15 tne target dilisplaces partilicies OI tThe suril
1 MAGNETRON SPUTTER | ON PLATI NG Thtasrgewentheser paxttdclies cpe pdepdsivedt ba the
Physi cal Vapour Deposition techpi r puyt.t i .
plating, that is to say for depo%?f?%%){%agggggﬁsgﬁﬁ§gfgﬁ?’c!%ngﬁgfn ?’(i)lr?'l é:oat;
formonto a receiving substrate by electrical discharge, for exanple to

formcoatings. 10 Sputtering iﬁgatglrgl | xRN £ HHOCESIFe i{nng\ghgt_gty of

a cathode of a glow discharge is nade t get of 1ons produced in _the .
gl ow discharge in a surroundRhg | dhigehargee AR bBre jigirensedcceignifdgantl

tomrgsd_t heI target b%/_ an el egt[Lc éé&%dm&&lfﬁtﬂ nie'tﬁﬁéﬁt tﬁféﬁ%@mma{& fauéé& the
arget displaces particles o e surface o arget: these particles |
are deposited on the surface of a %Jcﬂ’?"a’b??spFacgf sErg%?P%‘ﬁelPoafoF?ﬁ’c% where t

coating. It is known that the intefiéld 92 ldrogsedv B an daddédr magnetic fielc
be increased significantly by ¢the sq-called rpgnetrﬁn ef fect

[ ch.
caused the ionisation electrons to t PARR | RFa rBYPBRTIRE o ?g@@ienng, wi
electric field is crassed bysmn adiepbsitieni cratesd appivximastely tGeni stimes

of magnetron sputtering,  whi %n-ﬂi%ﬁ?ﬁégn 13 FTdd L a éaﬁﬁgoal%lolows sp!

approximately ten tinmes those omn netron el ectrodes an
all ows sputtering to take place attakehplage ats michsslewer gamgpressyres. |

pl aced to produce |lines of force bdd AY OPToRUeeAPPYRekhEo B U@ Obassin
the target. 30 lon plating is a vvep??&tnown proi’?:"ess in_whjich a netal vap(E)’ur s

produced in a vacuum systemis depRROYedthetsurfagsspfathbe farget.
si mul taneously the substrategs bonbarded with ions. The ion bonbardnent
i mproves both 35 t he adhesi on and thfogt rptict ure of, the co

ating 1i1s a wea]:[]! nﬂ'nown process
metal vapour produced in a vacuum system i
onto a substrate whilst simultaneously the s
bombarded with ions. The ion bombardment im

35 the adhesion and the structure of the coating
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WO 91/ 14797 15 abnormal glow dischargepCT/ CEbe/ 0don7 zuryent t
nmetal vapour for ion plating Laifp PEQAdut&e, banasever dlot t SGEPISYEALE ¢
i ncluding sputtering. I%gssputgterl n'g i? used_as_ t he vapour sourocepzbdm

inion plating the techniquéense GP3EiRIS  Feqgpired, ip| smARY. apPpidcations,

magnetron sputtering is used @foddle VEREU' safiples | i@ Reddi NGt héa high ne
technique is called nagnetron sputter_ion plating. In ion plating the ions

whi ch bonbard the sanmple 10 p°'g?ﬁ‘i"*ﬁ‘11deposi tion can be produced by several

nmet hods. In the basic i2on plating nethod the ions are produced in an

abnormal gl ow di scharge wth the I [ as at hod S ;.1 S

an inefficient process and typ?@g% gglnggsattq%’éln iatgt %,% |§nﬁﬁﬁﬁ-‘r?§ iiglhi gg&etal
inan 15 abnormal gl ow dAaschexgaple, Ttke imPIGUrDﬁntionbsi_-nmeelectrons c
sanples is low, and is not sqgéﬂgggdtgypr LEe adg fgq%?,g;saatnda an ele

required in many applications, even Thou the sanples are
hi gh negative potential. 20 Wtiehniisat PesitivepWith  Tesact ntoethe filament,

ways. For exanpl e, the a3uppl \hi1éwNicathiod¥ C€ahO0ELHANbEC Ud¥d C86CHrYVvide a
means of a hot filament and an el ectrode which is positive with resect to

the filament, or a 25 hol | SHPRLY RF 2 L8GEEPRS- he used to provide a

copi ous supply of electrons. Rather t han use addi ti onal filaments

and el ectrodes to provide ionisatign enhanc nt, it is 30

use a vapour source that itself cdiPHeeFas Swé&ur cé}Qﬁ ioﬂ?géﬂ:ggﬁﬁg ﬁ%{“'lt‘?“nt’

filament el ectron beam gun evelectrodesa to provide ionisation enhancement,
30 convenient to use a vapour source that itself c
as a source of ionisation.

A hot filament electron beam gun evapora
resistance heated cruicible, and a simple diode :

35 electrode are commonly used deposition source:
create little extra ionisation. On the other



19 NMaglletloll willcil 1daos LAllcL alild outel eyl

resi stance heated cruicible, and aviigh etbeoddedgutstresgth ofl ethe oduter magr
are comonly wused deposition % &ggb cgpat %1e|llét§€t§§&{._ﬂ of the inr

i oni sati on. On the other hand,
PCT/ GB91/ 00417 3 hol | ow cat hode el &he ohextaa gfieldyibines steavinghshe outer 1

guns and arc sources all produce i ndgiSerémd)i SHddpimy Frdvelthd HaPnetdén di
ionisation w thout the need for additional i oni_sation enhancenent

devi ces, and 5 consequé® | y REPYRAYSERER EEPHYdcd fFME fsthe various e

coatings in ion plating systens. Magfhethen ciamber i Ng Theser elactrvts beatse ic

used in ion plating syst ens a t hey .do LNgreas {he

ionisation, but in the past t%}'&e ﬁégxnﬁgty %%e%i‘guf? %’f%ﬁc%:gl%fpé(?tsed St

the coating structure and to productheleisascost i fgrmed rarenatdracitedetd the

has been the unbal anced 15 MagNgioHN MQJFF? ehﬁi |n%q{da{}geom£t ates rece.
Fh kS St l’magne i 2 huen

magnets and in which the field streng
hi gher than the field strengt2s of tienicusremggnthan Tre aemituatian dwhere the

lines |eaving the outer magnets tr%@f&%iﬂg&descméf ongg@e,_ﬁ?gﬂgi{pnof io

di scharge and 20 prevent themfro tin he various eart
of the chanber. These el ectrons cikikl i BRi %ﬁ%nﬂi‘ﬁntﬁ‘é esirables fPHe the d

el ectrically biased substrate and tdendé@®nscseingspd @hPedbt ran&edoﬁeeghemagnet
substrate by the substrate bias, and the subsfirates receive a higher 25

ion current than in a situation wheé¥FeRE: r®HECRPe bal anced. However,
the intensity of ionisation 3gy still be less than is desirable for the

deposition of dense coatings, unless theI ute; %et eI ”@%Pat there are m:
creating ions for sputtering or ion plating.

The aim of the invention is to provide
35 magnetron sputter ion plating system, with
intensity of useful ionisation.
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exceptional |y strong. 30 |t £FOm HtRe system petyesp fthem,sp ,that,ithese elec
creating ions for sputteringrer mnat plldsthg.tolhetlve Mmefstét | andntape | avadlabl

nor eased i ntensi Ly of usel SPCESARE,: (4N © 1obBdk on TaE YR, fhberfigariy b

we provi de a magnetron sput subsityate.ati ng system conprising electric field
means for producing an electric field directed towards an electrically
bi ased, cathode, substrate to be coated so as to attract ions to the

substrate, and magnetic field nedis, Wikt hejrtppreciated it coagnesragsathavis

| east two magnetrons each hannes Qibié‘”@ﬁdpﬁheoﬂﬁzark% e%olé”ﬂr@'vﬁ]ﬂf known.
opposite polarity, the magnﬁtrons bej ng so rrgqrjggﬁgt hat™ the outer rin

pol e of one magnetron and t@R8% K9+ n§aBol glenMagnek, Qk: Herg‘;‘-“e or

magnetron are of opposite polfamagretsind Theé oatercmeing"t poixcican lvé S6rmed £
that magnetic field lines ex eng bet ween .t he outer rinP h

poles_of the
magnetrons |inking them so gang eprtﬁﬂ?@ﬂ‘tt hep‘éscgoﬁ)%.ﬂ ol TRPRERES | pRES sid
system bet ween them so that sidese eThet feingXr mewd hott beo cyld dxdcal aoxd circ

are available to increase_t I QI i t CLLI '
substrate. It will be appreglﬁgt ?}%teﬁa%#et@réﬁaé#nga%%xpgkgriggoﬁ%a%'nﬁ or 1
an outer ring pole are wel |_anyomuitAble fikguxel e can be a single nagnet,

or a line or group of magnets. The outer "ring" pole can be formed froma

single magnet or several separate rraglnets si de bz Co
The linking of the two magnetrons by magnetic

traps electrons in the system and increases the a
of ionisation which occurs. We can thus 'pr
practical magnetron sputter ion plating systems
give significantly increased ionisat_ion_ using e
balanced magnetrons or unbalanced magnetrons with
magnets of moderate field strength. |



_ _ The electric field may be provided
side. The "ring" need not be cy

dric rC|rcIa ut.coul d Qe of

square or rectangul ar shape, PHE@&& &U tﬁﬁ#é#’?‘b’u?@etﬁﬁnl |tﬁ'k? n&%atrate
the two nagnetrons by magneti c fhlagnalttpmseltﬂm reutsstratécbeingeataad neagative «
i ncreases the anount of i onisat PQE n‘e‘l gh ﬁ?é:uﬁé tivye o%%titﬂusof the subs
provide practical nagnetron sputter 1on pI ating g? t RSt

significantly increased ionisati¥ary¥sifigpmi 8959 bm ah@e@ummi@id}brhigher va
unbal anced magnetrons with outer _gggget.,s of noderate field strength. 5
Preferably the outer, ring, poles are angularly spaced relative to the
position of the substrate to be coated so that they subtend a substanti al

angl e at that substrate. The system mgcomi@rm;@;pl ng'alggyum‘y NeEoMpr e a

the adjacent outer poles, or end re ions are 03| te d
polarities. The magnetrons are 8P F8&r Qﬁlt?réma CHE ARR Rrqduced.
and the substrate may have a generally central position bet ween

t he magnetrons. . Preferably
equal I y-angul arl'y spaced in a pol ygonb%r fﬁ"ﬁgqg'e %3‘% r?e‘a‘;u Lan nuﬁlber of ma
electric field my be prowi ded ext endl ng substantially radially

between the substrate and the nagnetr g Jya%ﬂ)s,h& ' ubehes o f\gﬁ/\t%\r/g,%mpm

el ectrical potential. The negative otent| strate ma
zero up to substantially higher $aPR&ESLl $Ahe pmemsurerRf naRniPnsALipgl G8smpuch
conprise a target of source mat elhathgrg%\g@imc.h ions are produced.

According to a second aspect the
comprises a method of magnetron sputter ion
substrate to be coated comprising p_rov_iding
magnetron having an inner ring pole and an c
pole of opposite polarity, and a second
having an inner and outer ring pole of
polarity, with the outer ring pole of the firs



Preferably there are an even nunber of magnetrons. The system may further
conprise a punping port to control the pressure of an ionising gas, such as
argon, in the system According to a second aspect the invention
conprises a nethod of magnetron sputter ion plating a substrate to be
coated conprising providing a first magnetron having an inner ring pole and
an outer ring pole of opposite polarity, and a second magnetron having an
inner and outér ring pole of opposite polarity, with the outer ring
pol e of the first magnet ron being of opposite polarity to that of the
second magnetron; electrically biasing a substrate to be coated so as to
make it a cathode to attract positive ions; and reducing the | eakage of

el ectrons from between the nmagnetron by arranging for nmagnetic flux to
extend between their outer ring poles, thereby trapping el ectrons which
could otherwi se escape between the magnetrons and increasing the coating
ion density at the substrate to be coated. In this way the ion density at
the electrically biased substrate is significantly increased.

Enbodi nents of the invention will now be described by way of exanple only
with reference to the acconpany drawi ngs of which:- Figure 1 schematically
illustrates a nagnetron spufter i on pl ati ng system conpri sing t wo
magnetrons and illustrating an arrangenent of
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magneti c polarities in accordance wth the invention; Figure 2
schematical ly illustrates anot heml_ 3 antil higveatés astchematdcaldly a

magnetic polarities when two nagnetrong ar sid e . Faure .
illustrates schematically a practi cal \Y@F?"@ﬁ‘ %cte} r‘?b‘gq?}ﬁ%/ro%{ sﬂﬁq?%&i’o‘?ﬁ plati.
plating system Figure 4 shows the inprovenent in ion current of the

enbodi ment of Figure 3 in conparison m@iﬁuq.?kqov?hg,};gtqme Fiﬂ#{:@vémegt ;m ion

illustrates anot her practi cal the 1 nv I on

6 shows a nagnetron sputter ion platingheysemhodimensr of Figurs i gar ecgnpar:l.'
but nodified;, Figure 7 shows a still fughidiey spEtemi;nent of the invention;

Figure 8 shows anot her enbodi nent of the invention which is

simlar in some ways to that of Figure 1; and Figure 9 is a graph conparing

the ion current to a substrate agai nst Flikra &s vol tﬁgpuaapateﬁ to t ahother
substrate for a nunber of different mag n sputterin Iatlng

syst ens. PCT/G3 9.1 / 004 1 7 April m?’@é‘%“ﬁ’&n”ﬁ ega{rfﬁ’eép
schematically show the basic concept behind the present invention. Two

magnetrons 1 an_d 2 each haye arr out er 5:4 @ %netsh%wgnd a ﬁg%g@&.o;,or SPutter i

magnet 4. In Figure 1, which may be a rangemnent
magnet 3 of magnetron 1 is of «~ =~ system similar to that of Figure 3, but 1

Figure 7 s_hows a still further embodim
invention;

Figure 8 shows another embodiment
. invention which is similar in-some ways
.Figure 1; and

Fiqure 9 is a graph comparing the ion
a substrate against the bias voltage
the substrate for a number of different

sputtering ion plating systems.



"sout h" polarity and théFiguxe toreals@netshiows ofannoralectrically ¢t
polarity (in their regions aijlaede& U I Rl he

magnetron 2 is of north polarity an% itsl%?:i)rgEG %%ag%%—fh%%ﬁ F?q?'ﬁ?éhgrm" s
5 regi ons adj acent the substMakerigl coperingecthggrexpesedc|fngesecofofthe magr

magnetrons 1 and 2 forma ccymiéw,ouan!aarﬁher,magfﬁe@iag fAleAd '®NSTH Clagnetron
diffuse fromthe magnetron plasmas. Fiqure,1 also

.Shows an
electrically biased subst MV® 7% 0888t oifen ParkingsnPlake 8 ctosfrmplete
materi al covering the exposdhternesl chaghetiegesteantpol es, and the
magnetic field B. The nmagnetron poles have a soft iron backing plate 9 to
conplete their internal magnetic circuits. As will be seen fromFigure 1,
the magnetic field B fully surrowsls whklsubet r ®temry afxbmer Fégure flor mthe mac
ring within which electrons grf 4 rﬁpEﬁ‘iiy %ﬁ&%&}i‘&??'&% rggﬁsg?gggt 7€ e
the systemthey are available to enhance“the 1onisation assocrated with e
electrically biased substratf®rmraariing &¥ithinrvhighdeldsiatranmnaygstrapped.

previously possible. Figurethe |l dsbeab8ist WedmE! ' gBchpke Gkiiﬁ_e”bé*@ﬁem they
di sposed side by side, the mmagnetic flux B still Dbridgjn theigap bet ween

the assenblies and preventi qﬁé@s‘baﬁ% gphange; tin 19A1sakioncaggeciated wit
bet ween them Turning to.FLelectriddlily i [Hisdddi! ubstivate, Cereating af highe:

t he i nventi on. Thre net r.on ol e_assenbl Les_10 L 12 are
provi ded  approxi mately %%ﬁf}b‘)" W& pF3580a 15" possible.
PCT/ GB91/ 00417 -9- equi-angularly , spaced wth the substrate 7 at the
Figure 2 illustrates two magnetron pole assen
disposed side by side, the magnetic flux B
bridging the gap between the assemblies and preve

the escape of electrons through the gap between the

sServ

.'rurning to Figqure 3, this illustrates a prac
form of the invention. Three magnetron
assemblies 10, 11, 12 are provided approxin



centre of the ¢triangle. 15 Adjacent Inouis®¥ anadneritc gesesttheas afgémeis p

magnetrons 10 and 12 and 11 and 12,re i vel p i

polarity. A punping 5 port%57 %@%& i e% %?v@g&tfﬁegg%tegajcgfgﬁfs are a

poles of simlar polarity of asseibl ithe thamher lby Magpetentiatl differente appl

extend fromthe adjacent ends of I"QQ Eﬁt r% s 28412 i S d NEhe gas, prod
vent roug

magnetrons 11 10 and 12 and pre e esca e of electrons th
gaps between the nmagnetrons 10 anelsgtaﬁasna%damomhﬁcenu ect'ﬂ!ﬁs%‘ﬁﬁﬁotlons

escape to earthed parts of jphe sygheMclfamiSet boniBard eghan Qréé’@s F%’”Blfngsourm
port. 15 In use an inert g such as argon |? l|a_ir0\é£ded |%

chanber of the system and el ect r of8da/RFOAYRE o @y €QaLANGH r 59‘"&"3 mate:
potential difference applied to thegﬁngrﬁﬂs)na&abg%mlﬁatm ithie zsubstrate, Th

produci ng nore el ectrons and argo n
t he chanber bonbard the targets 8%?9@0&(‘@ ‘aﬁ% 58’5‘5@&8’"?&89?#5 barr
flux of source material. The argbactvnnsalmm&mdm stihet maignetromedisc

magnetic field lines B servegto f ﬁghgec ?ﬂ‘l’ﬁ’rﬁs@a&iEEErhﬁ?t H?eegleﬁg{rgggt to

di ffusing fromthe magnetron di sc gges an ensure t .
electrons are not |ost to the sysWiékhepth@erferming: thedxeiwsefel yfunction of

function of enhancing the gl ow di gaaar g oSS &l sty t hagmcggxg@ai VRi¥h the
el ectrically biased substrates, ggrea3| ng.the ion current to

substrate. 30 Figure 4 illustrate@lPRETAFBLIVendtia chsmtf)‘r"é%%nt increasing
i nvention can achi eve. Li ne X sb@ygehiictbotheusiudatrata.l able for

different bias voltages in arrangenent simlar to that of Figure 3, but

wi th each 35 magnetron pof e assenbly being identical (for exanple, all

t hree magnetrons havi ng outer nagnet aFiguirkei 4s illustrates the improvement
present invention can achieve. Line X show
current available for different bias volta
arrangement similar to that of Figure 3, but

35 magnetron pole assembly being identical (fo
all three magnetrons having outer magnet



15 of the four magnetrons, for example the system m:

WO 91/ 14797 _ the overall cylindricalPEh&p¥l/9P4% dlidtbin a
with south poles akin to magnetrons 10 and 11) so.that there js no fl ux

bet ween adj acent nagnetrons. PYPRING SRORE ( AAY) oR&uATAYLdRG A% d Hhe( Hease ¢
enbodi ment of Figure 3 which dgstbinhi &Jitth btheumagifetdons) udnd@ subsRirar@®) ab

adj acent assenbl i es traggisng lonising electrons. Figure 5 shows
anot her practical enbodi nent ﬁ'magnet ron sputter I on pl ati ng
system Four 1®0 rmagnetrons 20 are provi ded equi-angul arly spaced

inaring wwth the substrate 7 at hfaCe . hffﬂg t& 0N g imJ ar
t hose described in Figure 1 and si?nﬁfqr cgﬁr.p‘@ecﬁgﬁts aj\:/](g %eeﬁbg}n\éen Jsi rﬁ:}zgrfinuou:
reference nunerals. A punpi ngspsreupdingshehp) subshratelc@ndut tsapshceleckrons

15 of the four rragnetrons,riﬁé'exanpggnege St CBVERY TMsbéd e B‘fe”i“hgnetrox

cylindrical shape of a dustbin and the punpi ngggqrt rraéhbe rovided at the
base of the dustbin, with the2R88mRLigss 1% proyided,ithe thing,6an ke col

The magnetic field B fojgs a TRarenu's ah ngdvantagadiiig previabalr de atén nun
traps electrons in the ring.

Since an _gven_ nunper of _nmagnetron
pol e assemblies is provided t’H%gPF{EPPPng &%?‘b‘é’c&ﬂrﬂngg magnetroh; pole’; assembl.
an advantage in providing an also rcorstidefedngorid cconfiguratiengjt but clearl

magnetron pol e assenblies ar eﬁ@éiai ?Bgzissgéggdggodigona%g%akiéons,%a%ﬁrat mag;

clearly nore could be provi Adj acen tron
have outer magnet assenblies wouddphaveec outiesr magne3d) sgspnbl ies | ofisopposite po
a systemsimlar to thagoof
Figure 6 illustrates a system similar to
Figure 3, but modified to alleviate the 1«
ionising electrons at the region between the tv
assemblies near to the pumping port.
35 components have been given similar reference nu
An electrode component 25 is provided betwe



electrodes of similar polarity in a coatinc

Figure 3, but nodified to alj&viatg tiealoss 93:1:99%5%2:9 eheCid fdlSe Adnd Nescapin
regi on between the two pole assenblies near _to the punping port. )
Sinmilar 35 conponents have beerm3gnekrennfdischasgessnanufer dncrease the i

el ectrode conponent 25 is providedjbgi¥sefohncand ¥h€l/ i O%current to the e
PCT/ GB91/ 00417 adj acent poles of the sapge polarity of magnetrons 10" and

11', with the conponent 25 provi diP4288d 8BPE+EALPSragneti c pol e of
opposite polarity between the two simlar adjacent poles. The conponent

25 conprises a 5 magnet and a capn,27.0f ferg etrc_material . The ..
el ectrode conponent 25 is at2§%1 floati nng%?’éﬁt?al 1?¥$g?§sfg§§ul éﬁg&ﬁffome Sdime
earth). The magnetic field |inesnventiongwhichnhabl'siahdndghetren pole assem
attracted to the magnetic el ectro . L di cl t @&&p{ :
el ectrons. The type of additional dﬁrr%zﬁe?;éggg%‘gl\é%r o%gtgﬂovﬁélf% Iégure J"’]cé)m havir
be pl aced between nei ghbouri ng rragﬂ@fﬁﬁhtm ectrodes of simlar polarity in

a coating systemto-15 provide a barrier to the electrons escaping from
t he magnetron di scharges, and so increase the intensity of ionisation and

the ion current to the el ect43 cal |y bi JE*GUERHS: r3RQUS s} magnetrqn ,gputter i
illustrates another enbodi nent gystéMchavifgt fourVinaghdtroni polegassenblies

pol e assenblies, w th next-neighbour oyter pole.assenbli havi o] siite
polarity. 25 Figure 8 shov@nday#mgnet ghe s;ﬂﬁ’t‘é‘ﬁﬁjl% Ia&qﬁgk5 have

system havi ng four nagnetron pol e pskarnibties, 36ut3ipol3® amdefiBly 33Pgresents p

assenblies 30 and 32 have al tergg,hg p%ﬁ@éﬂt‘?’ @gt Qrﬂee a§a§HgL¥t33 portions
presents poles of the

30 assemblies 30 and 32. Some magnetic fi

lines 34, are not <closed and escape t

However, pole assemblies 31 and 33 also ha

field lines 35 connecting their regions c

polarity. A reasonable degree of magnet

35 still exists and we still achieve increased i



15 all of the same polarity and
sane polarity to the adjacent portions of ; aq,&s,gwbl ies 30
and 32. Some magnetic field lines, lines 34@%£%§¥hn S osed and
escape the system However, pole assenbl i es 31 and 33 al so have magneti c
field |Iines 35 connecting their regliiaRs 431 ~Opposi it dad Pdlle/ “suﬁ,hes
reasonable degree of magnetic closure 35 sti|l )3. sts vxa f
achi eve increased ionization. WD 91/ 14797 (unbalanced), all the same
PCT/ GB91/ 00417 Even zeinber s of pol e apodYitas and Wding ferrite mac
next - nei ghbour assenblies being of opposite polarity are preferred (for
exanpl e the enbodi ments of Figures 5 and 7), but other arrangenments can
work well. Figure 9 conpares the peiher d2nee of diThreemixexdtoxt ragkternating

sputter ion plating systens. AXis Sre ti&%
applied to the substrate (in volts), and axis T r?resents rmlgéno%%éfg assem
to 10 the substrate target. Li nes 40 to 45 lancedle, Jrithrferrite ma
of magnetron system havagig the fol |l ow ng CharaCIGWéglfﬁ;théJéﬁbéu&ment of Figu
Three pol e assenblies (bal anced), 15 'l of the
same polarity and using ferrite magnets. Line 41 - Thr ee pole
asFenblles gunb?|an?3d)g all of thsiTQWEBig Three mixed or alternating
polarity and using ferrite magnets. Line - re
alternating polarity nagnetron pol e assenblies (LHRﬁiEﬁéi%Dm‘iﬁT{F?%r??%% assem
magnets 25 _ ~ (as in the enbotlinbkalaméed) guwitR) ferrite ma
43 - Three m xed 050a| ternating polarity matgrl,eﬁwrhl p%ﬁ?%?%é&ftional, |
: assembly (as in the embodimen
Figure 6).
Line 44 - Four mixed or alternating pol
35 magnetron pole assemblies

(unbalanced) with ferrite mag



_ _ in Figure 3 and 5 have been used for the dep
(unbal anced), with ferrite gnet?y %Rmm tnﬁ%odament Pel’—:l ph‘ﬁ-d‘g) coats.

dunmmy, or additional, pole senb as in

Line 44 - Four nixed or al tema:.sngzpol priadpcesl by the 'mixed' magnetron
magnetron pol e assenblies (unbal apgsd)e¥hihiheded !;& atind® vith4h96n ad
PCT/ GB91/ 00417 Line 45 - Four ?ngxed orla | te nat| ng po‘?%ril;tyai‘r?agnetron3 a

pol e assenblies (unbal anced) Wi t hhmdF@eBsh§ﬁ§P§t“5°¥he i oni sati on

enhancenent effect of the "mxed" polarity magnetrons is effective even

when rel atively weak magnets_such as ferrites sed. The i atio
enhancenment effect is even iﬁ'eater V\/ne'ﬁ{‘gt r“tﬂfbei’“fg‘rgmﬁﬂ ne‘ff i‘&te’f&é’?%‘,"tes
such as Neodym um Iron Boron are tised. idnsanfiermeis dh tithee glowf odischarge a
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magnetrons. 11. A nethod of magnetron sputter ion plating a substrate to be
coated conprising providing a first magnetron having an inner ring pole and
an outer ring pole of opposite polarity, and a second magnetron havi ng an

i nner and outer ring pole of opposite polarit ! $

pole of the first magnetron being of opposite polarity to that of the
second magnetron; electrically biasing a substrate to be coated so as to
make it a cathode to attract 11111111 111111 11 11 112111 * C L M S *
positive ions; and reducing the | eakage of el ectrons from between the
magnetrons by arranging for magnetic flux to extend between their outer
ring poles, thereby trapping el ectrons which woul d ot herwi se escape between
t he magnetrons and increasing the coating ion density at the substrate to
be coated. 12. A rmagnetron sputter ion pl ati ng system
substantially as herein described with reference to any one of Figures 1 to
9 of the acconpanying drawi ngs. 13. A nethod of magnetron sputter ion
plating a substrate to be coated substantially as described herein. 111111
111111
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