for directing a beans of ions emtted fromthe
cathode to the substrate, via a filter path substantially to renove
macroparticles therefrom and arc ignition nmeans conpri sing amlf:gg M{}
anode retracted towards a wall of the apparatus and novabl e bet weerz hi s
retracted position and an ignition position in contact with the cathode
surface, 0 4 F EB 2003 -20 and neans for storing the position at which
arc ignition occurred. It is preferredltlhat novenent of the arc ignition
means i s by, t epper Vi accurate contral nbodi nent of the
i nventi on éé'i@?ﬁ '8' lﬂ'@%(ﬁ/ {%ﬁﬁﬁé‘g%éfftébliegtﬁl% %‘I‘FWdH?E NeFURL ARGrarewad eans
for novi ngthd@udtlnidson anode towards the ignition posi t| on, neans for
determning arc ignition and nmeans for returning the arc ignition means to
its retracted position after the arc has ignited. It is an option for the

i gni tion appstohér RetiGhat difb&difhent ofiheligitintioh, MelBppaftudtittier@Bthppisesihi ch
is rotatably nmounted on the apparatus. In use, if a first arc ignition

posi ti on i 82ifigsipgatedag Gb§@ﬁ9éﬁtW§FcPfl‘@ﬁl"taicBHmt‘H'@mt&rﬁqu il a&ﬁéﬁ’é”ﬁ 3ndroved

directly tgefitehn W'cﬁtmeafﬂ?éthﬁﬁ@acﬁé edlaimy%cﬁ OVRI @SoderiéiithdOmdepsi tion
of the cathode. On first i ion of an arc froma cathode target, the arc

ignition nﬁaﬁsonagﬂ@'ﬁ)ﬁteaww%fv@atheﬁampgettn@%afﬁd@r@eaangép andihesaaee the
oper at or apt&LBRtddfokPh n@@, ??éé?&%@?bvé%tbr bhﬁerm@tmdaamgﬁrcttéiaé gl

i npact upon the target a amaging the target. Once an arc IS |gn|ted
from a cat Aogle. b%éfhe bhféieﬁoé\naqrgnar@pleara@dlrgaﬁrt\a emied splstantially. n@mastuent

ignition ofnd &qhgggganég{ bodsed 5 L&)ﬁﬁ,dmg%\fﬁég ently by noving the anode

on the arc ignition ans towar own first ignition position and
thereafter slowy noving the anode towards a position in which subsequent.

cat hode i gpiid {:u%@er?&c?f”a% thd'Saffie§ 3t IR ch S Ring UERd n%‘d'é'd?@’#éem'iﬁal bﬁn}éﬁua'

for subsequent ignition of the cathode to occur "at a | ower position than
t he positi ohpefitive jons establistiRs @ gasitivenhange thet exemsdMelectreftatihieeduisient i on a

cont ol i e ilihsx I dedielBD 1d Mo BIdiOl P derailbs e ARV RS e

arc ignition nea e control cw t advances the arc i I on anode
t owar ds t hincluginmaesitiviel iatiscintatie pgnmal dieti Jt sﬁen@@uul@ylvmfafeg@m what ke ar c

vol tage tNg,fRALO Mtk FGHitadifd bafdosel NGndardditA) LARBHR By from

t he cat hode.
in use with a fine, particulate coating and if this is allowed to build up over a long

time it can contaminate the plasma beam. Baffles that are removable can be
immediately replaced with clean baffles and the dirty ones can be cleaned remote

from the apparatus.

In use of the filtered cathode arc source of the invention, it is desirable to provide
as short as possible a mean free path for carbon ions in the plasma beam. This can
be achieved by praviding a vacuum pressure that is suitably high, typically of the
order of 10~ Torr, though during deposition this pressure may typically be around
10'5 Torr or even slightly less if gas is let into the vacuum chamber. In typical
operation, the vacuum chamber is pumped down to about 2x1 06 Torr and during
deposition the pressure may rise slightly towards 10'5 Torr. The mean free path
of particles in the plasma beam can further be reduced by providing and designing
apparatus having as short as possible a distance between the cathode target and

the substrate.



O04FES8 2003 -21 Thus) the arc ignition neans of the fifth aspect of the
i nvention provides a convenient way to re-ignite an arc froma partially
consuned cat hode. The problens of prior art ignition devices that often |ed
to contam nation of the cathode or required an observer to | ook through a
substantial |y opaque view ng wi ndow are overconme. It has bedt b2l ed t hat
ignition of the arc using the igniter of the invention can be achieved at a
vacuum pressure of 10'4 torr. As is kno in the art, this vacuumlevel is
suitable for sone coatings but for obtal ing coatings of exceptional

har dness a I ! : I i i Vi Lred. ratus of
t he i nvent %ﬁﬂé\%ﬁ% glseg%ﬁhlg dE)JrI 0 uﬂf}ff‘@ﬁ"’g@ %‘%g@?%}s‘:?ﬁ’koﬁﬁgﬁ& taﬁg azgl%?%&ﬁ h

i nproved c&abwngn pneoprr Foeexammplet thet beam agn be gdidpd biytaycurhidineef mageetd | | be
appreci at eg¢._, . } r..e 0% i t-1 on. i ne the
vari ous asg'ggtégéggéfgﬁgmét\ .oﬁ“‘f‘h@?&hgﬁ‘g&é b f@%o élﬁ%. |c')‘lh P'd%?{;&ray

parti cul ar crassedidieatrie mnddmagnéetiofieldhe Coits, ewhemmraddéd westhal dlasrha tdoet
aspects of inventi in i j | . hpdi ource. _In

anot her enSBATReReay @ bsblied ah i Eednerie B, G Y e Héorie PafG.

subst ant i aloptiotalyi wetsr adololed. WwPeérmanieet plagsee dreamotfer ppsiohi ve ions enmtted
substantially vertically therefrom The cathode target is retained by a

gui de. This arrangenent allows the cathode target to nelt during

pr epar at i osofg theeappatdrosliot thee imvandor, Hieisgfossiblet toi &chteviecedd epmsttion ratdof
invention is suitable for use with |lo ltin Qi tar S ch, as_copper
and al umi ni*8P aIQPfJBI]gaﬁntgsgamoqﬁréeﬁ?r&%gﬂr%%egéﬂf gtsn'Bt (ggf tcﬁbglfé"sf"@ramse
vvihth |0\r/1vt gﬁidéd‘r@rﬁ@h‘bofﬁtfaTWSncﬂﬁévimglaifmaﬁngGgethT.d'ﬁild’m"a!;ryetlidlﬁiwdl‘ra]yf-out of
t he cat hodic ar¢c source forced the target t verti or at an
angl ot o HEe RN ISHRnE oot Fiel U g gebPle Repo heopat BB ieretibed |
woul d el t sasight bavesbeywbémthd béndsadrtogisort4l mdnorasscrdof theorvd beddie wal | s
or the bottom of the source. Secondly, production of macroparticles froma
nolten cathode target is higher than froma solid cathode WO 961 26531 -
22 0 4 F EnhB m4fd3p&titleGAmME @9 I fimigptaduted upihgQhe aidthoke ¥he @ppédatusnot
provi de an ficient enou filter of ropartjicles to bl e accept abl e
el ity cost M EvErted ARV PeseRbiR SRBLaNe 1o bh3abEh TBE PeF sfantol ¢ en
cat hode. | nostime608ahgstenims nisitianTasse yalues campard davaresbip auth ghosel ircles

coati ngs of 1 nu um. however the ave bee roduced. usin | sed
cathodie afcoslas P R R aldter 3 e TR S A B0 RET i g
of the cat Inm?eforarogeting s thickree sedi0Sranpgeobed. Aisdettactgurdiing tymca figure her
enbodi nent fgrf hL t]e iin\fenté on, .a d .u§j ng Uﬁg catrho ic arc source for periods
of up to 2/0EnCY! BT AtIEEPATSEEi AL 5P MRREY TN poi nt cat hodes can be

obt ai ned using the apparatus of the invention. Thus, a whole new field of

coating teghpol has n.opened by this invention. In a particularly
o of ef fed enANHERPeSyoniRE RTERE reRiesnant Frd BFERP BEF athd'af sty ot o
pur e- pl asmisnst antdeposptical emsgaerandAct@ding to thef sdcosd aBhectpbfagwrinventem tt ed
from cat hoq,i,g, arc s\pg)tqs on l_tﬂ_}e fSlrJrface of a ttlzr(‘)nsyng%g\(,a %%Esquaedia (gr ui ded
by a radi al APLRPIAIRT BPRA7 IS 27 @RPVYING 2 &3P I PLP g%etl ¢or BFECt rough a
posi ti vel y shbstsad, treudpparimscormprsirdal duct to a substrate in a coating
vacuum chanber. Unwanted nmacroparticles enitted with the plasma fromthe
cat hode are effectively filtered out by a set of renovable ceram c baffles,
a renovabl e st amebes Sostgeekraiidlgl emsarangt a cartiblie tbrged, the wiadaddedtarpet The

cl ean plasma beamvirtual |y without macrp-partic .af the exit of the duct
can be scanned ?%ntglﬁéngdﬁ}%ﬁgf 0% OB 63°B'§ea°r9r?Ei‘%ﬂﬁei%%récyé‘fbesﬁﬁeaterhi s scanned
beam in conbination with a rotating substrate holder in the coating vacuum
chanmber, can depgsit.a |ar rea.of films wth od.unifornty at room or
Gy other *desi r BRCLEHTeRRERY SRRV 1Pee of Hs Rof PR e S RLbE PR o)

w th a desired shieegyadasubicaraidiy actretiol¢ atactdparidies trerbfeenm by using a DC
or RF bias on various types of substrates, such as netals, sem conductors,

pl astics, ceram cs and gl asses. The plasna beam fromthe filtered cathodic
arc source of tmeahd¥@tidi@Rgithe HibléABE ubstrate in the filtered ion beam,



for roomtenperature coating of substrates, thus enabling coating of an
almost unlimted range of substrates. 04 F EB 2003 - 23 There now
follows a brief description of specific enbodiments of the invention,
illustrated by drawings in which: Figure 1 shows a schenmatic side view of a
filtered cathodic arc assenbly of the invention; Figure 2 shows a schematic
top view of a Plasma Beam Scanni ng System and a doubl e b%qugyﬁmsof a
filtered cathodic arc of fig.1l. Figure 3 shows a schematic side view of a
mufti-target changer with the anode and3cat hode assembly of the filtered
cathodic arc. Figure 4 shows the infra red absorption spectrumof a TAC
filmof the invention: wave nunber on the X axis and absorbtion

co-ef ficient onnddies Yoradpslyinigl bmsRR didsngp Ch& diblsontiet sostaite apOdissibadd- 837
and no C-H absorbtion. "?ure 5 shows the m)rEh,oI o%of a TAC filmof the
GFgIces

I . .
i nventi on under®leROFHAIG piarge ACCrHRe OPethertig (ke B edeRAFHIPNSBlect r um

of a TAC film gpgRidiipgs.t 0 the invention: the anorphous dianond structure
of films of the invention is evidenced by the conbi ned peak at 1400- 1600.
The X axis shows Roman shift (cml1 ) and the Y axis shows intensity (cPS).

Fi gures 7-Wierdd@Wriophdbatinss WeavdticoRsiaBredtd shitflciediynigiehlidig) eheh@m of
doubl e bend ducts of the invention %x axis - first bend angle; y axis -

second berRPUgALRRA elpFgNIc FOARROS the iiteiRd RiasgiaRpamEp e ipvefiignipof such
filtering)purity that high quality coatings suitable for optical use can be obtained.

Examples of these coatings include tetrahedral amorphous carbon (TAC) and silicon
coatings, and oxides, nitrides, selenides and carbides, such as silicon dioxide,

aluminium oxide, titanium oxide, titanium nitride.

In an embodiment of the second aspect of the invention, there is provided
apparatus for depositing a multi-layer coating of positive ions on a dielectric optical
element, the apparatus comprising a first cathode target and further comprising a
second cathode target and means for interchanging the first and second cathode
targets without breaking vacuum in the apparatus. In use a first coating of ions
from the first target is applied, targets are changed without breaking vacuum and
then a second coating of ions is applied from the second target. The filter path
optionally includes a double bend toroidal duct adapted substantially to remove

macroparticles from the plasma beam.

The duct conveniently incorporates the first aspect of the invention. In a particular
embodiment of the second aspect of the invention, the duct is lined with a liner,
preferably a non-magnetic Wr_ner. Moaore preferably the liner is removable from the
duct for cleaning. In another embodiment, the liner is given a positive bias,

preferably within 10V-30V.

The invention enables deposition of a film of TAC that is substantially, and can
potentially be entirely, free of macroparticles. This film can be obtained without

the need to introduce into the vacuum chamber a gas to prevent formation of



Figure 1 1 shows a duct liner of the invention; Figures 12-15 show doubl e
bend ducts of the invention. 0 4 FEB 2003 - 24 Figures 16 and 17 show
deposition apparatus incorpoating FCAs according to the invention; and

Fi gures 18-23 are photographs conparing coatings produced using apparat us
of the invention (fig.s 18, 191 with coatings of the prior art (fig.s 20,
21 ) and coatings made with a single bend filter duct (figs 22, 23).

Exanple 1 1 ) Cathode Assenbly F{eferrl1 to Fig.1, the gz’gﬁd@ assenbly is
made up of a water cavity block (1 ) with a nounting fl
consumabl en£abhadeiet RN dadkolitndiPeabeth Qaeseh,%ratt% iRknd &%p\emeg ffeﬁa/ I t y

bl ock (1 ). The cat hode target is surrounded by a ceramc guard ring
t hat prevd&gpasitadel Ak c A§otil OHIer BRBIIGa3I0HS CPEIAtIDA SIS I AE 828R Yolgme s t he

target surrﬁa%ﬁe%&s%)mf Thﬂwec?ﬁb' &gmwf?gts,ezf1 f HRChvemtidd ean tbréedé/i%tsnﬁﬁd 'voikrlﬁtthé 8) and

returns through out to cool e whol e cat hode asse e water
i nl et and fellpwiag CéJlaéaCrﬁQfLﬁilCéd on a base flange (10) that is eI ectrically
insul ated fromthe cathode. The cathode assenbly is nmounted onto the anode
assenbly by the electrically insulated nmounting flange (2). The cat hode
assenbly is el @ttsmagahmgssconnect ed t oredtemearysquare of & angsaloms avaraga ¢ power

supply ( 11 ) and is vertically nountg véﬂoﬁ tpl%m%&q%eovyo lf‘h@%"gﬁ% The

materials can al so be used as cat hode argets

anode assenbly is nade up of a strai gdeppsitedeoroé pdlighedmsilidprasurddcer j acket
(12) known in the art for cooling. Located between and electrically

insul ated fromthe cathode assenbly and the double bend filtering system
it is electricHllhargresanded and conne&be@Pa ¢thisheomppariesitoea veluriafal0®f an

arc power supply (11). 04 FEB?20 W.P ced in
the vicinity of the target i31. An or?%ogona&a%loacedqyg éa}%%e({neﬁg f? (14) is
| ocat ed beside the view port (13l. ThenegasCiavatihgs usamgm'e rangm of 85-Ander goes

maxi mum i oni zation by the plasma spot h tiv can be
input fromthe gas inlet port 114) toGgghf\ber\?gfﬂﬁrja% %ﬂ%n onléz%?3 gg‘rﬁehence

hi ghest reaction rate or doping effi cioéfiys of the invention is typically at least
80%, and in embodiments of the invention
is typically at least 85%, and in some
specific embodiments as high as 88%.

3 content of films of the

The increased sp
invention compared to prior art films gives
increased hardness. For example, the films
produced by the eguipment of Falabella et
al (US-A-5278723) are reported to have

3

sp~ content of around 60%.

(c) refractive.index 2.5-2.6 {(compared to the vaiue for
diamond of 2.4}.

(d) optical band gap approximately 2eV.
{e} transmittance 70% in the infra red spectrum.

(f) Young's modulus 700 GPA, typically 600-800 (compared to



A set of renovable ceramc baffles (15) are located in the upper part of

t he anode assenbly. They are used for three reasons: firstly, to prevent
some of the nmacroparticles fromrebounding off the wall and entering the
filtering system secondly, to reduce the |loss of positive ions to the

wal |, thus to increase the plasma throughput, thirdly, the baffles are
renovabl e so that built up naterials can be easily cleaned off. The
magnetic coil ( 16) around the anode crgates an axial magnetl&FEB 808 t hat
focuses the plasma beam and guides it into the next stage) the filtering
system 3) Automatic Arc Triggering Sysbemdme réudighmihgf arc triggering
systemis | ocated on top of the anode assenbly seen as a bulge. It is nade
up of a striker (17), a triggering tip f 181, a stepper notor (not shown in
the figure), a : t ; i r Ji1n t he wat er
j acket wal | of qghgg%@d%&%m?%?\( ?%giqﬁhlﬁeéﬁAgtf?r@rgp %ﬁ?‘%%gcl)y gég%end to the
target (3). At the start of the triggering, initiated by the controller (
191, the strik ), F ot ates towards qt G : t whi |l e
the controller q%) %Sky&cyonti nuousl y noni taoé}gu?ﬁg%h@‘nﬁ%%ﬁtﬁ?@%ﬁ%@@ n arc
power supply (1 1 ). Wien the triggeri digmang is T®ymaby She g/aubéc cax géhe
surface (3) and subsequently the arc i §aL0 s t nl .19)._ senses
the change in arc power supply (11 ) aﬁahﬁyf qu}%%hgrpgﬁﬁe{rh%( ,{\s’%n{lﬁfﬂom
the target surface (3) and away from t hpigdliasred (ssardboge a\doi gi/co'oﬁt amd nat i ng
the plasma. The position of the trigget] [P (L Lgnitiqn is
stored by the controller. Wen re-igni @&%ﬁraﬁ??&éﬁh@@ﬁér égﬁ er'o?l”grr i's
able to drive 0 4 FEB 2003 - 26 thepublicagenshgve reported)diampndllike t o t he
stored position without risk of fractur] h . ef. Any,faurther
novenent necessitated by evaporation OFL{E’%ntﬁgg ﬁ%ggggﬁég]%‘?o{:%{ﬂu za.'tj a
much slower rate. 4) Filtering System @m‘refri ng to Fig. 2, the filtering
system conpri ses a doubl e bend toroidal duct (201 and a renovabl e stainless
steel bellows f21 ) (shown in Fig.1 ) fitting well inside the wall of the
duct, which issa peaivuat &btamzge amat HleeTAC Gladd pf iths uhareidnf pasves heesenode
assenbly a i i p I 2 gi ves
posi tive porEengs GRTHRR300 ils BEHSE Bomb e Ay ks Uilateerif ey

wi t hi n t heapé assuit dfeafforecToesndveemagiopiariaiessiromntthe dilme.e Macrapardoiepatesr

si mul ati ong .t ..an opr.Late. radial .electri.c field js .very.inportant in
ef ficient %‘fbégésﬂptba?]y a%ﬁg%lyoﬂféhgw%%%ﬁénéﬁhﬁ&%ﬂgﬁtr%ra'a ecﬁi tch%c'B?' ﬁ/t((’f‘\%)sogél erates
a curvil i ndese ahiaadctemgpiost can foeebbitaidednn tiee depaditedTilMs  cit 0s padticularly

el ectric- [ el chent | i i he. pl r h ubl e
bend and g?% é%galb\gee%a?ft?‘fgiég t')lﬁ?s Sﬁ\k/g%t'g\gesn '°8r%€é‘r%? irggfég’ gg%var%%%ﬁtggs t he
filtering sssotEmedimdtn@id tRabbsaronen, iAdicating abl kyddegen ini therTAQ fills.can
enhance the filtering efficiency. It is again renovable to allow for easy .
mai nt enance of the duct. Eventually, only a pure plasma beam w th known ion
energy w | A ferher éspeet bhehd invieetiomgesyrsingiy pidvides & TAS fiyonr posskssm@ thEeam

unconvent | BRe-BeAuidd e WeRiskedinspoamhes A ebt e 7Bl 8 R84 o

Fi gs. 1 anangstraamsragnetic pl asma beam scanner is |ocated after the
filtering system The scanner is made up of a C-shaped soft magnetic core
(24) with two open poles on the top and bottom of the strai ght duct (251.
There i s ainselwirdi aspecqutnad triventiagrelates corodtaihinh moltieleget coatirggsdon\vd ng
unit (261 ¢ epnerate a magnetic. fi.eld bet n.the t | es. This, magnetic
field defl %%sgrafﬁ'e%ﬁil'ﬁ@‘ﬁaqg% 'a"rﬁa(i'RQ\)BWPFFd‘d\ré\rﬁgﬂé’EJﬁ%""F}Qg?‘gﬁ‘&aé‘é’ﬁ&’ai%%“pl asm
beam up ans fidstvenatihbeof or@ rhaterial, 20@B as?silicdnodibride rapdc secosldagraningroffaan

shaped duct. (27) is to allow the beamto be,scanned. This fast u nd down
sweepi ng p%‘&éh%\'?%’é%’ﬁf'ﬁ'aﬁ“%Bﬁér%m'Pb\ﬂ%Bx%?Feié“'Hﬁa‘fﬁ'|°r‘?E"UkP% ﬁ'eg?fo‘lF’ﬁﬁ‘iﬁ%r mty.
It is al sougasithé aptishl Bnareie@picopfieldt & dmicretisd gombirdadiohher pesyuregs t O
conpensat e t1;0r v%i %oras .n_ion densi t% acr oss th(@ wi dt h o£ r’ghe filter

out put. ThEPBINESHRY B IALARUY LORUNHR Pracufiatl RYF S BEYRATY ObFNg EPFT Ml | y .
It can al sehivt isaaRNEsHiboh abplidazient al |y and vertically if two nagnetic
scanners are installed. Wth the plasma beam scanni ng systemthere are few
limtations to the size of coatings as far as this attachnent is concerned.
The main limtation arises fromthe size of the coating chanber. The ions
of the deposited material in the plasma beam can be deposited on various
types of substrates, such as netals, sem conductors, plastics) ceramcs and
gl asses) etc. The substrate can be further biased by using a DC or RF bias
to extract ions with a desired energy fromthe plasma beam The deposition
can be carried out at roomor any other desired substrate tenperature.



6) Multi-Target Changer Referring to Fig. 3, the nulti-target changer

enabl es easy and efficient deposition of nulti-layer coatings. It is
basically a toad-1ock system conprising of a vacuum chanber (28) with
access door to the targets which are stored and indexed in the storage rack
(29). Alinear transport arm(30)) located inside the duct (31 ) connecting
the storage chanber to the anode assenbly via a gate valve (npi ngqm in
the figure). is used to transfer the :t%gets. A gripper t32) is designed to
hol d and support the target during the transfer. 04 FEB 2003 -28
Exanpl e 2 Ahgirgla865405H Ml ifvarRtidiNblodlaedid f@ERNGE aRELNGED tbhgedbiGhinyd! | and
the plasma centre was added to the drift nodel equations devel ope y

Schm dt anriaxng DeAFaioMEhgathope jar@et, ®MITBINA1960) and Sovi et Phys. - Tech.
Phys., 10 (5), 655 (1965)). and v~=-gq~E+v~xB~+nv~, w~-v~~+2g~orm dt M d v~
=q~E+v~ xB~+ M/, ~w~ -v~~-2g~oro dt The first ternms on the right hand side
of these two e@uerduonmscirroker be the notion of electrons and ions in the

el ectromagnetic field. The second ternms describe the accumnul ative effect of
i nteractions between electrons and ions. The |l ast terns describe the effect
of the radial elfsst cathodeddehibdeheaathdie staten wathin thedchdmberentre of the

pl asma. These two equations are used to sinmulate the notion of the plasm
in the toroidal duct and used in design of the filtered cathode arc system
accordi ng to tmegnsefoegenemtieptananc o thpcatbnde Bt thrucathbdpatationl es in t he
duct was sinmulated on a conputer according to a.specular reflection when a
neutral particle hits the duct wall. The results of these two sinulations,
nanely ( 1 ) tleseebhdciztraddeviacatatiiveinsnitne thanberglaes of the first and second
bends upon plasma transm ssion through the duct and (2) the effect of
variation in these two bend angles upon filtering of macroparticles from

t he pl asnma, ar enddnsuiet ricdeechaingirigl guer st and SecOndicdtHbdles Agciosuti trgakiagt he
nodel , a doubl e_bhend pl asma duct of the invention can outperforma single
bend in terms OF Prdsma transmission (fig 7, 9) and/or macroparticle
filtering (fig. 8, 101.

Known cathodic arc sources incorporate a single cathode target. To produce multi-
layer coatings it is normally necessary to break vacuum in the chamber, replace the
cathode target, pump down to re-establish vacuum in the chamber and then apply
the second coating layer. As will be appreciated, the third aspect of the invention
enables multi-layer coatings to be obtained without the expensive and time

consuming step of breaking and then re-establishing vacuum in the chamber.

It is known to provide a first coating layer of a metal in combination with one gas
and then a second coating layer of the same metal and a second gas. For example,
a silicon nitride coating may be applied on top of a silicon dioxide coating. Other
such combinations will be known to those skilled in this art. To obtain such a
multi-layer coating the cathode target is made of the same material. However,
once a cathode target has been used with a first gas then it becomes contaminated
with traces of that first gas. When that same contaminated cathode is used with
a second gas, the initial plasma beam from the cathode is contaminated with ions
of the first gas. In this circumstance, the third aspect of the invention is also of
advantageous use because the first cathode can be exchanged with a second

cathode of the same material, but the second cathode is not contaminated with the



04 FEB?2003 -29 Figs. 7 and 8 are calculations for a duct in which the
angl e between the direction of plasma entering and exiting the duct is 90)
that is to say the net effect of two bends in the duct. In figs. 9 and 10
the angle is 45 Exanple 3 Referring to Fig. 1 1, a duct liner (shown
generally as 51 ) has rings 152) and linkers t53). Each ring %2£§@ﬂ lar in
cross-section and has an inner lip I154) extending inwardly an rdly.
In use the liner is arranged within a plasm duct such that this lip is
directed towards the target, ie against7the plasma flow The |inkage

bet ween adj acent rings is by |linkers |53 connect to each ring. These
li nkers afiEst@esafGal |"h'5(TP‘F¥%W%°'r1'F aﬁT"&E%‘% ‘i’cj‘tﬁﬁﬂ Efé‘:' M PRBPYRreaking dj acent

rings to gh¥surhh®thd BREmBEQuUgh flexibility for it to be pushed into a

toroi dal duct and around the bends of the duct. The liner i's made of
stainless steel. Exanple 4 Referring to figs. 12-15, double bend ducts are
shown genefalskyodifcAPBde talde ér?er&fqa pheyitg o@'%%hdd@s“ﬂe%u%\@c@rﬂﬁhﬁn?f

pl asma entering the duct is at 90 degrees to plasma exiting th Fi g.
12 is a vimeansrremrapwhanginggthel1fysy cpeosgerith AaY\eTetheapitratity of £athpdgsew from
the side, v@Mou%r&mn&aH@ VaeGLm. | Bpfiofallyl theN@lcoRBURndde fO1ocdRiY fES. The
duct in figs. 12-14 has straight sections (202, 204 and 206), connected by
t or oi dal sémgemwzam 210). The angle of bend 208 is about 50 degrees and
of bend 210 is about 60 degrees. There is an angle of 90 degrees between
the plane of the first bend and the plane of the second. The duct in fig.
15 has st irad glarticssart éropedireno of 2rpthindoespea) ot thenaveriibroihereisod satudrends

(226 and ) n%ﬁjf g% ~ees and bend 228 an
angle of a %u er%@geﬁ%gg her seeglltr?lJ gﬂ% ﬁééfgﬁg{egr ees between the duct

0 4 F EB 2003 -30 entrance plane and the duct exit pl ane Exampl e 5
Referringy I at ed
corpr i si ngrFi 1ienmy thafRl 2byaRERERLLY pPHRARS, Karbritp it Pnf <adBhEC o
The appar aawrhagmamammsntbhaamedemanz@)weamacamvmbmsmmeceed vadmm 1 11 )
The fir ( h : tﬁpdjc G506 ting an
arc from g&@g#&g&% ntS%Q%%}hJ&%t%%@%t?%Ze?gﬂgmgmr%‘ e PQF’%‘S{”’ are %r?tl'tered
by a doubked b%dometcmmﬁsshwsmf iseparate evdaqyhRtion of the firgt E08)secand i r st
bend (104),,c e 303k d d a
third st ra| g t se%ﬁérﬁl’i hgls%hgf{ehggéﬁs I nt sgeoﬁieeggaﬁﬁ}cég?fn%meﬁg
(t201. Bopnrtchjot/\sngaa@etsert@rfm¢athnd@msgzrsewimﬂt amkm»@caumunmmeeﬂmnd
preventing, gbp,;;\e ef -sight fromthe target to the substrate and preventing
al so a sing &°bounce path fromthe target to the substrate. Ports ( 121 )
on the chanber allow VI sual |nspect| on of substrates nmounted on a rotatable
drum ( not el E11a IS F:&%} G by a
magnetlc é ptrhg ced r%?nb%%ﬁ% %?oﬁﬁsﬂ%ﬁ%ﬂ : SHPgﬁg}é ks t he
duct . Thelff mestcaﬁ@ne r@amnma@trmtahngalen@waswdegrt@escrwmetrH@l«&;egdh@l bend
1 1061 has T VeSibhf &fGAhgP! anes,
such that t g%rggsogr?gihﬁgg)gﬁ%%Egétbv?e%%éﬁat%a\nggh%gﬁs:cﬁ |nne tb h{a dé?‘I ctggn
passi ng t lof gayiedenintpithe magazimieghithewthe gimg-camminadeed | T9 bpeaks3nd gassi ng

through tRebilid dadiurRirdhe mARChIMoRPH F¥labbAGeddIeriliiime it rdp@EEES-
an exhausted cathode in a continuous coating process is reduced and multi-layer

coating of substrates is greatly facilitated.

In a particular embodiment of the invention to be described further in detail below,
the cathode interchanging means comprises a cathode gripping device mounted on
a target transport arm and adapted to transfer a cathode between the cathode

station and the cathode magazine.



Li kew se, positive ions fromthe second source are filtered by a double
bend duct having first, second and third sections (112, 114, 1 16) and
first and second bends (113, 115). In the case of the second source, the
first bend f113) has an angle of 35 degrees, the second bend (nlﬁyEq:mgj an
angl e of 40 degrees and the resultant angle between the first and third
straight sections ( 112, 1 16) is 45 degrees. A frame (122) bears the
coating chanber and the two FCA sourcessg. 0 4 F EB 2003 -31 Exanple 6 To
test the macroparticle filtering ability of the invention, sanple coatings
were made usiaurtt hepetaud thebimnenfion relatedunt cadtingh esuchvansiiiosn arkidzogpar ed
W th coatings frompri art a rat us.and wth coatings nmade using

appar at us ﬁg{/r?'ﬂbmj’ Bg‘tdeghat gﬁvedﬁ‘%?aé@c f"i""li P8y CURP"EERY. The results are shown
in figs 18-23. Al of figs 18-23 are photographs taken at a magnification
of x125 of degocgited l.ayers of TAC that are 600 Aé\fg@tro .thick. Both figs
18 and 19 AC&°! %F%a&%'é‘é%iaf%“ ithG Y eqHABPRPHENY (iAPPIIRE AGORTNGHAY out
pi eces at 9@sitiegli®RSto ashibdtedte konchraggle of about 50 degrees and a second
bend angl e of about 60 degrees. No macroparticies, which would be visible

as dark or black blem shes on the photograph, are seen. Both figs 20 and 21

are films nmade webAgidridehefz@idgRatdi@eea d5thoB6Itrpat tie 6ARDBE Ebmbiningym | abl e
from Cormonweal th Scienti fl_'c Cor,rh)oratl on. Numerous contam nating

macroparticl es, SUTRPHE HINBICR8K Spi odges, are evident. Lastly, both figs
22 and 23 are filnms nmade using filtered cathode source apparatus built by
the inventors that has a single 90 degree bend in the filter duct. Again,
numer ous cont anTRaPS fRY IAHEFYHag 17t0It8e 255 8 985iCIaMCNeRAt PhEer$93%ngvand at i ons
and nodifications fromthe described specific enbodinents will be apparent
fromthe description to a person of skill in the art and consequently the

i nvention i s nof@gpetfe RATSt fAUereEingG & b 1§ QAY \Ypekifftes RAWBOG ent. O
4 F E B 2003 - g#strate, the filter path adapted substantially to extract macroparticles from

the ion beam.

This apparatus enables gas ionisation to occur in the arc. Conveniently, the gas

introducing means comprises a gas inlet proximal to the cathode.

lonisation in the plasma ball of the cathode arc is fierce. Thus, gas introduced into
the arc is rapidly and efficiently ionised and contributes positively charged gas ions
to the plasma beam. By prior calibration of the rate of gas input a plasma beam is
obtained containing metallic positive ions and gas positive ions in a suitable
stoichiometric ratio to produce a compasite metal-gas coating on the substrate.
The fourth aspect of the invention enables highly efficient use of gas and can be
adapted to ensure—that gas use is at the most efficient level to obtain the required

composite gas-metal coating on the substrate.
Apparatus according to the fourth aspect further removes the requirement for there
to be a gas inlet close to the substrate or as part of the plasma duct, thereby

simpiifying construction of the substrate hoider and of the piasma duct.

Examples of suitable gases for obtaining gas-metal composite coatings include



Clains 1. Apparatus for applying a coating of positive ions to a substrate,
the apparatus conprising: neans for generating an arc at a cathode target,
t he cat hode contai ni ng one conponent of the coating, means for introducing
into the arc a gas conponent of the coating, and nagnetic neans for
directing a beamof ions via a filter path to the substrate, the filter
path adapted substantially to extract nmacroparticles fromth@4ifgf 28Bam
characterised in that the gas introduciigg means conprises a gas inl et
proximal to the cathode so that gas ionisation occurs in the arc. 2.

Appar at us hdhRebded, Gyaidheh aMaeheinanthe gas is sel ected from oxygen,
ni trogen, hydrogen and net hane. 3. Apparatus according to Caim1l or 2

wherein the cathode is a first cathode | ocated at a cathode station) the

station behftaddesed bPgaslins@tHd e iRhakathedit 410 sBaRRY edrtsuvdrRipcbsRidde
| ocated at the station, the ap Parat us_further conprising a second cat hode

| ocat ed | rEUNNALH YHEN RRRPIASRECTS OF Hhis ifjy§aHAT G§5$rtﬁecdf1é?°‘(f'onﬁ? BsRafCHRans f or
i nt er changifgodiffent of She FRIAPEEn Atk 07 tﬁ@ﬁw%ﬁaendtr@aéé%ﬁéi@e W 4 fﬁ%ﬂ abﬁ@@éﬂ ng

vacuum i n the vacuum chanber. 4. Apparatus according to any alns 1 to
3 adapt ed 'ﬂ@?tedpﬁﬁwpﬁfﬁ‘oﬁﬁlsﬁm%ﬁﬁ sgarn PRYBY thesitigae @l@s‘tﬁaataé af@rﬂ@”l@yer of
the coati ngEIREIFHAY da bPdReli 38 1hd Lidtiofi ALBAUBBaRAGs AlIAIIon KRy OF Lhe
coating cohprising Ions romt e second cat hode) ayer &t | ng
achi eved vé sdeoad dsthade 'ﬁgatedwaﬁaqueW@gaa@authemmm.s furtiger£omEisBig2003 -

33 means for interchanging the first cathode with the second cathode without

breaking vacuum in the vacuum chamber.

Apparatus according to the fourth aspect can be adapted for applying multi-layer
coatings to the substrate, one layer of the coating comprising ions from the first
cathade and another layer of the coating comprising ions from the second cathode,

the muiti-layer coating achieved without breaking vacuum in the vacuum chamber.

A fifth aspect of the invention relates to arc ignition avoiding drawbacks of

previously available igniters.

A fifth aspect of the invention provides apparatus for applying a coating of positive

ions to a substrate, the apparatus comprising :-
means for generating an arc at a cathode target,

means for directing a beams of ions emitted from the cathode to the
substrate, via a filter path substantially to remove macroparticies therefrom,

and

arc ignition means comprising an ignition anode retracted towards a wall of
the apparatus and movable between this retracted position and an ignition

position in contact with the cathode surface,



5. Apparatus according to any of Clains 1 to 4 for generating .a beam of
jons containing cathode-derived ions and gas-derived ions in a desired
stoichionetric ratio. 6. A nethod of applying a coating of positive ions to
a substrate using a cathode arc source, conprising: generating an arc at a
cat hode target, the cathode containing one conponent of the coating;
introducing into the arc a gas conponent of the coating; qugimﬁfting a
beam of ions via a filter path to the_§ﬂ$§trate, the filter adapt ed
substantially to extract nmacroparticle romthe ion beam wherein the gas
conponent of t hg,£aabhogo/ ﬁohngirﬁ%%%onrawm@rk a;cosghnr%nco?éc!mg. so that gas

i onisation occurs in the arc. nmet hod according to Claim®b6 conprising

introducing into the arc a gas selected from oxygen, nitrogen, hydrogen and
met hane. . 4 A B2 A AT ofne: ArcighitbonAheans ¥\ Ads oA
(& . AFE . A Rt Gieifag g AV, AY: M° R TR AT Y. 0 AostgPher ot
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damaging the target. Once an arc is ignited from a cathode then the position of ar¢

ignition can be noted. Subsequent ignition of the same cathode is achieved
conveniently by moving the anode on the arc ignition means towards the known
first ignition position and thereafter siowly moving the anode towards a position in
which subsequent.cathode ignition occurs. As a cathode is consumed during use
it is usual for subsg}uent ignition of the cathode to occur at a lower position than

the position of first cathode ignition.

In an embodiment of the invention a controlling circuit monitors bath the arc
voltage and the movement of the arc ignition means. The controlling circuit
advances the arc ignition anode towards the cathode and when arc ignition is
sensed by change in the arc voltage the controlling circuit retracts the arc ignition

anode away from the cathode.
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It has been observed that ignition of the arc using the igniter of the invention can
be achieved at a vacuum pressure of 104 torr. As is known in the art, this
vacuum level is suitable for some coatings but for obtaining coatings of exceptional

hardness and uniformity a higher vacuum is routinely required.

Apparatus of the invention enables the production of coatings known in the art

with improved coating properties due to the improved purity thereof.

As will be appreciated, preferred particular embodiments of the invention combine
the various aspects of the invention in aill possible combinations. A very particular,
specific embodiment of the invention combines all of the aspects of the invention

in a single filtered cathodic arc source.

In another embodiment of the invention, the cathode target is arranged
substantially horizontally, with the plasma beam of positive ions emitted
substantially vertically therefrom. The cathode target is retained by a guide. This
arrangement allows the cathode target to melt during preparation of the cathodic
arc and therefore this embodiment of the invention is suitable for use with low-

melting point targets such as copper and aluminium.

Prior art cathodic arc sources were not suitable for use with low-meiting point
targets for various reasons. Firstly, the layout of the cathodic arc source forced
the target to be held vertically or at an angle to the horizontal, so that if a low-
melting point target were used it would melt and flow away from the cathode
station and drip on to the walls or the bottom of the source., Secondly, production

of macroparticles from a molten cathode target is higher than from a solid cathode
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target. The prior art devices did not provide an efficient enough filter of
macroparticles to enable acceptable quality coatings of low melting point metals

to be obtained from a moiten cathode.

In some isolated instances, prior art devices have produced coatings of aluminium,
however these have been produced using a puised cathodic arc source, as
continuous use of the arc would result in melting of the cathode target. Using a
water-cooled anode according to a further embodiment of the invention, and using
the cathodic arc source for periods of up to 2, even 5 minutes, coatings of low-
melting point cathodes can be obtained using the apparatus of the invention.

Thus, a whole new field of coating technology has been opened up by this

invention.

In a particularly preferred embodiment of the invention, the filtered cathodic arc
generates pure plasmas to deposit dense and clean thin films. The plasma is
emitted from cathodic arc spots on the surface of a consumable cathode and
guided by a radial electric field and a curvilinear axial magnetic field through a
positively biased double bend toroidal duct to a substrate in a coating vacuum
chamber. Unwanted macroparticles emitted with the piasma from the cathode are
effectively filtered out by a set of removable ceramic baffles, a removable stainiess
steel bellows and a double bend toroidal duct. The clean plasma beam virtually
without macro-particies at the exit of the duct can be scanned in one dimension by
a beam scanning system. This scanned beam, in combination with a rotating
substrate holder in the coating vacuum chamber, can deposit a large area of films
with good uniformity at room or any other desired substrate temperatures. lons of
the deposited material with a desired energy can be extracted from the plasma
beam by using a DC or RF bias on various types of substrates, such as metals,

semiconductors, plastics, ceramics and glasses.

The plasma beam from the filtered cathodic arc source of the invention is suitable
for room temperature coating of substrates, thus enabling coating of an almost

unlimited range of substrates.
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illustrated by drawings in which:

Figure 1 shows a schematic side view of a filtered cathodic arc assembly of the

invention;

Figure 2 shows a schematic top view of a Plasma Beam Scanning System and a
double bend duct of a filtered cathodic arc of fig.1.

Figure 3 shows a schematic side view of a multi-target changer with the anode and

cathode assembly of the filtered cathodic arc.

Figure 4 shows the infra red absorption spectrum of a TAC film of the invention:
wave number on the X axis and absorbtion co-efficient on the Y axis, illustrating
C-C absorption at about 1210-837 and no C-H absorbtion.

Figure 5 shows the morphology of a TAC film of the invention under atomic force

microscope.

Figure 6 shows the Raman spectrum of a TAC film according to the invention: the
amorphous diamond structure of fiims of the invention is evidenced by the
combined peak at 1400-1600. The X axis shows Raman shift (cm'1) and the Y

axis shows intensity (cPS).

Figures 7-10 show calculated transmission and filtering efficiencies of doubie bend
ducts of the invention (x axis - first bend angle; y axis - second bend angile; Figs.
7 and 9 - transmission; Figs. 8 and 10 - filterihg);

Figure 11 shows a duct liner of the invention;

Figures 12-15 show double bend ducts of the invention.
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Figures 16 and 17 show deposition apparatus incorpoating FCAs according to the

invention; and

Figures 18-23 are photographs comparing coatings produced using apparatus of
the invention (fig.s 18, 19) with coatings of the prior art (fig.s 20, 21) and coatings
made with a single bend filter duct (fig.s 22, 23).

Example 1

1) Cathode Assembly

Referring to Fig.1, the cathode assembly is made up of a water cavity block {1)
with a mounting flange (2). A consumable cathode target (3) is located on the top
of the water cavity block (1). The cathode target is surrounded by a ceramic guard
ring (4) that prevents the arc spots on the target surface from migrating off the

target surface (3).

The cooling water goes in from the water inlet (8) and returns through outiet {9)
to cool the whole cathode assembly. The water inlet and outlet are mounted on

a base fiange (10} that is electrically insulated from the cathode.

The cathode assembly is mounted onto the anode assembly by the eiectrically
insulated mounting flange (2). The cathode assembly is electrically connected to
the negative terminal of an arc power supply (11) and is vertically mounted so that

the low melting point materials can also be used as cathode targets (3).

2) Anode Assembly

The anode assembly is made up of a straight piece of duct with a water jacket (12)
known in the art for cooling. Located between and electrically insulated from the
cathode assembly and the double bend filtering system, it is electrically grounded

and connected to the positive terminal of an arc power supply {11).
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A view port.(13) is placed in the vicinity of the target (3). An orthogonal placed
gas inlet port (14) is located beside the view port (13). The gas in the target area
(3) undergoes maximum ionization by the plasma spot. The reactive or doping gas
can be input from the gas inlet port (14} to achieve maximum ionization, hence

highest reaction rate or doping efficiency.

A set of removable ceramic baffles (15) are located in the upper part of the anode
assembly. They are used for three reasons: firstly, to prevent some of the
macroparticles from rebounding off the wall and entering the filtering system,
secondly, to reduce the loss of positive ions to the wall, thus to increase the
plasma throughput, thirdly, the baffles are removable so that built up materials can

be easily cleaned off.

The magnetic coil (16) around the anode creates an axial magnetic field that

focuses the plasma beam and guides it into the next stage, the filtering system.

3) Automatic Arc Triggering System

The automatic arc triggering system is located on top of the anode assembly seen
as a bulge. It is made up of a striker (17}, a triggering tip (18), a stepper motor
(not shown in the figure), and a controller {19). There is a narrow opening on the
water jacket wall of the anode {12) to allow the striker (17) to descend to the

target (3).

At the start of the triggering, initiated by the controller (1 9), the striker (17) rotates
towards the surface of the target (3) while the controller (18] continuously
monitors the change of the status in arc power supply (11). When the triggering
tip (18) touches the target surface (3) and subsequently the arc is ignited, the
controller (19) senses the change in arc power supply (11) and lifts the striker (17)
away from the target surface {3) and away from the plasma beam to avoid
contaminating the plasma. The position of the triggering tip (18) at arc ignition is

stored by the controller. When re-ignition is required the controller is able to drive
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the triggering tip (18) rapidly to the stored position without risk of fracturing the
cathode target. Any further movement necessitated by evaporation of the cathode

target, can be at a much slower rate.

4) Filtering System

Referring to Fig. 2, the filtering system comprises a double bend toroidal duct {20)
and a removable stainless steel bellows (21) (shown in Fig.1) fitting well inside the
wall of the duct, which is mounted between and electrically insulated from the

anode assembly and plasma beam scanning system.

The bias péwer supply (22) gives positive bias to the duct (20) and produces the
radial eiectric field within the plasma beam across the axial axis. It is seen from
computer simulations that an appropriate radial electric field is very important in
efficient transportation of a plasma beam. The magnetic coil {23) generates a
curvilinear axial magnetic field along the duct. This crossed electric-magnetic field
efficiently guides the plasma through the double bend and effectively filters out
unwanted macroparticies coming into the filtering system and neutral atoms. A
removable ductliner (21) can enhance the filtering efficiency. It is again removable
to allow for easy maintenance of the duct. Eventually, only a pure plasma beam
with known ion energy will exit from the filtering system. It is this pure plasma
beam that can produce a large variety of thin fitms with high quality and/or

unconventional properties.

5) Plasma Beam Scanning System

Referring to Figs. 1 and 2, a magnetic piasma beam scanner is located after the
filtering system. The scanner is made up of a C-shaped soft magnetic core (24)
with two open poles on the top and bottom of the straight duct (25). There is a
solenoid around the magnetic core with an electronic driving unit (26) to generate
a magnetic field between the two poles. This magnetic field deflects the plasma

beam. A varying magnetic field sweeps the plasma beam up and down. The
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following cone-shaped or fan shaped duct (27) is 1o allow the beam to be scanned.
This fast up and down sweeping plasma beam can deposit large areas of films with
good uniformity. Itis also possible, with an appropriate drive signal to the scanner,
to compensate for variations in ion density across the width of the filter output.
The plasma beam can be either scanned horizontally or vertically. It can also be
scanned both horizontally and vertically if two magnetic scanners are installed.
With the plasma beam scanning system there are few limitations to the size of
coatings as far as this attachment is concerned. The main limitation arises from

the size of the coating chamber.

The ions of the deposited material in the plasma beam can be deposited on various
types of substrates, such as metals, semiconductors, plastics, ceramics and
glasses, etc. The substrate can be further biased by using a DC or RF bias to
extract ions with a desired energy from the plasma beam. The deposition can be

carried out at room or any other desired substrate temperature.

6) Muiti-Target Changer

Referring to Fig. 3, the muiti-target changer enables easy and efficient deposition
of multi-layer coatings. It is basically a ioad-lock system comprising of a vacuum
chamber (28) with access door to the targets which are stored and indexed in the
storage rack (29). A linear transport arm (30), located inside the duct (31)
connecting the storage chamber to the anode assembly via a gate valve (not shown
in the figure), is use__d to transfer the targets. A gripper (32) is designed to hold and

support the target during the transfer.
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The electrostatic potential difference between the duct wall and the plasma centre
was added to the drift model equations developed by Schmidt and Khizhnyak
(Phys. Fluids, 3, 961 (19860) and Soviet Phys.- Tech. Phys., 10 (5}, 655 (1965)).

m%ve =-q(E+v!xB)+mv"(v. —vg) +2gg,r,
d

MZv, =q(E+v,xB)+ Mv,(v.=v.)- 204,

The first terms on the right hand side of these two equations describe the motion
of electrons and ions in the electromagnetic field. The second terms describe the
accumulative effect of interactions between electrons and ions. The last terms
describe the effect of the radial electric field between the duct wall and the centre

of the plasma.

These two equations are used to simuiate the motion of the plasma in the toroidal
duct and used in design of the filtered cathode arc system according 10 the present
invention. The motion of neutral particies in the duct was simulated on a computer

according to a specular reflection when a neutral particle hits the duct wall.

The results of these two simulations, namely (1) the effect of variations in the
angles of the first and second bends upon plasma transmission through the duct
and (2) the effect of variation in these two bend angies upon filtering of

macroparticles from the plasma, are illustrated in Figures 7, 8, 9 and 10.

According to the model, 2 double bend plasma duct of the invention can
outperform a single bend in terms of plasma transmission (fig 7, 9) and/or

macroparticle filtering (fig. 8, 10).
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of plasma entering and exiting the duct is 80°, that is to say the net effect of two
bends in the duct. In figs. 9 and 10 the angle is 45°. )

Example 3

Referring to Fig. 11, a duct liner (shown generally as 51) has rings (52) and linkers
(563). Each ring is circular in cross-section and has an inner lip (54) extending
inwardly and downwardly. In use the liner is arranged within a plasma duct such
that this lip is directed towards the target, ie against the plasma flow. The linkage
between adjacent rings is by linkers (53) connected to each ring. These linkers are
arranged in different places around the peripheries of adjacent rings to give the liner
enough fiexibility for it to be pushed into a toroidal duct and around the bends of

the duct. The liner is made of stainless steel.

Example 4
Referring to figs. 12-15, double bend ducts are shown generally as 200.

Figs. 12-14 show a duct in which the angle of plasma entering the duct is at 90
degrees to plasma exiting the duct. Fig. 12 is a view from above, Fig. 13 a
perspective view and Fig. 14 a view from the side, all of the same duct. In Fig. 15

that angle is 45 degrees.

The duct in figs. 12-14 has straight sections (202, 204 and 206), connected by
toroidal bends (208 and 210). The angle of bend 208 is abocut 50 degrees and of
bend 210 is about 60 degrees. There is an anglie of 90 degrees between the plane
of the first bend and the plane of the second.

The duct in fig. 15 has straight sections (220, 222 and 224) connected by toroidal
bends (226 and 228). Bend 226 has an angle of about 35 degrees and bend 228

an angle of about 40 degrees. There is an angle of 45 degrees between the duct
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Referring to Figs. 16 and 17, deposition apparatus (100) is illustrated comprising
filtered cathode arc sources having double bend filter ducts. The apparatus has a
vacuum chamber (120) and two FCA sources (102, 111). The first source {102)
has a cathode and anode {101) for generating an arc from a target (not shown).
Positive ions from the target are filtered by a double bend duct comprising a first
straight section (103}, a first bend (104}, a second straight section (105}, a second
bend {106) and a third straight section (107) that opens into the vacuum coating
chamber (120). Both ducts are toroidal in cross-section and have a double bend
preventing a line-of-sight from the target to the substrate and preventing also a
single bounce path from the target to the substrate. Ports (121) on the chamber
allow visual inspection of substrates mounted on a rotatable drum (not shown)
inside. Positive ions are steered through the duct by a magnetic field produced

from coil windings around the whole length of the duct.

The first bend (104) has an angle of 50 degrees and the second bend (106} has an
angle of 60 degrees. These two bends are in different planes, such that the
resultant angle between (i} plasma entering the duct and passing through the first
straight section {103) and (ii) plasma passing through the third straight section and

exiting the duct.is 90 degrees.

Likewise, positive ibns from the second source are filtered by a double bend duct
having first, second and third sections (112, 114, 116) and first and second bends
(113, 115). In the case of the second source, the first bend (113) has an angle of
35 degrees, the second bend (115} has an angle of 40 degrees and the resuitant

angle between the first and third straight sections (112, 116) is 45 degrees.

A frame (122) bears the coating chamber and the two FCA sources.
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To test the macroparticie filtering ability of the invention, sample coatings were
made using the double bend filter duct of the invention and compared with coatings
from prior art apparatus and with coatings made using apparatus having just one

90 degree filter duct bend. The results are shown in fig.s 18-23.

All of fig.s 18-23 are photographs taken at a magnification of x125 of deposited
layers of TAC that are 600 Angstroms thick.

Both fig.s 18 and 19 are layers deposited using a double bend duct having in and
out pieces at 90 degrees, a first bend angle of about 50 degrees and a second
bend angle of about 60 degrees. No macroparticies, which would be visible as dark

or black blemishes on the photograph, are seen.

Both fig.s 20 and 21 are films made using filtered cathode arc eguipment
commercially available from Commonwealith Scientific Corporation. Numerous

contaminating macroparticles, visible as black spiodges, are evident.

Lastly, both fig.s 22 and 23 are films made using filtered cathode source apparatus
built by the inventors that has a single 90 degree bend in the filter duct. Again,

numerous contaminating macroparticles are evident in the film.

Variations and modifications from the described specific embodiments will be
apparent from the description to a person of skill in the art and consequently the

invention is not to be construed as limited to any specific embodiment.
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Claims

1. Apparatus for applying a coating of positive ions to a substrate, the
apparatus comprising:-
means for generating an arc at a cathode target, the cathode containing one
component of the coating,
means for introducing into the arc a gas component of the coating, and
magnetic means for directing a beam of ions via a filter path to the
substrate, the filter path adapted substantially to extract macroparticles from
the ion beam,
characterised in that the gas introducing means comprises a gas inlet

proximal to the cathode so that gas ionisation occurs in the arc.

2. Apparatus according to Claim 1 wherein the gas is selected from oxygen,

nitrogen, hydrogen and methane.

3. Apparatus according to Claim 1 or 2 wherein the cathode is a first cathode
located at a cathode station, the station being positioned so that an arc can

be generated from a cathode iocated at the station,

the apparatus further comprising a second cathode located in a cathode
magazine,

the apparatus further comprising means for interchanging the first cathode

with the second cathode without breaking vacuum in the vacuum chamber.

4. Apparatus according to any of Claims 1 to 3 adapted for applying multi-layer
coatings to the substrate, one layer of the coating comprising ions from the
first cathode and another layer of the coating comprising ions from the

second cathode, the muiti-layer coating achieved without breaking vacuum
in the vacuum chamber.
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Apparatus according to any of Claims 1 to 4 for generating a beam of ions

containing cathode-derived ions and gas-derived ions in a desired
stoichiometric ratio.

A method of applying a coating of positive ions to a substrate using a
cathode arc source, comprising:-

generating an arc at a cathode target, the cathode containing one

component of the coating;

introducing into the arc a gas component of the coating; and directing a
beam of ions via a filter path to the substrate, the filter path adapted

substantially to extract macroparticles from the ion beam;

wherein the gas component of the coating is introduced proximal to the

cathode so that gas ionisation occurs in the arc.

A method according to Claim 6 comprising introducing into the arc a gas

selected from oxygen, nitrogen, hydrogen and methane.



