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; €3e6R6T6 G Cat hode Arc Source Wth Cat hode Changer 0 4 F E B 2003 Thi s
invention relates to a filtered cathodic arc source. Mre specifically,
this invention relates to an inproved filtered cathodic arc for generating
a pl asma beam contai ning positive ions for depositing a coating of the
positive ions on a substrate. The invention relates to |ﬁp@8§§g Q{ft}l tering
of the plasma beam to a nethod and apparatus for coating r2 es using
a filtered cathodic arc, to a nethod and apparatus for generating
mul ti-layer coatings using a filtered cathodic arc, to ignition of the
filtered cathodic arc) and to substrates having a coating of positive ions
obtained using a filtered cathodic arc. Various nethods and apparatus are
known in the art for obtai REHpds At RodrdenWirh Cathedeodzidnger on a substrate.
It is known to deposit filns by physical vapour deposition techniques and
chem cal vapour deposition techniques; this invention relates to physical
t echni quesThiktinventiamoveiates tpr @ \fileesds ogthodwadncngpureesi ioneagpeeifically, this
sputteri ng? and ong sugh met hrod i?.tdescri ed in }JS—@- 5%650 7I Thg} guality
of these fIVREUPLIHER T 8" UBRGVEE MBI GaHIPHC Al 9L AT P PRSMPeEBhet i mes
i on beam assnitaingth pddigv@ionp dsedadositing a coatibg afitheyodirvetioncbeasusstbser at e
prior to cQating ar tol ?rom).te rea(?tf.i on_of shubslegueg;t deposi te& | ayers.
Anot her et RoiVEPUIAR 58'576S 105 PRPNEY FTRENY AT 81% RESTRL 38 1812 BENY ¢ i ons
gener at ed &pperafusCior hedting aLesTotesosingl befilteréd10gihodiRy 8rci 30 @ MetHBdosn-
el ectrical discharge in vacuumwhich is sustained i@ rreé}al H_g(;fsrra created
fera qa |

by the arcPRURWSARY RNALATRG PEHTIFYEL 93ENEH HSIN%A C§is. o

Currents ugadidnofadkhib@réd edtBobikdreMBndt®stinaRiated havind a bty 6eposifivel 00
anps, at aroun% 30 volts. A large ger,cent age of the netal vapour generated
by the arc'ofs 9OFHNERYSHY 3 ABEROHBPYE 25Hd a fraction of the arc current
escapes as a beam of positive ions; this fraction is steered and optionally
filtered tg produce a coating on a distal substrate. The increased energy
of these pUaheTBSAls SR APREAIE B M VBT FE Lo SPBPIA A BRSSP on

met hods i Scédt@igddt alsQbdeate. NERIMDOWHNG ddpbsRFRAS balphesickiaaipduldesosian d

deposit high density, high uniformty filnms. Deposition of thin filns by
T Prer ed arenaEs e Giercsl vant debositiof tperpiues: BhiSGpE SN JBELES e
general |y pyydtcal. tebhniguss.i nitSer kemen andprookiel figh tesinyel ogyg Megretasm 54/ 55

i 1992) pages_ 136-142, and further reviewed, | r giheeri Vol une
0 (1903 freing, pd-orhSuch melidefidesGHERH n WS-8 228ek 2 TR Ao teen
recogni zedthese fotnens icdenytoacoastiehbrciprevemémodSportgriradiscsormexihengs i N a
vacuum I—b\t/)vever, t he aﬁxgroaches t€ en dganot ad resslthe re%ui rement s
needed f or °YHB SRR r i 87 PARTTERL 168" BFeTHIMEY PEIRHHeSUBSHERE PHYALS ri al
Ssyst em nustodréhgaoit mnertoindgte easclion ohsutisagued depdsipedyerss.a | ar ge coati ng
area, free of blem shes. It has been observed in the deposition of filns
usi ng cathodic arc technol ogy that the plasm beam of positive ions and

el ect rons pnothee etbthyd bheemusitingsthin Blensantdlyescoetuagiohpadstvéipnk aegerpted

typically peutral articles th are | ti-atomclusters. These .

cont ami nat TR paptioBRearSiEietbeisrhalie i f £ Bras o hEF s SRR ha can
be defi nedvasuuymamiticH Bsustaindd i methe plaking cogdted dly the araosioopend does hod m
deposi ted usin athodic arc _net hods. Jhe. presence of macroparticles in
doposi t ed FRAHIEE LA BhEn Toore Sa8e G SrL HESH i BPOOPECTIA WalL™ B

obt ai ni ng oypicatiglofane cederaifri@0 empoadtiangond BOwbitswrkiatge fdreeraate bathebeen

di ted t ds filteri ti.cl, .h I t b
o o nar TSR TR RS ESe Y PR PR S g Rhe BB oo
in the depgegi tedeswaicdids 5§82 Abedrh/6flQokisies iondafrid eraptiacds slee¢redtand

bet ween the cat hode and the substrate to prevent nacrqparticles reaching
Che Subst 1 QPGSTaMATiSERY 1o RIBIHERS PR & B RISCHaUBRIRIE ol Be FIRCERSE aBthing ¢ he

baf fl e. ThpstHese pobriveiily@nba@a thBé phARIER ih PreWdlisyddpdéitiohanetiods ison of
the plasnma beamto the substrate. Further, sone nacroap%fgtipl es reach the

substrate BPUIBLIRESY PN MY A GMaPYRtIPMHEECHRIGHPaINGY! 0811 "Yin the
nane of Fahighelhifortlity2kiimélespepbfifiom gt diRs IYNfiRelHCErcl Bvaldratibr e

pl asma beamis filtered in an attenpt to elimnate macroparticles by
providing a bent magnetic field to guide ions in the plasma beam around a
45 bend, there being no line-of-sight fromthe arc spot to the substrate.
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0 4 F E B 2003 -3 5279723 al so describes using permanently fixed baffles in
the plasma duct to trap macroparticles. These confer the disadvantage that
t hey qui ckly becone covered with a dense coating of nmacroparticles which
can fall back into the plasnma beam and therefore | ead to contam nation of
the substrate coating. Ceaning of these baffles is awkwar ¢ Apfj Zggpust be
carried out on a partially disassenbled cathodic arc source. Asimla

shaped duct is described in US-A-5433836. Neither apparatus entirely
prevents nmacroparticles fromthe plasma beamarriving at the substrate; it

i s indicatggkcribad bﬁ&ﬁaﬂy@fy AJS- m-a&ammfaﬂacwdacdatmg@ae@ﬁnb@ﬁ V&ame?- 2
macropartlcles/c /mnute of coating tine for this apparatus. This latter

figure, hoW@4r&r(19p3) ‘Pﬁ&esd@@&ﬂ%{rﬁ“@(ﬁ”%hf’éﬁveﬂ?%&%"é‘f%@ﬁ@glrteieﬁﬁgrc\fmk%!“?l ons

t hus pr evegt(qgg3)am% qoRkherpy-mesessnent of the filtering efficiency of the
apparatus descri bed. O her known apparatus use a 90 bend duct with an axial
magnetic field to filter out the nmacroparticles. Al though these may achi eve
accept abl ect@ld Sdcduhe X8y tins HR¥itdEs %eér@'ﬂ&cﬁg@ﬁz@b%' BéteRBalfyoh c'oE"pUSt rial
equi prent desi gned for nearcontinuous worKkin ener ous anmount of
material s €@eRBE BAINOC He PHRICE GRREINGIN @ ‘(Pﬁué%r prean@enwmet 0
particles {a%ﬁrd bt Qaldrre%ﬁwrteauﬁémmmw@@f&%.Hha&';ral Jdpgéanomtb%éh. ni Y
short peri ods o use of ui pment i1s gosm | e. Also, deposit

still cont tchnisiugni Spelanﬂduﬁéﬁ owqmdnéstc & B0 Matis 0raSilA mmntaimsapat ent
US- A- 54015 at hode target material, but
still suffé%guggé%gaﬁge%a%ge S o n%fcggljags;htelgcl es in deposited filns. The
nunber of macroparti cI es in the plasna beam can be reduced by increasing
the pr essut%ag %egn%bﬁé’r@gym smoh‘%‘f‘?ﬁ’rﬁg usnﬁB c'a%cx‘?ba&% t'e@hr%lggw at in the
vacuum chanber i1s |1 ead to a deterioration in propeérties of
the | ayer Wepyasmedesm Qﬂﬂ@%ﬂ)@s‘@ﬁ%@@d elppEAnY RIRTSCEY BY tf\etar%efmenamr phous
carbon, a LEAGRIADYRY lgtqu?ws@Ew REUTS, g@ﬁrc@e%afﬁa&cér@mn%rn% 6438
transparency 1n the visib range romse the density and
har dness oThfméqmm@iat'emparév&q& arbyorga'@niwr@lfqmddﬁ ﬁSﬂM%@D@‘épbgﬁﬂédaml | m
O4FFB f r

filtered p?%ggﬂne%ealas@a ol%ng]gg@aeqﬁgdeﬂﬂa@gkglo%l‘rcgbgce iﬂlhp?%g)regééig

substanti a%ti)oﬂ'ﬁe%'cdﬂe?'i’@éﬁopﬁ'i“t iPE§segce Aﬁdﬂ%?Pé‘r@F'&‘ééﬂ W@E‘F%ﬂﬂf'&fbﬁé‘éﬁ ns a
tool that hecReedede Lee lo8ibitdid18rceEnnibieLior @BtdiRidg dpiBall £ elbStrdiic | ONger
required until arc re-ignition. Initiation of the arc has been typically
det er mi ned®QAYEal | y, whereby a graphite rod fixed to a grounded stainl ess
steel plunger is manually manoeuvred agai nst the cathode and in which the
novenment i s observed via an observation w ndow in the wall of the vacuum
chanber. THMUEN ¥erkigane AR has Bespidireatedrtryvasin it tne B3peerRIcisF M the wi ndow

i s rapidl ypiaomhedaa)dnE@eQERMIMARGHRe LALERTBRL diEkitec® dfithBPrédengsioen or
graphite trigger mounted close to the cathode surface is used to ignite the

arc by theMapiPPRENGDH H1e deppytedvenatinge. GBrr21d 76APsusss ok ibafftey Plaged he
cat hode, tfifeRlyIERRESN He dR0HOM Bl sh@ﬂgafb@o pRNVeANMRA{oPa ke dHeadnTRg beam

Anot her problemin the art is that no sati sf actor¥ nmet hod of obtai ni ng
nul ti -1 ayefeSHRETAGs TiNe RASEIVE|ipRYIN the PisFmadRem are Tomysss Arayngiine paffigyer

coating OnTﬁs%H?ﬂer@r&&Naﬂ%eﬁﬂﬁtfNeFeh% veWPo AePAshhiSsi6R 8 1HaG I dERG betRs, one
for produmo(r}% each individual |ayer—of the nulti-layer coating, or the

deposi t i ngtoofe gubstrase- Fefrasr gmﬁ@"a(?ﬁ%p%%{ﬁ Wﬁchﬁr&ﬁ%”&wdb\t PrICingoft

di smant | i ngheOfigdbSrhgbddpaitusO as to replace the cathode and then
reassenbly of the machine to deposit the second | ayer of the nulti-I|ayer
coating. \Were the coating is a conposite of netal and gas atoms, such as
al um ni um QslAiSZ?éﬁB'!nCr‘HB n@h%éﬁ%lé&ﬂ& leﬂgrs,desévm%slascﬁﬁaa,%ws#sb&»cﬁh@ art by
creating a plasma beam of metal ions, depositing these on the substrate and
reacting tWeicheihgshlewnaibeas & filkereshdn §aBRTPITONYBREATE, MIaERagirlehyen, of
the coat i ngrovibifs§ tent Hadhiehic RAR BUBS i1 MaBbstha eebirCh®lha lub dat ey
use |arge voI unes of gas. E\n i nprov met hod of producing coatings of this
nature is bengithet. beingiro dinewhisiabt fidm abpeace spot tohe subsyate. orlV3-6- provi de
an inproved apparatus for and nethod of depositing coatings of positive
ions on a substrate) the positive ions obtained via arc evaporation of a
cat hode target. Another object is to inprove the



04 FEB 2003 -5 efficiency of filtering a plasma beamfroma cathodic arc
so as substantially to renove all macroparticles fromthe filtered plasma
beam A further object is to provide a filtered cathodic arc source that
can be operated efficiently at a high vacuum and substantially w thout
contam nation of the deposited coating by macroparticles. A still further
object is to provide inproved nmulti-layer coating of subsQriaffEsiilisi ng a
filtered cathodic arc. Yet another objegct is to provide for coating of
dielectric substrates, such as dielectic optical substrates, using a
filtered %%Begsca@de sc’ﬁb§§ Ldi h% pHFrtht@Qiﬁ‘atba'fﬁestlﬁ tRé ?régﬁk% duRtQ¥ggENtS In
arc ignition o ltered cathodic arc. Another ob is to reduce gas
use when masoRparKinlgsa Toese Ferfentis dispdyantacs thandey %@@e\oeecqmerpgwnd Yet
anot her o HOSE 429 fied in
prior artmﬁﬁt d&éséggﬁgﬁgfggﬁgpamc#%s'regﬂcas ecfaﬂ %Eﬁﬁ@%?ﬁé?%r%agﬁé;% ates to
i nproved fandttbenemgedéadmmcopmtn@ﬂmmf trmsupsprlaae;naammanpt@ot thesei ons.
Accordi ng i i d hod f or
i1 tert ng Parist 8 AWy ARt riiss BB Esh RS pafify e PR B 10
gener at i ngrcasqnhraerrak Iseamnshabemdng lp@iﬂscmw inoUS-A-b4#B8&36at hode target, and
passi ng the beam through a plasnma duct towards a substrate, the plasm duct
havi ng a doubl e bend. Typically, the duct has a first bend with an angl e of
no | ess tmnhaﬂa;bpraratdsiemytelplpmnmdaaarcamo:ﬂxnels fre mdthei dids nean bearg laerivdiig no | ess

t han 20in seco C | are .optio
co-i nci deﬁ deﬂf t?‘t ?l'ssmﬁtcgfeé’rﬁﬁgggﬁsﬁﬁﬁ gﬁ'gﬁ@tﬁ§ﬁ§'°§‘éaéﬁwr$f’gﬁé§ are
not co- |ncrnaje012 daatro@amms/an ﬁm:gbfe difcnmobtmdtm ;husupharamsatTHne&ster 15

degr ees) re q{eferablsy at _an Qfg‘ dg\ ween d%‘B g r. It is
preferred PHE MRS PL 3ERGTRERTE Vﬁb’éc’?'tef'ée 88'?8%0” ft"t“ﬁ Phvent i on
descri bed pbsleovinhamyacdriidentassedsmieht ahthd finenirg pHintdricgadf yhei appaedtuyi ew
vacuum t UBI ng.for construction of a duct of the invention is avail able
commer ci a §/gbr?dt oroi dal sections. The invention neverthel ess enconpasses
ducts of dlfferent cross-sections. 0 4 FEB 2003 It has been found

t hat, usi the plasna d 0 spect helnvetlon IS
possi ble Cpt KA RPRe Bl ke 8BS Heniiuel Wt #r el PReRTEERALHE" beam
Prior art odutte nhasrcgmsndftea/eAlthougrpmesbe'da\aastmagé ecceptate réfuitsemoky ddiese
have not re macr |cl achin the bstrate but

i nst ead a?"? "L\y'ag \{g t%grc"(‘) ozlau% na% %glstr;[a %ngesnltt e qnvs 9

macr opar t cohtsuousl \t\fh(ng;h Ttht.egmarsumamoanﬂ mfrraam’nalsm@htedfwrumthétduca\tvhld)de to

t he subst [ i ngle bounce
pat h poss?’g'ltlogub %vghnbﬁeo%gatrt“? ﬁ%soa{ r%@%r E"‘P ﬁbQ.ﬁé‘? %J]Ltq‘{c???czgghéfrﬁgﬂg%bstrate
after a splghe fdmun@busmrahshwmetensdus bhoee of theheqyibrasmiis dessibleThaispl asma
duct of t t p t i p bends and t hese
confer si ggf’%'{cezjntﬂﬁ& fifilcd T Tae'hrk%d fééaﬁ‘ﬁ rhg%f’ b%ﬁg{eoé)%ﬁ%'%ﬁtategﬁf romthe plasm
beam In order for a macropartlcle to reach t he substrate via the plasma
duct of the,i.nvemt | e uce ful es  of h ct_walls
must occulrA HA“‘\ Us E’atg a‘ﬁ%'b‘sﬁ%%\%pgr n%?? "Te |‘%(Frécnl"e'arrgéml;‘sg qgrtgedurl ng
each bouncetenial, btnesmif suféers tfrars hfgbulndelshdtmadlepmuoleabm depgsited fiims.
macroparticle entering the duct with sufficient kinetic energy successfully
to undergo a doubl e bounce on the plasnma duct walls and to arrive at the
substrat eThs nu'mtteuaf dnycmlamd%hshé ;slasmatbieeml anlbp retheceddysnoveesiagttiee t wo

bends are | n | an . renove
particles PWt erfﬂtr?r{e%t %m‘tpsw E%BP% f ?w%asm ng aggﬂ’gﬂ}esﬁ‘g'%s!’élé@en‘@“tﬁ‘er efore
it is a cohamderr Bhikelyadvead age deferiohatidminethe ipoopertied of theriayerdidpiostted | ng of
t he beam i s ch| eved aM eat er gro’g%c& llron o macrgﬁarti cles_are renoved
from the BPARGHRVBMIEE YR %j’c’étmgﬁ URHEY PR PIOVT °'ORE ABPFP OB r enpve
t he macr opaH lceheédUda rhidr&pmyl,eslahdIr&ré&ﬁetmﬁs&atv;n thevisinanphwerangen
deposi ti naﬂdl apond-1i ke Cﬂle?on toin se the r ssure |n t he vacuum

chanber, WHE YAl FOSYYAMESE Hi& G5L%M\BTE oM ?%055?8 JAYE Y 885 t he

deposi t ediddidsion anghet deyosfied @irhhe pr opertl es of the deposited filmcan be
greatly inproved.



04 F EB 2003 The first aspect of the invention also provides apparatus
for generating a substantially pure plasma beamincluding positively
charged ions, the apparatus conprising nmeans for generating a plasma beam
including positive ions froma cathode target and a plasma duct | ocated
bet ween the cat hode target and a substrate, wherein for gl’m:@ article
entering the duct there is no line-of-sight and no singl path to
the duct exit. The duct has an inner wall and at |east two bounces off the
wal | are needed for a macroparticle to reach the duct exit. In an

enmbodi mentj ¢f rﬁdiefdr@\aeatdwmt:h&hdw th@snératiobfiRréepthsrOBRahSHAE 2 first
straight sectign, a first bend, a second straight section, a second bend
and a thi r‘@t%qdr'%lab%fmgéﬁ't VBieh dirted Reamds SPQ“F’%I%'&V%?( %fdm?ﬁ’qpﬁﬁ'%éanpl es
and, as will be seen, has a serpentine nature. The bend angles in the duct

vary i ndependently of each other,. provided there is no single bounce path
fromthe e‘?‘ﬂortaﬁfcéelﬁiﬁdtprﬁéblaﬁ‘c?mtcﬁ"ishia egljthat WH@BSFﬁé%Q’HIﬁ:Eheo?'Ct Hénggopar at us

typically xQﬁ&da thé k&di labﬁ@ﬂmger th@r}earmahearefrer@h&ﬁslrﬁtl'b%n%} HEQFERS I N a
first plane and a second bend with an angle of no | ess than 20 d@é;rees in a

second pl %N WRICARY deraiminede B | vmerese Ry 2tHaPhiHy et fivef the Feradethgl es
are i ndepenslaits ¥reel BlutnB@r fsAASuaR) rREh A8 OFeROyaintP k% BAbHE Bhaid Whitsr 80
degrees. Another enbodi ment of the invention provides apﬁarat us for
filtering the eeMersgnt po aPerved Vignan oRERTKFTAS Widew mcthav@hahiher yacweans f or
gener at i ng. 3 RRAMAfs HPHdelEens léjﬂﬁmc@laﬁl lainkivadCls pREMI 9s 3 RildANEE and an
exit, and neans for steering the beam of positive ions into the entrance of
the duct anuldtm¢wg% apdepegamestapague étlernativalyy @|frreprf@n§§r@n arpphitees at

| east two, g Smol Eedtms@%dfﬁe%ﬁm swcea, Ounc@hﬁ OJrc gt ral

particle en ing t duct, there is no sing to the exit;
i nst ead, aﬁppl'@ﬁ*ﬁn @%hm@m@seoﬂuenﬁstht;@rwm'@ T@fthﬁﬁéﬂmﬁ‘@t the elemeatied for a

macropartiglige § lter%(@d JEQr'i‘E‘aFrh‘f‘a gyge oRBIEaGR, t hrough the duct and to exit
fromthe cﬁcjcteec‘!g?jltr ' E 8 5003 p%_ Ian a further enbodi nent of the

invention there is prow ded apparatus for filtering a beam of positive

i ons, CONAAh&TprEBRAS id Ble a‘hef%etrh% hB 9afidatiohy Mettiof dBREMTd ALIREEE | NO
positive ions In a beam and a filter, wherein the filter conprises a double

bend duct .Copfings ch'Pédeﬁ‘BdUFmt tQpbtjfea W@Fﬂvﬁbﬁomw Bebistateet ai |

bel ow, a Ggghadeeiflc? t%%ﬁ@nat&@E‘Mgemgémgé?@G‘Jr@tbeSrd?J%lnfg' e42hGAIDRNal ONS, 'S
| ocated wthin a vacuumc magnetic neans are provided to steer

positive @RS of fpeTWRi-tayer £93tng: CaHIE ARASITRINTBSirFHierer UHiRD PPRCeRSINSI e bend

of the filhgdhitdigdg fHehltRE a.sm&maaftthﬁlneéchfrreom Ra8irkpI¥& IHMBthderd! |
further, nore particular, enbodi nent of the invention provides a filtered

cat hode ar'BeR Eeasse™Pby °Hé%§"aﬁhﬁ'& PosPRIet Ot REOBH 1Ay L steafe!t-i@¥thpr i si ng
- a vacuurgoghagber - neans in the chanber for generating positive ions from.
an arc at a cathode target - a substrate |ocated on a substrate holder - a
filter duct |ocated between the target and the substrate and through which

posi tive i\QR&refth@BbEIR kAMBPiIpdaRs Bf MRt EHE Gad Mofs! kich & allRfhiusWiider at e
or silicon dioxide coatings, this is achieved in the art by creating a piasma beam of
metal ions, depositi-ng 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.

Itis 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



- nmeans for cooling the cathode - neans 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 - 9- 04FEB?2003 - neans for generating a magnetic
field to steer positive ions around the second bend In a Zmﬁ@

enbodi nent of the invention described in further detail B n arc power
supply is connected to the source and 8rovides power for both the arc and
for arc striking (ignition)) achieved’ sing a noveabl e striker |ocated

i nsi der th& yacuum ghanb r The F ﬁ ded, as is the a@c anode,
and i 5 moUBIESTENEP AT e BRETITAM SAOEE B 1O HLLS Bt ALAH v

touches t hnévd gBimatncbdrgtiet itadin ARE YiltGred THiBsAE Ge@H. I @nfurtter AbHds 79- 200
anps) and variation in the current varies the rate of d&?osmlon of ions on

the subst PEavide BBieGe CARIOAI 16 0P thftcan hegperaied effifienityeat 3 hight eri al

dependent ygadirh CHndaBMbﬁhNﬁéllyaWth%QtJrc@ﬂtaﬁﬁhatlr% @oehenNSdpdshel kidigds, a
fairly narrow range. th a carbon target the arc voltage is typically

about 29VMar{oRastigigs ¢ ﬁe?“”afH“Bﬁf PRIACES tﬁrpb‘?/‘f’%'”é\p'ﬁl"&% W’Hlﬁ:\terh’&ﬂ"r*@Ob

singl e, gsgskiakedusinghaymetdirdatlons aH:OtYéiraﬁUtr@?oBJe%t nger&;?aw& cBafidy bet ween
the target and the substrate. The choi ce of g for the doubl e bend

pl asma duet dieletHc prubsyarasd S&thﬁ%ldﬂﬁjecrtégefmmﬁ SHB¥TF|atFF|eGF@9| 2 dilteserd
practi cal caBERL S, %sbﬂurmartcgb?mya 1BV TRIpAE drRghrefin aftgig%ﬁ.&a& e used,

so long as the first angle is | east 10, the second at t 10 and the
total prefigerggl Vcltapdllceaist Boothen qhiegitis de radeee §es isepwhen tdgpgeitindes t he

space angjagaﬁib 'h??'%t. m :Q?aﬁhzfg%e&% FS‘MﬁBnerﬁu 89! fhoMerlOpjekd e duct 6

i nches wi y no an ar ger ct gives increased

t ransni sspeercbme ha®ttleafieamelinjate prebiaraeidensifigd ondpier ememethagisgénd ar ound
each bend, é] the inventors have found that a duct dianeter of between
4 and 6 ing esH%lo and 15cm) is particularly suitable. In these ducts, the
doubl e bends are , arranged so that there is no single bounce path for a

rracroparthcfgrg %é@?%@tﬁé‘ﬁv&ﬁﬁ&ﬂelé’t@gté [HoroVbs Hifrefif o ‘dg& of 2-3

i nches (5-8 grow des effective filtering wth small angl es,
such as 28 P('ﬁa‘@ﬂ% eargf PYSityegPR®es. On the other hand, a O 4 ~ E B 20a3 -
10

According to a first aspect of the invention there is provided a method for filtering
a plasma beam including positive ions, the method comprising generating a plasma
beam including positive ions from a cathode target, and passing the beam through
a plasma duct towards a substrate, the plasma duct having a double bend.
Typically, 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 less than 20° in a second plane.

The first and second planes are optionally co-incident. Though it is preferred that
the first and second planes are not co-incident but are at an angle to each other,
such as at ieast 15 degrees, more preferably at an angle of between 30-80° to

each other.

It is preferred that the duct is toroidal. A specific embodiment of the invention
described below has a toroidal duct, and from a practical point of view vacuum
tubing for construction of a duct of the invention is available commercially in

toroidal sections. The invention nevertheless encompasses ducts of different



duct of such a small size produces a correspondi ngly narrow plasma beam and
| oses significant amounts of plasnma to the duct wall; consequently it has a
poor transm ssion performance conpared to |arger dianmeter ducts. Ducts of

t hese di nensions may therefore be indicated when high filtering efficiency
is apriority. There is also a practical limtation in that the w der the
duct the greater the difficulty in providing a nmagnetic fbglFiBtZﬁﬂﬁsteer t he
plasma. In use) it has been found that 6d_ucts havi ng di anme iMthe 4 inch
- 6 inch ( 1Gcm - 15cn) range give useable rates of deposition. In a

parti cul arcreggbregditigdt of the invention, the double bend duct of the
apparatus is supplenented by a liner |ocated within the plasma duct. It is
preferable that this liner is renmovable for cleaning purposes. In use,

si des of tih@afibBes féa Bk, RecPIR Peahedudd dhind fePAPett oM inbdntloRi S 1S
allowed to build up over tine, particles fromthe deposit typically fall
back i nt o I/t e PRFHBIReSUSSEARTANY 1@ SRTANME #HtBaGrARSES S| oMo tMesBabeemat e.  The
liner is rerm%m dRbigRYhEGe aneoﬁﬁaraed%emg@&@éoyébo Beﬁ+ EPRedel HIRE not
periodically to prevent this term deposit Trom bui g up on the duct
wal | s. TheTOWWDW@deNeﬁema@@ﬁaBL"Q‘E @aﬁe(faﬁg'ﬁﬁtféef&l@ﬁifﬁtﬁebaﬁopmtwdueuow n a
particul ar; mﬂ{:f"tecro'h?é’mﬁH@@rﬁjbf@m@tdeggs&éa%yé?\é?%éé?gpér%@le 'hol.u?h Hﬁ?é tively
bi ased, typrca bet ween advant ageous e fec I's bias
is that i tlS(ﬂOeat“éQ of-siamy dnosn ohe SRINQRR P theesubFTiate Inmdiof RE apesiatis/therons in
the pl asimshEGM R tM@gﬁom&rmﬁ% a@f&'nﬁ%reé BLRS WhidIE AL dehe doubl e
bend of the p uct any reduction In asma beam transm ssi on
due to t heIOdeeKm é'\eb@héltf@ﬁe aftes agpeie mwe@aranben%rtsurf@aepf Perridsha guct.
conpensat j he
vent on. ThE=GRaaT Becl e A laspbOR ik i fietBR hod R B HABR RS Sond,
further totheserceatas wmtn@amw@rmrommbpmg ot Imeasropasticiehdron abeepléssean  The
liner is npdesup of a series of rings having flanges that project outwards
into the interior of the duct and are angl ed backwards and towards the
target. The liner is nade of a series of rings |linked, alternately around
their perijph I d 2GKa at 3
o' cl ock an@ @Fd'e?%r Q%a&%&éﬁ%% & re]a%hOchG S%SE&%T I?stﬂ ::drller [ sd%?fjeilteﬁ]e and
sui tabl e t'BV%'%éh@GST WQJSWFF@SEMPOWS&Ifbmﬁdm@hé"aﬂﬂmusb@ﬁ% A feregot her
particul ararﬁgmcgf'?ﬁ‘é'groﬂémblé%hé}wnérﬂ% 16 QARG REAH BSuddl dMietheFRBRiH SES
baffles |located at or close to walls of the vacuum chanber of the apparatus
and bet wedh feued ¢t eR3REY afrr MakeoRIrissaNIee. the tducs s &yifisignt hat

nDst Nacr opaédd Eh& gy @[:é‘cé%@?dllk/ﬁlg Urld@fgot 180 5K BOGd & 8Rf pidéma dudf danangl e
and these are prevented fromhitting the target walls, or entering the

pl asma duciNGie ¥riveAganeagPeratpys YiReeharePes. Macroparticl es and pl asna
emtted substantially nornmal to the cathode target surface pass through the.
baffles. It is preferred that the baffles are non-conducting, e.g. made of
PTFE; i ni t TP ishaigaprhviheperserwiueitbhive Seadi ?'§H’é§‘f§'%s‘i'?”9§est§‘ﬁ&|"§ee t hat
exerts an glsesbrdedritlsite ré@BUL DeMRIAN WRE Mot ISl s JitdBlePRP bhisifg tH#BSgH N the

pl asma and i ncreases the flow of plasma including positive ions into the

pl asma duct"® 3e€°PS: particularly preferred that the baffles are renovable

for cleaning purposes. The baffles qui ckly become coated in use with a

fine, particulate coating and if this is allowed to build up over a |ong
time it ca'ﬁh%ﬁfﬁ'&iﬁ‘ﬁéF@”?'ﬁé’aﬁlm“?@&rﬂf tERinvERYeR Higt BPEVEL AHGERI &f can be

i medi at el yeltRBhAs adnidlédakd S@F'eati@rf;frbS%@H@be‘%r idride BRS ARV oR] eaned
renmote fromthe apparatus. In use of | tered cathode arc source of the

i nvent i on, tet Pi2§MackeFRIATEVINGE B SRR éébﬁéatghowmhs‘?h?)c?sbé'l%l@ TR 1% ee pat h
for carbonmbensahidsh® BiasoR, beamnone%eeew by rashinge dviioh Repydithdg a
vacuum pressure that is suitably hi pically of the order of 10-6 Torr,
t hough dur#iAGoRENES AN, t19i §‘°£ﬁ3é§ PeWPrﬁ%WQ yput%emayuwe SRR YOS Torr or
even sli ghﬁrleﬁsdr@siﬁcﬂe"éséy%dlé cbfiprémise th@?réfﬁé?ﬂb‘éno‘mﬁ@%bos&éb kiR &R

oper ati on, e vacuum chanber 1s punpe to abouf 2x10'6 Torr and

duri ng depdherafpentnernsoperaies of sherdgpasited fithicghtteygreathaimeroveds Torr. The
mean free path of particles in the plasma beam can further be reduced by
provi di ng and desi gni ng apparatus having as short as possible a distance
bet ween the cathode target and the substrate. 0 4F E B 2003 12 The

pl asma beamis guided through the plasma duct by nethods and apparat us
known in the art. For exanple, the beam can be guided by a curvi-linear
magnetic field along the length of the duct. Alternatively, the plasm beam
is guided by a crossed electric and nagnetic field. Coils, when provided on
t he pl asnma duct doubl e bends, to provide the nagnetic steering field for
the plasna bean1 are optlonally mater cooled Pernanent nagnets are another

e Y b1 o o v o



arc current of about 120A and having a floating duct bias. The magnetic
field fromthe coil current, i.e. the field inside the double bends, is
about 60 ml on the strai ght pieces between the bends and about 40 nml on
each of the two bends. The nacroparticle count of TAC fil ns produced using
t he met hod and apparatus of the invention have been neasu6?$ EQ@ found to
be less than 100 per cn2 in a coating 600 angstroms thickt k Sval ues
conpare favourably with those in USA—540%§43 in which exanples 1-3

di scl ose particle counts of about 15,000 ‘per cn2 for a coating of thickness
500 angstronfhe Fpéss akeéézeaf fih@Uinehfiorf diseP K‘?@\hdéd QPp8rah &y the‘%eln@?é?iln qOf
macroparticles in filns of the prior art. second aspect of the 1nvention
rel ates to tmsm@allt@vre)ﬁlaéfnaab%aﬂn%d'm pﬁé's'veiwxﬁé‘arms'oam theazpraReTLeal

el ement. ngsr&% ThdaliS BF GRRErAREY blaBhna et HEAHiAP BOLIFGE Goks rBPY! ded
appar at us for ng a coatlng of "positive 1ons to ielectric

substrat e, tcraeh@qqoaaraeusndoamvﬂasgmmglucwmged betwrenether cavpodn targetandas

cat hode tar e on
The di ol ot Frbb RSy IRTE 4 RaBtiooRAil APyl ftFe K9ctRe IR oFE
emtted fromothegleamhodepaﬂ'owghadmt exit. 'Bmcﬂmmastaamnealwyl ang atdersvewo
macroparticl r i iel S te in the
filtered i onbqulgg%? O%@%%EWE?%%%%@ Qg%%n%l%ﬁé%gg tgprg {:/'{; ng gﬁ& ﬁ{l bias to
the dielectric substrate) to dissipate electrostatic charge accruing on the

dielectric t ?!ﬁg

coati ngs V\eﬁggﬁo‘{rg%%dﬁggé grggg$é ?'k' ?ﬁ Cl ediH( h\é% g‘ﬂ‘ﬂ%bea %'?%wg % anﬁ%tfm cal
and el ect r orstighasstectigs,, a fitse bendt 2 sexbngl m;mhttseammfa sdt:end eedendim thed of
such purity that  hi y_ GO b I canp be

obt ai ned. Exséctrr?pém seg?' oﬁhgésuecthco;d;fJ ?}n{gsgﬂ?srtl%:féu%% Jthgterx%ﬁ.'e"’dgs a%&?ina[?r p e s%eé\l‘ bon
(TAC) and siHascoserpestinengsturandhesbiedesngles i tredyctyeheimddesndendy cdrelaciles,
such as sili dIOX | ride.
- an enbodi HERe P EAEnaRe B S Tle ke ot R YR B8 SR hE L0k e
appar at us famndep05|t|ng a nmulti-layer coating of positive ions on a
dielectric optical elenent, the apparatus conprising a first cathode target
and further conprising a second cat hode target and nmeans for interchanging
the first anﬂwestécsmel duet ¢fodie atpaagaew!stmcxahbms pfiesiloeng Witicanuengdleof neless
appar at us. H% @e%éih E%gét ind 998c4ALHR JFJ‘ﬁ,ItR'Jnséngﬁé‘Bgﬁé |és§ fABR! 1 ed,
targets are c ange out |ng vacuum an en a second coating of
ions is appld@dedreeninhsecoadmizhe. dngerticulienfoodireentpaf theopyésieal thg bend| udes
a doubl e be r 9iad Ah&fe SYD t Lo h FBCHOPA EHCl es
fromthe pl ar}glr?aégb%ae' %Jml"%léﬂgu@tﬁlkachﬁ[vgnlhle%at ?9 glc;j:!(j:% rgor at g??ﬁég@g gt ag?)ect
of the inverfégses.In a particul ar enbodi nent of the second aspect of the
invention, the duct is lined with a liner, preferably a non-nagnetic |iner.
Mor e preferably the liner is renovable fron1the duct for cleaning. In

anot her enbotinatber embReimemert the igveraienaprawisies i2ppangiussior fieres #bPgariof hi n
10V- 30V. Thepdsﬂ%”?o'n?%cﬁﬂﬁr%uﬁ& adGRARI 1cRBmBEr, ambaAdMRf gefeFaddil dedm of

substantial 'y,
posmve :ons a fulter 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
1o the exit; instead, at least two bounces off inside walls of the duct are needed
for a macroparticle to travel from the duct entrance through the duct and to exit

from the duct exit.



potentially be entirely, free of macroparticles. This filmcan be obtai ned
w thout the need to introduce into the vacuum chanber a gas to prevent
formati on of 0 4 EE B 2003 - 14 macroparticles, which gas routinely

| eads to a deterioration in the properties of the deposited TAC. Also, in
ot her applications operation using reduced gas volunme is nmade possible. The
TAC coatings of the invention can be deposited with the f &4 bﬁ/ﬁow@ﬁ
characteristics: (a) snoothness root nean square of 3 angstrons average
deviation fromsurface, for a TAC coat‘iﬁ‘lg deposited on a polished silicon
surface. ( e I . val 0 for pure
di amond) . %?@éﬁ%ﬁiﬁ%ﬂﬁdﬁz‘?ﬁ %ﬁ*?ﬁ@#ﬁ@”?ﬁ%?i'%gﬁ'@i %%taggé”rg%’gfé‘e&f’gé5- 75
GPa) for abkammforosstive ioos,. carherisipgm meens éont geyferdtingrposifive fomsj means i i s
typically |.east %. ' [ S inventiom is typjcally at
| east 85 %g%egﬁ'ﬁsipﬁsgg'ﬁéos%g’cél Q?agggﬁgggﬁ {r%té'n ggraei*ﬁ}egﬂyegswmseﬁ'ﬁ °Bh'@r eased
spa cont enbend di:ci. e o§pddific embeditrieanot tepavedidnodgscribed ar detdil bewwgiaves

i ncreased hardness. For exanple, . the films produced by the equi pnenpt of

Fal abol | a GRRAE @issaltcsy §9pable bf aenaming BOFTHYF REDEN I dEIREdrRY WitMar ound
202{3 ( ((:21) r @fvé_a@\.‘uT\cggmgﬂdeﬁag’heﬁc h@néé@{ﬁ}agﬁ\d}d wsﬁebmosa:limoﬁgfhrdh%@@d of )

. 4). ptical band gap, approxi nately . (el transm ttance 70%in the
Chita et SRLEPHRPT ) PORGRE. A5 TRs COR BRI  Ghrha 1he 6B e
(conpar ed tfacrogarticies Frobn 3&8i8ve idns1010 GPA for dianond). (g) friction
coefficient of sapphire of TAC film of approximately 0.15. fh) density 3
g/ cubic cm The density of pure, natural dianond is normally 3.5 g/cubic
cm The demskdly fthetAGhdre | pasricifiar) RenboBivedHti gfnthieSintettioraplovides Hfiltedeave 3
g/ cnB and fQ‘rﬁg“gerably 3. 2-3.a [?/cr,rB or .above. Prior art publications have
reported dFaMOAB arf REUCSIBOACHISHRS PR YR 'ORS @B FYBFIGEE FYURIEI™E 7 g/ cns.

- a vacuum chamber

- means in the chamber for generating positive ions from an arc at a

cathode target

- 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



It is a particular advantage that the TAC filns of the invention posses

t hese characteristics and that the filns do not conprom se any of these
characteristics as a result of efforts to renove nacroparticles fromthe
films. Macroparticles are substantially entirely renoved by the inproved
filtering of the invention, so all these characteristics can be obtained in
the deposited film It is particularly noticeabl e that the TA%Q[BI | ms of the
i nvention do not absorb at wavel engt hsqassoci ated with COH sorption,
indicating no hydrogen in the TAC filns. A further aspect of the invention
accordi ngly provi degeghs ¢ dehkratP@ss Aaghbtc HBr @abaver peatvéd fdrethrbihdn
characteristics. The filmdepth is typically 50-1000 angstroms. In a third
aspect, the inventitBf SpePn B84 o obtaining nulti-layer coatings on a
substrate. By nulti-layer coating it is intended to indicate that the
substrate has _ a first coating of one material, such as silicon dioxide
and a sectn@seesific n@b@ﬂlraerﬁiqfftge EIMentap 8eseibeddn dvrther demRihPePumeB R de.

MIl L1 -1 @Y BhnfPalibdlgss efthebled f driebhfle HiPololided oWt iGeboitfle 8heald | Cal
field in IC e conbi nation of properties obtained by the individual
coati ngs [aroeracsekiag (Eardvien)) aghisyed tugingr a thrve@biet stHljetupicated; E‘Stﬂﬁ'f ahe
particul ag, @LR%&%%H&? he) stikkr s ?r@ﬂn%%d asSs thd Bid gn@tiseo%fd g

i nvention provi a cat od| ¢ arc Source for generating a plas eam from
a cat hodetcb\aargietthecfcarqmumtmgi tig mwmmmrneadvmusnea:mmweeﬂ auht ed at
a cat hode, st n t hi nsn f n I omthe
cat hode afg“['tﬁér{ 8 f‘#odelrg ?&ﬁ‘%g?ge@&%‘%cz hz(g egrﬁ ?ﬁ& Vg”?ﬂor? 'fﬂg
chanber, andemeeariesftbe ravet@frdﬁmsglqmgoftlhes bnnke samraie.cmmdgbahhwemrw t hout
br eaki ng Ysaﬁé%%meaF(”% ﬁggé??’s' fhatiria) EQHJQ%%ﬁt ER&%Pﬁ@&@eﬁa% Q& % hode
target. TO pro dice M er coa sary reak
vacuum i nubmpenshmbear)/ ¢Lepn|dacaa falhe r@artohoquear yeéth apwrpordomet ohe arc

r e- est abl er and then apply the second coating |ayer.
As will b\e/ﬁga%r%&'égléagygpﬁ ? J|Jtr)d aspect of the invention enables

mul ti-layer coatings to be obtained w thout the expensive and t| me

consum ng,, i anber .
It is knO\l/vnIsE.Pgngérro%/}'lr §Bﬁ{2ﬁ?? ?gk%l/ (E:%gwgnsgn g&%&ﬂé aglrgﬁa ta Lbll'l%%%ég |na quon W th
one gas athbtidees r@t peavidela sile hgumw@athcbfetwa@ thentargasteald thagubstsateond gas.
For exanple, a silicon nitride coating may be applied on top of a silicon
di oxi de coating. Qther such conbinations will be known to those skilled in
this art. The obloicei of snaiés éprmmatdoubég/bendsoaﬁhwgmmés tabhdeekedagigeaving nade

of the sagggha'?@ttc?ﬁb | the IR & na &98& .ﬁd\ﬂ'hﬁl?{lg%e&? rRﬁ@d?nMﬁ%ﬂ“th a

first gas en It econes contam nate traces R first gas. When
t hat samneof8nglastaabeysedhtsedaag ias ﬂn&é@tm\sln ipatdersid gazse seccnédlametaﬁm

I b of f In.
pl asma_begge t%@?ggmgﬁﬁﬁr%@ﬁ%w 3t %@i %pb t fﬁe Fchtd B flrngep s &heeélaé $he 9as. In

aspect invention 1s al so
advant ageé&paca 8ralbén sigbeot He $l?$ of Th@ﬂh@UeAOmglﬁeOfek@ﬁamge@%Q mchesecond

cat hode olyilhfs GRBVIR!RS Lllle. Rlibrgel BuSFEORInERLEAT Fahsm AN LRAKAL At ed

be longer in order to avoid a line-of-sight around each bend.

In use, the inventors have found that a duct diameter of between 4 and 6 inches
(10 and 15cm) is particularly 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



first gas. Again, this exchange is achieved rapidly and efficiently w thout
breaki ng vacuumin the chanber. The second cat hode can be one of a
plurality of cathodes) the source conprising nmeans for interchanging the
first cathode with any of the plurality of cathodes w thout breaking the
vacuum Optionally, the second cathode is |located in a cathode nagazine. In
a particular enbodi nent of the third aspect of the inventbag %gﬁﬁe is a
vacuum | ock between the cat hode nmgazi ne and the cat hode St tﬁ . The
vacuum chanber advant ageously may furtA@r conprise first and second vacuum

compar t monpbet oSkl h ARl JROPAEeS B ARSI Nepieky Blap B Biam B

conpar t menloses8ignifltans emocetsconpieése so meadsct well;sepaeqtentviatiddtai pyar of t he
first and second vacuum conpartnents tIt S Qref grrgd thah 1 he g cond
conpar t nent 2RTRSSPERETIOTRENEE HOrRA 7Y 1A V8L CRE A e VS hoquC el e R

wi t hout br giaden3@nganstharefotd e indisdted ovheariigre fiteridgnetfictenat, i Bipsiopgrti cul ar
enbodi ment, an operator is able to gain access to cathodes in the cathode
magazi ne w t hout breaking vacuumin the chanber hol ding the cathode from

whi ch an aTgereSistfisbe gesticat Relitatién sn eRabtres widBividBi @it ®scChrasge 1né
cat hodes into the magazine w thout néfg‘? ti me-consum ng need to break and

reest abl i sATVEHYUIM PRVIGNE APO84S P S8 dNe RESMR uY VTR PRE%ERKen to
repl ace antdwaaHst @t abliagelidmerrLianhe BUALHS- €0hi (NQcPI-0BHH rafgd gdeiced and
mul ti-layer coating of substrates is greatly facilitated. In a particular
embodi ment YHRRIEEEIEHOEAERIIMAY be described further in detail below, the
cat hode i nterchangi ng means conpri ses a cathode grippi hg devi ce nounted on
a target transport arm and adagted_ to transfer a cathode between the

cat hode st Ht3 BRHSHAT ERBOEIRNE FE HHGUSTHRS. the ¢PUPIGRENAOIUB 938 FRAFFATHS aspect

of the i nveRiuppRM&hed BS alifeClBdiien 3sitSHele Masrhd bLEON: Bimaieekbi®fhaakrgi ni um
oxi de that have netallic¢c and gas con?onents. Accor di ng to a fourth aspect
0

of the i nviiHHEBAYRNGIUL!40INLRIYPYTETy '8 UBat PO e PiRET taPIRLY PBFRME 0 a
substrate g&4tRs vieBa deBasls dral ifABREE allbWed abalCuplovar Gakhpaleiclearr@at) the
cat hode cont ai ni ng one cona'ponent, of th? coagi ng, nmeans for introduycing into
the arc a HE-CSRTHGNBREINGT 1ROk BM ThePIeSRRIDRRIE BB ICONFAAAE e DE SOFPRR( i ng a
beam of i 068 thé substtdtkl EThepaieh i ferfidv@abiyRibwirige} td be réplbted wixatdclegmpt ed
substanti a.Ié/ t o, extqact macropgrti cles from . -

iner periodically 10 prevent this long term deposit from building up on the duct

walls. The removed liner can be cleaned remote from the apparatus.

In a particularly preferred embodiment 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 reductian in plasma beam transmission due to the double 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, alternately around their

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



the ion beam This apparatus enables gas ionisation to occur in the arc.
Conveniently, the gas introducing neans conprises 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 plasnma beamis oﬁfg%g§glgontaining
netallic positive ions and gas positive ions in a suita 0&hi onetric
ratio to produce a conposite metal -gas Wdoating on the substrate. The fourth

aspect.of the invention enables highly efficient yse of s_and can be
adapt ed to°é‘ﬁ%‘t¥r e'?'t“f"lzﬁ'f"erg'é‘gﬁal eiagdgﬁ'%h'& tﬁ&ﬁpwHéTI@nﬁr’e%{félan?cﬁ%‘m in the
requi red cen@sdtiser@es- netal coating on the substrate. Apparatus accordi ng

to the fourth aspect further renoves the requirenent for there to be a gas
inlet close to the substrate or as part of the plasma duct, thereby

si npli fyi ngh &RAKEN pHFHiE A8 @hbddImestiBSthe divinkioh ddle appdradtis fithellcasmpRseiuCt .
Exanpl es of suitabl e gases for obtaini ng gas- et a osite coatings

tal co
nol ude  DeRPEAREETRY BF BEBI9Se 9 VRIS TR Y SR RAREMEST A7 Rhe. anpoIgRzs and

i ntroduct i ggnviferdafe icBifodentirgétCafd thBepISSHhAQlicE. ak Cis SBHePFed Mt most
advant ageousl y be conbined with other aspects of this invention described

above. I'n EV3SEARATECIPHPreCHHBIRINERM 168 CEHIWORJATAEk 33 (RIGE aBla and theseats on)
the cat hodg dvanfed trbft heAt o0 th@edtfifls abr 8nfedhBORe Mbshk Yuct e BEG T on

bei ng positioned so that an arc can be generated froma cathode | ocated at
t he stati oanglehey apphefiiess Mapropanicles apdi Mesioe amivebavPEantrianareebtoed in a

cat hode nag@ez{:]%godé !??rﬁ@fﬁ@f‘fé’éé’ﬁa%utrhwl?dh Hegyrhed . ng neans for interchangi ng

the first cat e Wt e second cat hode w thout breaking vacuumin the
vacuum chanber. Apparatus according to the fourth aspect can be adapted for

appl ying myfi{ prr@¥ed 1R 2hd BoKFiel Brd Mish-SoMAIhiRE Y. gORRdb Y PTFES inklafarQal | NG
conprising ions fromthe first cathode and another |ayer of the coating

conpri si ngof pegtive &ﬂstqﬁéébéiéhmpéﬁti%Eﬂ;fgﬁﬁéafrﬁi‘ieﬁs_-alnaﬁ}@?"%a‘ti(i FRPUlSEME eved
Wi t hout br gakinge HAGUIKE ddith/aCiohaGh YRR gits%mgand ﬁacfréafsteeftﬂa R o@fplzats%

invention relates to arc ignition avol rawbacks of previously
avai | abl e Inghiding §ositve ignsninza pee plasmat ¢icti it npIrdRVIBFY \Arefesredgpar theus f or

appl yi ng apgARtidg r&hoPibsié torV@ed MRS plibcResS URRE hakfes d16kI3RIRBbAeUDated
conprising neans for generating an arc at a cathode target, neans for
directing i weamshdt finemarisniatec@ating ANt ethisf Rbewed 30 PHED SRIYEF 8140 via a
filter patgneuRsdaantditbinindi® thé BYendBeEADABh IRk &Pat BRS @drhevabIAREN afeC
ignition neans conprising an ignition anode retracted towards a wal |l of
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 providing a vacuum pressure that is suitably high, typically of the
order of ‘]O'6 Torr, though during deposition this pressure may typically be around
10°° Torr or even slightly less if gas is let into the vacuum chamber. In typical
operation, the vacuum chamber is pumped down to about 2x10'6 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.



t he apparatus and novabl e between this retracted position and an ignition
position in contact with the cathode surface) 04 FEB 2003 -20 and
means for storing the position at which arc ignition occurred. It is
preferred that novenent of the arc ignition nmeans is by a stepper notor,

gi ving accurate control. An enbodi nent of the invention described bel ow
includes arc ignition means that conprises nmeans for novi fd kHBellilgni tion
anode towards the ignition position, gg ns for determning arc ignition and
means for returning the arc ignition ime&ns to its retracted position after

end of an T BRPIET SR i1, BuBRRaRHARR Dot SURY D PRAMR A Sl he

appar at us. khewngethei drt.aFéi exsampe cthe dpeiini can heogiidédby & sukvirtinggr magretibsequent

arc igniti the ignition de, i v ire t.hi osi.tion and
thereafter 8%8\?&%119( g}ﬁalfagtha%pﬁ%ﬁnq Lfcﬁ'o %Qtﬁg%itf F({y n% ¥{a%§“ac%aﬁ“o&e9“'%ﬁ‘o?\f Pst

i gni tion otrodsedkelkcticand rmadrdwidefidlar gbdils, Mrenapovidgdi én ore peama duct
typically ved towards the cat hode at. a. slow sat he operator attenpting
Lo avol o cORMEECaRENES RECHIA ROHERCAPUELISHAE YOt o BGD ARSIt ar get
and ri sk dapwgriang wirer tasige! .Petmaremmagets aré gnothedoptiom a cat hode t hen
the position of arc ignition can be noted. Subsequent ignition of the sane
cat hode i s achieved conveniently by noving the anode on the arc ignition

means t owaugmgtihe alsparatus of e ihgenticnoit ipeBsdibienc avriettardepbsiton satewlfy
novi ng the anode to

rds a position in which sub u t hede .i gnition
oooUrS. A UB 10 ADAHILS PESTONDRMEH SRRy 4128 AE* PE2adtal1 & oMo LR RG ARt
} gni tion ﬁErfdl@re@Qbh@ﬁﬂ:tP@@CW n%agn@a kleﬂ\ﬁi’][g mib_tésorrhtehﬁa"gnteheﬁamsr'rﬁn_on of
irst cathode ignition. In an, odi ment of the invention a cqontrollin
circuit nof& 625 CHEERN t'ife tQPc"'%%I"P%%PeT%&"?W%%Wénﬁn?b%’rx @13’0&’8 NEni tgi on
means. Thesgaight plebéBetiddiline PehdaBaSatone 4araTiogddch@t theode depwer ds t he
cat hode and when arc ignition is sensed by change in the arc voltage the
controlling circuit retracts the arc ignition anode away fromthe cathode.

0 4 | = E BTROGRcrédarfibidcouhbef IAT filgsi proodcdteadisg tie inaendd dridamspaets of t he
i nvention nite rtially

vides a conveni ent wa 0 re-i n_ arc m a pga
consuned c fﬁﬁd@ye"‘l‘ﬁ’é‘ rb?"@bt?eeer?smS?s%?é gpd S?L{'%i ¥i% @8?1%&{@;58&?{& "HPten | ed
t 0 cont am paating6@0 ahdwraas trocle Theseagiuesadmpareofaourably wah kivmde i USeugh a
substanti al,l e _view ng. w nd re overcone. |t has, bee erved that
ignition of‘%lahcg arc "l!ngng‘ Fg%mf’%ﬁic}'}t{\%g's&losfW@rﬁ'ﬂ%gﬁw%ﬁ @55”%25%? ifVed at a
vacuum pr essdrier atoidfinglot tiicknss 580lkengswnoms. Thie |attdr figuke & avgpicahfigweeel s

sui table f ?Jr t?\grrgve?%?%arc]: gpabr'HE:le]; N i n?st &t menpqw(%%%.' ngs of exceptional

A second aspect of the invention relates to the application of a coating of positive
ions onto an optical element. According to the second aspect of the invention
there is provided apparatus for applying a coating of positive ions to a dielectric

substrate, the apparatus comprising:-

means for generating an arc at a cathode target, the cathode target

containing the ions to be deposited on the dielectric substrate,

magnetic means for directing a beam of ions emitted from the cathode along

a filter path substantially 1o remove macroparticles therefrom,

means for holding the dielectric substrate in the filtered ion beam,



hardness and uniformty a higher vacuumis routinely required. Apparatus of
the invention enables the production of coatings known in the art with

i nproved coating properties due to the inproved purity thereof. As will be
appreci ated, preferred particular enbodi nents of the invention conbine the
various aspects of the invention in ail possible conbi naBtA gpmuf very
particul ar, specific enbodi nent of the invention conbines cg t he
aspects of the invention in a single filtered cathodic arc source. In

anot her enbodi nent of the invention, +h&-cathode target is arranged
substantially horizontally, with the plasm beam of positive ions emtted
substantially vertically therefrom The cathode target is retained by a

gui de. This ar t ; i d : i :
preparation of Hﬁ%g\gg??h%ﬁl%ﬁg?acﬁ rﬁdsﬁﬁgﬁae?‘o% g@%{g& gsrgb%gratrﬁg#ts %%'?ﬂg
invention is selecygsteticothaige agFiuing o thediglegiripsiubstrete Betdspesitihn af copper
and al um ni um gEiitiQEi d cathodic arc sources were not suitable for use
with lownelti Rg point targets for various reasons. Firstly, the |ayout of
the cathodic arc source forced the target to be held vertically or at an

il o ot (NGRS PRSP TEee keI dot cira TR pHRCRA b ALy W0 | &

or the botdapoiceldnd diectsanic ceatirirsc thredfiiteyeppledmetbeem afftheireopan is aflseshf rom a

e/ Cooo dO4RG that I8 oiy,Hifhgh 3k TP ! Lk ER B8RBolE. 20" o

provide an efficient enough filter of macroparticles to enabl e acceptable

quality cqatings of low nmeltin i.nt l.s t e 0 i frama nolten
Cat hody. IEYeCE: FanrRiartrhs PSRt e By RO IO 8l Bef

coat i ngs dfoasihgsy andixideswaitedes, heetanidesvend eerbigaso dweb desusiiogn digxidesed

cat hodi ¢ arc_source, . as. i S, . of. . the arc would result in nelting

of the catar%ragmf"drod“eqe!%ﬁgri%%’ %H%tt’etrg-ﬁ@(’)nofﬂé anode according to a further
enbodi ment of the invention) and using the cathodic arc source for periods
of up to even_ 5 mnutes). coatings, of L tin i n t.hodes. can be
obt ai ned ﬁ’éi?ﬂg et”Pm%“fBSﬁ‘r §t§ Jggo€°%°ﬂg 73 \?én%%? ‘Fr‘{ggﬁ% éﬂ?g‘?ép rPe'&v"'P?% d of
coat i ng t expipadctog jorhuzpobitep aopdatidayeangodyng ¢f positivedsons oma dletecripapticatul ar | y
preferred i el At t fil j . erates
pure plas ééﬁ?%,g@%%%ﬁr?{%ec#ﬁ rﬁé %F‘{asér?gﬁmdﬁ t%ﬁe‘r?rglp S%ER%JI (gosrﬁé{?‘c’l's gm’ tted

f r om cat hagcondcethsgettargen andensansffac emterchangiog shnfitst @nd sehouk: cammddgui ded

by a radi | Jdc ot i i xi,al net | i . through a
ot vel SRRt B 08, B e APl 817 o FRONE Lbeddofiohd 00
vacuum chdndrerthe tinstetatost ismarniiegarargesk @se emAngeddviniaut bregking ¥8esunh podh t he
cathode argefff bbby elokrih 1ot §65disCtnIi by 1R e Sdecdr@MaY, .'errféefn gathaf Tl es)
a renovabl e stainless steel bellows and a double bend toroidal duct. The :
cl ean pl asamiopebynindivdesad doublet bangt topaidal ysaredaptegdssubistariiglliexptrembve he duct
can be sc L1 I i beam scanni ng system This scanned
beam in ?ggﬁgﬂgﬁicg%ef\?m%hqﬁg%#%ﬁa%yﬁﬁnéubstrate hol der in the coating vacuum
chanber, can deposit a large area of filnms with good uniformty at room or
any ot her ' , £t enog rial
W ih e dest PR RBYREARY RebBIPREEIN i3t adrBRPofine VRrHBRIM o B ERRET  c
or RF bi aserobpdisnendabtheysasondfaspadristiriaedavensigohtesdymtialingd sdth @dnenict or s,
pl asti cs, ] | Smarl fi. t ' t hodi c
B o sour e PRIE S AEnBeResCner ol BRBLBGRE ihells AlaebkeAaR BE ! o
subst r at esquatifos ckeamirid. ndn cswehergembodimeat.nthet lingtl isngived ar angtivebias,

substrat esprefergbﬁ vEer:m Elo%p%v 23

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



There now follows a brief description of specific enbodi nents 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 Plasna Beam Scanni ng System and a doubl e
bend duct of a filtered cathodic arc of fig.1l. Figure 3 shows a schematic
side view of a nufti-target changer with the anode and cdthpgelssenbly of
the filtered cathodic arc. Figure 4 $h9M§ the infra red absorption spectrum
of a TAC filmof the invention: wave nunber on the X axis and absorbtion

co- ef fi Ci fdcrOpartibRs YwhihSgasirblisdly RaES &&eaeﬁﬁroatm% SropaRRY bf 410- 837
and no CH absorbtion. Figure 5 shows the norphol ogy of a TAC filmof the

i nvent i on dgREEFET DRi Al e OH" @PBLCHI9BS °PF@IB‘P@ UG"@HGGBCQ%@SWHE Bpect rum

of a TAC frhldp 36&iel Nehd @A@eoézmg%rufl 3 .nt,m.oaﬂegrpfse%ep%ﬁé@wﬁsweuct ure
of films of the invention is evidenced by the conbined peak at 1400- 1600.

The X axi $ohwing aRammiessiicst (cm1 ) and the Y axis shows intensity (cPS).
Figures 7-10 show cal cul ated transm ssion and filtering efficiencies of
doubl e bend ducts of the invention (x axis - first bend angle; y axis -
second bend antfl)lemadstgress7 and 9 - trm@rﬁ’%ﬁﬂ sHarFiod s, argsyAs1ayerage

filtering); Figure 1 1 shows a duct ldﬁgl:mg,q f'ﬁ’h@ Eq% tfsgg;TAFd gHdFy 12-15

show doubl e bend ducts of the inventio
deposited on a polished silicon surface.

(b} hardness 65 GPa (this compares to a value of 100
for pure diamond}. Typical hardness for
the TAC coatings s in the range of 55-75

GPa, for a film on silicon. The sp3

content
of films of the invention is typically at least
809%, 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 equipment of Falabella et
al (US-A-52789723) are reported to have

sp3 content of around 60%.

(c) refractive.index 2.5-2.6 {(compared to the value 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



- 24 Figures 16 and 17 show deposition apparatus incorpoating FCAs
according to the invention; and Figures 18-23 are photographs conpari ng
coatings produced using apparatus of the invention (fig.s 18, 19) with
coatings of the prior art (fig.s 20, 21 ) and coatings nmade with a single
bend filter duct (fig.s 22, 23). Exanple 1 1 ) Cathode Assenbly peferring
to Fig.l, the cathode assenbly is nmade up of a water caviw(ﬁl c?@[ﬁ (1) with
a mounting flange (2). A consunable cathode target (3) is gt on the
top of the water cavity block ( 1 ). THé tathode target is surrounded by a
ceramic guard ring (4) that prevents t r e target surface
frommgrating off the target surface ?g)aéfph'g? %P 885 ter goes in from
the water inlet (8) and returns through outlet 19) to cool the whole

cat hode assenbly. The water inle unted on a_base flange (
10) that is ele rf”"c’éﬂr] P4 THSENLP ﬁaqq?’ﬂfﬁl?fhﬁ%?rﬁ @.ppmméra?ﬂﬁgd‘&sassenbl y
is nounted onto the anode assembly by the electrically insulated nmunting
flange (2). The cathode assenbly is electrically connected to the negative

termnal of an & &epder supply 111 ) arR{CHRICGET ( TREFEP A MER ReUBhat t he

low mel ting point materials can al so b@idasil BN Aes GAfuBR 8m( 3The 2)
Anode Assenbly The anode assenbly is made up of_a straight piece of duct

with a water jacket (121 known in the gepsinopt diH ifigs Aodst Byepdd@den and

electrically insulated fromthe cathodeypeagmdty @ndpbbe @ou%),lcg-,!begl,%
filtering system it is electrically grounded and connecy o the positive

ternminal of an arc power supply (11 ). Preferaply=3g2- @:329/(93‘ 95aREVA.eRripor t

113) is placed in the vicinity of the garglicdidhs We%&o@@gwﬁho% gﬁgeed gas
inlet port ( 14) is |ocated beside the vi ew port (. as in

target area (3) undergoes maxinum i oni Ea'tbi°6rf'"5§hﬁwégﬁldﬁ§ﬁﬁy@ Pun¢ﬁe7
reactive or doping gas can be input fr yg,;.,Ih.e gas inlet port (14) to achieve
maxi mum i oni zati on, hence hi ghest reacfion rate or doping efficiency. A set
of renovabl e ceram c baffles (15) are located in the upper part of the

anode assefbly, thﬁa'm@rr SavkiREgd Qﬁatt meeeAteawsf tﬁé Wérmont&d%e\&ﬁaée some
of the macroparticles fromrebounding off the wall and entering t

filtering Sya@EIfrisyerandryat e f't"@élG@é‘c’ttH’é‘rﬂ%g@'s@fa”ﬁﬁl‘f"?iﬁe‘:hﬂiﬁ@eﬂé“‘fshe

wal |, thusgatg bflof 3@@#0&?% Fﬂ%m%@fdb@&még ﬁroﬁnf}hé Fhrvis. M&r&?dcr{lél€§ afd ©
removabl e so that built up materials can be easily cleaned
substantially entirely removed by the improved filtering of the mventlon so all
these characteristics can be obtained in the deposited film. It is particularly
noticeable that the TAC films of the invention do not absorb at wavelengths

associated with C-H IR absarption, indicating no hydrogen in the TAC fiims.

A further aspect of the invention accordingly provides a TAC film possessing the
above-identified film characteristics. The film depth is typically 50-1000

angstroms.

in a third aspect, the invention relates to obtaining multi-layer coatings on a
substrate. By multi-layer coating it is intended to indicate that the substrate has
a first coating of one material, such as silicon dioxide and a second coating of a
different material, such as aluminium oxide. Multi-layer coatings are of particular
use in the optical and electrical field in which the combination of properties
obtained by the individual coatings produces an overall property of the coating

which is of a particular application.



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 systemis |located on top of the anode assenbly seen as a bul ge.
It is made up of a striker ( 17), a triggering tip ( 18), a stepper notor
(not shown in the figure), and a controller (19). There iil a&gﬁu w openi ng
on the water jacket wall of the anode {612) to allow the stk @ 7) to
descend to the target (3). At the start  of the triggering, initiated by the
controller I; Y/ e r f f the

t ar get (3)Amﬂiﬁ?)as€%§%g§h%r§ﬁnn'oﬁ am\;”g%:%tra]t IE%FS%% %%n%o@fce;gg %%’aqﬁ‘a? ¢ ge of

t he st at usplasmabeapdvem astaspbye target) conpaisinghe triggering tip (18) touches
the target surface (3) and subsequently the arc is ignited,” the controller
( 19) senses the change in arc power supply ( 17 ) and lifts the striker (
17) away from ehecuamgetamsherf ace (3) and away fromthe plasma beamto avoid
contam nating the plasma. The position of the triggering tip ( 7 8 at arc
ignition is stored by the controller. Wien re-ignition is required the
control ler is abfiret tathdde \oxated-at-a cathobe HI®N- Rhinhtbetahiagder,i ng tip ( 18)
rapidly to the stored position without risk of fracturing the cathode
target. Any further novenent necessitated by evaporation of the cathode
target, can benadana fougénesttiveeen lred Fomithefdskiade atgthSycstmodeRakeon, ng to Fi g.
2, the filtering system conprises a double bend toroidal duct f20) and a
renovabl e stainless steel bellows (21 ) (shown in Fig.1 ) fitting well

i nsi de the wal la sgboheathodk,losdied vithin theustizeeberetmeen and el ectrical ly
insul ated fromthe anode assenbly and pl asna beam scanni ng system The bias
power supply (22) gives positive bias to the duct (20) and produces the
radi al el ectri endanglfdr wittftihangiRg tpk aBsmaritse e OSBoE&E wattioak badkeng It s
seen from corrputer simul ations that an appropriate radial electric field is
very inportant YPR"€Fficient transportation of a plasma beam The magnetic
coil (23) generates a CUI’VI | i near axi al magnetl c field along the duct. This

crossed electric field efficient th | a t hr qugh t he
doubl e ben'éa o%racatrﬁaegtalrv cfurc?s 'Pforlpgragﬁ? Smﬁvﬁa‘% eﬁﬁfﬁegpg? E:EF "Bt ng into
the fil terlayrg coOgpEh @It arrd:rmneulst n&xiessarg e breakivenowralin thedinatmbler rrepla(:aﬂhe) can

i nt enand 0994 B TRb GLEEpreptactih JEE PERR ERElRel s b Romn 1 on

ener gy w Ithe sgcand caaninghaydri IAtsemIlrbg aepy:setoaamd | theitsird bsrecporf ehgpinaemiorbeam
that can py e o | t.h. h nd/ or
unconvent i o(r%gré%prrnggerwre c\‘égjhré'l'gesPl as geénrﬁdchﬁ‘r?%gtng é){mng"éz féeéafllt'ﬁ’g to
Figs. 1 ammpmmgmgn@tf|b¢eqj¢rmsnm beamesasaahiiehingsvacogmtisdhafchembehe
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 dt i§d¢r@mwmcaismeca tilse coatineeiever afcr wetdl ihcembiebten Mo enedgasvi ng
unit (26) 1 tﬂgﬁ‘ﬁs% gg%r%e?x fh%lsgnﬁ%%?%otpgec%}m W&Jﬂ@ gTRgnetic
field deflects the plasna varyl ng nagneti c |eI sweeps the plasma
beam up aredsitieavmnitrideecoating4nay Be epplipdson to@7of. a $ib¢drodiongecoatinghdpber or f an
shaped dug cgzz?o)mﬂ ﬁat o%s%lll% &waf?‘%é‘%éé’e pﬁllé&?\n&‘?{ian-rhf§ b?gﬁ'\ Yen %nd down
sweepi ng plasna beam can deposi arge areas o K goo uniformty.
ft is al sonpltgaydsl aatingtthe Zatraderapget d¢ eadeiafetheisgmel mitertahe Hveeweer , to
conpensat & ol LAIANEANS nhlpLANLI8TGH ¥ 5ATLES S il c%fm;,nﬁa{ad'ter
out put . The Iasma can e erther scann ori zon or vertically.
It can al smtlh)e’asesanhé'(at ficdtlgak o W hemthak Isymamdnmemmarcdldathd‘e is wsedrmgthet i ¢
scanners I a [ re are few
(i at orstecsn s St dabif sBaR Y, BRARAGANE A XERER MIEVESCS, ed
The mai n lafrthe dirstogasaringss cfnmmsttére:estfzeethirﬁ aslpect:mfathlennghmtrbEralsonfe i ons

of the dep | Ln t CR, rious

t ypes of sgﬁgbﬁgfg@é% %%ﬁcé‘%sen&eéafg? ggmlaga#?du 98’1 %%as‘fvl gceornam cs and
gl asses, afathodE® tseibabe atacerc blichd wcbhelcaﬂuoasmhdzyoummlga'aad[ﬁ@ﬂmtheRF bi as
to extract ions with a desired energy fromthe plasma beam The deposition

can be carried out at roomor any other desired substrate tenperature. 6)
Mul ti - Tar get Changer



Referring to Fig. 3, the nmulti-target changer enabl es easy and efficient
deposition of nulti-layer coatings. It is basically a |oad-1ock system
conprising of a vacuum chanber i28) with access door to the targets which
are stored and indexed in the storage rack (29). A linear transport arm
(301, located inside the duct [311 connecting the storage c gq@gr to the
anode assenbly via a gate valve (not shown in the flgure 4*# ed to
transfer the targets. A gripper (32) is designed to hold and support the
target during the transfer. za _-01%4- FEB 2003 Exanple 2 The

electrostatic potential difference between ’Eé é wal | and t he pl asma
centre wadirBd#ed AG T RRIS §XFRENGRIB AFNiIgY AP 2R G EICHSRY Wihasrie¢nand

Khi zhnyak vgBwYs-in khe!cAsmbern. 961 (1960) and Sovi et Phys.- Tech. Phys., 70
(5), 655 (1965)). md v~ =-qgq~E+v~ xB~+rrrv~, w~ -v~~+2g~orm'dt Ml

v, =q~E+v, xB~+M/, ~w~- v, ~- 2g~or~ d~ The first terns on the right hand side of

t hese tmmg%ab@@éam%asrchh%etmmb@%m ofbafbbeNanteulRSomiiddle.

el ectromagnetic fiel The second terms describe the accunul ative
interacti Wnlé’;efpmﬁffé‘laéewsmﬁ@ figt cpdede VWit angat therrtgraivset cewodee ef f ect

of the radiitlous!freaiinG the Saubt V‘@%Sloﬁg'l?y QHGtse\’S@l\é catibdeR IB@?&EJﬁnOJ the

pl asma. These two equations are used to sinmulate the notion e plasm
in the tocathege ramznmd used in design of the filtered cathode arc system
according to the present invention. The notion of neutral particles in the
duct was simulated on a conputer according to a. specular reflection when a
neutral pé&r eipsrécuidn embodimgnt of e thirdaseeglegfithednydntionedere ise® vdaweimat i ons,

namel y t1 30l 6 RERRRL (Bindkal a4 ol d i ErABg §5uh, the fiTst and second

bends upon p asrra E’ransm ssmng%ghrough t uct and (2) the effect of
vari ation |n t hese two bend angl es upon filtering of macroparticles from

the plas gﬁﬁagc%gngﬁ%%?%db%f 'ggé\ﬂst%ﬁ ray Jurtfer2fmdlse /f\?ﬁoér?do'}gcér% the

nodel , a plasma duc e I nvention can outperforma single
bend i n t ¥RABUDLOpiPASIMENtS; ARG pEtESHe MaghEige &, lo@tedwithir thesecophyadusime

filtering c()Hpgrtngent%'cathode station is located within the first vacuum compartment;
and the source comprises means for separate evacuation of the first and second
vacuum compartments. It is preferred that the second compartment comprises a
port allowing access 1o the cathode magazine without breaking vacuum in the first

compartment.

In use of this particular embodiment, an operator is able to gain access to cathodes
in the cathode magazine without breaking vacuum in the chamber holding the
cathode from which an arc 1s to be generated. This enables convenient exchange
of cathodes into the magazine without the time-consuming need to break and re-
establish vacuum inthe main chamber in the apparatus. The time taken to replace
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.



04 FEB?200 -29 Figs. 7 and 8 are calculations for a duct in which the
angl e between the direction of plasnma 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 finer (shown
generally as 51 ) has rings (52) and linkers (531. Each ring is circular in
cross-section and has an inner tip (54) extendi ng inwardl E&ﬂ downwar dl y.
In use the liner is arranged within a qlsasma duct such t [t 2@3I|p is
directed towards the target, ie against'“the plasna flow. The |inkage
petween adjaggiiy bISIAR drSrBYinlLAE feidredho CRBNAGE Sdch QAR B, ThESE
| i nkers are arrange ferent p aces around”t he peripheries of édj acent
rings to gelkeiniben bxidethatntawghmetadici arid gas ¢ampanents be pushed into a
toroi dal duct and around the bends of the duct. The liner i's nmade of
stainless steel. Exanple 4 Referring to figs. 12-15, double bend ducts are
shown geneAal:d:rydimgstoZﬁ)mourﬁi gspect 2 tHe siventien drprratus fehaediyinhe corying off
pl asma enterl?g t he guct %ra% gm degr.ees to pl asma exiting the duct. Fig.
12 is a vi B FYDR B0, asu$s é’ specti ve view and Fig. 14 a view from
the side, all of the sarre duct In F| g. 15 that angle is 45 degrees. The
duct in figs. 12-14 ht _s ctlo 202, .2 0 connected by
orof dal  bends T86% Bha=Sa8nd Theteri S het et 708 ot etaetFees and
of bend 210 i s ahopdned® ofelge eestingilhere is an angl e 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 224l connected by toroidal bends
(226 and 228). rMBesnk 26nhaducmg &ngltee afc alesitoBbodeagrefate andtibgnahd?228 an
angl e of about 40 degrees. There is an angle of 45 degrees between the duct
0 4 FEB 2003

magnetic means for directing a beam of ions via a filter path to the

substrate, the filter path adapted substantially to extract macroparticies 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 jons and gas positive ions in a suitable
stoichiometric ratio to produce a composite 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 mast efficient level to obtain the required

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

simplifying construction of the substrate holder and of the plasma duct.

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



- 30 entrance plane and the duct exit plane. Exanple 5 Referring to Figs.
16 and 17, deposition apparatus 1100) is illustrated conprising filtered
cat hode arc sources having double bend filter ducts. The apparatus has a
vacuum chanber ( 120) and.two FCA sources ( 102, 1 1 11. The first source (
1021 has a cat hode and anode (101 ) for generating an arc froma target
(not shown). Positive ions fromthe target are filtered by a doubl e bend
duct conprising a first straight section (103), a first bﬁﬁdﬁﬂhﬁﬁb,

second straight section (105), a secon® bend ( 106) and a third straight
section ( 107 gyum coating chanber ( 1201. Both
ducts are ¥¥PY ﬁOQE @%égéégé$§ﬁmgh§ have a doubl e bend preventing a

| i ne-of - si ght frontthe target to the substrate anti preventing also a
single bo nce ath from.the t e.substrate - 121 ) on the
chanber _alME0 R o0 SERLBCPE ST B e dsYet 88 SR B BRoaPRFekehLR® ar um
(not ShOV\/;&bmmddﬁ/athP@tgﬂe]E ewedwrmls ik emmrﬂen&tbsthbwgbome ldtacbarhyutar -
magnetic fi roduc rom coi s Aro n of the
Gt " The eMHOGIPHEAT (FerioHsA20eSH S g1 BT 080t 6 Ege dnA TTHECaba¥d bond
11061 has |sataet @ dafm&& S§REbAEthe KBESE bbING ANGedl & thHutdr dRr &t bl anes,
such that the resultant angle between gpéwnlasna enterin the duct and

passi ng t [9eBegFEd Fi8M¥3 Faihoge jogatRd atdBe ( WTPIPRERRFUEi e CRIRRIISN&S si ng

through t Raethhd SathbldidthteSRGE dfod Hagadird, fige &MarBlGifuihie CEbrARMIRES -
Li kewi se, positive ions fromthe second source are filtered by a double

bend duct MRISntPr iNFYEnandieg 18 alifgt CRINAEsWED; Bifs spcand cathode withegy and
first and psaiylvRanes id #Hedvackilm endribdrhe case of the second source, the
first bend (1 13) has an angle of 35 degrees, the second bend ( 1 15) has
an angle of 40 degrees and the resultant angle between the first and third

strai ght s9phtfR08§ abcdréthg th the)folth 45p e TERBS ad%Eftéoa a(oé%gEX%ﬁf-ﬁtheTo

coating chanber and the two FCA sources.
test the ﬁﬁéﬁ‘@ﬂfa?cti*'@l?é’bﬁ'?f%rq%da‘@dqu he CSFt“‘t‘-’r@OmﬁUé‘ﬁEl"b’Pﬁ f"@ﬁ'h*pﬂeé"rébatl ngs

vere made cdfHodgd shBanetidr i eP8nthelcobii®d cétBlisifg idnBerdrRddcBRd aBthogepar ed
with coatings fromprior art apparatus and with coatings nmade using

appar at us "ETLHY 3y 85E03iNG arhieye vEEopT Preaking YBE LB iy theTYREUMBEENaMPeAr e shown
in figs 18-23. Al of figs 18-23 are photographs taken at a magnification
of x125 of d osited | ayers of TAC that are 600 Angstrons thick. Both figs
18 and 194 f&N 83R8%3 HYeBWsitvEAURRITRGTES HOGM SHUOR QAN A7 WB3%ks 8hd out
pi eces. at pPKVislaQy aesilab®ke fgnitets. bend angl e of about 50 degrees and a second
bend angl e of about 60 degrees. No macroparticles, which would be visible
as dark or black blem shes on the photograph, are seen. Both figs 20 and 21

are fil ms AMERassdcR@f iHd iheémbnaRbliaeeafiarare Wb RdBNing @EdRtieg af pysimneai | abl e
from Cormpnweal th Scientific Cor Boratl on. Numerous contam nating

macr opar t 1¥1569, 2 SRR K ARIEHKUS SPTAGESY ‘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 degre end in the filter duct. Again)
means for generating an arc at a ca e 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,



" numerous contam nating nmacro particles are evident in the film

Vari ations and nodifications fromthe described specific enbodi nents wll
be apparent fromthe description to a person of skill in the art and
consequently the invention is not to be construed as Iimted to any

speci fic enbodi nent. 04FES820@@ CLAIM5 - 32 1. A cathode arc source
for generating a plasma beam from a cat hode target, conpri,sing, vacuum
chanber, a first cathode (3) |ocated at a cat hode statimq «/\ﬁ'{@mwat he
chanber, neans ( 1 1) for generating-a-arc fromthe cathode at the

cat hode station, a second cathode | ocated inifg1 cat hode magazi ne (29), and

means (30, 32) 3GrMEARLIUIAYTHE G ALSTHOT 81 WAID YEJGMHOR AERFERS Wi t hout

breaki ng vacuum wherein there is a vacuum | ock between the cathode
magazi ne and the cathode station. 2. A squrce according to-Claim1l wherein
t he second'tdatrrdigEed sthghaayemens Airtariars iGHtiemMESASds ANEP SHPPSDIMARRS,

conpri ses gRMISadc@rateMopkehangi ng the first cathode with any of the
plurality of cathodes w thout breaking the vacuum 3. A source according to

Claim1 or 2 wherein the vacuum chanber conprises first and second vacuum

conpart ”E‘“Aﬁierﬁtlb%irﬁéﬁﬁmﬁeﬁm?o%ekfrié&c@él&ﬁ_i b8 s"erk Fighi G ALY BEHUM
conpartnent; the cathode station is located within the Tirst vacuum
conpar t mengemantest Means (Pt M the éanitiern @gode towarsisr trecigaiviaourasitan, of t he

first and Sg600fh \AGHIThAG R IHEM Snd theaks ﬁowsﬁenaagwgucngmbenﬂe%g] 3
conpa I'1dw ng a he

wherein the secon rfnment” conprises a port a cess to
cat hode nutpaiz$ netragiteth dgsitioneafidrithe ae hasngnited. It is an option for the ignition

anode to be on the end of an igniter arm, the other end of which is rotatably

mounted on the apparatus.

In use, if a first arc ignition position is known, in subsequent arc ignition the
ignition anode is moved directly to this position and thereafter moved towards an

ignition position of the cathode.

On first ignition of an arc from a cathode target, the arc ignition means is typically
moved towards the cathode at a slow rate, the operator attempting to avoid
contact with the cathode target that would impact upon the target and risk
damaging the target. Once an arc is ignited from a cathode then the position of arc
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 slowly moving the anode towards a position in
which subsequent cathode ignition occurs. As a cathode is consumed during use
it is usual for subsequent ignition of the cathode to occur at a lower position than

the paosition of first cathode ignition.

In an embaodiment of the invention a controlling circuit monitors both 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.



the first conpartnent. 5. A source according to any of Clains 1 to 4
wherein the first and second cathodes are of different material. 04 ~E
B 2003 - 33 6. A source according to any of Clains 1 to 5 wherein the
first and second cat hodes are of the sane material. 7. A source according
to any of Clainms 1 to 6 wherein the cathode interchange nmeans conprises a
cat hode gri pping device nounted on a target transport argkﬁggzaﬂapted to
transfer a cathode between the cathode,station and the cat e rmagazi ne. 8.
A method of applying a coating to a sbgifrate usi ng positive ions fron1a

cat hode arfh&ou{h%earccfymfdns iins | @Cad 'ﬁgthaaéde'E:?tofCﬁﬂrehPiQGnﬁén ?}:r&@ﬁ@

station within a vacu hanmber; | ocating a second cathode in a cathode
magazi ne; carygnieny \way doulenignite tiMmaee traouanpartiakibsensemed iqethodshaniieng t he

first and f‘asf%@rmgﬁﬁ m.bngue,cpggg%hﬂgn e%%’t&%éta?mnﬁ& g%m Aakeding to

Claim 8 wherel vacuum etween magazi ne and

the cat hodw regaitédan abservérdorieekitdowaimgs uzsazntialie akp Age vigeingwindovherecat hode

rraga2| ne V\A‘}efpg%ebreakl ng vacuumin the vacuum chanber. .A@ AF. A9. Ay. Ay. A
CACAL.

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 all 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 plasmé 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-
meiting 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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10%.! y10%#&idey-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 macroparticies emitted with the piasma from the cathode are
effectively filtered out by a set of removable ceramic baffies, a removable stainless
steel beliows and a double bend toroidal duct. The clean plasma beam virtually
without macro-particles 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 ptasma 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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There now follows$ a brief description of specitic embodiments of the invention,

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 muiti-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 films 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 inte'nsity {cPS).

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

Figure 11 shows a duct liner of the invention;

Figures 12-15 show double bend ducts of the invention.
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invention; and

Figures 18-23 are photographs comparing coatings produced using apparatus of
the invention (fig.s 18, 18) 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 tc; 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 outlet (9)
10 cool the whole cathode assembly. The water iniet and outlet are mounted on

a base flange (10) that is electrically insulated from the cathode.

The cathode assembly is mounted onto the anode assembly by the electrically
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 ¢an 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
assembiy. 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 removabie 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 Triqgering 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 mator
(not shown in the figure)}, and a controller {19}, There 1s 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 (19), the striker (17) rotates
towards the surface of the target (3) while the controlier (18} continuously
monitors the change of the status in arc power supply (11). When the triggering
tip (18) touches the target surface (3) and subseguently 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 controlier. When re-ignition is required the controller is able to drive
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cathode target. Any further movement necessitated by evaporation of the cathode

target, can be at a much siower rate.

4) Filtering System

Referring to Fig. 2, the filtering system comprises a double bend toroidal duct {20)
and a removable stainiess 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 p;wer supply (22) gives positive bias to the duct {20) and produces the
radial electric field within the piasma beam across the axial axis. [t 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 &
curvilinear axial magnetic field along the duct. This crossed electric-magnetic field
efficiently guides the plasma through the double bend and effectiveiy filters out
unwanted macroparticies coming into the filtering system and neutral atoms. A
removable duct liner (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 films with high quality and/or

unconventional properties.

5) Plasma Beam Scanning System

Referring to Figs. 1 and 2, 2 magnetic plasma 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 defiects the plasma

beam. A varying magnetic field sweeps the plasma beam up and down. The
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This fast up and down sweeping plasma beam can depaosit 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 iimitations 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 éubsrrates, such as metals, semiconductors, piastics, 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) Mutti-Target Changer

Referring to Fig. 3, the multi-target changer enables easy and efficient deposition
of multi-layer coatings. It is basically a load-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 10 the anode assembly via a gate valve (not shown
in the figure), is used 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 {1960) and Soviet Phys.- Tech. Phys., 10 (5}, 655 (1965)).

d
Zy == I 200
md[ v, q(E+v.xB)+mvﬂ(»l v.)+2q4,r,

Mg;vl = q(E+V| XB) + MV"(V' _vl) - 2Q¢Dr0

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 simulate the motion of the plasma in the toroidal
duct and used in design of the filtered cathode arc system according to 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 angles upon filtering of

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

According to the model, a double bend piasma duct of the invention can
outperform a single bend in terms of plasma transmission (fig 7, 8) 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. S and 10 the angle is 45°. )

Example 3

Referring to Fig. 11, a duct liner (shown generally as 51) has rings {5§2) and linkers
(63). 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 piasma flow. The linkage
between adjacent rings is by linkers (5§3) connected to each ring. These linkers are
arranged in different places around the peripheries of adjacent rings to give the liner
enough flexibility for it to be pushed into a toroidal duct and around the bends of

the duct. The liner is made of stainiess steel.

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

Figs. 12-14 show a duct in which the angie of plasma entering the duct is at SO
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 abecut 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 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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Example

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 (1086) 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 anglé 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 iéms 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 resultant

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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Example ©

To test the macroparticle 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 resuits 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 macroparticles, 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 equipment
commercially available from Commonwealith Scientific Corporation. Numerous

contaminating macroparticles, visible as black splodges, 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 fiim,

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. A cathode arc source for generating a plasma beam from a cathode target,
comprising:-

a vacuum chamber,

a first cathode (3) located at a cathode station within the chamber,
means (11) for generating an arc from the cathode at the cathode station,
a second cathode located in a cathode magazine (29), and

means (30, 32) for interchanging the first and second cathodes without
breaking vacuum,

wherein there is a vacuum lock between the cathode magazine and the

cathode station.

2. A source according to Claim 1 wherein the second cathode is one of a
plurality of cathodes and the source comprises means for interchanging the
first cathode with any of the plurality of cathodes without breaking the

vacuum.

3. A source according to Claim 1 or 2 wherein the vacuum chamber comprises
first and second vacuum compartments; the cathode magazine is located
within the second vacuum compartment; the cathode station is located
within the first vacuum compartment; and the source comprises means for

separate evacuation of the first and second vacuum compartments.

4, A source according to Claim 3 wherein the second compartment comprises
a port allowing access to the cathode magazine without breaking vacuum in

the first compartment.

5. A source according to any of Claims 1 to 4 wherein the first and second

cathodes are of different material.
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6. A source according to any of Claims 1 to 5 wherein the first and second

cathodes are of the same material.

7. A source according to any of Claims 1 to 6 wherein the cathode interchange
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.

8. A method of applying a coating to a substrate using positive ions from a

cathode arc source, comprising:-
locating a first cathode at a cathode station within a vacuum chamber;
locating a second cathode in a cathode magazine;
creating a vacuum within a vacuum chamber; and
interchanging the first and second cathodes without breaking vacuum.

9. A method according to Claim 8 wherein there is a vacuum lock between the
cathode- magazine and the cathode station and the method comprises

breaking vacuum in the cathode magazine without breaking vacuum in the

vacuum chamber.



