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use. and, negat ively charged electrons in the chanber, the .
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- ARC DEPGCSI TI ON APPARATUS AND METHOD BACKGROUND OF THE
| NVENTI ON The present invention relates to are
deposi ti on apparatus and net hods of use thereof for
thin fllmcoatlng of substrates, and in particular to

: ] d de03|t| on appar at us and |
' L35 BLHAD tine. and o
effl ci ency of the apparat us in use. 10 Exanples of arc ' |
processes include general DC arc and AC are deposition - o
. (for exanple, -see "Con'parl son of DC and AC arc thin
- f| [ m de05| ti on techm ques", Schuel ke, et al., Surface
ROV ; EION120- 121 (1999) 226-232), and
, flltered cat hode vacuum arc (FCVA) deposition (such
. as described in WO A-96/ 26531). 15 Arc deposition

The pREQR eHRAGoR BNRENMol aYc HdPokiids appabhins AGd AkIRIROF hsé?théﬂesl B

between a cathode target and an anode, both of which

thin filip goatingnfsubstiatesi andan pem@euatceunwhmvfb@mct Fatbedic arc deposmon

ions noving 20 along a line of sight away 'fromthe
_ target' ~A substrate to be coated is. placed within the

n the ne of smélag%gt tar %%ﬁ}nogﬁgorexample .

“CRRERG& SCD t e e
Se‘_a i ncl ude c on?ﬁraglla Agl‘j &m? ﬁg qgirmcd 8%1?618 E&flﬁigﬁg ur ?gcmgﬂégf atallwe

arle0tav ¢ L‘999§ 236-208 praed ifidte seid| cathode netum.

e R RS St 8508 Rl Several

of the arc,including the use of a magnet close to the
target to confine the arc. The magnets used in such

Arc dﬁm%@easpe&r:essy:p gemrdlly include applying ah atecsimfidid petwaen a cathode -

portion

. target B Bt bR SBishiir e ol %el’a%h%éd Charghe: Fresr s

_electr(ﬁlstfﬁfupfrgﬁl th& BARGEC 6 tifd :ﬁloqe \@éa‘ii’ﬁ GRS (?Btlﬁoﬁ?]oglrutvh

practice, the arc tends t

charqudh@t pns andmegativdly nhargntd eletgnmts mtlfel ohhahpers umonmbvmg e
r oi etic field acts as a.race.

atong 388 bf Qe PRI 28t ch SRS e SoRRd S Bjeed within the

chamb%?ﬁ*l the il BYsitd 6F (A Eérée@ afiPifrefore is coated by the ions.

Known problems associated with are deposition processes techniques' include control of

. thearc spot on the surface of the target, where the arc moves in an unpredlctable Tnanner
25 B

and may move off the edge of the target. Several techmques have been employed to

- control the movernent of the arc, including the use of a magnet close to the target to '

confine the arc. The magnets used in such processes typlcally have an annular south polar :
portlon and a central  round north polar pOI'tiOl‘l bounded by the south polar portlon This
magnet forms a toroidal maonenc field which contains the arc. In practlce the am tends to

move around the north polar portion within the magnetic field, such that the toroidal

- magnetic field acts as a race.

A problem associated with using such magnets is that by controlling the arc to move |
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within the magnetic field of the magnet, the target
erodes unevenly along the arc path. As the uneven
erosion occurs; the magnetic field at the nore eroded
path on the target increases, formng Iocal Il zed hot
spots and increasing em ssion of unwan

Wlthlrnﬁ@rlbftﬁlﬁw fieldof the magnep the @rgcs srodss umvevléaéqﬂgdh%af&fpath As

: enbod
e wghén STRRHSPRNL S i RAE &b | REOEURTOARRIRIEATE

increadkd, HorfiBg Rich@fedarot sp&@atﬂ!ﬂ%ﬁ%ﬂn%nﬁsﬁnldﬂ\dmm .

- Accordi ng to a first aspect of the present invention
macrapfagiades. s provi ded an . arc, deposition apparatus
conprising: a target posi ti onabl e i n conmuni cati on
wth an interior of an evacuatabl e chanber, 15 and

1t is aR SBREESK di MasdRt rtl‘léé}hbé‘d?ﬂght@ lof &le dﬁ@se\‘i’t fnRer®tibn to overcome or
el ectrical power source for providing an. arc on an -

“ameliorits 8 lerst snr dizbe pwblanireasseniaed withribe peerast. f or

provi ding a magnetic field adjacent the target for
controlling the arc, wherein the rmgnetlc field nmeans
is novable relative "to the target 'to nove the arc on.
the enission surface in a predeternined manner. 20

'SUMMXRMGMEEIINVENTIQM ng either the magnetic field

neans or the target relative to one another, while
controlling, or noving the arc in a predeterm'ned

Accol @'Egﬁf a fikst a Sﬁetmﬁﬁé ﬁjefenf fhvehdBH @¥f it fcgr?dedgh a{r(% éﬁﬁ)&

rovin arget” utilrzation, ope atlon

' appaﬂaﬁnecampﬁmagﬂs can be increased, downtinme as a

per cent age of overall operation tinme can be 25

deceesst Bepitionshledn cempmBICcation Bl ﬁ&épteeaa‘e%l evaERashls %hambef -
and 0 orFAHRSPopBEREARH ¥ b EIcbalcABonct Bl providing
arc o a@bﬂnssimaﬁﬁactesofahmtanﬂot atabl e wit h| n the bore.

about the axis, such that the arc.is movabl e aHout t he
e rfngasss §or ROYiiige magnetip Hislbadiacentibg targsh iy congelling the arc,

Pr :

RS bl TR BB IR 60 uFUPRRNL e td B3, o ar

on thé@ﬂﬁdhdﬁ%ﬁhc@@ﬂpr@dl&erhﬂmd@amal l el main porti ons
spaced equidistantly- froma central magnet axis, and
which are joined to each other at at |east one of

Advatnpa%ieéusly,_by moving either the magnetic field means or the target relative to one

: another while controlling, or moving g the arc in a predetermined manner, it is po’ssible to .

lmprove target utilization. By 1i improving target utlhzatlon operational times of the -

: apparatus can be increased, downtime as a percentage of overall operation time can be

d_ecreased, and consumable costs per coated substrate can be I‘_Cdi_lCCd

Preferably, the target is tubular having a bore defining a central axis and the magnetlc ﬂeid
means i a magnet rotatable w1th1n the bore about the axis, such that the arc is movable E

about the emission surface i ina predetermmed manaer.

Preferably, the _m.agnet comprises a support; at least two elongate south polar members- on .
the support, the south polar portions having parallel main portions epaced equi'distantlyl '-'

froma central-magnet axis, and which are joined to each other at at ]eas.t one of their.
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respecti ve adjacent ends; and at | east one el ongate
north pol ar nenber on the support, the north polar
portion being parallel to the main portions and spaced
apart therefrom Preferably, the south polar nenbers
are joined to each other at at |east one of their

respecties pdjatdny endsgjaica itaserndsslongate mogihtpolgyanenbes o thapipport, the

st B S S B SRR B RS

| Prelfer%:#r%ﬁg O Pg%f gw\é{n;@é F&?@foﬁﬂéﬁ 18 QhdH bt R b 1B 0RO BT iheRS

, are I nwardly directed such that they
respecti®e hdjatent bredsdbyi assovitheda eadeapr Altematively.tthe seitls ppldr members -
south polar portions and three said,north '

| . -
are joipef I B Otheq NG kot Qn ! i isspeeties HiFEn I D RESPBFiYarfguth
polar RS HflcP e i Y iRy dRERCF MR RY mi of heSaf!

portions of -the south polar portions are joined at
the magnet axis, the magnet _bei.ng'configured such t hat

" There agsspreferably thresiaid sogth pelgrgpaario ithrge saifl ngith pelar ppgugos,
werPRSED18 SA Bgheb Bt By e abbBh o

each IR labb@1BOLAs hitl WheeldQhe respediive lead pbitiensrefihe sowkipdlar S
' common to the target axis, and the target is. -

SRR portiO?rostietibiun@m the mageat akisy thg pagpetheingrpniigited saeh that respective
; tJ ithin th ‘ .. _Ihe:t . a '
- said ngtf BpfaE ooy Y b B TR o P i Bl BB

magnéliagfeter is from0.04 to 0.2m 20 Advant ageously, by
‘using a cylindrical target with a magnet rotating
" therein, it is possible to emt ions radially from

ot S B 0 Pon P 550 B Al

‘conuﬂloﬁg{) BRSthidgt Hhe 28 fRSadk{ Ripdsitiogatidadaprighepssition in a central

"~ substrate can be placed in I'ine of sight of the target

' locatiemwithinothe chatgber. Bhe targrinnd gieymagnekare prefenablydrom Qnlan to 2m in
I'n this arrangenent, . the aratus nmay conprise neans
Jlengthy a5d threet ﬁ@n@{%&ﬁ%&f}‘ﬁg@gﬁ& ly with respect to the

magnetic field nmeans. Al so preferably, the em ssion
surface may be rounded or rectangular. Also in this
Advazingengenisntsing heylindeigaidaiget Witk hanagoeirotaling gresein,ib i ppsgible

- toemfignasauRpahe e i GRG0 W B aion of

| 25

30

" the ,mg%{et.i 'P@s EQS B el Encrd R gAE hitaPRltBin tBOc@htidr Where substrate
unde y and

| not in contact with the south pol ar
can bpplatédin JinBrof sightdf the targwe esussidns. pol ar portion is an
oval - shaped el ongate | oop and the north polar portion
is an elongate bar. -Also preferably, an elongate

'_Alérlla?iqgl&pthgftaé&% ﬁﬁH&h R i hrrRebdeRl tﬂéa@%raﬁ%%&y &ﬁ’@rﬁ%@ nfeans

: for.mdvihg the target latcrélly with respect to the magnetic field means. Also preferably,

the emission surface may be rounded or rectangular. Also in this arrangement, the

- magnetic field means is preferably a magnet comprising a looped south polar portion ona -

plane parallel to a target plane, and a north polar portion on the plane, the .north polar

-poﬂion bounded by and not in contact with the south polar portion. Préferably, the south

polér portion is an oval-shaped elongate loop and the north polar portion is an elongate . |

. bar. Also preferably, an eldngate length of the south polar portion is at_'least 80% of a

‘, longimdinal length of the target, and has an elongate length of from 0.05m to 2m and a
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| ongi tudi nal length of the target, and has an el ongate
I ength. of fromO0.05mto 2mand a 3 width from 0. 05m

.0.5m" The. target may be from0.05mto 2min length
and O Imto .5min width. . Advantageously, by -

SR 5 BAAE B RO o

OShEmwdthal ly it, is easier to forma planar target,

conpared to forming a hollow cylindrical target. In
~an alternative arrangenent, the south polar porti onis
ortion

R % B LG5k e e
' targ&qs R2reabls bt td Arnd ﬁ%ﬁe&sﬁ@@o E@np%af];gaﬁd}gar?&dc&%ared o

l ength of the target” e sout I on
fornpng & doldl gylivabicalaaggeanmet er in the range of 0.05mto
0.1m Means for noving the target on a target.-plane
parallel to the magnet plane are also preferably " S
In 2R SRAHARA Aedliy L O bIEE G5:8h ¥ SURRR &ﬂ)aataeﬁsatpom
portmnnamg@ﬂt&nﬂle didneetéraof gled scoRitippelat poreanbein® Wst@ﬁ&lly”ﬂl}ess than a
upport plate substantially in contact with one

longitiitalclengsh of Fe targplg elthe spR Rl poFtiongTalierablobas i dmefer in the

tﬂhlteﬁethrough for- passage of coolant fluid for
rang%eat e&ltstra The apparatus preferably al so.
conpri ses an adjusting device for adjusting the
position of 20 the magnetic field neans with respect

- Meapp farpmpovingihg &argetion ajaezehpleampankel 1o theaagaspplane wre also

oref GO oo AUl B EbpobsBbd AR %P%@}gsﬁtewpért |

meahQ@suclbntartdhge MGNReitdrgbi bfoBRASS coffprikbea Elﬂf[ﬂ)?ttplﬁ@ d
the magnetic field neans nmay be positionable with

subsfaptially,iraeatachyith gapsyrace pf itiettaigat. thesuppritblate cdmm‘xsmg

any one®o

al um nium copper and a-suitable alloy.thereof. 30 -The
apparatus is preferably adapted for use-in one of the .
The meg@g%ygfe&blmsge@mm @nfafiysting device for adjustmg the posmon of

the magnetic field means w1th respect to the target

. chal}kgfs%érethjsougﬁ férﬁ);a?sgalg o?@QO“i%Ctégg]bj n‘fo(? E‘#}t ﬁ’?fﬁ h Elot: klé: mt ed

: In one arrangement the apparatus compnses a housing hermetically attachable to a port on .-~

a Wall of the chamber, the housing contalmng the target and the | magnetxc ﬂeld means.

The target-and the magneuc field means may be posmonable w1thm the chamber or

centrally. within the chamber

' The target is preferably selected from though not limited to any one of carbon tltamum -

chromium, nickel, alummlum copper anda su1table alloy thereof

The apparatus is preferably adapted for use in one of the processes of DC arc deposxtton, . .
AC arc deposmon cathode vacuum arc (CVA) deposition and ﬁltered cathode vacuum arc - a

(FCVA) deposition.
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AC arc-deposition, cathode vacuum arc (CVA) deposition
and filtered cathode vacuum arc (FCVA) deposition. 4
The magnet may be either one of a permanent magnet and
an el ectromagnet. Accordi ng to-anot her aspect of the
invention there is provided an arc deposition system.
~conprising: an evacuatable chanber; and an arc
The asgra iy @0 cfRAAB o 3 pBAEA Iﬁsoﬂe@awa Libbdmasmeect of .
nvéntion in co nlcatlon wth an interior of
the chanber; and an el ectrical power source in
el ectrical connunlcatlon wth the target as a cat hode

According fpjanptasr dspest of 196 InvRRtIHIRAISdS PERVIEY anrRsgidepopiion system

rably, the chanber conprises a lid having a lid
C"m‘gk get herein, and wherein the arc deposition
apﬂaa&t;mgmlscmﬁﬁdrmﬂed according to the first aspect
of the invention, the apparatus depending at |east in
paftl ar¢ ldﬁmfgtrprtafp@anatla agenrding 4@, the firptaspegt of Bggnvention in

comPYEt R m REEREoBlohBERA B05 oo e L he Fi s

r Oatléle@fichl ipbwet sdhrdah kldcficaBeUnimbhitaticic@it thedirdet&s a cathode
lid. Preferably at |east one.substrate to beée coated by

~ and g fidewalbofdbpekantties s apnadat us is -20 positionabl e -

~ Wi thin the chanber between the target and a sidewal |
“of the chanber.  Preferably, the systemfurther

| t’reférﬁbl? [thé Efaniter t&MPfises RSidHRGHEIALY pER Aideein, Mol Reheddin MRedrc

in electrical communication with the electrical
depopme epproaing i, configureé elcomhhg tChtzht: ﬁrttelsmsrbsf thafieveangion, the

, siti.on bIe be veen an h |
appafiep ey ft 185 B rSied o PR A
pombh Bt ih@ttz!u@ét 48 rﬁdéﬁetadi@w?shta@lfe vﬁttﬁﬁtﬁ@&ﬁnﬂ@fiﬁ' ble to

- -place in"the chanber for coating, since by :

over cr owdi ng the chamber with substrate, it wll

*prer PR P AP H5oE 2L DO AR dp e, 2node

~space nust be provi ded between substrates to. ensure
the path for electron 30 flow is made avail abl e.
Prefetahlyat lage@ ons bupbstriiy toibé o@t@bb.aothd arcydcpnoldee apparatus is

| pomt?onagle wrﬁun Ehe chamber between the target and a sidewall of the chamber

Prefe'rably, the system further comprises at least one secondary anode in the chamber and
in electrical connnunieation with the_electric_al power source, located such that the
substrate is positionable between the sidewall and the secondary anode.

o,

N

:_ If secondary anodes are not used there is a lumtatlon on the amount of substrate possrble
B to place in the chamber for coatlng, since by overcrowdmg the chamber w1th substrate it
 will block the path from the cathode (target) to the anode (chamber wall), and the arc wrll
die. Therefore space must be prov1ded between substrates to ensure the path for electron

flow is made available. Advantageously, by using secondary anodes 1t 1s posmbie to

. provide more substrates ‘within the chamber, since it then does not matter that the electron

- pathto the chamber wall (as primary anode) is biocked




provide nore substrates within the chanber, since it
then does not nmatter that the el ectron path to the
. chanber wal | (as primary anode) is blocked.
Preferably, the chanber conprises a sidewall. and a
port on the sidewall, and the_ housin rel easably

* Preffyrdhq chapbgr carmppises b Fide vl ppda perten Ut v alh 2pd thepifousing i is,

re}ca%m’[nco rattﬁ&ﬁbl@tg'tﬁélr[ﬁldty of the ports and the

ises a ural ity of the apparatus, each
~appar at us be| ng rel easabl y hernetically attachable tao
a respective one of the ports. Preferabty, the system

Prefesahiy thesehgmber t@@mse&a pl%ltty ghtheporis 8ad e yaliem qngprises a

plurffBPETh¢ hGArARL BB B BETE Pk BBy L ALUATS apohaple o3

respg&ﬁb@@ﬁe&ﬁtﬁépdnst he 10 group of carbon, titanium
chrom um nickel, alum nium copper, or an alloy -

't her eof and the second arc deposition apparat us has

- Prefeéebiyl Eg%q.ys glfapn%fﬁ g &eﬁsgﬂi r{l%ﬁg %%%c?ﬂchﬁgigyég Heposﬁlon apparatué

10

whereinttm BistRfe d@pmn appharaffd Hk IaQM'stttEl%Eﬁﬁffa subytfaﬁéeegetbctetiemm the
"~ substance of "the seCond target is different to the

grougs abearbone Gtapfuny, brdmingy, nickely etnmitismidopper ageoudlby theigof, and

e il e e R RS

group B%br&ﬂle titaRNHE, tchﬂﬁltnﬁfﬂ flcke B hioRBhinBY c ?ﬁé‘? rdeng aﬁlB? thereof
~substrate wth alternate Iayers of different nmateri al

" wherein the/substabcaaf th secoubsirgat &t differenhtosthi swtestrace uﬁthea’"mrtarget
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of nore than one material. 20 The system may al so
conprise at least one substrate support for supporting .
Ad at.n SUHRS b Asg 130b b idrd agd&?éﬁﬁ%mnﬁﬂﬂc%ﬁvﬂthﬂh@%ﬁimb it
Y esubst ?ate supportr e novabl e (§irl rotatab er, 1t is
possmiet thicpattshbstratea it morkcthan diaigrgeo material, edhaépelayemfg thde
eis rOV|ded an. arc d

.S“bSt i eﬁ%‘ﬁ aropg g&?gsg?f‘ﬂ&gr&n%% 1Al PEDY. E0RHINE Lo %tg'i%étleté‘ltlg'ﬁ%

hom eno rm% IO?H’IOP@th@HBﬁ%H]%ECH%Pd a substrate to be coat ed_

nication wth an_interior of an- evacuatabl e
chanber evacuating the chanber to a predeterm ned
pressure;. providing an elecirical qve%r source.to the

The Jy5ieBPaY s FHRRIES ttagr@ﬁéﬁb%twfetﬂpge Of SYPPQIting é!aeeﬂ@ﬁtrate _
w1tlu§1|'fﬁe.élﬁfrﬁr§f 1 {l t}ﬁ a‘?t“iéést SHa! dséhgﬁhéé ‘ﬂ%&%@t&g@t]}%f)gﬁ?&d or rotatable

em ssi on sur ace; provi acent

- thhmhleeﬂamjaet for controlling the arc on the’

_ According'to' a third aspect.of the present invention there is provided an arc depbsition '

method for coatmg a substrate compnsmg the steps of:

posmonmg a target and a'substrate to be coated in commumcatlon w1th an mtenor '

: of an evacuatable chamber

evacuatmg the chamber to a predetermmed pressure

pr0v1d1ng an electrical power source to the target to produce an arc on an emission
surface of the target, the arc ionizing the_target at the emission _surface,

providing a magnetie field adjacent the' tar_get for centrotling the arc on the
emission surface; and | | o |

| : " movin g the magneuc field relatlve to the target to move the arc on the emission.

~6-
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em ssi on surface; and noving the magnetic field _

relative to the target to nove the are on the em ssion

surface in a predeternm ned manner. Preferably, the

target is tubular having a bore-defining a centra

axi t he netic field is provided by a magnet

‘ r&'i“ﬁ‘?%g'awefhi n the bore about the axis, such
that the arc noves about the tubular target in a
predeterm ned manner. In this arrangenent, the _nmagnet

Prefarably,aix tangetid tybulet iztvierg 4 bore defimiog atcenimal dixsentlitommbgnetia field

. - predeterm ned nunher of = rotations, such that target
is providectia BAEEE SHAHE LIPS i élﬁ%%@oab&ﬁta%w fth4t e arc

: . t; S0 r ' '

movds¥b@5 i it it up TBleaplehinkd rpinAEE n (RS B BEHRRE dhe

magrieh i donfindzdlyrrotatdddn waé hesticivdireatiow forngiradteeritiged mivshr of

- after the step_of evacuating the chanber, of _

rotations.sgehdiahigrast isnitted fram the smissioa suHassout 3@ of thedarggt.
the range of 1nforr to 20norr. Preferably, the gas.is
one of oxygen and nitrogen, and i*s introduced to '

 The fafiet £agalsbbe pldariasgisfusesbabiovel 0 about 3niforr. 15

" Preferably, after a predeternmined tine, the novenent
of the magnetic field and the ~ provision of the ,
the pr

P PR R e AR TlDBeBpE R lguce e
- step, aftedhe BRP of b Patuing the cHEBEIE! of ifitrédliciti £ehsiblifcré R8s BRGhamber

‘to the target, prior to repeating the steps. :
pressire igrtharapge ply 1 mEer do 20mbemd Erdenablyethetgapis onsrafoxyges and

.. =20 rel ' X f. t e nmet hod h f-
nitop b PaRbO et {FatisPRInE ity Prisa®e e o PO Roouer
source is stopped, the pressure in the chanmber raised

~ to. atnospheric. pressure, and the position of the
Prefarsidnedter 8 predpigoningd timehthe sapieotent of thaeagaetipficldand the

" fhe .magnet. pl in a.directjan norml. he . "
- provisipgf Feelesstio kBVEr sy if sipBied. BPtisiR in 4he sPaffher raised to
 atmo3FHRR SrQNTR! dndefe BAVIoYitE oF IRSAABIRIYAIFREREH It rdsp@% & the

about ‘a portion of - the chanber, the secondary )
targeppgior ta repéatiol dhdsiensn dlternativelys afterpaireddtenynined tike, prior to

repedf RIS Rt e BRFORRE of SERRRE o I PtPopr e

o e1ect§%m {pﬁ%f sodfee iEgl%Eﬁédjslmex@lfes@ﬁm!jﬁafé cHafifbeP ALAG3 EAPRAR:

e chanber and in electrical conmunication

- pressure, and the position of the magnet is adjusted with respect to the target and on the

2

30

magnet plané in a direction lnormal_'to the lateral movement of the target.

~Pr°‘é‘ferablj'r, ‘the method comprises providing a secondary magnetic field about a portion of
 the chambéi', the seéondary inagneﬁc field haviﬂ g a reversed polarity to the magn&:t such
" that the secondary magnetic field'is adjaéent' 'and-subétantiallly parallel to the emission.

surface. -

'Preférably, at least one secondary anode in the chamber and in electrical communication
- with the electrical power source, located such that the substrate is positionable between the

g si_dewall and the secf)ndéry anode.



with the electrical power source, |ocated such that
the substrate is positionable between the sidewall
.and the secondary anode.” The nethod may be adapted for
use in one of the processes of DC arc deposition, AC

eposi tion, . cat hode vacuum ar deposi ti.on
The o grfaty dieatonti 5 s Penihtag eoc?meﬂf%% piigian, AC arc

' depoElrtlgfl &latila¥ vadudfh & %g‘/ﬁ& Ce an dsf%gr&? ddtlﬁ)cﬁrvggﬁlﬂﬁ dr oy

Tect current provi des a current

(FCVA) dépesitiange of 60 to 300A, and nore preferably, the

current is about 150A. Alternatively, the electrical
- power source is provided by an alternating current

Protdrfi, e oo Futl SuBBOR BLoVIAET 6 AR« B (S hlice and

_ providie®h | bﬁﬁerﬁiﬁ@ﬂﬁ&a@% df 166 t®BOGLNndi Hve @E‘éf@fﬁblyhﬂfe%uh@m is about

provi ded a rragnet for use vvlth ‘an are. deposition

150Aa ppHematiely, theecleriiend powergnuiresi in grovidedihyjroralternping current

ast two el ongate south polar nenbers on the support,

(Ac)tcﬁéchbut h polar porti ons havingparallel main
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‘portions spaced. equidistantly froma central magnet _

axis, and which are joined to each ot her at _at | east .
The wagnes preférably haes fieldtsirength@f abeit1 060@ €3 AsHE'Gat').l east

one el ongate north polar nenber on the support, the

north polar portion being . parallel to the main

Accdd@ik kORFoRE Us Oﬁage&ﬁﬁe BRAC ihViish AR istlovilel mgs&t fblsuse

preferably adapted for use in one of the procesSes of

- with BCasr depdsfios appacatys, A€ magnet dappsditg:on, cat hode vacuum

arc CVA) deposition and filtered cat hode vacuum arc
( °Beposi ti on 25 BRI EF DESCRI PTION OF THE - .
D%%&ﬁ%&aeﬁ aslsm ERBES ogfmé &%RbHVtﬁQ*sbnﬁﬁ Wiz bortions
now be descrl exanpl e 'y and where
having peealteéﬁmrepmmommpacai aludhstamtey frodkea qeatralsmagnet #xis, and which:

ren o t he, acco n relA ato
are Qe R Lo Pl koot R DT Erseays Hjfcskeris e T on

at leAPHRY él&ﬂg%t&ﬁﬁ@lrﬂﬂaﬂgnérﬂb& %8 thé éﬂﬂi}i@hethg fnoﬁﬂ BoRk Séﬁf&h being

Invention;
parallel to the main portions and spaced apart therefrom

The magnet is preferably adapted for use-in one of the processes of DC arc deposition,'AC -

: arc deposition, cathode vacuum arc (CVA) deposition and filtered Cathode vacuum arc

(FCVA) deposition.

-,
- T

B_RIEF DESCRIPTION OF THE DRAWINGS

Preferred embodlments of the 1nvent10n W111 now be descrlbed by way of example only :

and where like reference numerals denote hke parts with reference to the accompanymg

: drawmgs in whxch

B Figure 1A 1s atop schematic view ofa chamber employing arc deposition appératus

according to one example of the present invention;

'-_3_.
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. 7D, 20 Figure 8.is’
* Figurg s Ssetionti MW S e AR apRaaRs 6

Figure 1B is a front sectioned elevation of the

chanber illustrated in Figure |A taken on |I|ine
1B-1B; Figure 2 is a front elevation of the are
deposition apparatus illustrated in Figure 1; Figure- 3

is sectioned view of the arc deposi tion apparat us of
_Figure 2; Figure 4 is a sectioned view of the arc

thuréﬂm latfiop0 sppAdRdleMatioh of ti@bhamBer fllakiefe®h bR 135, 3ikenon
10 Figure 5 is 'a perspective view of an are .

| line If=pBsi ti on apparatus according to a second exanple of

“the invention; Figure 6 is an expl oded perspective

~view of the arc deposition apparatus illustrated in-
FlgurEQ is RifRME SlePatiokiiod tHeSse dépdsRioh‘a 51%tu‘é§flﬁs‘?i‘é§edvlh 27
the arc.. deposition apparat us iflustrated in Figure 5;

Fi gure 7.D is a detail 'view of Fi gure 7C taken on line
ectioned to %w of the arc

e 2yC,  taken

on line 8-8; Figure 9 is a perspective view of a '
conponent of the arc deposition apparatus illustrated

Flgumpt i25 sédtignedviby dFitgare difositoreapparplsasfdtigure @Wakién bl ¢ine 3-3;

~conponent illustrat ed in Figure 9; Figures 11A and 11B
are various elevations of the conponent illustrated in

B Flgurg '059!5' b ﬁmgﬁpec%]gf: Sisetg&rj%ifa&]#gdé sﬁto?lecﬁ)&:hlt%{h% %c{‘(&ﬂm / t6 \ﬁl sgcf,ondh €

ure

: cxa.mj:lb(ﬁtﬂflm@entlonFl gures 12A and 12B-are side el evat| ons

15

of a magnet for use with the arc deposi ti on apparatus
illustrated in Figure 5; ‘Figure 13 is a perspective

Figurd 'ﬁqg"an?fa;;ﬁo&éa e gﬁgs&tmlav QF (@M@ épogﬁi%gs gh ﬁt?s%rfagetd iR '_

accord resent |nven iton

: thure|5de el evat| on of the are dep03|t| on appar at us

‘illustrated in Figure 13; Figure 15 is a sectioned
view of the arc deposition apparatus illustrated in

. Flgurgé PN (?Té’%re %ﬁﬁ)’ﬁg views of the arc deposition apparatus 1llustrated in Figure 5; |

2

| Fi_gure 7D _is a détatl ,view of Figure 7C taken on line 7D;

' _- Flgure 8 is a sectioned top view of the arc deposmon apparatus illustrated in Flgure 7C,

taken on lme 8 8;

Flgure 91 1s a perspectxvc view of a component of the arc deposmon apparatus ﬂlustrated in -

. ,Fzgure 5
* Figure 10 is an exploded view of the corhportent— iilustrated‘in Figure 9;

. " _Figures 11A and 11B are various elevations of the -cempotient illustrated in Figure 9;
30 | |

Flgure 11C is a sectioned top view of the component 1llustrated in Figure IlB taken on

' -'1me11c 11C;




10 on line 15-15; Figure 16 is a detailed sectioned
side el evation of the arc deposition apparatus

‘illustrated in Figure 13; 15 Figure 17 is a :
perspective view of a subchanber conponent for use-

_ 'Fxgu‘éés ﬁAt ﬁBCF?:g Si?ig %llghtl?c%ls é)?? PRIAELR Ly % vkdﬁf\ ﬁ?ga%g gﬁ%%{uon

10

15

20

Op VI'ew O
appalriathyﬂh&ﬁ;itaﬂuimgﬂegure 17; 20 Figure 19 is a secti oned
view of the conponent illustrated in Figure 18, taken

“on line 19-109; Flgure 20 is a sectioned view of the .

FesBE PRl GRS i S Sor gt BSER R oS sprontiog
1o the PrRemanventibRr use with the arc dep05|t|on “appar at us

il'lustrated in Figure 13; and Figure 23 is a
perspect|ve view of a magnet for use vvlth the .arc

. deppsition.apparatys 30.illustrated |
i PR AR ARRR 3 bbb Sttt iy e erec:
THE - - | NVENTI ON The preferred enbodlnents of the
invention will be best illustrated by referring to
Figurehleis a setinmpll ewnbli thé arerdepositi¢rhapparnenit lusiited mahgure 14, taken
F;)Il gples Exanpl € 1 Referring to Figures 1 to 4 and
on lipg, g Pticular to Figure 1, a first exanple of an
enbodinent 1.0 of the invention is an .arc deposition
apparatus in.the formof -a col umar DC(dlrect ,
Figuoul(r isatdetailed s@ppmscbsldselsﬁhtlohmf tlenars degusitin 4 at‘amlsrillastrated

_ referably stainless steel, evacuatable an
in Fige e

tically sealable chanber 52 havi ng a base 54 a
sidewal | 56 extending upwardly fromthe base, and a
~lid 58. The DC arc apparatus 50 is made avail.able for

Figunes¥ ism mhpectwhardweof Heibeyardegendipogerit f60usg witththe arc deposition
aperture 60 in the_ lid 58 Insulation and sealing 15

app uptratedia Higienlds an o-ring 62 provides both
el ectrical insulation and hernetic sealing between .
“the DC arc apparatus 50 and the lid 58. The chanber 52

Fzgufelﬂr&lhaltopﬂﬂwrdf sl%ccamponcnt 111ustrated in Flgure 17; ' D

Figure 19 is a sectioned vigw of the component illustrated in Figure 18, taken on line

. 19-19;

Flgure 20isa sechoned view of the component illustrated in Flgure 18, taken on line

2020

30

e

Flgures 21 and 22 are a perspectlve views of components for use with the arc deposmon

7 apparatus Illustrated in Figure 13 and - -

~ Figure23isa perspectivc v1ew ofa magnet for use w1th the arc deposmon apparatus ‘

illustrated in Flgure 13




outl et 64 for evacuating the chanber and an inlet 66
_for introducing a gas, if required. The chanber

in-this enbodinent is about 1min dianeter, however in

alternative enmbodi nents nay be of |arger or snaller

DE‘i‘éﬁEﬁfﬁEﬁgﬁPﬁﬁoﬁf THEPREFAR

ﬂ}@EHﬂ‘QONed that the DC are appar at us 50 depends in a
vertical orientation, though in alternative .

enbodiments, it may be desirable for the DC arc

Thei@‘@f%ﬁgg Pﬁlb?&)m{e ts%% nl?ﬁﬁ%& ar%,bl&ee‘ggt Hstaateéﬁy Eeg‘eﬂ"lgg to three | o

10

B th
; -betquep

]

'_Exis_!. ?—ealingly'seated inthe lid s aperture 60, and

of (i PRrAiands et EOTHIARPORL M PCARE RO DL (direct
: cun@ﬂﬁﬁ‘@iﬁedggaﬂafhs%aﬁ)tr g&g%fdgﬁfg&&' lﬁ? &ﬁéfe@ifgtfxfgieaé §tee1' Bdefiflabte

exaflip l@l’ﬂi}ﬁ&h&ﬁplb%the 1ﬁ€é1$1bﬁ'§rﬁd"ﬁ gHElpRE. aperture in the

~sidewal | eferring to FlgureS the DC arc
apparatus 50 conprises  an apparatus support 70 which

+oftwhi ch depends a target 'in the .formof a hollow
cylindrical cathode 71. The cathode 71 .is made from
-material that is required for 30°'the arc deposition
Refpm‘mgé(s E;gumatl tDS‘sl anylpin paticylapteFighreclo pfiast, extmpRNofUi enfodiment
syuitabl e alloy thereaof. O her

to'tho whi ch’ ar
and thauhiticelly saalableachianibbns? hasihgabase SAhe sileiva g6 eiﬂentifng upwa:dly

a 1 min | ength, though -11 alternatively
fmfﬂﬁ&? e @Hééélﬁaﬁr 3%6%?% arcapgaragis 29 iy made aygilablgsfos nsdiodhe

oharbbe P ABLATES Boh antOHbredoIRBANH S8 PALIaabRLGKOSTR,

of typi'c aI I
meana igehe Gbrm afbmnd-rifg 62 praviddd b2)th élaclrigaladulation @Kﬂﬁ&ﬁetﬁd‘seahng '

t he of about_.0.01 mto 0.02m- The cathode 71 i-n
b DSt eprazatas 10adBe A 38 The chambersS agberaompsises an

outlbd 6 fol PRRUAInEAD X%a"i'nﬁeﬁr eagré ?!'11(?1;?66 fHP Q! Ia{.l&ﬂg % Lgta E%tgmxfeed The

arrangenent s ‘may engag e

_ chariiber if\rthis emibaditnegeis laboutdini{h dlhﬁe&éﬁJHoWevgﬁinQ\l‘tEfnaﬁve embodiments

t hr eaded arrangement i-s that |ess machining of the

maY gﬁgeﬁ%sfl’é&?‘}l@aemﬁhe appar atus support 70 -i ncl udes -
.a main portion 74 and a..flange 76 about the-nain
‘portion.74. The fl ange 76 bears.the majority of the

-+ As willitghindefstoboll én BEatRindo tikppeofthis ebBodiatent AeddstAb&Boeld, it is

25

.30

wi I] be understood, the cathode 71 is arranged to

- preferredghptthg BGgre ﬁPiPﬁI@tH§5Q Herewes in a vertiealosientation chovgltie

altex‘xﬁtl\;eoémt%dﬂﬂ&gse G may be desirable for the DC arc apparatus S0to depend at any .

angle, or to be made available for use m the chamber 52ina horlzontal orientation by

) ,passmg through an aperture in the sidewall 56.

B Refening to Figure 3, the DC arc apparatus 50 comprises an apparatus support 'fO which is

sealingly seated in the lid’s apeﬁare 60, and from which depends a target in the formofa

hollow chindricaI- cathode 71.'_ The cathode 71 is made from material that is required for -

" the'arc_ deposition process, but is typically one of copper, titanium, or aluminium, ora

| suitable alloy thereof. Other materials such as chromium or nickel may be used, however

in practice the chbiee of material is limited to those which are able to be formed, molded

or machined-into a hollow cylinder. The cathode 711s aboutl 1m in axial length, thoﬁgh

- 11-
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The DC arc apparatus 50 al so includes a rotatable
shaft 78 which supports a magnet 80 for rotation
about the shaft's axis 82. A rotational device 83 for
rotating the shaft 78 is contained within the

' a]te@ﬁ:ﬁﬁfeﬁ{ M8y BURREL frgxg-thél-én;gr@ﬁfe (‘ﬁslgg?{n %efoﬁ@é{: zgﬁgsa? gi\ja\/meta;r of

central irton core 84 upon—t _ _
abduit D6imoamdfa wall thidkmesspdypictiy (£ ing,tHuo mafyilavdi@ Giatheked W the range

no friction co-efficient. to allow axial adjustnent
of %ouf ﬂ@‘“ﬁé@ ﬁ@tm %f: zbwalll Huckngss in thgrange, pf ahayp 09 pr o &L.02m. The

) ca_tﬁcﬁciecﬁli 87§ Hﬁﬁnﬁl@ a at{agﬁa%ﬁé. z?%ng fof Etg S?tfsg)ng t%’ﬁlé"{ sﬁm%?ﬁ {'}b-];ip{%xscollar

Jaxis permts rotation o he magne

73, ¢bough8d aBerpidvet :srag gathdnt 2 a@ bel tmé&demywag@gedn@r' Eﬁei s%ﬁﬁ?xﬁﬁo. An
. ’ e Sou i

and 88 of the magnet 80 with spacers 90. _
advagiage in ysing the pellas @3 ewein theeaded peangsmentistthat lgsamsdchining of the

cfFs R Bl RO LRSS R A S B 7

abcuoihoanhih petioh . The Pafge FIWEaBOIRe Majdity O theCARRYFHLBC arc
86c. and at their other end 86d try end cap 'pogt ion .
appaBEls 000 the lid S8nidsdvitdetunderstaotl the cathodei71 i3 afiaggedas “Ploat”

. e end. portions.86¢c-and. 86e are disc 25 like. .°
w“%gl}%r%hgasr?@t% T Bg’%%\ Ssie CRk pcgfdlggoflgﬁogg @ stinct el ongate
~parallel -north polar portions 88, each being '

' eglsui spaced fromthe axis 82 and equi spaced from each _
Thegpherc appaeatyscYQd dsqiokladesyorotatahie sigt 28 whizhrsapget a magnet 80 for

 roufBh IR AT A PRl oes B oripeRn e St A

15

20

25

30

Acon&@;[ktdaﬁithjﬁt}@a@mt@gﬁlgﬂ&m_%a. The arrangenent of the
r .

south and north polar portions 86 and 88 provides .
. three elongate toroidal nmagnetic fields 30 along the-

o GO TSR0 20 0 R, o PGP o

. thelﬁﬁ;ﬁ)nﬂ OffHe i@t HAO allb Riiof ﬁ@go@&?%ffﬁﬁbn‘?gq zélfq.“g E(éiaralaa[djusunenf _

surface '89 of the cathode 71. The -desirable"l
of thq mpgnet 80 em thetshaft 78 Hant absg sefficiint fiaioantuels thanragatidnastehe shaft
. about L

75 A B GRS RS S04t gout
and 9b#E PelaPpéitioAPSE indlSH0GK e fﬁagﬁ’eﬁ %%Fﬁ%ﬂ(;ﬁggg 'f@.n ?‘Rg goﬁtﬁ flolarr

magnet O wth respect.. tothe ca

.' 'portitm §bconiprisd threereirtgafpardile] tannsdrionsssppliol hitrk@ispaced both

t hode, allow ng -more control

. f?"“%&,‘ﬁ%%%%graéggﬂ’t"? ﬁ%@ﬁﬁo Be Bi3% pergions $oa arp jnined @gether atone

d 8615 By hd oWy PP i . of 1.he
end 888 b ] o bl U S E U B R pfyorkse. m
this embgdientray ilmstrited in Bightet 0 298 % 0k ehl §ofiiin 886 ahE8EH e disc-
an altg(r)n ti.ve arrangenent,. the end ?ort'i'ons are '
43

like.g EB%@-&SW inclades|thipe distaeitclengatsepanjlel north polar portions 88,

each being equispaced from the axis 82 and equispaced from each other. The norﬁh pola‘f

- portions 88 are arranged betwccn the main portions 86a of the so_uth pblar portions 86 such

that they alternate with but do not contact the main porﬁons-SGé. ‘The arrangemerit of the © .

south and north polar portions 86 and 88 provides three eloﬂgaté fo__roidal mag'nétié fields =

-along the length of the magnet 80. This effect 'pro'vides élo.lig.éfé j]iaguetically bounded

looped “tunnels” about each of the north polar pc_)rti'or.ls_SS"and over an emission surface 89 o
of the cathode 71. The desirable lateral field strength of the magnet at the efnission
surface 89 is in the range of 50G-300G (preferably about 100G). ThlS is achievable by

.-..._-_..12.:- L
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~joined together at one end at the axis 82, and being
radially directed fromthe axis to their respective

" ends 86b and 86d of the mmin portions 86a. The
spoke-1li ke end portions. of thi.s 10 alternative

: arrangenent ed no e nor to.the axjs 82, but can
*the Bagel firving o Al drSérer%E o oo 1B, St (b Airarsiing oL fednagnet

A0 ) 16 R ke A

80 9B Ghe lAngthad jb.esﬂatibddf aﬁowmg 88rei contrbr efabiealicyonrthe e:tth@dia duface, in
-the end cap 92 to manual ly adjust the axial 1

* that s Fikselrle R0t ST ond R PES GRS Feod Te alteraative

?mbéﬁ ! %gse’gﬁéﬁg%%gé& gﬁfgregitq%lt%ﬁ‘b%&gg@r g’ rretglﬁggtﬂgg %8§%ded

in the formof a helical spring 102 inbetween an.

abut ment flange 104 fixedly nounted to the shaft 78,
In ap pléerasiiverparangement, thhendhpaytiens 89 Spqlittellltﬂ andiradjabi divected, being

jinf B3R LaF B €95 L eI, SO AP P 088 o e

respBttBetentis 86b BRVE &wxﬁ@m%&fs 6% qﬁe BpERELIARLNRPNEGTR of this
the cathode 71, and the sidewall 56, ‘acting as an

alterapidtrearrangepens need ndide possalio taarips2, ‘but bén becwadialiytdietted at

o b b h
- o gl R i AR o PR e ance b the O

cathode 71, the voltage is typically 25 V. Applying DC
to the' 25 cathode 7-1 has the undesirable affect of
An ﬁme:ap 82t aitpchable ©abe ather enxl 2t oftthe carhode 1 bpa tap dbltar 96. An

S il B BB 500 o R a9 Dn G i the axil
S5

posifi§8Pihe niddBetBUGHE] rekfect &Wﬁb |c¥th6@@§FdTh@n@Fne§% o&?db'i‘j} bears

to prevent corrosion. The coolant is typfc wat er”,
upoman embmﬂsofahcyscsttw P8 eesiliant Hiaving acheans is phevxdeédr the form of a

T T e R TR R
* an eAdD® 6%@%@ Ret 800 THE bER A5 BiRbAGE %%9%0 trolil%ﬁd tflr]g end cap
acent  t he

centre of the chanber,. preferably ad]
92 apd upovethk s&6w enid00.i d 58 W|th DC arc apparat us 50
- depending centrally therefrom is -13 positioned to
“hernmetically close .the chanber 52. The chanber 52 is

‘ ,: As 11115&%&@\{5‘%}@{1 afiefectrtidl P@\Ler%ufc% 1@5%%@%&){%19'@& Pét@veg% the

about 1uTorr before Inttoducing a gas via
cathode 71, and the s1dewall 36, acting as an anode. In use in the present example, the

current of the DC source is about 150 A, but may be in the range of 60-300 A. Depending .

on the re31stance of the cathode 71, the voltage is typlcally 25 V. Applying DC to the

25 . ca"thode 71 has the undesirable affect of overheatmg it. Coolant inlet and outlet ports 106

are therefore provided for ﬂow~through of coolant between the magnet 80 and the cathode :

- 71. For this reason, the magnet is usually coated in an epoxy paint to prevent corrosion.

The coolant i is typrca]ly water, but may be any suitable ﬂurd which can be used to transfer

heat from the cathode.

In one preferred method of use of this embodiment of the invention, substrates 107 to be

~coated are placed about the centre of the chamber, preferably adjacent the chamber

- sidewall 56. The lid 58 with DC arc apparatus 50 depending centrally therefrom, is

o -13-
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i ncrease the pressure in the chamber 52 to about
3niforr though in alternative enbodinments may be in.
the range of | to 20nfTorr. It should be roted that t he
“location of the inlet 66 is not inportant. The choi ce

' posithor@a %o héthfe@MEAdodkhd a?anfﬂeﬁﬁﬁ’e heéhd ?95? Uf? nated via
R i &l

type.of coating desired. es of tro 7
outht 6t tnle clhrmbep g@esva;e obaboge hpTorAheﬁMel intrbéucippa gmla the inlet 66 to
intr ducme{nnté WI|| result in nmetal_ nitride a

mct:eggq ﬁgges qrgtléo abgnt P Togr qhﬁt‘%*b’@t?é‘i*’ﬁg‘»ﬂ@ﬁygen -

" emMbdieht® ity tbelif HEELAe 4 Jﬂ%ﬁﬁ%}ﬂ 39318u%€ dlﬁOtg@ ﬁtaﬁn@ee}ocanon of

- conponent “of the tride or oxi
the mElt et ialnovisepdrthor t he cathode 71. Once the desired
chanber pressureis reached, the shaft 78 is rotated -
by the rotational device 83, the rot ation of the

R e N e S we—

Exanoplésoiflinmoduoed gBkainchide aftrdgds oge@;geh &Q,wxﬁ%hﬁgheh ,

t hey mgve around the surface 8 the statio
lmfe%ttq*mtr?aeﬂ Wikl e uilt ingneteindiride wastings ea dhe substmemhﬂe

his -
RN ol B OB oo R comopencof he.
nitridetoabgide depdnids of R rhétéﬁﬁtusécpfor Fhe¥aflRkenm ned nunber :
of rotations. The nunber of rotations required will

depend on the thickness -of cathode 20 nateri al deS|red
t he subst source 105

O ol S ORI B S ST b sl
 devico 8B Lthe rétH SFhesHARIA bk ol ftfe'rx%ne?ﬂﬂvﬂﬁ it St 71,
15

on the surface of the cathode ce a predetermnned
Thig¢pysesdhe magrsticHisld tuanels tefollay thematicor of therapget80( ﬁl&h&hat

theyJho bl AP Hrech o o Pre il S 3R WAk kasional speea.
- of tisnaget Wﬁhﬁltﬁe EdthdileC 1fi9 hﬁﬁhiﬂoﬁantalrrc‘t‘h[s' o '

dgaett tfﬂ%wetdt 10

is typically used.- Strikers are known 1n t
rpmg d hgimagnetds reffateduighanl thertaretfod etpaddetdrmirical il of 0.

f d F t th
T RN TN

matéH¥e desin@ 1Obe EdMiorPthe Subt¥ie8g on the surface of the
vat hode, each within a respective magnetic field

tunnel . In practice however, a single arc is forned .
stri

: The Htesro%réeq%S ‘cig gettlr(zﬁed to provrge electrons to the cathode 71. This in turn creates .

a negahve electrical charge build up on the surface of the cathode 71. Once a

‘-predet_ermmed charge is reached, an arc may then form on the surface of the cathode, as.

charge is passed from the cathode to the chamber sidewall 56, acting as the anode. To aid
in arc formation, a striker (not shown) 1s typtcaily used. -Strikers are known in the art, and :

so will not be dlscussed in any detatl in relatlon to this example

The magnetic ﬁeld tunnels contam the movement of the arc therem In theory there may

be one, two or three arcs movmg on the surface of the cathode, each thhm a respecttve e

magnetic field tunnel In practtce however a smgle arc is formed where the stnker strtkes

the cathode 71 and moves on the cathode surface 89 around an adjacent one of the north. .

polar portions- 88 and w1th1n its respecttve magnetlc field tunnel




t he cathode 71, and noves on the cathode surface 89
around an adj acent one of the north polar portions 88
“and within its respective magnetic field tunnel. -14

The point of the arc on the em ssion surface 89 forns

a l.ocalized hotspot fromwhich the cathode 71 is nore
_ intensely ionized or vaporised. Negatively charge

i . h er .. :

The?!oglg Vb\gﬁé%g%&?w% RefssidH s‘ﬂi‘l\‘\ﬁce‘t §/’9 {(':cﬂ'g'lrs %gggzﬁfzec? Eotg}é&ﬁo% Jhich the

st positive ons  ar

- cathbdo™ ishnoredhtbodly, iohidéd oetapofiséd) NdtiREgahingelklecGBR 8 then

10

" drawgpiodhe appdenenabamper sidevalles

cat hode, due to the ions' é)ﬁ%i tive e}l(yfect ri gal chaghge.
- Mogingsijeelyfcharged densioel thrown

1 I ' Line-of -sight a romthe ., . . -

fronf e B, 1R Elurh o i ke BT b i, posicve

elecirithBcHat d2e -Sokne ishOiiweveL F:E(.%'FE thelhargeQiFithd EfhGI4PAT fdltBrivel in a
10 Due to the presence of the gas 1n the chanber,

line-gf sight o¥ey fromahargthade 7d atSinsedhe sybatraten e positiongdirt this line-of-

..gas nmolecul es. Types of coatings achievable are
Slghgé:g%?fl-f)%"&c%totb%?l}gpﬂgatai scussed above, the magnet
rotates during the coating process. Therefore, as the
arc noves on the cathode surface 89 within the noving

N . Dueragheqresendd ofl the gantih thecctiatnbde eloctiogmficeidbihic@nthode émpact and
. . .emtted, or firged a fromthe cathodge i, sweepi ng -
ot 8 mpfgbuter. ofoef SPYparin gt Remeyabley deseribed wiove:

respect to the cathode 71. The DC arc apparatus 50 and
met hod - .therefore has . two distinct advantages over

 As disasspd aboveathe mazneisolaes dsiring ¢hd ¢tomtiap peocassu sTiwndore, as the arc

15

20

. the a2 sl AR RRSIBL B (O

met hod. al. |l Qw f or edeterm ned, control] ed movenent of -
movEy Q8 the cathpds, urface K3 withun the ancyiing MAERRE fisid pHB, cathivisad gas

jonslafe érhi?tﬁ&,%}_tﬂrlé’d A¥ayB¥ER tﬁé’%‘éﬁo&cr}ﬁ a%@vtep;gtﬂg \%akg'n%lt %}ﬁearadiﬂ, or

——magnetic field di"d - -not nove. re

H anguiat diorbeion Withapspectadehk ¢atlexie!ly Iwdile D@ werdppatakys S004n@h method
: -'h reg‘l:o&g t he l1gath Sf the are, thus stefully .
thereiorg s, b9 (TR af yantagss AesrdherRriongrs Firgtyesingsthe appagetus and

mctlﬁ’:'d%ﬂgwtf_ﬁleplﬁaét&m%d,EE&OIEH%M&I BEag ARt {aggé? emission of
el sewhere on the cathqde, resulting 1n an incr Seg o
ions pf thewathodnischibstawiily edematamo fherdathodes If the miapedtic fiklé didnot

~the up . tq 36 ing angul ar . em ssion of ions from
move Fett b o CaBa i SopOaCH Gk SYRYS ERLIAHY ok ks pah of

sé,Lmé ic{cﬁf ﬁeél? %‘%{’ﬁ g%‘}ath

r
conpared w th em ssi-offs radiating froma tixed:

~ of thaan: wadbe gfenentianelsdehteeatthe bathbdd) réseBIRAA ah dndReased

chanber. As discussed above, the longitudinal |ength

 prodygtiop ol AR magropriiciest Eurther. fiue tehe b 5936Q5tmoving angular

- cathode and magnet from a side location with respect to a chamber.

emission'of ions from the central location of the cathode 71 in the chamber 52, it is

pdssible to coat more substrate surfaces compared with emissions radiating from a fixed

- As discussed above, the longitudinal length of each magnetic field tunnel is about 80% of
v - -the longitudinal length of the cathode 71. In-practice, during use of the DC arc apparatus -

30 50, two eroded ringed trenches form on the cathode about its axis where the arc passes

B over a point passed on a previous pass of the arc. This ringed trench is adjacent to the"

o ]Ao'ngitudinal ends 108 of the north polar portion 88. For this reason, the adjustment screw

" 98 is provided. After a predetermined number of coating procedures, the screw is

-15-
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the longitudinal length of the cathode 71. In
practice, during use of the DC arc apparatus 50, two
eroded ringed trenches formon the cathode about its
axi s where the arc passes over a point passed on a
marfafly k f S
Ry A Rt o B Sl U AR P deaoge 0
preysol.at Iqastrln ipa, tB8formation bi the e&ﬁl&d) fing tieBclidjati® tHEE Mirther increase
th E% efv\h IS provided. After a predeterm ned nunber of
© BT e ]i’ edures, the screwis -15 manual ly turned
" to change the axial position of the maghet relative to
the cat-hode, to prevent, at least in part, the :
If tobanamyt substrads drbiplaesdoielent cliaRtbet 52 BedbaBaaRslphdh Betveeh meecrathode
increase the life of the cathode. .If too many

71 agdhs ideveddl @p@dep) Paéewrbsiantially Wacket ethe B may stop Hering the arc

oo IR e AOLERAT koo ok Plisiay Uempotiionngto

oveichmedhis prdbl@ﬁ;‘ [ind iR tfin (SR fd}&n'lﬁbré’asg LA AR MmOl s'u &rate able
pl asma, or em ssion of cathode ions.: To overcome

to be Ferted ﬁ?coaﬁ%manodqarlmthecfoah o vertioal metalimdy Higs praferaﬂil_hetam}ess _

s R G R e v
providedreeladhitival phebi. "Qn@ ﬁfds ]1@9 %t frsell M ﬂl'gﬂa drh?sg rods may

chanber 52 between the cat hod e 1 an stra
be usgizdepgnding ow haw mwy@t@mmr@hlﬂprabtis 10%are in eldstritMO are

conlp AR R 0TS inlorfie i sotivoe B e mwpmepromgh so

 as nbtto ik hh&@bsaribPREYH Satstion fidht the LhBosd 9EVBE hmﬂge- like the

- and/or the DC source 105 and are narrow enou

- chambrr sidgwisll §6kit isnmageidstae ithay thehreds bd9 witl Bescmdflfmmttaemns

t hode 7 ur.se; |ike the 15 chanber sidewall .
Slnc%gleyafelflﬁ‘iﬁ?%8f§1§6ﬁ’rbe’tlﬁﬁpnt he rods 109 will be coated
by emtted ions since they are in the path of the ion
errission. In this exanple, the substrates are placed
In ﬂ]@ﬂﬁmmpért dtsl subsitatesese plcédhort fueatiitde narofiseloinabetirg of rotatable

o SR SRS 5% Sl S e

expdsélile Bhe %rﬁﬁmssr B @h@bﬁ%ﬁ %ﬁﬁpddsﬁﬁinbd 9{5’&? tlgrib&ldé‘ top ?he clhﬁmber '

centre of the chanber are ro

_ 52 ambme irptgtableclueing thd evatihg pricessp e thiel dxtmpleiti@straited 1E|1’thfre 1A,

oulrp qte§ 13d s dyspvidl hegippament, it is possrble touse |

more or less plates to coat more or less substrates. Alternatively, the carousels 111 may be

t here. aredtg? ubs rates 107 and four plates 1.

| | upwardly cylindrical and have the substrates placed about’ thereon Having cylindrical

‘25‘ _

30 7 |
There are many types of substrate 107 whrch may be coated in the procedure For Y

carousels, further increases the number of substrates that may be coated durmg an arc

deposmon coating procedure

~ A linear argon ion beam may also be employed n the chamber io clean the substrates pnor .

to coatmg

example, tool punches or anvils may be coated with tltamum nitride, to prov1de a hard

coating over a relatlve]y soft interior (eg steel) In such an embodlment the procedure is '- a

- 16 -
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‘hardfiess, seasdh sesistapcoandf impatt resistandes . AR0J ipasesase GRamplle gelephones,

20

_the 1'n_§8Fo_r

‘nore or less plates to coat nore or |ess substrates.

.Alternatively, the carousels 111 may be upwardly
cyli-ndrical and have the substrates placed about
thereon. Having cylindrical 25 carousels, further

periijd?ﬁlé@ as£endnlier &g\?&?ﬁur@ br SR shaicE ‘%h(!ﬂ%@te e s w%?qi%)g)?,lt 400-

uring an arc position coating pr

6008€gesulting iheerating yiress 0 it @ FGRY &1l 4 Rardfes 6hahen500kgmm™>,
clea the'ﬁubstrates prior to coating. 30 There are '
“wherg ﬁvﬂ}

e shamhss isrpaedded by therlasmandy compairenesiaidurd stress

o (i RRERE Mo ine Doy AR ohr bR BB R R ™

 sigrifiedntlg geduced result:al akdsy Bbdiparefl to sifdse ﬁ&lﬁéva@%yﬁg{%ﬁkrp meftBds is
at a .

-such an enbodi nent, the procedure is perforne

achienalle becausgthe peferred aperasing press@e ©f 3nfluns lesayhaneis used in

Koo i 0B e B e S85iAd Wit can

less? THGWeT pressutdiess ot BnhR@le bBfdrdRo ] b if i3 de'ﬁ?l\ﬂt #8hieve

by the plasma. In conparison, standard stress o :
aﬂdmlﬁﬁiﬂd&? ver pressuso and atdewpr pressueit fismprei difficaittto control the arc.
.ThnethOds i§ aboutd%- GPa. This 5,si%Pificantly reduced
Thd BgPYSpdits PR By Haanent trvephon

‘operating-pressure of 3nTorr is less.than is used in
known net hods (-20niTorr) and therefore the tenperature
ionized particles can be less, This |ower

v Qf ot . ; : :
Du,cf;? é%egg?”srﬂ%ﬂtﬁ’c&t‘?‘BB%rﬁt“E%‘é’&C&}% atlErednppthasxamples erin
_plaggé d\f.riél:} H%g‘h thQtAE PHiRN EnayimbEl %a?é%ﬁo% ch @%@[06 Q%rgcﬁ%r (5)]|e |

I CuU

n ower pressure’it 1s nore

| purpobes. dixemple inclidecopitipd mictapplitatios apd sebilbyeléfionps. eBaNt

. invention allgw this.-|ower pressure to be used
instgne, a sty reflerdive gposganCe ety RS EPHCE N PetEbes densesor
duraplity Bt bﬁﬁ&ﬁﬂﬁ?ﬁ@ﬁobﬂé"ﬁe}%ﬁﬂ%e @3&%{&5 ! bedfiptéVed in

pl astics wt I gh meltrng pol 1y be netal,gggFéﬁ

ot §F{0F BRNS e 5l metomioo uih SRANE Beigb it resnily
elect?&nﬁn@ﬁb ARk R fRAD e%aé%ﬁ&ﬁﬁﬁ %heoﬁiré‘%ﬂﬁf;il‘gtleﬂeituﬁn%r?% 1\1/92 t : is may

| enses or nobile telephone casings na

- aid ip exdusingfthéwaskdofdsain temont b risk of StAicRa@belincrRaed by mobile

25

-_Besistance. Al so, in the case of nobile tel ephones,
telephone use. . _ ‘ -

Example 2

o

| | Aﬁo.t_her_ example qf the invention will now be described, with reference to Figu_rés.S to

) 12B, w'}lxcrer like reference nuxheral‘s fro;ﬁ the prévio_usly described example refer to like

| - parts in this example. In th'i_s. example, the DC arc ‘appératus 50" is housed in an apparatus
T 'subchaxﬁbér 110. Tﬁe_ apparatus Subéhamber 110 is sealed on five sides 112, ahd has an

' :30_ - open port 114 for fluid communication with a complementary chamber port (not shown)

on t_hé chamb_er_ s_i_dewal_l. In this embbdiment', therefore, the DC arc appa_ratljs 50'isin

- communication with the chamber 52 from the sidewall 56, rather than from the chamber

R centre. It will be apparent therefore, that in this embodiment, there is no aperture in the lid

-17 -
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the interior of the plastic casing may be coated wth
a suitable netal to decrease the 20 el ectromagnetic
radi ation fromthe tel ephone in the direction of the
user's head. This may aid .in reducing the risk of

- '58. Bisai in this embsdintcne tiid Ghodk mmﬁhhoﬁmém songe ?%ﬁg Ifig on

pobile _tel ephone use. Exanl pe 2 .
megﬂétﬁma@llekp pies- (The exthodm? Mhas a mmngeammesmb ufacei 8hand has

i 5 S5 SHER, Trbte) Bt B LS may

“be squard, iok 6f lanRk bsthallek BirSerRiABPFEr exafpld) ke QURIER!Ray §d'fin x

. DC arc apparatus 50" is housed in an apparatus
0.2msx, Q(%Hh‘o‘gﬁ o,thecatimis rapplavatrosndsd bomarsher bd dal os cisadired
on five sides 112, and -has an open port 114 for fluid
commruni cati on mﬁth a conpl enentary chanber port (not

' As iRl@ard n@Flg‘h% 5 BaThed 16 irgleddde ﬁlrﬁsﬁ%ﬁlp%ﬁgﬁ%f g%ﬁfhbde

therefore, the DC arc apparat us 50
assembhmldmsbéabip monitel within teanbeanibar 1 m cﬁ‘astdmerssn ld&mhéably

- mber-» |t Il b
* clam e AR AR LRl hEer 11 betaivi rgand Seopnd fsmios

I
<SR RON M08 g PP R A0 4 G e
subcqrpomants 1] ang 1@0 caftrod i7ip ted fuppattipkite pﬂmoe&uaaﬁae to'and
ode 7 a_ rectangul ar em ssion surface 89 and .
S“PP%E‘P%? ﬁ?’éﬁ dFne] B ThesUpBer Rlats dsrfunFiaonss rparta)i a\mblmg
yare
eI R0 o 56 SOLIAIR, Pty o FRNPLE g

122 1mgnﬁm1r¢chﬁo>be if) siystantial €bdact AithQ, reatrarfaed M@fiﬁé)éathéd’ﬁ 1,
ed corners, or be oval or circular. As
and haF ﬁaﬂ?‘?’ QP’é’dPnF tp forilitate usl flew ofa amlautosuchrae Whthdmﬂmugh

i oSO 10 o R e v

suppore bhssh?dl )K‘he(lhlaﬂmi 48 qudleh marz Eonﬂeﬁteﬂhﬁ frafd &ﬁﬁiﬁmﬂcatlon to
ssenbly 116 between first and second frame 10

thec%*mfg%ﬁﬁ%m &s Yinstrated iy Pigures Qcnd 19upport pl ate 122.

" The first and second frame subconponents 118 and 120,
cat hode 71', and support plate 122 are attached to and

The cathode assembly 116 is movable laterally with respect t6 the magnet 80' and W1th111
the subchamber 110. This is achievable by a movement means in the form of a pneumatlc

subassembly 129. The pneumatic subassembly 129 operates conventlonally, as desenbed

h below. Inan alternative arrangement, the magnet 80’ is laterally movable by movement

means, and the cathode 71 ﬁxed in relation thereto. In yet another altematlve

Aembodlment both the cathode 71".and the magnet 80' are laterally movable

The magnet 80' provides the sanie funetion to the magnet 80 of the previous embodiment .

~ As illustrated in Flgures 12A and 12B, it 1ncludes an elongate looped south polar portlon

130 which bounds an elongate north polar portlon 132. The south and north poiar portlons' :
are fixed to an iron support plate 134 by spacers 90 The conﬁguratron of the magnet 80" |

provides a tunnel-like magnetic field, as described above m_re_latl_on to the previous B _' S -

'LiS- .
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supported by a cathode franme 123. The support plate
. also functions as part of a cooling nechanismto
transfer. heat fromthe cathode 71' when in use. To do
so, the support plate 122 is configured to be in
)5t 24 of . the
e G oy haf AT & Ay RS SHEIRE 10 80 Bt
adjusﬁmntcscfem% ofhich adtveisadiustaeit bf G& lv@giekinal PeNietsOMe hagnet -
inlet 125 and an outlet 126 provide ingress and
0" withrespechio thaeatlods i nYlataﬁPPnghTO@Hé5 tQ Wbt afiached theadate 134.
- The inlet 125 and outlet 126 are connected in fluid ‘
.. comunication to the cathode frame 123, as _
As illustriuetl i@ FRdrds '3 anid ®L14166 ildhled irl fhe s8bchbiBeLALACMSde in tﬁe form
assenbly 116 is novable laterally with respect to t
of a mfe@oéeplaeﬁ d30i The anode platesulmerhicached & th&’lsulschlamber 110 by -

P ST N TR A —

the stk DAPERM BT RO¥ARGAONA! The rtnﬁfgoéeec?f(iﬁé Qﬁﬂer 1? ﬁ!eé?:Wbecl {rbove in

an al ternative arrangenent, “magnet
refer¢nge ép Expmpledvabl e by novenment. neans, an_d the cat hode
71" fixed in relation thereto. In yet another ‘
al ternative 25 enbodi nent, both the cathode 71' and

In usé,RAbSRERAb b8Coatdd SrelHBicBl @eﬂtbéll cﬁamg%\%ggﬁﬁﬁr%ttﬁg&amber is

provi des the sanme function to e magne

e évacqﬂt@llm entiducateastdescribed’ Mhihuesgeat tedhé abdve@umitediniehh A DC

sour Ry B 2T S g P e 0

' .the_n BRAD BRab3R ard BiEhe WA RAE %ﬁS‘klﬁEs 72 %Irﬁs%ﬂ%ogfqh%a‘?hode

is

20

fixed to an iron support plate spacers
in a liporoffisight atanoer, of previeusipdesetib&@l) hopeoati dﬂle$o thetplae ktrhdt@ of

|c field, as_.described above in relation to the
the calbllE c}uéhee?%’éﬂP%‘rﬂ“eC‘Fﬁéeﬂ%f@%W e centes of tk*‘egh%wlteﬁ SRiocont

" the sﬁﬂgﬁa@é‘ bPﬁ@éﬁB%‘atésjrq Of‘ e (Hfj%ﬁ)tﬁrgbl': @Qx‘oﬂ?él g%as

which allows a rrento ongl

' referqmgs tat Examplé 11 hensmag ﬂ&:ty ar8&enly ctdateﬁeﬁmgtthd DG ah?@ Process.

cathode 71' via a support rod 135 to which is attached

- . the . plate 134. As illustrated in Figures 5 and 6, also
The thi¥nb@dgbditihde R ‘cofit | f.Qrm

itk fronide e oy 80:1oBR0K T Parh 0P e Wdhn the

a palr of anho

- surfacerof thet ¢atidied 1t su.ldhhhatsmdi)mhajms withdn the turh{eaﬁkﬂh& tHe3torth polar

whi ch a aced to allow nbvenent of a striker 140

- magﬂ?&@f@%i%@e ersmtfh?afpnn@w efianiereded timpch gn the eathagle 71', the
pneu A% s%ﬁ%sggqﬁ]g7lé9 18 glﬂﬁlog Svr {:réch rog'at ng eLteral:l r sHiedg élde, -

€eSCr 1 ave 1 n

o r_noveﬁmblsdfrthe eshdde metoqﬂaieaﬁe aamocm @ﬁe@@wﬁﬁﬁ“ﬂeﬁk e1d &% thé" fhagnet
.25

~chanber 52 before the chanber is
8{}‘. This in_tarn moves the magnetic field turinel and therefore the arc’s track across the

emission surface 89 of the cathode 71'.

The longrtudmal length of the magnetrc ﬁeld tunnel is about 80% of the Iongltudmal

o length of the cathode 71'. During use of the DC arc apparatus 50, two lateral linear eroded

30

. pass of the arc ThlS hne of erosmn is ad}acent the longitudmal ends 142 of the north polar

trenches form on the cathode along where the arc passes over a pomt passed on a prevrous

- portlon 132 It is for this reason that the adjustment screw 98'is provrded Aftera

; ': predetermmed number of coatmg procedures the screw 98‘ is manually turned to change
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evacuat ed and gas introduced as described wth respect
to the above enbodiment. A DC source. is provided .
‘bet ween the cathode 71' and the anode plates 136. The
striker 140 is then. used to create an arc on the .

the Eﬁ? sitiod BE t&ﬁﬁagﬁi&@éﬁ ?r§§u\feq{) Rt 10t %rt%@?nt at least in

hod e 51in a line-of-sight manner, as prévi
partgiths dornipéidn ofi dwdirear etoded tecniches- andl thmafur&ézrmcﬂcus“eah@ﬁfe of the
tHe cathode 71', the emssion is directed generally to
cathofle centre of the chanber 52 to coat the substrates.
The substrates may be placed on a rotatable carousel,
as described in reference to Exanple 1, to ensure they

. Tmmrr@lmﬂ an anotaddéderd wf itRgnvdiRioRGs Adptddrtd @pedte u&ﬂerT_ th€ same or

magnetic field tunnel %row ded by the magnet 80
Smﬂé%r?balab%r RIERSUIsAL (Ragietic Feldapad BIC mpéneé 9 tha@éth@de anikanode as

des BRI g BER SR PR el Qgﬁ%&gﬁkms of
the DOerd pdths) mdé spide R REEded IrEiRe thﬁﬁbér*ﬁ fé@ﬁlﬁﬁg & ﬂﬂm

the pneunmati c subassenbly 129 is-enployed to provid
Opefla%g empeEatvgg This alews fagsubitutestof lasvetanelting paintsrio be f:oated in

o H PRIAE R S L0 2, e o <

magnetic field tunnel and therefore the arc's track
across_the emssion surface 89" of the cathode 71'.

In amrplgernatyg gmbedimert of Exgnple @f thetvhambgn has fouradheimbenguets to

e g B B L SR kS B2 LIRSS
embbdifhlthd fole Bhantep B6Ms ark GBGPRSd faQ&JPtﬁ’é‘cﬁaﬂﬁaePg'taig Of8 the DC |

~along where the arc passes over a point passe

arc apparaiig B9 apasgedob dideet eamissio tiveard iheecenfre of teichambea.

he_ | 142 of h h. pol '
AR RS SRt B 2R A el HESndie S b ol e ipsninan

~one &AW i¥teriall FoPERWHSIE o Fﬁﬂ‘vﬁ&’er a ﬁtanﬁ&ﬁﬁﬁhﬁﬁlﬁh"}ﬁﬁ dAYThaN,

- of coating procedures, the screw 98" Is nmanua -
coating on@dubyrath antgegen igpmsﬁmt imfthChaldberatwcpomjdsed)DG}frc afyratus

50 SRR eEs 7 e Poief oF oaporbDE, e appeBHbashute
alurdiifRACRGRABNT] T Tus sﬁﬁéﬁjﬁﬁ% tHeH %ﬁéﬁ% the cérbﬁ%l R{]bet &ited on all

cathode. 5 This exanpl e -of an enbodi nent

_ sides tapeontidon TI$IMctapt Bedpandingper tht speedddrotatien sétive caousels, the

tic fields and DC

r. ch
sty i UEan iRGR Lok oe! wsteral Glov Soatem e have an
effeckiVelly @hidbd eéhtﬁ]g (é%émtﬁw}.) However, given the = |

alt er nat Ive arr angerrent s’ of

Impracti_ce,__more_materials can be used as the cathode 71" in this example when ¢oﬁ1p_ared '
with Example 1, since it is easier to form a planar cathode than a tubular one. Therefore, it

would be appropriate to use 'chromiﬁm or nickel in this embodiment, as well as cbplﬂer, B

titanium, or alumlmum or a suitable alloy thereof While both Examples 1 and 2 are

de51gned for use w1th metal cathodes tetrahedral amorphous carbon (ta—C) may also be

used

In one alternatlve embodlment of this example, the cathode is ﬁxed and the mavnet is

latcrally movable.

-20-
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B A omoodiment, the cathode 71" is also secured by a frame ooﬁlpon_ent 156 and a support

30

the DC arc' apparatus, nore space is provided in the
chanber 52, resulting in | ower operating
tenperatures. . This allows for substrates of | ower
melting points to be coated in 10 this latter exanple
when conpared with Exanple 1. In an alternative
enbodi nrent of Exanple 2, the chanber 52 has four

in arcolﬂmr‘m'eﬁathm’dfshit; exargrie the alismbsdr iaaduptbdao aHoW eRkiMAo RRent of

four DC arc apparatus 50'. In this alternative
the Sé‘ ; 3REPrs the prat f ﬁ{, rThin smbedimsst allows ialipgcoating o6 substrates

ROt b 5 it e o 7,

chanmber. Advantages of this arrangenent include that
~ the substrate may be coated with nore than one

Exampledode material . For exanple, to provide a titanium
alumniumnitride (TiAIN) coating on a substrate,
nitrogen is present in the; chanber, two opposed DC

AnofbeEc:aiaé 8f élﬁrefe?&dléﬁﬁoﬁirﬁ@@ bP RS A4 SR Svill iaowva@ de@cnbed with
anot her two. opposed DC arc apparatus 50 use

referammp Figwesck} te@dewhare like Teferepobsumentals fram tiie mcampiatrefdr to

car ousel to,be oat ed r ovi de
tike s 505 pxaliich e e ke ! Tirarsionsnder
dlffei‘éﬁ@ oﬁﬁ'ﬁ@ﬂ?&iaﬁtbef PRssubd RIS Ssue B 'thal? & (1§ Q&Id%ﬂi Ritered cathodic

ferent layers of emtted nater.ial
vacuumtaacc (EENA) techiigues, such aettltc&;e ﬂesoe:lbyd ii pmeht womwg/oms This

ﬂﬂﬁ%asitﬁﬂe% 5 Be opaBlet it kves pespsp R Arevins
é@qfh@éjex gﬁ@u@ gg@g@y& Lﬁ?)aﬁﬁt?s §dn Wiick RdRbed i?x zInQJpg}:ﬁtus

| anar cathdde th one. erefore
_subcham_lbat 138" syppoued byb &rame 144 sucththaniha suischambek B10"iiindthi S

- e di menf, well| a er itanjum. or alumnium:
electetrm gandse @‘isﬁlmatlﬁ@r . otwqueltsiot% haymgamapertuei48. A
~ port ?Sﬁfs%ttgﬁﬁbﬁﬁg }:& xitSiend ItSE t d §44 o mmunication with the

tetrahe hous car bon ta C may al so
subcheswtskr 116" meheed;ieaureatmsv eArearvddil 5B id findd drha sidesatiRlpdrt 150.
t he, cat hode i s fixed, .and the magnet js laterally

The pastis tae%eraﬂyzoflmnaﬂ@pﬂ & atiaghable plgfs distal endsl dhia #mhémbpm@ot

bstrate across
in WOrA9826504L | ng of subst,rat es having a significant
-l ength, such as gl ass panels for exanple.

' show*ﬁz 0h§es%@91b§ﬁﬁtreo’[ﬁle R%!%r%bé?& Wdﬁnlgen%ftub% lag described |

In this example, as illustrated in Figures 21 and 22, the cathode '11'; is planar and has
p_réferred dimensions of 0.15m x 0.2m x 0.02m. While preferably fectangular at its

 ernission surface 89", it may also be square, rounded, or circular. Similarly to the previous

' plate 122", the support plate 122" having hollow portions to allow coolant flow therein via

- ports 157 to remove heat from the cathode 71".

The magnet 80" is fixed within the subchamber 110" closely adjacent the éupport plate

Ey "122" As 111ustrated in Figure 23, the magnet 80" has an annular south polar portlon 130"

:'whmh bounds a sohd c1rcu1ar north polar portion 132". The south and north polar portions

- are fixed to_ an 1ron support plate 1_34".by spacers 90". The conﬁguratlon of the magnet _

21-
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5 Exanpl e 3 Another exanple of a preferred enbodi nent
of the invention will now be described, with reference
"to Figures 13 to 23, where |ike reference nunerals-
fromthis exanple refer to 10 like parts inthe .
80" PfoRided d SRR AlgnclRifRl @AHW LR THRISD %:rtﬁfn 338, as descnbed
I nvent i on under d| fferent operating cha pressur )
abovegn dﬁ:lﬂlil@ht@ the preMiouk gxarples. STh&Smthl\pdlbr fdrtiored 3@ has a dlalneter of

et YR
" 30—6briﬁﬁlefIPJvﬁl b &g fhe sfigs ﬁﬁh@fh gﬂetléﬁ)“% " ﬁ:ﬁ?s%n surface

. than the previous -exanp IS ex l'e .uses on

89" Qs capmpleds smalkf'in obinpirison thexsarysled haah2appar at us 15
subchanber 110" supported by a frame 144 such that the
subchanber 110" is not electrically grounded. -The

Mo RSAROEE, i SRS M O RAHY B e

piana 6Pthie @nﬁhmd Suefade §9't. In loleis e RApIB) te@tmemm tnBarishie grovxded in
ubchanber 110" via the aperture~148. anode 153 is

the fPFR ehitiEh andssegpprbmgtors. Ho8pand 16&pand ﬁmarpbmconé rails, 158b and

o RS AT R T FAGR rBlbioAbhc. as
illus@atbs i Biigtre mwmccshm&rbemyo g siZed w&ﬂcemhﬁﬂazetrﬁwemé}ﬁ of the
described in WD A-96/26531. In this exanpl e, .

céthq’dq Us bettlagrally apd @@ngetsldmlln mectpthat 2 Wé)sf@allﬂqm@omon of the

)R s o T ik S0 A Bl o S R

15

20

25

30

surface 89", it may also be square, rounded, or .
- circular. Slnllarly to the previous enbodlnent t he
The agiheiges difficujigo gpafenl de s exarhple dug tostire lovoermposting pEBsure.

. | 122 h
 Ado A o RO 1155
. mearf3Qiid SrovRibd f6r preveviag AR ate for@Mg diRcARbOREEn fik catho%@ 71" and

~ The magnet 80" is fixed within the subchanber 11
anodg 183 & e&erjnae%mtlnn metad algmﬁﬁz flxet bet@en thefsathode 71 " and the

| 23 OII ‘ . .
anodk (¥ WROBErk s 306 57 ok O BRER G, B o B proximity of
the c&@bdel7 Ciand dhéde 153, tA heR! @bt é?x%"wtnb Qbrddded inlthe sRALR ;ﬁﬁﬂm

~north polar portions are fixed to an iron support

correppapdingig atie mltgq@afeféhcsnegnct 80heo etlawithriamatto formodn tl'he:mlssmn

: :surfagea@]'e

Also provided is a secondary magnetic field means in the form of a magnetic coil 163.
| This is.arranged to provide a second magnetic field over the cathode, such that the‘Secon'd

) ~ magnetic field flows in an opposite direction (a reversing ﬁeid) to the tunnel ﬁcld The '

secondary magnetic field is posmoned such that a null point is formed _]ust above the ‘

cathode elmssmn surface 89" and over the cathode 71 " where the arc is formed

Smce in use the emission from the cathode is provided in a generally upward derCthIl a

collection means in the form of an annular bowl 164 is provided above the thin. metal sheet - _ SR

162 to collect macroparticles which are released from the cathode 71", but fall back to

towards it. In alternative embodiments where the emission is generally horizontal, the .

-22 -




-21 80" provides a tunnel-like magnetic field - -about

the north polar portion 132", as described above in
“relation to the previous exanples. The south pol ar

portion 130" has a di aneter of about 70-80 nm

bowB o0 " i, PO s BroBod S0 BT, TR Py

therdth@ugh Ba Stikér 148t |v@h;@lﬁ opaﬁtegmgmﬁov&@mahﬁbrt he emi ssion .
surface 89" in this exanple is smaller in conparison

to_exanples 1 and 2. Movabl e neans are prOV|ded to

B b i i e

10

15

not aﬁamee inth ¥R dKRMBE! &c@eﬁ@&aa{b%r Hésoae 480, dued i a?&e il

of first and second notors, 158a an 160a, and firs
Thls&lxdmhns tietrafadelconfidi8d fca'ri:dmlﬁrahﬁélly mdh laWEBmpmungqaressures :
di nents, the novabl e neans nay be pneumatic or

comava&%ﬁh%’rewseﬁmalﬁrat ed in Figure 16, the

subchanber. 110" is sized to accommpdat e novenent of
t he cathode 71" both laterally and |ongitudinally such

In an hlehative emibsdiarint of thiy qampld, dre @thddads fical dhddae Ahgaans
be noved over the magnetic field tunnel formed by the

2.0 -movﬁ‘@lﬁr#’éﬁ Pb’e}e pargHeltp élfatﬁ%et Blapgr B thisremhodiment ghe giagpef|is mevable
ol o ARl o RS 8 (RRFEL L BLARS B fion o the

L emissivatsugfthdd. ng the arc. For exanpl e, means are provided

for preventlng an.arc forn1ng directly between the
cat hode 71" and anode 153 in the formof a thin netal

nalf 5ol RS R A P A 02 o

redudé Siredsith the rdsiRinglcOsten g rBikLifE i/protideé@by Bepls ﬁghﬁ@&drﬂc potentlal |
and anode 153. A hole (not shown) i-s provided in th _

or velipgesto the bt Wcmreae ahighepapilicd gyo{taget Hay b@§¢splied o ﬁfrthcr

| : 'reduaggoaﬁg Q&éss,rq(%obleﬁ‘]g §gn %urtitllge B_tﬁ &’hgr tgge 1s %ﬁgﬁaﬁeh as

em ssidn su

affedringReEbdtatd prepaitieRe 88 anndalihh 6f fh@rsﬁbsﬂlfateamﬁﬁ%lﬁ& | dldDtte presence
163. 25 This is. arranged to provide a second rragnetl c

| ofamgblelmwe}blﬁw tbat:hmt@r S2edy affest thelaes byerupag ibgplesia o

brea% dgwg) fI‘bgre OHe t? ﬁ@? Q? 5' S a L eCEuSrge(%sl d%ﬁ:?&ﬁgy 1g1prove the

: eoatfng Prébetties POgiliddORBE S We ﬁ)utseabiaa isupplie® & the shﬁsufaw i 71

just above the cathode em ssion surface 89" and over.
potentiad of thetpolped bips isn2etoe3 ke though mayfhenipad -5100. Shebias pise lasts

510 Y P TSR DR L R B N B e e o .

to ldl&fzm@fm;%&daﬁfﬂykﬁdwﬂﬁ%lné%tdnﬁal@ bPYbSIR dﬁ(ﬁﬁp\é%ﬁm -2 to -3kV

hi n- metal - sheet

Aprewdes significant 1rnpr0vements to the properties of the coating.

" In relation to EXamples 2 and 3 the lateral or lateral and longitudinal movement of the
- cathode has been descnbed as movmg by way of pneumatlc means. As will be apparent,
‘ o Athe movement may be prov;ded by other means, such as hydrauhc movement means;
30 | |

- In all the embodlments descnbed DC is supphed between the cathode and anode, however

as will be apparent to the skliled addressee, each embod1ment can be adapted to accept an

S AC. source.. Also, as WIH be_ _a_pparent to the addressee, whe_r_e the magnets for each

-23-




162 to collect. macroparticles which are released from
the cathode 71 ", but fall back to towards it. In
-al-ternative enbodi nents where the em ssionis :
general ly horlzontal the -22 bow is not reqU|red A
‘ annel L QVi i n bomﬂ 164 t
exari B et PP A bR pot ey o dpundadby fptn potar
portioms, r1§bﬁé‘mhﬂi‘veaeﬂﬂ5&\ﬁﬁed@rﬂ?§ elaﬂ_llir%fliﬁ@p&{loﬁﬂnﬁy 6 ARBIsEd.! f such
simlar to. the previously deScribed exanples
alterhafieeanbodimeyits, spwth pobar poritons duecisinded by héreh pdilamﬂmmons
: once t he chanber has been evacuated to about 11t Torr.
- This exanple is therefore configured for conparatively ST
: F ' - |
B e O T
undarttosd thaatip lvéords which abveobtenivsed ancacbrandf ddzeripi@nathet than
e in a plane paraIIeI to the target plane. In
lmflaHP% a%ﬁ’g\é Iizags, M Megfietthe NvgaiemWEhoytaleparting fromnis scope

. t ovide a magnetic .field over a: R §
. asdétﬂ% gn“ﬁ;ﬁkﬁ&edc?m% - :

portion of the emssion surface. In al
t he exanples of the invention so far described the .
substrate is preferably biased to 15 reduce stress in .’
the resulting coating. Biasing is provided by applying
- an electric potential, or voltage, to the substrate.
Wher eas a hi gher applied vol tage may be desired to
further reduce coating.stress, problens can occur.if
- the applied voltage is too hlgh such as- affectlng
"substrate properties; eg annealing of the substrate-
may occur. Al so, the presence of a high electri.cal
~bias.. in the chanber 52 may affect the arc by- cau3|ng
the plasma to -20 breakdown. Therefore, to be able to
apply a higher current to the substrate to inprove t he
coating properties, a pulsed voltage, or pul sed bi as
is applied to the substrate. The potential of the-
“pul sed bias is -2 to -3 kV, though may be up to -5kV.
The bi.as pulse lasts 5. to 10s, but nmay last up to
- - 120s. The pul se frequency:is 1 to .3 kHz, though may -
be up. to 10kHz. Conpared w th knomn b|a3|ng -
potentials of about -600V, a bias of -2 to -AV 25 30
provi des significant inprovenents to the properties of
the coating. - - o :

_24_
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In relation to Exanples 2 and 3, the lateral or _
| ateral and.|ongitudinal novenent of the cathode has.
" been described as noving by way of pneumatic means. As
will be apparent, the novenent nmay be provided by
r means, such as hydraulic novenent neans: In all

_ .CL mbodi ments described, DC is supplied between the

cat hode and anode, however as will be apparent to the
- skilled addressee, each enbodi nent can be- adapted to

1 acdephysimal Vamus@pnsiaon Mpmeatuneomptisingte apparent to the

addr essee, g;e the magnets for each . -23 exanpl e have

b GESRFISEEPIE 1 SR ALICeHAR HIth B Htcris ol ab ALaaablgedamber, <
and 9%%%&‘{02 eROKRAL BRIt ABion '“chaalntél ﬁ&il Sw@f‘%gﬁjée'lﬁf‘@%w’glng an

rity of the portions. nay vers
arcralamemmsmneurﬁm‘eoﬂtm:nget, asdut h pol ar portions are -
bounded by north polar portigns. Wile the present

i nyeRns B PRYiBS & magaetic field adsapent the tarast fr capgrolling the arc,
i g
AR TE i Sl DAER! RO AT e B e

on mmsszbnsaxfaenmapaaeteﬁlma&d alWanges nay be rrade to the
i nvention wthout depart| ng fromits scope as defined

by the appended clains.. -24 CLAIM5 | A physi cal vapour

2 OSBRSS RN

cemﬁdnaﬂibahd tiRnflagheapfield nichs B £mbgnet sbtaQBRTWMiE &e Bote ¥bJul the: | :

an €l ectri-cal- power source for providing an arc -on an

axisesweh 44 theqang fsqeevable abpet the epissiongyafaneraspiedetermined manner.

"providing a magnetic.field adjacent -the target for
--controlllng the arc, - wherein the magnetic field

3 masppaampaahhﬁrzehaeimﬁag&t th@ptisdsget to nove the

arc on the em ssion surface in a predeterm ned
. maARBPROIt;10 2 The apparatus of claim| wherein the

| ;3 Ir %l%%sﬁ &\%? %ﬂgﬁ%g %o&hl?v | 15.191&%81 (F)l%‘:(ﬂ]s % Igrrf;g)n ﬁtagﬁesputﬂ po?ar portlons

- havrﬁ%pﬁhﬂéﬂrﬁarh\fpbﬁloﬂs §aBe Dy RdiNaRNY frbhea chtaPmashi ixik Nl which

e arc is novabl e about the em ssion surface in a

are jpined g eachiothstlatral fmastrone 1§ tl&lmpwppaa@ae@t ofdsghed m 2

| Whgt lgzlisrt] ohe: glgr?gtaté: 50 po%ar member on the support, the north polar portion

:- - belng paralIeI to the main portlons and spaced apart therefrom.

4  The apparatas__of elajm 3 wherein the at least two elongate south polar mermbers are. .

joined to each other at at least orre of their respective adjacent ends by a south polar end

"5 The apparatus of claim 4 wherem the at least two elongate south polar members are

30

' _]omed to each other at at least one of theu' respect;we adj acent ends by. respectlve south

- polar end portl_ons radral_ly mw_ardly dlreeted- _such that .they are joined at the axis.

" y 6' . '_: The apparatus of any of clarms 3 or 5 cornprrsmg three said south polar portions
- and three said north polar portrons wherem the respectwe mam portions of the three south

‘ polar poruons are equ1d1stant to each other about the axis and wherem the respecuve end
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a support;. at least two elongate south polar nenbers

on the support, the south polar portions having

parallel” main portions spaced equidistantly froma -
central magnet axis, and which are joined to -each

| POF@%{%‘E R AR P AN S S
) conﬁﬁurteﬁ §uc§i’tﬁﬁ’t%§ pectiviesalidrth R orﬁ&fstdl@@ate with 1 despective south

bei ng- paral | P%o the main portions and space

| polarmeaie podions aboﬁndleapmeamus of claim3 wherein the at

| east two el ongate south polar nenbers are | oined to'
each other at at |east one of their respective

appar wherei n t

in tied loorg sich thatuhehmpg:heamluwmmmoatcethejmgmli o each ot her
at at l'east one of their respective adjacent ends by -
‘Tespective south polar end portions radial 'y |nmardly

di-reat ¢ he a .. 6.The
8 opparaphuei Caby Geiifh B h Bl s Baftichpnt o048
uprighi sbsivatih a cﬁﬁlla’:lﬂodaﬂbﬁ in@R&n the 2ASmbdH ee- sai d north

polar portions, wherein the respective main portions

of the three south polar portions - are equidistant to

end egbpRrR S iy 1T RS g SRR PristEnd B Rl e from

7. adj A g{p al% of P%{‘y gfﬁﬁﬁfslﬁ 8% Fher ﬁd(h%aagnet‘l?{hatgbl; Bgsmonable

0. 1r@tto bien I@@HLindaKigss dltlﬁaefrﬁ,qaah ORI b 0.9@NF i gured such -

‘that respective said north polar portions alternate -
W th respectlve south polar main portl ons about 't he

et a 7- Th ratus. of ;any of clains 2 to
o VHERPHTh 7 TR ool R ettt § BB {onabie in the
bore such that the magnet axis |s cormon to the target
axi.s. 8 The apparat us of any of clains 2 to 7 wherein =
11 t hd hteapg@tltus of glaisn 19 oprmptiging meansfor miwthe pﬁrgcitlalvmlllynmth-~
on wi:thin the chanber.- 10 9 The

.ff’*spgﬁgg gg%ﬁcgﬁ Bf2% ains 2 to 8 wher ei n the target-' '

and the magnet are from

12~ The apparatus of claim l{) or 11 wherein the emission surface is rounded.

13 The apparatus of ¢laim 10 or 11 wherein the emis'sion_ surface is 'rectapgula_r.

14 The apparatus of claim 10 to 13 wherein the magnetic field means is a magnet

- comprising a looped south polar portion on a plane parallel to a target plane and a north

polar portlon on the plane the north polar pornon bounded by and not in contact w1th the

south polar pomon

15 The apparatus of claim 14 wherein the south polar portlon is an oval-shaped

-+ elongate loop and the north polar pOI’tiOIl is an elongate bar.
30

16  The apparatus of claim 14 or 15 wherein an elongaie length of the south polar

por’uon is at least 80% of a longitudinal length of the target. -

-6 -




C10

15

0.Imto 2min length and target dianmeter is from0.04m
to 0.2m 10 The apparatus of claim 1l wherein the
"target is planar. 15 11 The apparatus of claim 10
conprising neans for noving the target laterally wth.

ect to th t|cf|eI
17 o oieanparagts 4 pBY th e 18 RAlRBR e g0 Bl nstion hias an
eiolsgtté Rf&hio? HORLNOSH 10 28 ahd a- willleraRRAIRE H50.8f. ¢l @i m 10
or 11 wherein the em ssion surface is rectangular. 14
The. appar at us of claim10 to 13 wherein the magnetic
sou

’ f d t | :
18 o Pl dipamrisiol any o Shasd o LRl g el o P to 2m in
15;1%}}%@0&9{{0?1)%119%(@5 portion on the plane, the north

ol'ar "portion bounded by. and not in contact with the
south polar portion. 15 The apparatus of claim14-
wherein the south polar portion is an oval -shaped

19 of GHegsanpaEts o sk i A avhersin FresonRY PORSITORAN is@ Ciisular loop and the

orf RIS sl o TMARRGAL KOt B Beff shuppiaty
lessl thared IdngR6dind08pgei ofxhé egitt udi nal | ength of the
target. 17 The apparatus of any of clains 14 to 16

mhereln the south pol ar portlon has an - el ongate

o LTl DR WAl G5 o

' '. 'ran cemsmweunarget i's fromO 05mto 2min |length and

.Imto 0.5min width. 19 The apparatus of claim 14
mhereln the south pol ar portion is a circular | oop and
theT north pol.ar rtlo glrcu ar- i anet.e

Lt nePe PR Bt Py b iR 1 1§ elipihroars ?Pﬁrsssn% Hfareet on .

ata?getpmﬁépﬂﬂlla%tﬂe%&;ﬂﬁné he. target. 20 The apparatus

of claim19 wherein the south polar- portion has a
~dianeter in the range of 0.05m to 0.1m 21 The

o _22 ? gpﬂ‘r.%tpus Rpﬁgn]zé.gﬁgédh%l 10 thleA'mct)\(i')mgzg,L 1811e%1(1)s Ecorilftl]&tgg ?oqsi_rioiring

 the target laterally.

20

23 . The apparatus of claim 190r 20 ‘wherein the movmg means are conﬁgured for

L movmg the target Iaterally and longitudmally

30

24 The apparatus of any of elalms 10t0 23 wherem the target is suppoﬁed by a heat

S -extractable target support means.

| 2_5 © The apparatus of claim 24 wherem the target support means compnses a support

,,_:;. .

plate substantlally in contact with one surface of the target, the support plate cornpnsmg

' -channels therethrough for passage of coolant f1u1d for heat extraction. .

26 The apparatus of any precedmg cla1m compnsmg an ad;ustmg dewce for adjnstmg _ '

- _the posmon of the magnetm ﬁeld means w1th respect to the target -

- 27_’ : The _appa_tatus of any of c_laitrﬁ .' 10 to 2600mpnsmg avhou__sing hermeticaily '
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15 a target plane parallel to the magnet plane. 22 The
apparatus of claim 21 wherein the noving neans are
configured for noving the target laterally. 20 23 The
apparatus of claim 19 or 20 wherein the noving maans

R e TGy IS B v

maghidtit Giel3nedner ei n the target is . supported by a heat
extractabl e target support neans. 25 The apparatus of
cI aim 24 wherein the target support neans conprises a .
coné)liact ‘Wth

sur ocaé’p?# b gajt?ggg‘%i%nmtslt etoég T icfeee E%&F&%@wﬂc field |

'meéiﬁ%fé]ﬁisﬁlohﬁlﬁé Qlithi P8 RLA@pePassage of coolant” fluid for

heat extraction. -30 26 The apparatus of any preceding
cI ai mconpri SI ng an adj usting deV| ce for adjusting the

tion o na elcheI svvithrse _ :
P et e Dfaratus of Sny HEOSRE i heiE ity (et SRS fromany one
of czaosoaaaha H&oﬁuﬁlﬁ%ﬁbﬁ@ 4 acrﬁtg&)gratdt@aﬁame%ﬂo tRereof,
port on a wal the chanber, t ousi hg containing’
the target and the magnetic field neans. .28 The _ .
ap ratus of of ‘clains, 10 to, 26 wherein the target
gﬁt"ﬁé’ﬁ’m‘ﬁ%‘ﬁ st 7y W%ﬁdéﬁg @mﬁaahsreat e gEsIapriHaB pRparats is -
0
adaﬁéte (gumrb %er{kgllecré?t tgefsg et s seI e%?g Hﬁa r%%%%d%gglgg Ode.
vacoan beer(CVA )tdeposition it ﬁllt&rﬁdlftathd)dﬁﬁeicumﬁlabm(m‘tﬂm depaiiivn.
~and- a suitable alloy thereof. 10 30 The apparatus of
any precedi ng claimwherein the arc dep05| tion

31 ap%a“g?ﬁ ‘Hepogfgallﬁ I;é‘[lgl#g@géi@gg@? nbt'i‘t?{‘ ﬁrdgﬁeeﬁi? % one of a
Pemaﬁuummetaﬁd}bﬂéledﬁm@nu on and filtered cathode R

vacuum arc (FCVA) deposition. 31 The apparatus. of any.
precedi ng cl ai mwherein the magnetic field means-is

32 2 el gl ARSI RS Lo RO AR i'oﬁéi _[2??8?“ an

evaa leaacabtableaihambar ama nd

an arc deposition apparatus accordmg to any of the precedmg clalms in

- communication with an 1nter10r of the chamber and

an eleetrlcal power source in electrlcal communication w1th the target as a cathode

: and a sidewall of the chamber as an anode. .

33 . The system of claim 32 wherein the chamber comprises a lid having a lid port

thierein, and wherejn the arc deposition apparatus is configured aCcording to any'orie of

claims 1 fo 8, the apparatus dependmg at least in part through the lid port, such that at least '

a substantlal portton of the target and magnet are locatable w1thin the chamber

. 34 The system of claim 33 where_tn the lid is round and the lid pbrt is centrally located

on the lid.

35  The system of claim 33 or 34 wherein at Jeast one substrate to be coated by the arc

deposmon apparatus is positionable within the chamber between the target and a s;dewall .

.08




an arc deposition apparatus according to any of the

preceding claims in 20 conmmunication with an interior

of the chanber; and an el ectrical power. source in

el ectrical comunication with the target as a cat hode
a. sidewal | of the chanber as an anode. 33 The

| _,Ofth§ gf“é‘Pﬁ Tof claim 32 wherein the chanmber conprises a lid

15
- appasgspewhereis the firagarcelepasitivsl @patmm iadasd gt ofchudstancet 0
: tive ope of t.he.ports. 15 -3 st em of
Seie%tfﬁf %‘33 EEHD PF Ahp- Lfanjus %a F‘H“%‘E{%r?&%% o an

having a lid port 25 therein, and wherein the are
deposition apparatus is configured according to any.

”/36 on@hebystdrabfielaiin BHfithet duenmixiey atlerst deperdadigy atodeéadic

in part thrqugh the |id port; such that at least a
Charsltﬂssfiam gl aamf?g cempRnisptiehwith sherlecteienl Pewghaureg, docated such

- hat LA Wb e RATRE S ki TRERABLGIRRS bl ™

centrally located 30 on the lLid. .35 The system of
cllaim 33 or 34 wherein at | east one substrate to be

37 ¢ odbe aysteay of ﬁema?%waepolsttw chambgysamprises 4 sidewall and a port on

the FERS1a, ARARE eblifor App A TR R n RSP SR IS, | S0AS PR

- 'whe&ts fhd hbhighg ﬁQBEﬁsablyﬂﬂnﬁéndaH?%&a&xﬁSleigm y anode in
10

the ~ chanber and in electrical communication with the
eI ectrical power source, |located such that the

S e T N

.fthe s?aaab,empa dpsasqeoﬁha sabdugeakifa ﬁgfatusod'émé ﬂ&réasably

dewal I', the ‘arc deposition apparatus IS

i"hemmblnﬂl)gamebhbétmrusmgm@mlcuﬁﬁnm and wherein the

housing is releasably hernetically attachable to the |
‘port. 38 The system of claim 37 wherein the chanber
39 CONRE k&fisn 8f (Bhl&ﬁ G ééﬁ;fpr%fm% at%dsPﬁ Fisscand a%&%nd%ﬁ(ﬁltﬁmieposmon -

conprises a pluralit “appar at us, each

alloyathéregﬁ BASiHe s@ébnda.aﬁp@ép@&lﬁﬁn \ﬁﬁ%{rﬁhg‘ hashz? sefcbﬁcf fargd: %g a substance

depositi on apparatus-‘has.a st target of a substance-
Selecse;l feomdele grouprof ¢aebar, utqnnmﬁ ahavibivm), nidkeh mlunmmlmlarooppammr an

e, e O BP B s s Bt e of e

o ﬁrsttﬁg&et of a substance selected fromthe group of .

30

.carbon, titanium chrom um ni ckel aI um ni um copper,
or an : :

40  -The system of any of clalms 37t 39 wherein a substrate for coatmg by the arc

) _deposmon apparatus is posmonable within the chamber. -
25 ' '

' | 41 ~ The system of clalm 35, 36 or 40 eomprtsmg at least one substrate support for

a -

' 'supportmg the substrate w1th1n the cha.mber

©.42  The system of clann 41 whereln the at least one substrate support is movable for -

movmg the substrate within the chamber

' 43 L The system of cialm 41 wherem the at Ieast one substrate support is rotatable for

S rotatmg the substrate w1thm the chamber :_' R
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20 all oy thereof, wherein the substance of the second
target- is different to the substance of the
-first-target. 40 The system of any of clainms 37 to 39
wherein a substrate for coating .by the are
deposition apparatus is p03|t|onable within the
chanber. .25 41' The system of claim 35, 36 or 40

44 CO Wﬁﬁﬁicﬂgva?burl &@§§1t1&{‘§1e§léﬁ%”¥)f @ﬁaﬁng H@Qﬁ’é’ fatd tfH’n}Lpznsnilg the. steps

supporting the substrate within th

of: system of claim4l wherein the at Ieast one substrate. -

30 novi ng'.the substratewithin

par. t .i's novabl r :
¢ nEOTHapiRER targed and tﬁ@)sgﬁtetteﬁt(epateti # FRMTURIGRL) Withja interior

fmﬁé lL.east geybstrate support i's rotatable for
° ro‘taatt%?ngetﬁ substrate within the chanber. -29 44 of: .

A phraesitie thy elonbier dfmpﬁ:ﬂémﬂﬁmeepfesdxréor coating a
substrate corrprl sing the steps positioning a target
- anBroYiding aq slggtEical GoBer sieda hhieasiRPIogHed BrATRoRIanzmission -

surfdcﬁ 't)?rgﬂe%lgeto heaa[l]c g% g gatlhg ?Jd'g%t?ag gﬁ%%émsxgl} gl{ﬁl alt %Sg aL he _

el prividisgh nﬁgmic fﬁslmm;@cehotttehaotﬂbg ednttaliRy B WEEoithe
are on. -an emssion surface of the target, the are

emissionisRiRg: 8k target at the enmission surface; prow di ng.

a t e tar et for. contro '

£ nIRYE hempb il BLBEERE 10 I8 pREAE o e B Iy ﬁtgssm
surfdegagnspteaett;mhgdﬁﬁhﬁrl ve. to the target to nove the.. are

on.the em ssion surface in a predeterm ned manner. 45 -

The net hod of cl.aim 44 wherein the target is t ubul ar
hayi deflnl 5 centr.al X|sa “the. ..
o5 20RO B B B o D
centrabiaé ﬂﬂehhigﬁetltfﬁel@ A odded by E'Bﬁagﬁéﬂ Which k’scﬂottlt&ﬂvztﬂhethe

. arc noves about-the tubular target in a predetermned-
bore about the axis, such that the arc moves about the tubular target in a predeternuned

N
i

- manner

46 The method of claim 45 wherein the magnet is continually rotated m one rotation -

direction for a ptedetemlined number of rotations, such that target is emitted from the

_ emission surface about 360° of the target.

47  The method of claim 45 or 46 wherein the magnet COMPIises;

" oa support 7
at Teast iwo elongate south polar members on the support the south polar porttons
having parallel main porttons spaced equ1dlstantly from a central magnet axis, and whlch '
are Jomed to each' other at at least one of thelr respective ad_}acent ends; and '

at least one elongate north polar member on the support, the north polar portlon .

- 3 betng parallel to the main portlons and spaced apalt therefrom
30

~ wherein the magnetlc field is toroidal and about the north polar pbrtion.

- 48 The method of claim 47 wherem the at Jeast two elongate south polar rnembers are

- Jomed to each other at at least one of their respective adjacent ends by a south pola: end

-30-




manner. - 46 The nethod of cl aim45 wherein the magnet
is continually rotated in one rotation 20 direction
‘for a predeterm ned nunber of rotations, such that
target is emtted fromthe ~em ssion surface about 360
Caof the target. 47 .The nethod of claim45 or 46 |
Riherei n the nagnet conprises: a support; 25 at | east
two el ongate south polar nembers on the support, the
south pol ar portions having parallel main portions

.~ 49spatbd methodaif staandl ywlferemmta at bmabriado elagartsoac ®laranéibers are

ach other at at | east one of

e 0| ned to
Jmt%p@aéats 2 i gass Gpeelcieir spnpectiva idagent FBAS Y theective south

10

15

| mof@ﬁdh@ df Bk nddie@f fidd ﬁhd‘ﬁw‘]ﬁoxﬁ@ioﬁ Qf tﬁ@!‘?’.‘l’é’cﬁﬁ&l E Qc%tls

20

P OGO B FHILRL S TR0 o DR BELT

-spaced apart therefrom 30 wherein the magnetic field.
is toroi dal. and about the north poI ar_portion. 48 The

': ‘30 et FBemsthod oh any ofclaime 4dite 40 sematising yee aidsaitb pglar portions

d h h :
T I N TRRR O T R —

polpopdtiossde equilisafo edéh diie dhouidd aﬁfs afill AT ﬂi@’r@s’p?:btnve end
the at |east two el ongate south pol ar nenbers are

| .POI}lailSn‘éfdht ﬁpvé!aeﬂabrqre@nsaée atgnq@ashe % (osf magrmrt] being conﬁgured
such B BEbbat e B3GR o ¥ P pORRF ik Teftetire s 5o Pilfgein

porﬁbﬁs a];@umenagnétmlsam s. 50. The nethod of any of -
clainms 47 to “49 conprising three said south polar

portions ~ and three said north polar  -portions, wherein

| DepERRRGY o BT PuBEA T30 o B i e B 0. |

to Z0th WAGH QLD AR AIRRRIS frvf @O 190RAL L ons of the

south polar portions are joined at the axis, the
magnet bei ng configured such t hat respectlve said

52 por it AR bl REEAER SPbBlit e 530 Jaﬁﬁne%?%%? the

~and nmagnet. are from0.1m.15 to 2min | engt arget

. stoppedithe pressuse. fwtbnchﬁIMnralsedaomO@eﬁmpremhauid offie @iyl position
: oftlt?% cl ai, ns ustedwiﬁml V\hereltrﬁez{\fter a. predeterm.ned tine,

%ragnet 1S ac respect to arget, pro to repeatlng the Steps

_ 53 - The method of any of clalms 45to 52 wherem the target and the magnet are

, posmoned w1th1n the chamber

521 The method of claim 53 wherein the target and the magnet are posmoned centrally

w1th1n the chamber and the substrate 1s posmoned between the target and a s1dewall of the

- chamber the sidewall bemg the anode of the electrical power source.

55 The method of claun 54 further compns;ng provrdmg at least one secondary anode

30

in the chamber and in eIectncal cornmumcat:lon w1th the electrlcal power source located

~ such that the substrate is posmonable between the s:dewall and the secondary anode -

- 56 o The_ method.of claim 44 wherein the target_is' planar e

L : .




10

nmovenment of the magnetic field and the provision of
the el ectrical power source is stopped, the pressure.
in the chanber raised to atnospheric pressure, and the

~axial position 20 of the magnet is adjusted with

respect to the target, prior to repeating the steps.

53 The nethod of any of clains 45 to 52 wherein the ‘
St ar gBie mefliod hEclinyhe whereen thp osignetnBeldwidani & ik hfixed position
a%r}ﬂggfr . 25, 4 The net_h?_d of claimb53.wherein the

Al geteARdPeYed IpliE ool syith tarsst tocthe magngtic Geldhieans. -
‘the chanmber and the substrate is positioned between

‘the target and a sidewall of the chanber, the sidewall
S%ei rbctmehehotidaiof 56 bes Bivhertin henapRIRY fid@W 58vid2d by Aonagnet

met hod qf cl.aim54 -further conprising providing at ,
CoTRs {ng&ﬂgogcgég%m FABHE ongoplane substaptiallsbparalivido awarget plane,

R e U T Vi

copwsi vitothelsbathtpelangenidnt e Thalowat helarb@'.rg}ﬁ- GANGA"Y
a 'odf. 56! The nmet hod of claaé?lm 4% V\,he-lr, [ notﬁﬁe ?‘-‘gl_rﬂgé?m_the

DOFiY PRIARGTUONS7 . The method of clai m 56 wherein the
magnetic field means is in a fixed position and the.
target is noved |laterally on its plane with respect to " . o

59t he Thmgesliddooficl it SRS (BSsoURe &Sﬁé@g R84, '
57 wherein the magnetic field isppro [ 8@‘%@@%@%@?61@3&6

- loqpandithenerth polarqwiéen isentetongeledar.por ti on on a plane . -

20

substantially parallel to atarget plane, and a north
pol ar partion on the plane, the north polar portion N

60boufftiech t58 d i ke 413 i
bouftie thethodaTdlanatss dr39 wiRptiAgh elin Qfg‘%}%ﬂg%g ﬁﬁl?t&al@rglﬁr pornop

the magnetic field being

. portion agn _
18 ‘{%E%wW?ﬁ?blﬂlgﬁudlp'@lrlcmgihpf_thelagw The nethod of claim .

. 58 wherein the south polar portion is an oval - shaped
el ongate |oop and the north polar portion is an

61 el opatretioarf claif 88 WiRrdlR A e&@;ﬁoﬁﬁis%&%m Joop and the

_wherein-an elongate |ength of t pol-ar por
norispolar partipieissircwlandlet diameten gf tha dowthlpolze poittonteifidubstantially

20, 61 The.nmet hod of claim58 wherein the
"Iesgsglél?ﬁﬁ%ngﬁg?l% olF'i'gﬂiﬁﬂ?FhS Qe r cul ar 10op and the north

pol ar portion. is circular, the diameter of the south
pol ar portion being substantially ‘ B

- 62 The method of any of claims 56 to 61 whereir after a pfedetemﬁhed time, prior to

- rf:peating the sieps of the method, the movement of the target and 'thc provision of the -

electrical power source is stopped, the pressure in the chamber raised to atmoéphéric ,

o pressure, éndr the position of the magnet is adjusted with respect to the targét andonthe
25 | .

rgagnat_pj,mé in a direction normal to the lateral movement of the tafget. o

63 ‘Thc methqc_i of any of claims 56 to 62 comprising a housing hennetica]ly 'attééh#ﬁle
a t o a port on a wall of the chamber, the hoﬁsing containing the térgei and the magiﬁétic field .
©Ur means. |
| | 64 - The method of any of claims 56 to 63 comprising providing a secondary m'égn'etic
" field about a pbﬁiqn of the chamber, the secondary fnagnetic ‘ﬁeld'ha\.ring a reversed

polarity to th.cf,-magnet such that the secondary magnetic field is _adj‘acent and substantiaily '

-32-
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65 ,Z\“Elﬂwe@@ fofer

| ess than a longitudinal length of the target. 62 The .

| .nmethod of any of clainms 56 to 61 wherein after -a

predeterm ned tine, prior to repeating the steps of
t he nmet hod, the novenment of the target and the
parRIQ Yo fle¥Mifiod fiRfac€! €Ctrical power source is stopped,
“ “the pressure in the chanber raised to atnospheric
pressure, and the position of the magnet is adjusted
i respect .to t-ef,tar et .and on the -magnet plane in
c Ql@sﬁ%éo ﬁ% ggin the\pegpstarmggedigssure is about
1t 96t . neans. 63 The nethod of any of clains 56 to 62 _
-~ conprising a housing hernetically attachable to a
port on a wall of the chanber, the housing containing

© the target and the magnetic field polarity to the
66 raghiea mEWen of pry ok ghams dd o 63 wWherpimpliarithe fteRplevaguating the

RS oI DR o LN PR R Gt

20mEMer sed 64 The nethod of any of clains 56 to 63
conpri sing providing a secondarynmagnetic -32 parall el
to the em ssion surface. 65 The nethod of any of

o APy M g B BB e

'preﬁﬁfe/m%@.htmlﬁf&gr the step of evacuating the chanber,

‘a-gas is introduced to increase the chamber pressure
in the range of 1mflorr to " 20nTorr. 10 67 The net hod

68 o ambad of BREHE pEoTuiRis e sfi e SEhivRen ol weer.

of ¢laim66 or 67 wherein. the gas i's one of nitrogen

"',"'and oxygen. 15 69 The nethod of any of claims 44 to 68
69 adalheatiethod ofiany dficlabme 4éto 6% adaptasicios Beesinwire obGegrocesses of

DCCRERH A SRR R b B VA R b ma merd

cathodEVAuuHL AL SFE VAN degQitiae met hod of any of clains 44
to 69 wherein the target is selected fromany one 20
.of carbon, titanium chromum nickel, alumnium and

70 Sﬁgﬁ%{tﬁetg%%ggfslgﬁfc agrgf %&?\@/ ngglif‘r(:l Ieirt%gedft‘}s ‘s:e?ec:?tgd from any one

of carbon, titanium, chromium, nickel, aluminium, and copper.

71 The method of any of claims 44 to 70 wherein the electrical power source is

'provided by a direct qunf:nt, dcﬁiCé_ai;d provides a current in the range of 60 to 300A.
: 72 . The method of claim 71 wherein the current is about 150A. -

73 The method of any of clairns 44 to 70 wherein the éléctrical poWer_ source is - . s

~ provided by an alternating current device. -

74 The method-of ahy (5_f claims 44 to 73 wherein the Iﬁagﬁét has a ﬁel_d' streng.th'b_f_‘: '_.::;.: " o
about 1000G. o B L N YO N

75 A magnet for use with an arc deposition apparatus, the magnet comprising:
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provided by a direct current device. and provides a
current in the. range of 60 to 300A. 25. . 72 . The
nmet hod of claim 71 wherein the current is about 150A.
73 The nethod of any of clains 44 to 70 wherein the
eleﬁﬁ | cal power source is provided by an alternating
current device. 30 74 The nmethod of any of claims 44 =
t.0' af Baheb@idhghtd Sowth goRE nitasoess dr @k @u;s[sdhe it oudf pokl Qéktions
1000G._ 75 A nmagnet for use with an arc dep05|t|on

haves marﬁélpkrgamﬁaﬁélqmgm@d e@Hpisiasiln frompa sm@q@bmagn@emsemi which

nmenber t he

- spa@edsteﬂu A RbAY plaP b U lsulS) e miH ola%mon'
are jorned to each other at at | east one of

bemgh.erallelr eshenrinmricsaed spaceddpart thetsfatm| east one
- el ongate north polar nenber on the support, the north
polar portion being parallel to the main portions and -
sp ref. T ol ajpm ' '
76 SDAGR AR Jr BB WIRRin B of thsmameﬁﬁérs Yhe JBLRAT Lot other

wherei n"the south pola -are Jol-ne

- at atdedse pne ofdaheiatespertist adjaeenoéndstsi a sdudspﬁaﬁ éndecapdj acent

10

15

20

) which s radigliygn ardbedites

: ends by a south polar end cap. 77 The magnet of claim
' 75 wherein the south polar nenbers are joined to each

_.77 ot Z@E nen@lof cBERE75Mfr c.?& ¢ i a[h ]g(ﬁg[plﬁg é’r@ a%%%%ﬁ ?t%]each other

by “respecti'vé sou i ons

at atrlaed;t and of thmmmsplécylvd adjacne dnt&lhyl‘retlieaﬁvé fanh paled en‘ﬁtpdrﬂ@hs

axi-s.. . 15 78 The magnet of any of clainms 75 to 77.
?eal syply that Hemeebetrthe #H&  and three
said north polar, portions, wherein the respective
~main portions of the three south polar portions are
78 eqUihdinsigactof tany ehdhinatT5en 7aomiprisiig thck SaidROuthip@lL ipdrtions
the respective end portions of the south. polar ' '
and Hues sathaordy ROl ftaageRnsa W hetri tha grrpectivgiradin pagions ghibe three south

S pola.pgi)ﬂi%ns %%Eﬁlgﬁzﬁ? oséﬁgﬁ' h@?g cLuFt‘ ﬁ%e:&"ﬁ i éﬁ‘ér%n'lﬁé %gpecnve end

ortrrons a erna respective sout

porttmls af thﬁamli’th polak poﬂ‘nﬁmﬁmljbm&ﬂl &t tﬁamhet&bzxis$ theffagheebeing -
magnet of any -of clains 75 to 78 for use with the _
Con%eﬁf'air Bich hap Fespeciivensaid gerth pole poskiong plbernafe wgth respective south

nmpanyl n

_lpoiafﬁﬁﬂa;gé}{lobx?sub}éuﬁﬁeHﬁgﬁét%xgescr| beel w th refere.n'ce to

- 719 The magnet.of any of claims 75 to 78 for use with the apparatus of claim lor2. .~

‘ 80_ - An apparatus substantially as herein described with reference to the accompanymg

dfawmgs

81 A system substantlaﬂy as herein described w1th reference to the accompanymg

. -drawmgs

82 . A method substantially as herein describeci with reference to the accompaﬁ_’yiﬁg

oo drawings.

83 ' A magnet substantially as herein described with reference to Figures 1A to 4 of the -

S34-




25 drawi ngs: 81 A system substantially as herein.
“described with reference to the acconpanyi ng draw ngs.
82 A method substantially as herein described with
reference to the acconpanyi ng drawi ngs. A nagnet
subst, ant| ally as herein described with reference to
aCCOWW% drpwizgs- 4 of the’ accorrpany| ng draw ngs. -34
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