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PCT/ GRB96/.00390 BERES-H-ON-APPARATUS— The
present invention relates to deposition apparatus. Specifically, the
invention relates to apparatus and processes for deposition of optical

qual ity Ccqpdbérssasuch as: tetrahedral anorphous carbon ( TRCHGBISHOIN oxi des,
nitrides, hydrides, carbon- containing conpounds; and other conpounds and

- alloys of netals.  Various nethods are known in the prior art for
depositing thin-filnms on substrates. In the field of physical vapour
deposition, wth which the i DEPDSITIONSABPARATUSI, these nethods include
various sputtering techni ques such as RF or nagnetron sputtering, and the
use of filtered cathodic arc sources of positive ions. US- A- 485 1095
descr i besngiasartinventon FaRs Yo depobRBAYPparatel U S RICH@IY OtHDindkAtiéMi N
coatings on a range of substrates. Magnetron sputtering can produce a broad
beam of celatest9 FRPaArAHISANGPIPCRESAS Qs dgpesitionnfontisehaualite coatings suelvat i ng

of | arge_su .M ’ Y, t )

put t ey 13" BHrRFardRapnone odfidh (ALY, duiFplicl WigdeliyUaS! tllbor.
and snootcontasingcdepeundsiland dther compounds langralidys tof onetafs. coat i ngs f or
optical equi pnent. US-A-4851095 al so descri bes a coating chanber that
i-ncorporates a rotatable drumon which is nounted substrates to be coat ed.
Deposi t i asarivus padthiods arel Rhowndn thé paocart doi Bebsitirg this-Mhs onisubstratesknown
in the art, and revi ened lv/ P.J.. Martin in Surface Engineering, Volunme 9,
(1993) ndn the figidatphysiegl vapopr depositiorwithavbich the inyantien is coreerned. ar e

typi cal | ¥nése thetRbd$ EILd@ /atiBds splrtelifg te€hniqlie® $uBRhs?RE dIoMEEABIbRUOUS
mode for coating individual substrates one at tinme. The problens associated
wi t h comsputtednguaad ghe uisp pfifiltared cathpdic atc aewrces of positivedonsur t her, known
filtered cathodic arc sources typically produce a plasm beam no nore than
3cmin dianeter. This is not a suitable size for coating |arge substrate

areas. US-A-4851095 describes apparatus and process for magnetron sputtering to obtain

thin coatings on a range of substrates. Magnetron sputtering can produce a broad
beam of coating particles and is thus a suitable technique for the coating of large
substrate areas. To date, the films produced by magnetron sputtering are not of
sufficient quality in terms of hardness, uniformity and smoothness to be suitable
for commercial production of coatings for optical equipment. ‘US-A-4851095 also
describes a coating chamber that incorporates a rotatable drum on which is
mounted substrates to be coated. "

Deposition of coatings using a filtered cathodic arc source is also known in the art,
and reviewed by P.J. Martin in Surface Engineering, Volume 9, (1993} no. 1, pages
51-57.

Filtered cathodic arcs known in the art are typicaily used for short periods of time,
or in puised and non-continuous mode for coating individual substrates one at time.
The problems associated with commercial use of this technology have not been
solved. Further, known filtered cathodic arc sou;ces typically produce a plasma
beam no more than 3cm in diameter. This is not a suitable size for coating large
substrate areas.
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PCT/ GB96/ 00390 -2- Neither known
physi cal vapour deposition or chem cal vapour deposition techni ques have
previ ously been considered suitable for use on a conmercial scale. There
has thus beegygwsass®i ated the need to be able to deposit hi @CTHRBR6RII t hin
films on substrates in a comrercial process using apparatus that can be
used continuously for relatively long pesiods of tine. It is an object of
the invention to provide deposition apparatus for conmercial deposition of

hi gh qual i f\eithBi kndwh FRy$iBaIvapblFdéptisitfon drichemicdl 0hpUr debskion éctirliGues

i nvention to provide deposition apparatus for deposition of hi qh quality
thin fil ms hewe revieysly Naes: gonsidesed syitablesfor upe onghrammeseial edlenvention i s
to provi de deposition apparatus for applying multi-layer coatings onto
substrat es. These objects are achieved at |east in part by the

conbi nat i oiThefe has ¢tbus hgen daptasiated the need ttorhedabla tth stéposiarhighs quality thin.

According to the iny i there | | a r s [

Coati ng o B8ih subFomeS s’ SofishgieR Broes, FERGErarac,8 tnaP By idfhg
chanber,  continuously ffot telarively ddrippedods of time.ce provi ding a pl asma beam
containing the positive ions, a substrate to be coated, and
a substrate hol der, wherein the substrate holder is adapted to
move the sypsd hAldbj@r 86 thd fifvention to PRATBE Hepsstion WPpbRitSs HHE E6MMdrBiaf 0at

the substrate with the positive ions.
deposition of high quality thin films onto substrates. It is another object of the

invention to provide deposition apparatus for deposition of high quality thin films
onto large substrate areas. A further object of the invention is to provide
deposition apparatus for applying multi-layer coatings onto substrates.

These objects are achieved atleast in part by the combination of a coating chamber
and a filtered cathodic arc source.

According to the invention there is provided apparatus for applying a coating of
positive ions to a substrate comprising:-

a vacuum chamber,

a filtered cathodic arc source providing a plasma beam containing the

positive ions,
a substrate to be coated, and
a substrate holder,

wherein the substrate holder is adapted to move the substrate across the
beam of positive ions thereby to coat the substrate with the positive ions.
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of the invention, the apparatus conprises nmagnetic nmeans for scanning the
pl asma beam over a coating area greater than the area of the plasm beam
The invent wares2esas enabl es a | arge area of substrate to bePGHERISH0AR ¢ he
substrate is noved through the beam of positive ions generated by the
filtered cathodic arc. This enables ef§i.cient commercial scal e deposition
of positive ions onto substrates, By scanning the plasnma bean into a

coati ng ¥ ea edbaiiit@heof shea inviengion] the apmaratis ¢dmprisesSsmaghedcmesanstfed from
the filtered . cathodic arc, coating of substrate over an especially |arge
surface &F8APiNgthe plasmp bﬁﬂ’ﬂ‘f@ﬁ%ﬂ@"%@éﬁq orgatrrd T‘§h?1@'i?€s%fé}'ﬁ P2 | ower
density tpaam.the snaller area pllasma beam prior to scanning. Therefore, the
deposition rate of the scanned beamis |ower than the deposition rate of an
unscanned beam and deposition on the substrate occurs nore slowy. This
enabl es I . mah? b | rﬁ,usaﬁ)tfs : In
an errbodiqrrpg?l}{'%oqt t eﬁ‘{gnevr{e%\rét%lsoén&?ﬂg su gurb(éi'?@(aiﬁ Bgr% c’lggénta afo e (E)'%tt@

r ot at i on infnovied thudughrthedeam oligvsitive iqriscpenerated hy the filteped:tathodit arc.

oot en S S AT b ShaSly konl rpBRRBR o T s B URERARL® '
enbodi mergy scanRigthe|plasri beanl o bicoating @anea 6f graafdrsizel than 198 araluFithat es
are nounted on the drum periphery and by rotation of the drumwhile a

pl asma bé’i‘?ﬁ’ﬂ% bﬂ%‘ﬁé’&t‘fﬁfﬁ?B&%ﬁ@'ﬁgtc.é}/@f"eéf%cﬁﬂaé'"&r?f SUbSHAte O¥er Bsiti ve
lons is Q%Beéihﬁ\?iﬁﬁﬁéfsgrﬁéé aréd/ RSdrabié.| PuftHer) 1A8 cobtifig bafim v‘sh{éaummfg o

plasma beam which™Is pref erablé scanned into a coating beam The ra
deposi t i & lewvepdensityhanthe ssprller area plasmerhaam prigr toscantivgyt Thefedore: or ed

usi ng t?(\tngiﬂgtsgiﬁi]ﬁﬂoﬂ%]w th& Scahh daglgém%‘ﬂaw& th'%t.# %geﬁﬁéﬁﬁﬁﬁ!rafea& an

m)nitorlng Sy a partlcu embodi nent nvention the rate
of deposiunscanned bédam a0t gepasition onitbe substeateacdutsimeraisipwdy.t Thia enables nat i on

ate of el FPohBEalE e afnRabeRRe dp R AEHEe o, 2 T M T

In an embodiment of the invention, the substrate holder is adapted for rotation of

the substrate through the plasma beam. . In a preferred embodiment, the substrate
holder is a rotatable drum and the substrate is mounted on the inner or outer
periphery of the drum.

In use of this embodiment immediately above described, one or a plurality of
substrates are mounted on the drum periphery and by rotation of the drum while
a plasma beam is generated from the filtered cathodic arc a layer of positive ions
is deposited onto each substrate in turn as it passes through the plasma beam,
which is preferably scanned into a coating beam. The rate of deposition of positive
ions onto the substrates is conveniently monitored using techniques known in the

art, for example using a crystal rate monitoring system.

In a particular embodiment of the inventi_on the rate of deposition on the substrate
is monitored and this deposition information is fed back into the magnetic beam
scanning apparatus so as 10 control the rate of deposition on any particular area of
the substrate.
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PCT/ GB96/ 00390 - _— -4 - In a further
enbodi ment of the inventi on scanni ng of the plasnma beam occurs downstream
of filtering of the plasm beam by the filtered cathodic arc source. In

anot her enbaogpsepgss®f the invention the nagnetic scanni ng nBEHGBAOINY t he
pl asma beamin a raster scan. The width of the raster is preferably at

| east 10cm wide, nore preferably at |easf{.20cm w de and nost preferably at
| east 30cm wi de. The apparatus of the invention uses a filtered cathodic

arc_sour ceyf QrfyfRBé eMbudiment ol Mbe Givemtionpiscanmihg rafl thieypladma Westm ategrswi t h
positive ions froma target at the cathode of the C%ésg?ﬁ arc source., This

i s made podewsstream ofifiitaring ot e Riagmp Beampythedilter giCRMCSQHFEE-£ 15y
continuous, Gthe WM&"@‘W SiHel iidentln %h&@ﬁa@ﬁtﬁc&b Shrieg Mvednizesdiriavire on
C00 ano

of a water- e and a water-cooled cathode in the filtered cathodic
arc sour Ceplasa?ia bearo fie agestes scani {Thel widtty of thentasterda prefierably gt leasthism

Typi cal | y, filt ' f

2 Ber o ol MatpreRb B RIBSR 2o Sudephd rost BRirefbfyt AR A0 b T o

| ocated at the cathode and from whi ch the positive ions in the coating beam
t ed bst iall d.. As W |

of Cski 11| Moeiapparatus ahthe vnuBRLGHR A Brerae Yarnoq'd AR BbiEed0f SpRtindpdi °20

Cot”t am lnat iceBti § otf%epéraé BlurdREMdbsubstiated WY positivé ians from = sargetieat the

material is pre

erably to be avoided; .in practice the target erally
not all om@athﬂd?@fdbﬁm%émrﬁe e 'sd!‘a%P€$F'P'I‘Fé?Veﬂ\%§'|§£'?‘i’ gﬂa}ﬂd
cont am nat ighg <16 P haRBEsIRALI For Corfin Bkl VeePRNBEE ovdiriatingaHhignarcoe A

particul arly pre err red catho Ic arc source for use in the
appar at us aichievediby/the: prowision ata svatsecooiad appde gad & water<eolrd eathgde in

Internati OQﬁﬁ 5&gé¢%&g§8€|& &ldoted ;Agﬁ?"% efé'k?ur&é%ut&{:le%+ EBntiUARA RHieng

Limted on as the pré Icatlon he content of
i ncor por at agrrhessei IT ylp;cmm éorca fitered dathedlpa:rc souicar continedus ysRIMeANS UBeent

of the invention s bl.e fo nul t e

ions to a JAbaResied s tFtde f)tpglr%fﬁﬁta\éf Eﬁf fah a@&%ﬁ%’@é‘&%ﬁ" easF?getgg%éoéﬁgH

filter eddcaéthﬁg Lathde aﬁmllgcm wgmmtﬁe pasitive ic&snﬁ tﬂwegammb-m aregeneratddy e

i ons, and a substrate hol der a nove .t he substrate acras eans

Pom t o' ds pUBstaRDlY (COBFUmeR Y R ML b3 APALSHIPBOBY & person of Skil SR the et
complete consumption of the target material is rare as contamination of the plasma
beam by ions generated from the cathode material is preferably to be avoided; in -
practice the target is generally not allowed to be consumed beyond a point at
which there is a risk of contaminating the plasma by arcing directly between

cathode and anode.

A particularly preferred filtered cathodic arc source for use in the apparatus of the
invention is described and claimed in a co-pending International patent application
filed in the name of Avimo Singapore Limited on the same day as the present
application, the content of which is incorporated herein by reference.

in a particularly preferred embodiment of the invention suitable for applying multi-
layer coatings of positive ions 10 a substrate, the apparatus further comprises at
least a second filtered cathodic arc source providing a plasma beam containing
positive ions, and a substrate hoider adapted to move the substrate across the
beams from the respective filtered cathodic arc sources.
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enbodi nent of the invention, a first filtered cathodic arc source is used
to place a first coating |ayer on a substrate; subsequently, this first
cat hodi ¢ aygegsyssse i S stopped and a second cathodic arc PEWGBENIN sed to
pl ace a second | ayer of a different material onto the substrate. This
techni que is advantageously used to dgposit nulti-|layer coatings onto
optical elements. A nmulti-layer coating nmade using the Invention conprises

a first jhayer oPhn lephbcdieRntlof aho ipventions ar e filkered catrbdicypes sobreei isi con
dioxide, a third |layer of tetrahedra

] | anmor phous carbo nd.a fourth |ayer
of si |1 ceaedapcalpeRS TFIAIRINGIAVSION 3 syBRIHIE: SHPSSIHARNY. HUF f5t FRPANGar At us
of the i Welgh ' il B Ij : Read $ g of
et r anedd SEourE s anded bié b deBAT cathae FLQ%‘?“’%F e B e a2 o her

th

combi natlapessobd dfterennhaterial onte the sykstraseatliniyteahiniquesis adyparagepusly t he

ractitioney, LI - | _ Laveg 4 nes .
Prbodi meiedo SeRPer fultp e SRlhGYBnt Spfial Udtfihid) °A hilidiér Wating
filter edmadé sihigtherisvernionceorapdsdsha fisstayar dfastralbedrabamotphwusanborn

bo' Sencr asepidiaver & icR ORFAE! n 2hicd 1t RS atipRH SndrRBBIA Pama Het £ o
The cat hgdgyihrIgén ofisilicont dibriten o Ambitiserbpticdl tedatingkotiginable usingnthehe

chanmber. Means for interchangin he cat hgde targets, conveniently conprises
a cat hodeprarapiscef theunveation éﬁgaa%'ﬁmrrﬂf\ﬂi‘é’m’@ oxiiee B ?W”Ba!?%?fo‘égm

station ?é?%l‘%??alsﬁﬂfo‘? G aSont HritPla Rhirlalayel Sof Wlicoh BRI | DtRecat hode

magazi ne. anning of the plasma beam can be achi eved by scanni ng

t echni quesmbinations ofi cagtingsonamtl-layercoatings wilkoe apparept o thg pragHtianes.
scanner using a soft magnetic core can be used with a scanning frequency of
2-100 Hz. In a particul ar enbodi mrent of the invention, the plasma beamis
scanned Multiddyeticoatiagsase alsonachienptein andthet esbsdimentdiofthepiomenten ir t o

h ot her. . Thi ' hni ' fanl
G menal oot HeSRRST P ataty S YRl AfRtaE Raf RO UbURERId 8 sclufcd 1
i nvent i ORas BY IgaB0itiver catboté tangets; arfe ity vachurarchamberatsaitathode statioh

actively feeding back this deposition . rate infornmation to,the |
appar at ﬁ from, wehich,an @rc gan Eﬁq@ﬁprq}ﬁg F’BF’&SF)?‘ er.or others stored éway?lpo%' the'd

cathode station. The cathode targets are interchangeable without breaking vacuum

in the chamber. Means for interchanging the cathode targets conveniently
comprises a cathode gripper mounted on an arm and moveable between the
~ cathode station and the stored cathode target or targets, which may be in a

cathode magazine.

Scanning of the plasma beam can be achieved by scanning techniques known and
appreciated in the art. For example, a magnetic scanner using a soft magnetic core
can be used with a scanning frequency of 2-100 Hz.

In a particular embodiment of the invention, the plasma beam is scanned in two
dimensions using magnetic fields scanned perpendicular to each other. This
scanning technique produces a coating beam that is two dimensional in area ahd
can be used in the coating apparatus of the invention. By monitoring the rate of
deposition on the substrate and actively feeding back this depaosition rate

information to the scanning apparatus coatings of excellent uniformity are
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PCT/ GB96/ 00390 —_— —_— -6- achieved. An
embodi ment of the invention uses el ectronic scanni ng control nmeans. This
control neans is pre-progranmed with a pre-determ ned rate of deposition
for separatewysmssiaf the substrate. The rate of depositi on HOI/GREMI ea of
the substrate is nonitored, this information is fed back to the scanning
control neans and the scanning is adjustgd so as to obtain the desired rate
of deposition in each deposition area. I n enbodi nents of the invention,
when carryatigeved. Anambodiment dfitbe mention ubweldcﬂbnmsclamng coyifrormkans.

arrangenen |s a anni n fre uenc of, about 50 Hz i.n nsi.on and
Sbout o i This GO RS dh PHESATOGRAMEBAMIER Bipce-dataaniped e By depoRRan foror
skill in tbepéraie aPed BF tHe Wubishatd e aThe! Thted of rdaaueﬁﬁ:heﬁa ebeh a26£ dthgeen so
that the frequency in one dinension is mg@;ﬂcantl different to the

frequency SHbstrateds monigresthisopfmationds fed hackta tie s6ARAING-CANTIal feaRst er n.
Wh f ,
en frequgnghe %&éﬁggsaguﬁﬁ 5&&3&&%%{@&&»&@\% dof dBILHIH r edch®

result is typica ondunced scanni n canni ng
frequenci edeposition @Arad.nensi ons produces Lissajou figures. In typical use
of deposition apparatus according to the invention, the plasm beamin
scanned rapidly in one dinension only, at a scanning frequency typically of
at | east 2¢h emnoammswflmemmmmmm d:ﬁ:ryuﬁg eonseanming off mﬂ beaw)in itavot hat
of mains electricity, around 50 Hz cannln |on IS
Conbrned WOTHETRIeH YRS HiERGRRE 2 S5a7Ia8 HoRDECEN oA BRowL AR Hzsn one

substrate Ghéikim Rdcsbollt 2 1M MeteNiibier dithedsioR! s Bl CUeUéBpréc‘hYéH bf'a
rotation produces substrate novement in the range of 0.1 nis

i s conveni 8RtsonTFkilhifythe 318, scanminggf th%lemwngofra@qu@etwprmhM| y
10 tines t can
the. pl asrm SBane: e 8lalRY PEoS Uihgnsiod 18 SRRy ufiferknP IR FEGubmiie
duct cont aimithg othersdimensiomn| gives aommtt brush ftype snlaapm aatteemabWhen he

scanni ng meehanh ST L0 BRoHNPARS ShASPin Sbth MinBhaSHE REFMUNR FcLRE

pl asma duct.
a pronounced scanning pattern. Synchronised scanning frequencies in both

dimensions produces Lissajou figures.

In typical use of deposition apparatus according to the invention, the plasma beam
in scanned rapidly in one dimension only, at a scanning frequency typically of at
least 20 Hz, preferably around 40-80 Hz. A convenient frequency is that of mains
electricity, namely around 50 Hz. Scanning in one dimension is combined with
_movement of the substrate across the scanned beam, a substrate being mounted
on the periphery of a rotating drum. A typical rotation produces substrate
movement in the range of 0.1 m/s to 10 m/s. It is convenient to arrange the
scanning frequency so as to be approximately 10 times that of the rotating drum.

It is particuiarly preferred to scan the plasma beam in one dimension only. This
enables the dimensions of the duct containing the scanned plasma beam to be fan-
shaped and enables the scanning mechanism to be approached close to the plasma
beam inside the plasma duct.
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scanned pl asna beam confers consi derabl e advant ages over pr| or art

magnetron sputtering devices as these devices generate atoms of coating

mat eri al wiviooenesse neutrally charged and cannot be scanne@®CTAEB6/83¥nNnNi ng
mechani sm of the preferred enbodi nent of the invention enabl es precise user
control of the rate of deposition on tfe substrate as well as precise

control over the deposition profile for the surface of a substrate. In

anot her tRY gk 6B BIscahnéd Bldsmebddrn Cohfids aBRSib abTe SEVENtAGRSOVE g?%rfaﬁtr
bi asing the substrate to a pre-determ ned positive potenti al ef erably

t he subsfMagnetres sHPH&é’HQP@"!i:%&séhﬁ%ﬂ’e‘ﬁﬁ:?%gﬁ‘%a@eﬂtpmsrpfr%?&é9 "b?féf'élr abI y
to wthi rﬂcn%e%auésry er&reé&faﬁa rcaﬂnépbégea.{r% fife S gd’ﬁmth ft he
substrateto contr ol eeneg positive 1ons arriving at t strate
and t her theyprefersed embtonenpmmfemel le\semfortermwmomctsswsleayemtroi ofnbe rmt i cal

el ement s ot. F b t OVI de
The. appr SoAPRNG! fiefie SObEigie3sRb & Brecisedl R RNE e FardSibriatoRlsn £ <
possi bl eférothdeyurtace df gsubstrdtely fil ns of tetrahedral anorphous carbon from
a graphite target. It is known that such high-quality filnms are typically
conpressively stressed. In a preferred enbodi nent of the invention a

subst r at ¢, sfoth@PémBodiniéhttFithe ventiBh thé aé;%r'éﬁﬂﬂﬂf risUEhests for bR t hat
is conpressively stressed and also a |ayer of coatlatg that is tensile
Y

st r essed the sebsteate 1p mmPra-detesningd pasitive pptgnsial.] Preferably.sthesubstrateiss?) or
zi nc sel piyggpgév@ﬁﬁém withiA aoeéﬁs.ﬁ%ag+ ypv%rf&fas Y &P WithP 0ve86vdagfd | bed

i n detai A e 1 nvention uses rlca processi ng configuration
i n whi chpsefered apecontral theupositive bias onttheisupstrgte tolcootrol theienegyr 0Br. The

cat hodg. BPRCYE S BFARS e ingChural 81 Shefithy bl e BiBbeked B 1g 7L

a parti cdeposited lyeal which cul minates in a conplete nulti-layer thin-film -
system '

For optical elements and other dielectric substrates, RF means can be used to
provide the appropriate biasing.

Using apparatus according to the invention. it is possible to deposit high quality
films of tetrahedral amorphous carbon from a graphite target. Itis known that such
high-quality films are typically compressively stressed. In a preferred embodiment
of the invention a substrate is coated with both a layer of tetrahedral amorphous
carbon that is compressively stressed and also a layer of a coating that is tensile
stressed, such as aluminium oxide {Al,04), zinc sulphide (ZnS,) or zinc selenide
{ZnSe,).

In a particularly preferred embodiment described in detail below, the invention uses
a cylindrical processing configuration in which substrates are mounted on a rotating
cylindrical drum carrier. The substrates are moved past a set of processing stations
comprising filtered cathode arc GFCA) sources alternately to deposit single thin-film
layers of a particular material which culminates in a8 complete multi-layer thin-film
system.



PCT/ GB96/ 00390 WD 96126532 The substrates are optionally electrically
biased with a DC or RF systemthat _confers an accel eration potential for

t he di scharged ions energing fromthe FCA source. Also, this arrangenent is
scalable in that a multiple nunber of FCA sources can be installed to
deposit overygydepfder substrate area. As one exanple, three pECEBIGMSNES are
arranged to sequentially deposit TAC, Al um num Oxide, and Silicon D oxide
to forman anti-reflective coating on eigher plastic or glass substrates.
As anot her exanple two or nore FCA sources are adapted to operate

si mul t aneoyrs subkstrdtds2BAL bEtiOhally) Blettritaliyobiased Iwitld alDXOSH R s¢&tan taton a
substrate, or plurality of substrates, I ncreased rate. Anot her aspect

t
of the i nveanieshapasee i%BﬂW‘GUWJP&Q&QWQ@ﬂ tensoamenging fropvthe FGA i ons
onto a di efgaclpi CAwswétaﬁpaggaﬁmapws%usléfmﬁatsmumgtue number 'BBEAT OF

generating an arc at a catho target, the cathode targ cont al ni ng
t he ions t solreesepodetiostaiad td deppsit overa largemsubsarate area. As ongmyaople,

means for dir i \N | Ons..edi r tho a
fiter pat AMERbCARaRY 888 tardtsla bbb BT RUBob 8 TAC, APpingin Thide, ang, 2
for hol di ngilichr DisXidettoi ¢orsw et rantierefiectivee doaltingr ed eitherb prasticaod glass
means for applying RE bias to the optical el nt to dissipate
el ectrost apgﬁst}/ate ' Aémée%mflﬁgal&prmgreeﬁ? Uregs Qj’ﬁﬁygf’ﬁd&? Qperate
posi tive i gifultaneblSly2PRAhAtaige® of ltRe | sared rh&Rrial §6 Udppsitia thatifg diA
deposition sources provides rapid, uniformdeposition of optical quality
coati ngs ofubsirate; papPIUALtYQf SuR$1I9%. At inpreased rateency of the FCA
deposition system provi des high deposition rates coupled with the thernmal
and deposit spread over a large substrate surface area permtting high rate
of thin-filAnothen aspact efthe invengionneroyidesr aprarptysafer appiving ajcaating of
mat eri al s. ' ' A ' ;raﬁ ri |1 Jate, reactive
gas type, gﬁgﬁ%ﬁﬁ@{\#’é[ﬂ%@%é@gc@@%&#s e[t)d5| ?%ﬂaﬁ%&g%&ﬁéﬁﬁ? j of precise
stoi chionetry and conposition.

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 substantiaily to remove macroparticles: therefrom,

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

means for applying RF bias to the optical element to dissipate electrostatic
charge accruing on the element by deposition of positive ions.

The apparatus of the invention, incorporating the FCA deposition sources provides
rapid, uniform deposition of optical quality coatings on both flat and curved parts.
The efficiency of the FCA deposition system praovides high deposition rates coupled
with the thermal and deposit spread over a large substrate surface area permitting
high rate of thin-film synthesis on plastic and other temperature-sensitive materials.

By adjusting the starting material, deposition rate, reactive gas type, and substrate

bias we can deposit films consisting of precise stoichiometry and composition.



WD 96/ 26532

PCT/ GB96/ 00390 - : 9=—A particul ar
aspect of this invention, as conpared to other systens, is the ability to
deposit tetrahedral anorphous carbon (TAC), or "dianmond |ike carbon" (DLC),
on anbi entwpogR@sRt ure substrates. The quality of this fi PEISEIANY o her
DLC fil nms deposited at el evated tenperature in terns of_ hardness, thermal
conductivity, refractive index, and suyface snoothness. TAC in conbination
with other materials provides a unique technology for depositing

mul ti - | axefartitilar bspeBt oTthis VEATON 3 Edmpaara dther spstearsatsitre atiliyi ti ve
substrates. Speci fic enbodi nents of the |nvention cqc;[r%l ne bFC,Q\ ng sition
sources tnderosibtatrahedsaliarpeiphous caraan,(TAL). o5 Hdiarpond, ik Garben” Bosi tion
system th Gnbient fdifperdtde .*.Ut%rafté’é.emér&l.tme* of WhisSfilRDbLcebdsother DLTy er
optical Tilns o? materials such as, but not limted to, tetrahedr.al

anor phouéiinsdepnsited/atpelevatedempgrature inteoms of hardnesp thermahgangduehiynat i on
provi des _f.or hi t Lt ORta <Al j & ot '

Fenper ot (FACIRANEG ShaiERRRE st le RAC T cdifhain Wiliishei dlysrals
conduct i peovidés @ aniquendchhology fobdépasitirg muiti-layet thieifimnsiontmevasiety 9f to t he
deposition of the filns. This DC or RE hias is applied to the substrate

hol der wahepes %"iF%’PPFTa&'Aﬁ'?PQS&‘feaT‘&ftW% the chanber.  There now fol | ows
a description of specific enbodi nents of the invention in which:- Figs. 1
and 2 are, respectively, a sinplified schematic perspective view and a

si mpl i f i Swesiiccembpdimgnts Qfnthe "‘é’éﬁ!‘?%rf%ﬂml?)\"%\ﬁc‘gfde&°§ﬁ"ﬁgl %!WB%%FPQ@
cylindri r 1YY, ag t i incsvdtBm WHicle ii®l es of
our pr esgﬁéta'?r#ghfi%ﬂ; %%e?é %‘?%ﬁcﬁg?c‘tﬁaggécﬁ{ua?ggaﬁheg‘{r ansm ssi on or

r ef | ect acapabieof higlf ate ayathegisofisingle oomultieyerpptical fiims af materials suchn

Consi st Ag BRCaaimisd () phrahBAfH aRBHRG(E cFE0h KFABDPAL T, IO THRORT ng

on ei t herangl $i@5. oThis! earhbinatioh provides foohighstate depositiods af gpErapayality,. 5),
I ti-1 - ti-reflecti ti ) | as. ' .
2 ubst r a; SBRCHMS &1 Fepeet R sonEbR Subates A pol) AT Y ADE Y HF bies

curve of (faH dondueki®eé and non-conductive substrates, respectively) is necessary to the

deposition of the films. This DC or RF bias is applied to the substrate holder which
is electrically isolated from the chamber.

There now follows a description of specific embodiments of the invention in
which:-

Figs. 1 and 2 are, respectively, a simplified schematic perspective view and a
simplified schematic horizontal sectional view, of a single-rotational cylindrical drum
FCA vacuum coating system which embodies the principles of our present

invention;

Figs. 3-8 depict calculated the transmission or reflectance curves for a single layer
of TAC deposited on a Germanium substrate (Fig. 3), a multi-layer anti-reflection
coating on Germanium consisting of TAC and Ge (Fig. 4), a multi-layer anti-
reflection coating on either glass or plastic substrates consisting of TAC and $i0,
{Fig. 5), a multi-layer, anti-reflection coating on either glass or plastic substrates
consisting of TAC, Al,04,, and SiO, {Fig. 6}, a transmission curve of multi-layer
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reflection curve of the sane nulti-layer laser mrror coating consisting of
TAC and SiQ2 (Fig. 8); and Figs. 9 and 10 are photographs of deposition
appar at us acggidded2t 0 the invention. Figs. 1 and 2, resp®CTiGBe§ae39idepi ct
a sinplifi-ed schematic perspective view and a horizontal sectional view of
a single rotation enbodi nent of our FCA Macuum system The illustrated FCA
system (10) conprises a housing (11) which fornms a vacuum processing
chanmber andases mieroneoating consistiog OATIAL and §i0y tRigp7harsya teflectios)cusveoh in

Fig. 2. The, vacuum I ng,_systemJ e . Suit I

conbi nat i ot SABPIBA BYeERRd VT SR SmBisb s 4% HEE ST Bt aEame <o
a vacuum of at |east 10[err] Torr and a mechani cal punp for vacuum
regeneration, as is_conventional vacuum chanbers. The ch I S

mount ed on Figs.Sand tQ88 P%?W@’%P'Tsa‘lf epOSItioRAPPAFATHE 2CeRrding 1o f’l"&ﬁe“ﬁ'&Hel
havi ng el ectrical connections to sensors in and around the chanber to

nmoni tor chanber pressure, arc power supply, drum notor power supply and
deposi ti on-Higs.el amtl 2, s-yspmv@so)dmgca swmluewcaemgs persReciiveMiewand,mi ch

| s mount ed 403{10%{8%&?%3*3 b 93 i {n%g'}m?'ﬁgn r@ﬁb@dn%n# WY SH2FCA gé'cmfgﬁ ch

i's adapt ed I'ng su strates various configurations
substr at es dybtemc aThebitlustratedeBCAI systarhy(10hcomerides an HaLiSjng bldl)nghlcbtfnansll y

toward the FCA sources (1 d t he l.i.near ur.c aced
bbout t ho- cANFRIN moRetRIas FAamt! and 8 innstfed” Brntab v Ahimeiag

| ocated Wi t&jstert (M8F$HEWHATERY. 2.hTheiviacuargplinping spstent ichares ahaeztsblaort
all owi ng access to a cylindrical drumnmunted within the chanber, The

chanber di avRGuUAM iPYMR, & SQMRINaLIgNS hereef dar exiavsting,and pumping, dpwndhe, | s
appr oxi mat e\ll%pu% cRGRiber &S@Wcuﬁh%fcktueam @rﬁpr&wsrmtelra@ck‘énwac Pﬁﬁwp( fHcm

hi gh. The drumis rotated via a vacuumrotary feed-through oW ng,
rotati onal mumm regansratignasd copventional withyaguum cba@éﬁrsag*%ehnmbﬁrrﬁt he

chanmber. An n o‘#d’ {)rﬁ 3%’&% cofPristiPiPdc for ifGRIRENE arid P cOhtrbl Farfel AEHRE 1 O

drive rotat |
electrical connections to sensors in and around the chamber to monitor chamber

pressure, arc power supply, drum motor power supply and deposition rate. The
system (10) also includes a cage-like drum (15) which is mounted for rotation
about shaft (13) and has a cylindrical side which is adapted for mounting
substrates (168} of various configurations. The substrates {16) can be mounted
directly on the drum (15) facing outwardly toward the FCA sources {12) and the
linear ion source {17} which are spaced about the external periphery of the drum
(15).

The rotating drum (15) is located within a vacuum chamber that is roughly

cylindrical and has a port allowing access to a cylindrical drum mounted within the

chamber. The chamber diameter is approximately 24 inches (50cm} and the drum

diameter is approximately 15 inches (38cm). The drum is approximately 15 inches
{38cm) high.

The drum is rotated via a vacuum rotary feed-through, allowing rotational drive to
be imparted to the drum without breaking vacuum in the chamber. An electric
motor (not shown) is located on top of the chamber to drive rotation of the drum
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shaft attached to the drum and projecting out of the chanber through the
vacuum rotary feed- througn. The drumis nounted on bearings on the bottom
of the chaylpagmessz Three filtered cathode arc sources (1 2)PCAHBIPhed to
t he vacuum chanber at distal ends of their respective plasma ducts, these
di stal ends neeting the vacuum chanberimal | at rectangul ar openi ngs
approximately 7 inches wide and 12 inches high (1 8cm w de and 30cm hi gh).
| n bot h ~iwesentrakstuifsatiachedtotedinymsanst projreting quirafahe ghamber threughur ces

are attached to th I f chﬁ[g; y}{féﬁ W
scanni ngt gv?ﬁwmégﬁvygééefﬂreﬁ%@éna g‘f’;‘i’n’ﬁ #@ﬁ%&%l 0 rﬁ@s@naaﬁer wal | and
nor mal t @ftthe chahbedr i cal drum The filtered cathode arc sources conprise

doubl e bend plasma ducts for filtering macroparticles fromthe plasma beam
The plasnma ducts are approximately 6 inches (15cm in dianeter, increasing

at their g3l gin W%ﬁiﬁbﬁé SrRCEGUIBRS ;m; drel Std@fedMctheavalcuini gmaihstser itgh

(18cm wi de an Ocm high) to allow for scanning of the beans. The cat hode
arc sour adistal ariJs of thejrgespentiveplasma dunksd thesagdistab 0aduPeLRS 1he ¥pGUWY

degr ees anarled Yo BEFisndu iSRRI biorBlirRatly 7ifidies Widplbrkhf2 Ridnesde a

depositio angsitrons per- second over an area of 25 in[err]
(157cni erhigh (28cmnwidecamd:30em high).70m both Eases.f thetdistall plasmaoductsraf theur ce

has a water cgol ed anode and a wat | ed,,.cat hade, ..an ool i ng
for the cfeemfggpﬁag%‘?@ﬁ ALF ARYTES i%ﬁ%ﬁgmf e @ﬂfogfrﬂ}%h%‘%hﬁ%ﬁ é‘@%rg?}raag Each
fil :1 e(r]I ed ﬁﬁ&h@d@ptﬁgrﬁg&mamscml | @ BEtaking ﬁhbéknelmasma beara.is notrnél tolthe :
cathode target is substantia consyned. eppsition. rate nonitor (not
Shown) | sohajobaranel RS AERTALIOhE GV AR A i d e ered RRMgHe o SPHERe ( ne
drum andc&lﬁ?fiéw dBLBfe! BariP plaS AN @Gdts 0P fiteAng hRaorepariBidserent thepabmao t he
control panel. Apertures in the surface of the cylindrical drumall ow ions

from the htamnZheplasmadycts sraepripsimataly Ginebes (1M iBdiamete «'BFreastgal | ow
accurate IniisiYididPeRds 8 PedthhiR df3f faches wide and 12 inches high (18cm wide

and 30cm high) to allow for scanning of the beams.

The cathode arc sources (12) are located, when viewed from above approximately
90 degrees apart and operate independently of each other. Each can provide a
depaosition rate of 15 angstroms per second over an area of 25 in2 (1 57cm2) atan
arc current of 70A.

Each filtered cathode arc source has a water cooled anode and a water cooled
cathode, and also water cooling for the coils providing magnetic steering fields for
the double bends. Each filtered cathode arc source can operate continuously, i.e.

until the cathode target is substantially consumed.

A deposition rate monitor {not shown) is located inside the drum and attached to
a central rod inside the drum, and having electrical connections via the vacuum
feed-through to the controi panel. Apertures in the surface of the cylindrical drum
allow ions from the plasma beam to impinge upon the deposition rate monitor and

allow accurate monitoring of deposition rate.
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el ectrically insul ated from t he chamber and t he apparatus all ows the
operator the option of applying a DC bias or an RF bias to the drum The
appar at us alJywgweréadi as of up to 1000 volts to be applied tBCTAABIMNONG,
applied through the drum shaft. ‘I'n use, the filtered cathode arc sources
can be used sinultaneously to obtain higp-deposition rates of dianond-1ike
carbon filns having | ow macroparticle counts. While the deposition

appar at us vhe dhura is pmﬁtlflé:allyanbnldtetbﬂbmmndmm drid therappacatiis alioves: the

sources, it would, be a matter B of i ne for erson o ski in the art
to prepar cORHAWRINEOPTQR 9 FPBII0E Bﬁeé 6'3? of 38 R%rtpﬁﬁoet v;th? PPRABIF
cat hode ar gy;Rea08Es o@fupOfmoooaJoneQaQ% Spplivd @0the! drafg/ a;ﬁmuaqanmym e

| ocated on the door of the vacuum chanber. The deposition apparatus of

t he speci f Huragbafti ment is al so used to deposit multi- layer coati ngs on to
a substrate wi thout breaking vacuumin the vacuum chanber. To obtain such
mul ti-layer coatings, one filtered cathode arc source is operated using a
target such ase,ghefiterad cathodedro gourcgs Hapre- usadsinuitaoeoysly 1o obtajr highand

of the 11 deppsifias Tl PE Ofriidaed Hofor fithalRGNBY tatindtfiohrafas. o
such as si M/KiRNtivé dBpositiontapparafusocoty this speaeifitcernbbdimen tm'ebimaeé dijteredon

top of the dianond-Iike carbon . The cal cyl ated refl ecta such a
rrulot i -1 ayeFa{ﬂ?&lﬁ g s:oé"%\ﬁanHldle'—%ga ragtter qfa[@HtL!?? 'R Earseatcﬁ ! Qr‘b ?g'urce

has a filt ¢ prefiare Esbm‘funs h&\ing 3hiosiee, lor teBlor Mstelthisn SWO TitePdccathibde arc

nmagneti c steerl ng field provided by coil w ndings around the duct to steer
positive i éﬂyfqeﬁr Qigpracreairancern, wq'ﬂ‘)@itspyqu ganype M@‘?%%r‘@%ﬂapha t he

following ¢ 9'?5,“ hamber. G2r mani um and Silicon for infrared Applications:
Rai n Er osi on Bro ect (fve r Ml ti-layer Coatings. 2. Zi nc Sul phi de
and Zinc Selenide for Infrared Applications.

The deposition apparatus of the specific embodiment is also used to deposit multi-
layer coatings on to a substrate without breaking vacuum in the vacuum chamber.
To obtain such multi-layer coatings, one filtered cathode arc source is operated
using a target such as graphite, producing a diamond-like carbon first layer, and the
second filtered cathode arc. source is not operated during deposition of the first
layer but is thereafter operated using a different target, such as silicon with
injection of oxygen gas to obtain a silica layer on top of the diamond-like carbon
layer. The caiculated reflectance of such a multi-layer coating is shown in Fig. 5.

Each filtered cathode arc source has a filter duct between the cathode target and
the substrate, and a magnetic steering field provided by coil windings around the
duct to steer positive ions through the duct.

The invention is of use in providing the following coatings:

1. Germanium and Silicon for infrared Applications: Rain Erosion Protective
Muiti-layer Coatings.

2. Zinc Sulphide and Zinc Selenide for Infrared Applications.
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- 13 - 3. d.ass Eyegl ass Lenses i Pl-gst-e—yegtass—tenses. - 5
Anti - Refl ective Coatings for Plastics. 6. Mul ti-Layer Designs for a
Vari ety of Substrates. 7. Tool Hardening Applications. 8.

Protecti veaygogtdssd for Hard Di sk Drives. 9. Medical ApOYGBI0s:
Durable, frictionless Artificial Joints. 10. Hard Snooth Coatings for
Tape Readi ng Heads. 11. Car Panel s,13W ndscr eens. Referring to Figs. 9
and 10, deposition apparatus (100) conprises a vacuum chanber (120) and two
FCA sour ges (G&f33s Evkplasslemsesr st source (102) has a cat hode and anode
(101) for generating an arc froma target (not shown). Positive ions from
the target are filtered by a double bend duct conprising a first straight
section @103) piagtié iByehladesneénsdsl4) , a second straight section(105), a second
bend (106) and a third straight section (107) that opens into the vacuum
coating chanber (120). Both ducts are toroidal in cross-section and have a
doubl e bgnd paRYiGtEfditive %&é}ﬁ,—&ffﬁi ickromthe target to the substrate and
preventing al so a single bounce path fromthe target to the substrate.
Ports (121) on the chanber

6. Muilti-Layer Designs for a Variety of Substrates.

7. Tool Hardening Applications.

8. Protective Coating for Hard Disk Drives.

9. Medical Applications: Durabie, frictioniess Artificial Joints.
10. Hard Smoott"a Coatings for Tape Reading Heads.

11. Car Panels, Windscreens.

Referring to Figs. 9 and 10, deposition apparatus (100) comprises 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 fiitered by a double bend duct comprising a first straight
section (103), a first bend (104), a second straight section(105), a second bend
(106) and a third straight section (107) that opens into the vacuum coating
chamber {120). Both ducts are toroidal in cross-section and have a double bend
preventing a line-of-sight from the target to the substrate and preventing also a
single bounce path from the target to the substrate. Ports {121) on the chamber
allow visual inspection of substrates mounted on a rotatable drum {not shown)
inside. Pasitive ions are steered through the duct by a magnetic field produced
from coil windings around the whole length of the duct.



al l ow vi sual inspection of substrates nmounted on a rotatable drum (not
shown) inside. Positive ions are_steered through the duet- by a magnetic
field produced fromcoil w ndings around the whole | ength of the duct.
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(104) has an angle of 50 degrees and the second bend (106) has an angl e of
60 degrees. These two bends are in diffepgent planes, such that the
resultant angle between (i) plasma entering the duct and passing through
the first hedirghbesd (t04irhasiaycyngiedf 0idegpéassardd thasecogd bend (HO6) thas arhi r d

one. {1 om @GS 8¢ f: dBtA%se *ThESy TABLpbigre il aliterent eliréSu chen Rhane '
first, secqasuldit dngle Betvesdn Orplagrha bAteririgitheldidt snachdsising thraul s tHeot et
bends (113, 115). In th ase s he second source, tne first bend 11d3)
has an anglséraéﬂhtﬁcﬂegr‘igg’,a'i%@ RlasaRPassing thiough thethird sHﬁtﬂthé SS‘F“Qé)a”
degrees angyidify fmSHbériRtodaahrRebet ween the first and third straight
sections (112, "116) is 45 degrees. A frame (122) bears the coating

chanber and the two FCA sources. O her aspects of the apparatus as

g “bed f : - e . .
desori bed S3iWiebt pas@florts trom.fHe icbRl Solfte fFAALarEA bl YidoddiBBehGuct
person of dhdving first! secomdtaraithirdsectons(t12; 11i4e 1116y and ifiest éndd second bebds

?igsf ' ue&iﬁ,@é‘, q11%?.dlr¥ &eat? seS %ﬁégégor?fggggcg?mé 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. Other aspects
of the apparatus as described for Figs. 1 and 2.

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.



1. Apparatus (10) for applying a coating of positive ions to a substrate

conprising:- —a_vacuum-charbes—tiy a—ftt+tered—cathodi c
arc source (12) for providing a plasna beam containing the positive
i ons, a substrate to bg-ecatred a substrate

hol der ( 150 96/26532 charact eril ‘

Jie apjar at us ROIGMIEPORYpr i ses

magneti c neans for scanni Bl ASte beasrover a coating area
greater that the area of the sna beam and in that the
substrate holder is adapted to nove tk} substrate across the coating
area ther 0 coat the substrate with the positive ions. 2. Appar at us
accor di n&iaué aim1l wherein scanning of the plasna beam occurs

downstream of beam filtering. 3. Apparatus according to Claim1 or 2
conprising nmeans for scanning the ster

Appar at ud- accHPRPIRIUS '@%'Yn’ﬁ? ag'Pgé’q\?aﬁéF'é!FrP%@ %é‘e\%ﬁ%&%&’&?ﬂ‘ie‘&‘% a

wi dt h of at least 10cm preferably at |east 20cm nost preferably at
| east 30cm 5. Apparat us according to any of Clains 1-4 wherein the

substrate hol ge@cugm chamb@®apt ed for rotation of the substrate through the
pl asma beam

a filtered cathodic arc source for providing a plasma beam containing the
positive ions,

a substrate to be coated, and
a substrate holder,

wherein the substrate holder is adapted to move the substrate across the
beam of positive ions thereby to coat the substrate with the positive ions.

2. Apparatus according to Claim 1 comprising magnetic means for scanning the
plasma beam over a éoating area greater that the area of the plasma beam.

3. Apparatus according to Claim 2 wherein scanning of the plasma beam
occurs downstream of beam filtering.

4, Apparatus according to Claim 2 or 3 comprising means for scanning the
plasma beam in 8 raster.

5. Apparatus according to Claim 2, 3 or 4 wherein the beam is scanned to a
width of at least 10cm, preferably at least 20cm, most preferably at least
30cm.

6. Apparatus according to any of Claims 1-5 wherein the substrate holder is
adapted for rotation of the substrate through the plasma beam.

This Sheet Has Been Rerlaced
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- 16 - 6. Appar atus according to Caim5 wherein the substrate holder is
a rotatable drum and_t he substrate is m)unt ed_on the inner or outer

periphery of the drum 7. Appar a O ( py of Clainms 1-6 for
THISPSHEET M&s BRER

appl yi ng rrultl-l ayer coatings of 0 a substrate, the

appar atus furg, 8%{5 gyprising at |eayt a spepplcep i |t er pe/GBSGMOIOC ar C
source (12) prov I'ng a plasm beam ' lons, and a

substrate hol der adapted to nove the substrat e across t he beans from
the respective filtered cathodic arc soar8es : Appar at us accord| ng to

f d wh
Y ot hode | AabaRtat etorind B EEf Y sv%%rmihz spBstrate oldierin 2 batale; |
arc at the st atigmum andethensubsatabe tiemauditdd oAk GRnémbrcoGieaparipbery of thet he

cat hodes w t hout breaki ng vacuum 9.  Apparatus according to Claim38
wherei n the seco®®®at hode i s one of a plurality of cathodes stored

I n a cat hode nagazi ne. 10. Apparatus according to any of Cains 1-9
conpri sing nmeans for applying a DC or RF bias to the substrate. 11.

Appar at us a8cor dApgatasus agconding:th any of &aimschgrfos iapplying multilayer caatingse
S0C opr oo CCaf BAHBORS o bldBiafly b KRtk RSP SOy T
bend (104) secord filtesd pathodiccan: sosreoprdviding & psma beansemnanhlqu ane
that i t - . _l.NCI { i h ' t . 1 t

ac agor :Jlls n 8 Ot oC gnypﬁ?'&g Eﬁg '%FIg %i\gaq %%‘3%? ?‘éﬁsﬁd\?ﬁ{ﬁ]ﬁ Ty B%EﬁlsAﬁgtgé%r%smss
sources having ceidibesmsaramithe obspeetive dierem cathiotlic anslseutaps.ed for

si mul t aneous operati on.
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9. Apparatus according to any of Claims 1-8 wherein a filtered cathodic arc
source comprises a first cathode located at a cathode station, means for
generating ari arc at the station, a second cathode and means for
interchanging the cathodes without breaking vacuum.

10. Apparatus according to Claim 9 wherein the second cathode is one of a
plurality of cathodes stored in a cathode magazine.

11. Apparatus according to any of Claims 1-10 comprising means for applying
a DC or RF bias to the substrate.

12. Apparatus according to any preceding claim comprising a filtered cathode arc
source comprising a filter duct having two bends.

13. Apparatus according to Claim 12 in which the filter duct has a first bend in
a first plane and a second bend in a second plane that is not co-incident with
the first plane.

14. Apparatus according to any preceding claim comprising two filtered cathode
arc sources having cathode targets of the same material and adapted for
simultaneous operation.
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14. Apparatus according to any of Clainms 1-13 for coating positive ions

onto a dielectric optica -
fe ions onto a
f—g OBgéEN means for
afox

any of Clains 1-14 for appl ying 4§ g_gli%
di el ectric substrate, the apparat

gener ati nGygoefssz at a cathode tgrget ode dlar get PCHIGBAIOAIN g

the ions to be deposited on the di electric subst rate, magneti c
neans for directing a beam of ions em4ted fromthe cathode al ong a
filter path substantially to renove nacroparticles therefrom means

for hol digg tkﬁ‘pé#hﬁls%dbk@in?%%hﬁ/&lf@hiﬂné he 4 idricdatidgipesitiv@abhs aAtb a

nmeans for appl yi ng bias to the optical element to dissipate
el ectrost at | dielectric eptigajsub8¥ai® ng on the el ement by deposi tion of

positive ions. 16. Apparatus according to Claim15 conprising a filter
duct having two bends. 17. Apparatus according to C aim 16 wherein each
bend is at |east 20 degrees and the bends are in non-coinci dent

pl anes.

16. Apparatus for applying a coating of positive ions onto 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 to remove macroparticles therefrom,

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

means for applying RF bias to the optical element to dissipate electrostatic
charge accruing on the element by deposition of positive ions.

17. Apparatus according to Claim 16 comprising a filter duct having two bends.

18. Apparatus according to Claim 17 wherein each bend is at least 20 degrees
and the bends are in non-coincident planes.

TV




