0 3 FEB. 2CD5 Patent Application for Method and Apparatus for | ti-Target
Sputtering Field of- the Invention The invention is in the fiel Sof EB 28
sputtering apparatus and nethods and pertains nore specifically to
.Sequential deposition of disparate material layers froma conposite target
assenbly. Background of the Invengien.Spyuttering, js.a . comercially o
preferred process for deposition of "honogenebus -t """~ of “cont-+ &t ‘ed -

t hi cknes$. In particular, cont enpopaist AfpfitAiohOr 1 nformation storage
purposes,i s generally fabricated through sputter deposition of materials
for magnetic, or optical .storage. It is especially desirable to fornma

mul ti -1 ayered nedi um such as shown in FHegure 1 where alternating filnms 6
and 8 of 4 for exanple, cobalt and platinumrespectively, are deposited on
a substrate 4. These | ayers may approach aggregate thickness of the order
of 102 t& 103 angst r ondlethedrmmd \ papatis dat MORSTargétiSpudidligum si ngl e | ayer

t hi cknesgespRig of thlndentdf9St roms. Multilayered structures of this type
exhi bit excellent magnetic properties and particularly find application in

very high densi threimyPaiomitinthe fstdor ageenyeppirnud e ndBeehi SeratGler of a
stored bgt Ecifdds tadlhedlidi Meddki; ward the normal to the plane of the
| ayered nedi um Zn i%i t1al e%nllE g‘?{’t:assggr“%se)ma%ﬁlﬁﬂ?}ieﬁéﬂfmq BSPEPeEl targ®t  shown,
conpl ete th%gsef"ﬁﬂlﬂéred structure for its intended purpose. The sequence of

adj acentol ayers ("bilayers”) may nunber in the neighborhood of 15 -30 in

typi cal ,storage applications. It is desirable, for specific applications,
t hat thﬁt h#%‘%ﬁ%’é‘gQBf&Fé'y’éF%‘“B and 8 be independently controllable and put

down Wi fhout Cr GpsieeinRisatbRMbicAly Sfeir | §db o LRyer ed sequences
i pipfe Emprg&gﬂlﬁ} &ehggy%mﬁlgﬁr{oe“a%e?e%s "MSsel ect ed

i nvol vipg nor gntwo utterable materials
appl i cati ord .co.%é)%e ?lgflﬂl S5 zrpqgﬁm, mep@ﬁaﬁy @9@3 @g[nﬁé@h@nist@@p@ﬁkd&l&i isdi screte
sputter .ﬁolgeg@glly ihbrtc.hﬂedhﬂl&)@h) Silisloyg PGSR oM S Ao f xge{gngfcpgrsdp{i(':a?s or%fe a series
of di stjdcty, isgy%ialyvdegimrb%gg ive “Er ﬁcescglgs . A representatrve apparatus of
this type di SpoSes ' our ASEYGHET G2 Frsh PyshatoinFiguel ahers of a
rotat abl® péiFPeinediliaGinid dffer @nmply, 0baleRU bl@funSRYeGRS] {1295 %egéél{%ﬁ’ giting a
nunber pf substL@uesy, S@iak%w’ ting i.n position between e magnetrons are
four) reactive gas plas cg)“!ips? ((’)hrag%f)eﬁ?tf" Brakegs ghiheradaroh 18F10d05put t er ed
gas p b P

al uni nuifl | @efrompingnay FEECAROS WDNOSMOKGARR IBEThiLIS0R1S: 24603

19 angstroms. Multilayered structures of this type exhibit excellent magnetic properties and

20 particularly find application in very high density information storage wherein the magnetic

21 vector of a stored bit is substantially directed toward the normal to the planc of the layered

22  medium. An initial underlayer(s) and final layer(s), not shown, complete the layered

™3 structure for its intended purpose. The sequence of adjacent layers (“bilayers”) may
1 number in the neighborhood of 15 -30 in typical storage applications. It is desirable, for

25  specific applications, that the thickness of layers 6 and § be independenﬂy controliable and

26 put down without cross contamination during deposition. Layered sequences involving

27 more than two sputterable materials may be required in selected applicationé.

28 Appgratus is known that employs multiple independent discrete sputter sources

29  within a common vacuum housing for deposition of a series of distinct layers via reactive

30  processes. A representative apparatus of this type disposes four DC magnetrons

31 - azimuthally about the axis of a rotatable pallette facing the array of sputter sources for

32 supporting a number of substrates. Alternating in position between the DC magnetrons are

33 (four) reactive gas plasma celis for controlled oxidation of a sputtered aluminum layer to
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produce alum na layers on the substrates. The pallette rotation acconodated
ei.ther a continuous or indexed rotational nbde. Systens of thiaﬁgeneral
description were avail able under the designation, ALX 1000 fro HeEB 2005
assignee of the present invention. Another prior art. sputtering system
i ncl udes a nul wo-spesises sputtering source including conce@ifiskhiasaet

rings coaxially disposed in relation to a concentric coil nagnetron. In
Lhis system sehechhiha e b Siushlled AhaBkIche (AGEOIRLESHGS B TRONEL i €
mani pul ation of _la plasna’to the ring shap regl on proxi et e to one of

ei ther the i rfRgfnuges ordngderad retaijogaltmeden §ysteeseof s Eparalsie@iption weri avadhilo known
in prior art un@er@HeS¥ndios RUEE RI0b AYmltBs S8k QTRELRLDIIL LT gr ent area
portions of di stri ncteg%?)u_tot ering mat glri al s%?o%%gg%%%g%g%l{tﬁogh of athinfilm
al l oy of desired AB%‘H?IG%‘P%W“W&Sﬁfeﬂblﬂklp‘ileéé@mﬁswecléﬂ-ﬂanmmgI&ovarqie Sput t er
Deposi L on TaRdNmBicontric fardh fiflss2Bkiatly SRR ARIIONY 8 Soddlhl 41 | ONs, 1992)

Al t hough an infornmation storage nediumis e exenplary application for the

present i nver3EBHIORo IS SEEl Pt AlsPRiiming theset brpromphthed bpmagstis cal
cireuits and nspgalabi arRcias@Ptd fidlin O HERANERSSproARts ke LARRLFAL LA T thin

filmlamnated structures of both periodic "and aperiodic form e present
i nvention al PO AFEELE 265 BR3P ¥4fese nmulti-layered structures with

excel | ent cont r ol 119 alkubinein pAePAGIo Pyl fihd BroBitof ﬁﬁi?% PR Yeai 9N
freedom from_cr.oss . cantani nation %]stjargtgl vi dual deposited Tayers, wthout

excesi ve handPiRE TrsHid sRpde ! % APPH O Attin Bimypllayfor desitathcy
characteriz edjnbpbsi"t'ﬁ)ﬁ lofitotaRiolipiHag Uee “Surmrmadswomp?ﬁéa Be%dﬁﬂi?@%‘ia&ﬂolb@y”t, he ]Pr esent
i nvention, a e sputterin rget | ormed o i stinct surface
area porti on&’ﬁxﬁ%caﬁgga%é@lgaﬁ‘fa g\{gi‘/‘?sq)d‘}’e‘*fg?’fsa@zér ea portions conprise
di stinct sputt er abligpugivat igformadtion stamgt mediaxdiht exemplohpblicapes for@r adj acent
to a platinu i.on. Lece .is .dl sposed_proximte the target and
capabl e of r e'aétﬁsE %/ngagﬁog’éfﬂgg{gﬁg%t%o%sﬁﬁ%ﬁ)%ﬁcé’m (Eiks térf%r?’f’ g‘(cag%{ﬁ“tt% pPEielirehs of a
sputter t ar gepticeorpmpprsntsgandifgifatmicationws frae Blinplomiraed sruchiras @@ botl ipsiyasd ons  of
the workpi ecg,Ap.H0%. £xgee€d the dinensions of a given sputterable portion
of the target so _that the workpiece can be positioned in its entirety
opposite such sel Eretrasgent inyertion ellqyes fabrisatior of trebamily ddyyred stradhaes Wigr , i N an
al ternat e geg@eiidnY contibBIE G 'dﬁh‘ﬂ{é WA ' the target. A
sputtered fl n fromthe E#%&%?%mggttter g'h?é)éce a{)%%g{ﬁ%%ﬁ%e?%%?ﬁo?“?ﬁposi ted
on the wor kpfaEaEingiop ghipdisdpa) depositeddaicrsn withayt excpaivefhendliod obtibodtismeat , t he
proj ecti on OBbtiihﬁg\S&ﬁﬂﬁ&icﬁF&ﬁ&&cgB%r&cﬁ:?iﬁ&ibﬂr&ié{h%ugm@ry as the target moves
relative to the facing (planar) workpiecé. In a dynam c node of operation,
sputter deposition is enabled ‘

Summary of the Invention

In the present invention, a large area sputtering target is formed of distinct surface
area portions. Each adjacent pair of surface area portions comprise distinct sputterable
materials, as for example a cobalt portion adjacent to a platinum portion, A workpiece is
disposed proximate the target and capable of relative displacement opposite different
sputterable areas of a sputter target comprising distinct surface portions. Linear
dimensions of the workpiece do not exceed the dimensions of a given sputterable portion of
the target so that the workpiece can be positioned in its entirety opposite such selected
surface portion or relatively rotated (or, in an alternate geometry, translated) continuously
with respect to the target. A sputtered filin from the proximate sputterable target portion is

. deposited on the workpiece in conventional fashion. In a preferred embodiment, the
projection of the workpiece on the target is stationary as the target moves relative to the

facing (planar) workpiece. In a dynamic mode of operation, sputter deposition is enabled
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2 0 3 FEB 2005 WD 03/ 040428 PCT1US02/ 34603 during selected intervals of
rel ative notion when the workpi ece and a sel-ected portion of the target
are juxtaposed. In a static node of operation the sel ected tar863 FB8 2005
indexed to a position opposite the workpiece and sputtering is enabled for
the desired dep05|t|on time, after which the target is repositioned

(i ndexed) for tYhR 03 ueps deposition. Sputtering is enabl ed, PCHUSEBHWP| e by
gating on a high voltage power supply to excite a spatially well defined

pl asma di schadgingaslksteditteivaly ofiretheiss maﬁnmmbﬁﬂiéaz}ormck End NBl&8] REiRst ar get
portion is i ned. pl.asma projection on the

p te e fa
target. The vvgh(rg)l?%tngtcaéej p%é%“g Ingft\é\gﬁ PofE Og?l??éq’ho ﬂﬁéﬁlﬁ‘ftedttﬁéetm igdored Qiaschar ge,
receives the quutmlepmdltef thewofkpizea dnk eplittarlirge& enabRd fdrlt}{@&]eﬁﬁﬂﬂ Sositib e,
sputtering di defi ned proj ection of
the plasma di %g gél%g on g% 5 Ie%‘)smg?ead?ﬁ‘g %Mﬁ?ﬁﬁ%(&qﬁé‘?ﬂa@ Boundary
del i m ting anenabld{l,derespremplabyedtinpon & hnglnvd[fage phv&ﬁ: baphac BRyte bﬁ,aﬁﬁfy%dﬂat ed
earlier, if t r | t he desired
Chi ckness. 11 1 rnerhphfid b dithg b eirdn oL Shle heelbeEnioreeGariabrn
target porti o?rommt@hﬁp@nawlbdﬁﬁlgi plzcspleatogmttwmorrmsmt Tk woh@iebe ¥pacarl] acent
target portigh,uR oﬂfepg&@&tﬁé%l SE03kERG. rte+]e1 es 816 S %gfehgugﬁg%ltﬁ?rg%t 34;.'6\8" s on

t he workpi ece. The target is spose

wor kpi ece. i s Ysstmasgercibelsputtpring disghasdeds gaced @ﬁ@mlnqvmgml definddpigation &
stationary angle pRGRe dRcHaRedh Hadarbd Leing q.af St _two
sectors, for eiépﬂagl e, ag%treom maté Etﬂrﬁ%‘b%@‘?&?@ o P‘% dﬁéﬂ’“ﬁi P86 num
respect i vel y. 2ROFR {aest pestien. gfhg diqgh%@mab' b?t@hlngm@darwrliﬁtht: eutterirgUiatbrval is

per pendi cul arsuﬁﬁéﬁﬁt%@fleld’\ﬁié KREE ik hR{ &?ﬁle%ﬂ%i‘ééﬁa@m legvasgggg‘s qu]SChar ge
upon applicati suitabl e potential betwe et ‘and housi ng.

The magnetic ﬁcf‘étF(gtaf%t ROgERRy Jibisyrefaiondrerraied ihicenrichd the neitefliscendingttr i but i on

roughl y occupttivg t@.pl@&lﬂﬁhﬂéﬂl&lﬂ@ﬁlrﬁswﬂi&%bedfﬁgfngt@nﬁb@{ R Mox‘ﬂgledem ted inits
regi on between the

radi al extent. ng dlshr e is distributed in a

target and the T(%T E‘é Shye Qﬁ?“gf"f‘@m&b\‘ﬁé‘? Whﬂléfheh@&%%]séé@ﬂwdohat he

t ar get b)é V|h rpmfa‘rcdfgebrhﬁlypftﬁp&;ﬂtpliee&s@fﬁnonhﬁ%nmeﬁiﬂoﬁuﬁg 18igh vq{egitcBJnQHsHﬁgon An
apertured shigl

o BN s(’jelcqpo edX be V\Bel% y\ori)t)igz)ge and t he tar% surroundi ng
the projection ot 't OFE* a8 < FRIOFIAIFLY 180n seepreticobatand BNl get fr om
cross cont amrﬁmmdybﬁ oirgodticSplitit emallmgh@ad witR el pdrbdidichiRthesikh t er
deposition o I a r e projection of
this apert urgv & léfc@ I%ta%gng “%q’ elflgsn}aéiv%l rué’P?/aRﬂY\hartr’f”ho{]arfémﬂ’é"sW“é‘H alsect or,
an enabling Ibé@%eéﬂ 1hetﬂégﬂ @rail@esna Hée peguetic ﬁdplml(yreﬁﬂly d&ﬁ@ieﬁ&p@o@de@sﬂ'&i
di scharge an 1,00 . ated as

g th'trmuh&rh%uw&%ﬁpylﬁghiegege%alﬁ)&gfuriﬁcal I grtdggraﬁd E%é@ aj[

the | eading edge of | asa Pproj ec on- t He
boundary sep&F&tt H‘be plasma discharge 1s distributed in a region betwaen the target and the

workpiece and exhibits a well defined projection on the target by virtue of the properties of
the magnetic ficld distribution. An aperﬁ,u‘ed shield is disposed between workpiece and the
target, surrounding the projection of the plasma on the target and protecting the target from
cross contamination by back-sputtering and generally Iimitiﬁg sputter deposition on
surfaces other than the workpiece. When the projection of this aperture. on the target wheel
is entirely within the desired sector, an enabling logic level causes the power supply to
excite a plasma discharge and in like manner, the de-excitation gate signal is generated as

- the leading edge of the plasma projection on the target approaches the boundary separating
adjacent sectors. The angular position of the target wheel is derived from a shaft posttion

. encoder providing an input to a sputter module controller. The scale of achievable

thickness deposited for a single pass depends upon the sputtering material, rotation rate,

pressure, power dissipated in the plasma, possible biases applied to the workpiece, and duty
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adj acent sectors. The angul ar position of the target wheel is derived from
a shaft position encoder providing an input to a sputter nodul e '
control ler. The scale of achievable thickness deposited for & Xifitg @lPRss
depends upon the sputtering material, rotation rate, pressure, power

di ssipated in the plasm, possible biases applied to the workpiece, and
duty 3 0 3 FEBwiO@miM 03/ 040428 PCTI US02/ 34603 cycle(s) efrpsphielasm |
excitation. A plurality of full rotations may be enployed to Intersperse
desired ratiqs,of, t-hi ckness for. adj,acent | rs.. I n another enbodi nent, the

<Bl2PRe pictlaier AdtvEy

wor kpi ece i s 1 FARST S1B4 AR Piefiop- TAOpRY hermplgyedi ay of
jtarlgga':( porti @n&s;zeirie{deﬁp@gaﬁps’dfﬁ;idms;fbﬂddp?ene?mﬂi ng to i gf orm ? cogt;p: | er
in like manner abov or deposi t. .desired. spyttered fil ns.
Brief Descripti onﬁloafl&ﬁ rgm%?‘gf\?\nelﬁ’gtiw ﬁ"‘g‘a‘r‘*&e lig%r'ﬁ%&gl dh”ﬁ?)rrlf‘?t%ﬂ‘? VB‘&‘ TSEPHEE um
produced by wherrdymigmge: partiorsivgthrapp@pridid prsitiviaénesdingie iformt &xdntoflertitike
nvention W hiihik:d B 8688 Mo 3t Bl QHfiS.FRghovs a modul e of the

present invention for 1néorp ion w thi system of Figure 1. Figure
3b .is a block diagramof the nodule including the sputtering station of

Figure 3a. Fmﬂfﬁes%ﬁgﬁ&oéﬁhé‘nﬂ%ﬁ%son of a multi-element sputtering target.

Figure 4b. is a two ement sectored sputtering target. Figure 4c is a
stationary nulti Jetrel shegseatroftion obt mediem gdiodeded by the gumidtionenent .  Fi gure 5a-d

shows the rotati of e@flﬂl&&ﬁ%ﬁﬁe%n{eg of %e%%v%ﬁt%ﬁ%&} i éegsﬁﬁ%sgstgrrao gram

Fi gure 6a shows a tuning diagramfor enabling a sequerice equal thickness
| ayers of two nekigiEe 3 Sowrp godwe cfjhe presept invenfionfordinegpaantiohovithin thequence of
2 layers in then dtri@s13:1,2:2, and 3:2. Figure 7 a-f is a representative
flow chart for a controller operating the nodule of Figure 3. Figure 8
shows singl e | ayefisws fhis efiock tagiamas ing nfodple inclyding thespitigaing stejtoatof Bigweat e and
pl asma power 3a.Det ai | ed Description ' '

Figﬁre 4a shows a portion of a multi-element sputtering target. |
Figure 4b.is a two element sectored sputtering target. '
" F igure 4¢ is a stationary multi-pole magnet for plasma discharge confinement.

Figure 3a-d shows the rotational progression for a 2 element sputtering program.

Figure 6a shows a timing diagram for enabling a sequence of equal thidkness layers
of two materials.

Figure 6b is a timing diagram for a sequence of 2 layers in the ratios 3:1,2:2, and
3:2.

Figure 7 a-f is a representative flow chart for a controller operating the module of
Figure 3. '

Figure 8 shows single layer film thickness as a function of target rotation rate and

plasma power.

Detailed Description

The context of the invention is illustrated in Fig. 2. As shown in Fig. 2, the system
includes a processing unit 10 and a substrate handling system 20, together forming a system
platform for accomplishing specific process steps in specialized modules or processing
stations. The proces_sing unit 10 includes a plurality of process stations 30, 32, 34, etc.
mounted on a main vacuum chamber 40. Process stations 30, 32, 34, ete. in this example,

are mounted in a circular arrangement with respect to a circular main vacuum chamber 40.
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The context of the invention is illustrated in Fig. 2. As shown in Fig. 2,
the system includes a processing unit .10 and a substrate handling system
20, together forming a systemplatformfor acconplishing specifld pEdc2sls
steps,in specialized nodul es or processing stations. The processing unit
10 includes a plurality of process.stations 30, 32, 34, etec. .npunted on a
mai n vacuum chanber 40. Process <tationd®8di 2% Hdghd et ¢ h B s éxanpl e,
are nount ed in Brog¢ssing et 10hrten ipshndesta lodding smieptecor batin sabshaih/abrkpBid
vacuum cha f . i ol A -~ Loyt 11~ 11
26y CRATRE b o p?bﬁgsigtﬁ 2 4 _E?id‘% lofsine sieop E‘Efe"éj‘"%{"?db“éd‘u‘""r%ss%‘% YRR 2 £ or

| oadi ng Sudent he @@YWPE‘{YY'@S:ETQC@SQHQ- An atyplvel appliceiéom, tho workpecssisd substragfoan

unl oadi ng Sﬁ@ﬁét@r@jsﬂéoﬁdﬂﬁcall‘Hilsﬁaﬁﬁéfbgbsgﬁtgﬁ)ﬁ)%égiﬁg %ﬂ{eﬁ%ﬁ%ﬁfﬁintiﬁgﬂgcguem system
fol |l ow ng processing. In a typical application, the workplieces are

subst r at’es HOPS PA™TTEGRREES 2 disktkan entrplise (nebshownsks. The substrate processing

syst em rgay fUI’tmﬁiel’sebdimpbt@@ss‘éﬁﬂdﬂd@ﬂloﬁaE)BUm2134mwm%&’paghEn%ﬁldaﬂﬁ'gc iystem
controll n awWn several process statlons such™ as 3 32, 34,

( 2T g ot sha %d 6 Thg | . > J,
38, etc ./ miy  EAJINSTRMA dyeppgicd fsgeirrlgfionshinsen rpesite sidesiof p evhsints proggspess ed
faci ng rBel atdatshipleon popEeSbth Curficelo Within i 58PSt §3kR PFRGEISHHGs} | ocation
in ordery t%eggeo%%s%eg)%tg'c%qrfaces. Within the prior art systemof Figure 2,
processi ng devi CeFgy  pHE Pt tTdIAing 4eYits cebinedsdces s ARy stherdevi ces,
cool i ngl0dewraesing devianJheatrivessinGeyics GG itfreftgidces sttt 30/ RCEE siNekydevi ces
inthe diff 0 S Lon 0, 32, 34, .etc. nm 11 be the sane or
di ffer eﬂt, bgéhggn ‘f)‘%gﬁgeﬁ t’ﬁtg&r %la ;SIF %ﬁ%eﬁflléé“gptstoﬂ@ewg’fﬂe{\%mq ampls obKignd| e of
Fig. 2,12 1zheshigers hastterplvhprocesswdtions, prdicegstios #atndmading aalicng4séati o0 42 and
unl oadiag $¥@RhéRg4radppich are 13 symmetrically arranged. r\4 Referring
again &0 Fig. 2, the substrate handling system 20 includes a buffer vacuum
5 chanbdr 22, aRefeEuEe ragiro Dig; 2,4 subrtipta howllieonvey @ iRBidesarbutfat wadn ock 28

and .an exi tha&MHeVEY fload BeR 74, afbaald Bsve 008, an kAR Ioég% gnd.200d carrying
chanper

rconve
substralts_es for grocesm ng_ enter buffer” vacuum 17 i Ctﬁrb“ugh | oad
| ock 24°and’-&&F€1 Yk BUE 1QF 2V sirmena pbatrata Sorpracessigh exlerl tolfer Yaookn 18 28.

A | oad 1ar meHdder 2nhibolilSoL0Bid BUR@EAiOFom biltfePNSheH shasBhSh rﬂ%?g%lukfo%'?o%ls sette
assenbl y

100b t q.di gripper. 19 35>+n | oading station 42. A carouse

Wi t hi nq?hea% a7 Wm&gg%@%ﬁ@mﬁ%g‘baﬂe@ dropscasettei 194p to flisk erimper at ¢ or

di sk griPpp@s & 1&Mingntadorcd X, QUEaRsus@ BsaRBIe M the TRAS Cachidk EddnibReoSMRSEL At €S or

21 dis f station . to ation illustrated as Stations 1-12 in this

Fi gur el.éﬁAnEﬁIrﬂ%é)gg%%ﬁ%té?% gflP%eﬁss#Oé?gmécd‘ PIFARERRent  yiTesrek thy pybsiees 985 i n

unl oaqﬂhg disigtffoomstatign toostatias dbttased b SationSUbIStin tiseFighde. Maneidangmsyst em 20 i s

ﬂgfgrb;/b?gcg%;%fsgtﬁ%slga%pfrélg?g?%%[gg%qg Iur%l(’)]a%gngl:s)%%gnn& tygaisse?t’e %(90?’ Sllll gfatevm' chis 4
23 handling system 20 is described in detail in the aforementioned Patent No. 5,215,420, which is

4 hereby incorporated by reference.
25 According to a feature of the invention, one or more modules may be added to a
26  substrate processing system, shown by way of example in Fig. 2 described above, to form an
27  enhanced substrate processing system. In particular, theenhanc_ed substrate processing
28  system may include a primary processing assembly, such as the processing assembly shown
29  inFigs. 2 and specialized processing modules, which may comprise one or more modules
30  that are added to the primary processing assembly. Examples of suitable modules are
. 31 shown schematically in above referenced US Patent 5,215,420, These modules are
32 configured such that substrates are transferred in vacuum from the primary processing
33  assembly to the various modules and back to the primary processing assembly.
34  Furthermore, the primary processing assembly is isolated from a proéess module by one or

35  more vacuum isolation chambers to minimize the movement of contaminants between

5
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25 According to a feature of the invention, one or nore nodul es may be
added to a 26 substrate processing system shown by way of exﬂ”@'FEanmsg'
2 described above, to forman 27 enhanced substrate processing system In

particular, the. enhanced substrate processing 28 system may include a
primary processing asse I’Ib| y, suc hg‘i:ti@s“!?‘t_.‘h@;g PLOC e,=5'§ri i) Q'I AP S ?:.u l_,i! M u:::s-:ﬂc.?-\[{‘{ﬂi " 29 in
Figs. 2 and specialized processing nodul'és,” whi ch” nay “‘tofpri se” 'one o

“conpri se” one ot nore
nodul es 30 that are added to the prinmary processing assenbly. Exanpl es of
sui t abl ! nogfiirdienModgles e baaddsé weneamhenskd subjtrteahresingey emendateaiShPat ent
5,215, 429. Fhesk MRl GprRES sé@on@ﬂ@{n'ogﬂg BdreSl heﬁﬂﬁ% éé@&%{%} st

g 3" Hsse 'y to the

transferigd in vacuum fromthe prinmary processing

vari ous Trod®f P@ésea%t_ ALKt Tometherpheieesshyilye ssatinnts 34 for any

Fur t her mor eothdrh@s@. IABRYvIBEDHBS8E R RSIEIPIYiulS, 1b§a@tnt%&199anEr9urQr Belhip €5
e

nodul e bé/ one Org#?S more vacuum i sol ati on chanbers to mnimz
movenent® of AP TEREL Y BIOGRsS Hepsgardedoyt bpthoppaiuie/piacs wrtstipm svhomvsdul es can

be addeds t osybthil cemntviiacattissamtaroibel 1FeDERERINNG AP MSLERD triud Q@s?ﬁéﬁe the 2
avai | abl g nqq%%g] chtr @r Qces s%@ti ons,.to provide increased flexibility in
processing, Pto SO ate r??“‘rsﬁ?eﬁ s¥Rdhranizes Workmede SRRSPErAESRARGS ANATET SRBIN of her s
that ar €8 sempirtsiovgingiing Grohe arbstnad iaddlingfsy st orafysevetal Qkdeeds moB@ASO Bnd ANy in

i ndi vi dugl i L. ordinarily i.nclyde, a | gcal npdul e caontroller :
perti netﬁa cﬁ@{i’égig? ?{gCg%gégllgeﬁ]lgcagegs%né%?l}s\féeigﬁdrt883§t§r5 B BB PG BTICCBY t hat
nodul e/ B} oceedlestsuehi asvacvuhen@itering, Fosysgas sapplyntoitpi@midseaididkeon a gl obal
l'evel copmon tOT@JnLnngBQ% ?iﬁures-r%ggnd 3%, t'%'qérglsstsgcg]\}rr{a (B)ltmgt;[ Iﬁgf;{m controller”

regul ates and, synchroni zes-worKpi ece’ tanspor IR status 8
r epor t s1%r i Rjtisales Medulapltheereserts stvention inehdibz isprgresyestsemblyr Sot(wehis eacer al process

modul es73 ang ' LR j {otireCN @ GEi R ed functions related
u 3 @RS tHR reptestitive Srteti Figare Y 9 %Itg%eﬁ%é dsgﬁ%é gl LPC?’ldC g

to mtters pertal nin to part|cul ar pro GSS 1S vacuum
moni t or i hg, ePIeBEbdm géﬁedsiﬁﬁﬁw-? as fupgeprbeFigira & eBor pumoses bespedificty, 11 Tur ni ng

now t o i guipfardefor RAMIZRR twb ﬁ?ér%edu@nq%b%e%re@ﬂﬂgd.e@:[sgl%m{ BR{GREALAL I on of a
12 partj.cul ar erduI%B%O t resent invention including s L teri ng assenbly
e

he p
50 (wit i n SPHE"(E B0 R?%@PIYt%OWPéﬁP%%@m%ﬂ%MB%P@W inpiigen e 2) for
mul ti - sﬁ’eci;gmmsmuiﬁoetrthﬂgarte@f @ﬁl@ﬁhﬂ%rl(fp;es@ﬁléﬁﬁb%ﬁé‘lﬂyfpwc@s bgphsikeEdcind r]let ures as
suggest Fi e 1. For rposes of specificity, 15 apparatus for
serial i @?nﬁxﬁfﬁcﬁgﬁ%ee‘wﬂgé?fﬁeﬂ%e GOE asﬁgn%‘ g%ﬁﬁ??eaéﬁo FAG 3&hGMdss yambgur e 3b,
the 1619 puctsdrg 19§ imwebitiea SBstranr 45fieinadmlel inBNEOMRASSHEceDd BRIMbusiy 19HD- NOdul es
arrang [ ' r bout, th l.ane of a planar workpiece to
concur rezebnt Iq?/' @‘g& %‘g{e%]gjgrg%é%&%réy ﬁpgaélll’;ﬁ’ nqtfgo"gnu)l PPALEE ﬂB‘P'Pgi’ R&NEF K5kdte. The
sput t erdng 2x@d stsmcos@mngiémn. Jhew thsfer Syhanismk srd el kasaibm ndQ nbosesi ng 101
i nto WhHioCh g8 suRShmal eviddindr Spu ' the interior space_of the
housi ng-_101 50 by a known E%‘ttglt%%atg%g? Par}’trqg? neurmsﬁsescnﬁgeﬁllng ﬁ?sfrﬁ@fesgﬁ%)
oper at i r’?g tSﬁlfq;lg@rﬁugeqt Preprssipg ofj oppovite girfaces of substrate 48. Mounting plate 110

~«4  supports the various components of this system. These assemblies are preferably
25  symmetric and identical in function and substantially identical in structure. Within
26 sputtering assembly 50, substrate 48 js disposed opposite a target assembly, the latter
27  comprising a rbtating heat sink 80 in thermal communication with a surface on which are
28 supported approximately 180° sectors 91a and 91b of cobalt and platinum respectively,
29  immediately facing substrate/workpiece 48. Shaft 81 is driven by an appropriate motor 84
| 30  and belt 181 through known rotating vacuum seals whereby the motor 84 may be mounted

31 outside the vacuum housing 101. A stepper motor (as hereinafter referenced) may serve

AMEuner A, te—



21 avoid system contam nati on. These transfer mechanisns are well known and
need not be 22 discussed further. Mdular sputtering assenbly 50 conprises
sputtering assemblies 51 and 3 52 for concurrent processi ng (1’}/3055@52'[5
surfaces of substrate 48. Munting plate 110 ,_4 supports the various
conponents of this system: These q_ssenbl ies are pref erably 25 syrmetrl c and
identical in function and substantifaify " ténti cal “iFntst ructUFds WAdthiln 26
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faci ng subshrate/ med kPi en..b ri at e notor
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her ei nafé errefigfcer RIFGEAR tﬁ@yﬁe‘iﬁﬁ\éﬁd B areQsed 1 ﬁlﬁst%@,‘Q§( }n@ﬂ? ol %H]cﬁ ut a

servo- or be _enployed with the requisite mod |ca|ono nec?ﬁl?{ cal
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and al i ghechswntbly 11h@d Raghtd Brivab ¢/ Wed Iléﬂﬁd@cﬁi% adfte drnﬁeh@&ﬁn 'aéer?bl? ?st}g magneti c
pol e assganbchm g h@ " rovi des t he rgq isite magnetic fie

~ confining tAETEMIFT F PaiedENEyovR AT AS’Eﬂ Qt %@é%qwﬂ%?mﬁ%‘?f tfeandinde i onary, or
mayf 5 He masbepemerahayzm@ﬂ@tzadm@saaﬁmagwsaad ot éalklh of*l}PQhé? et%géseagtw?ﬁ 8. A and |
uni f or Y hdgs e requir n letters an

B are l:qsfad t‘ %Sifaﬁh%é d%rast% g Ib@ ) eﬁéﬁ&ﬂ(’é’“’f"b?m%‘géw pvifes@ datyon fasy whigh there
assenbl 1%s iSderiypbithd 2zimbal ceo«ammh €& tHth@@tshaBralveuoﬁ ehvdiss Q1 AGmIRENet i C
drive usged used.to indicate a |like
drive Hﬁ‘ﬁd *ﬁ“%?%ﬁ‘ﬁgf%%% iﬁggg]%@g#]l Vi'iy P%trlgéb?%‘ﬁ“i?ﬂé‘gsebeﬁ? psgéiorfhs shown
as feedihg Rﬁit:memphmmm & seitablersbafl eqmu@ﬂera:ndkr fantlos ABpeass esbmbeRlPdvaddt: 52 i n

FI G 3B. ,3Tha;osdd8: Y, &gsrﬁa{éhjgrD ¢R; t Drives as well as 11
t he Shaft EFlcoderrs 8L19r (FIG lglwAf‘a‘h a%ou ?Wilsgl%%gncoder 89 provides a

dat um f Pom WiF BRE Pﬁ"é‘r*ém“i@c% n@éwmzwloﬁﬁed arparigd thateindyongtionatre of @eestah e
target whaf {ndBdhowdMePre QRGOS SnedhRisWE Wit KRWN géf@& W& L Y |
~avai | ab ?3@ iﬁ% Free resol ution gf art ﬁﬁﬁ’%‘ﬁgﬁ% t- (ﬁ “een used
for the &nt Bm @5?5’36?100%@%‘11‘?%%4%@ B%amedpfdgkchennchnd@eheﬁomme th| s
pur pose19| s e@mmalélodfal{el 1ytera3taf&lﬁbxlb@r 101 SIntefR5RISRUREMhe FOM nd?aggett‘wﬁeel

wor kpi ece is in uce I nto hou5|ng

D gi t aly Vageoyyer 103G, s P
106 and supportied t(}?{%sfr@ g?ﬁ?ﬂ%erlt & B Vp ety esend (SP“It?T) limging s )
r epr eséit at invaseafnd mﬁhH]ﬁusdrmmzﬁ|HethéﬂlDMwbxfkpféthQmaﬂw@fasr\’i@ﬁ%%?gﬁnn@qgcl Ing. A
18 baf fhe 1Q4. delim.t ce occuy t he ful osi tioned workpi ece
and pedéstal Fro UEL 3 Ofi}gge K na‘i‘rﬁsopé?te%?t'h‘f ﬂlgp‘glrh?r@rllog P“%‘?i Hagisee! wers!
| nt er pdsed bt %bee'n) afithe swomkipics seb-mndhl¢ 3 Getartishieelt is important that both target
: 4 sectors of the facing target wheel (of sub-module 52) and the (inactive) adjacent sector 91b (of
25 gub—module 51) be protected from sputtering from target sector 91a in order to preserve the
26 desired high degree of freedom from cross contamination. Further protection is afforded by the
27 baffle 107 to the environment surrounding the workpiece. Figure 3b shows the arrangement of

28 the major component assemblies and functional elements of the sputtering module of the

29 present invention for incorporation within a processing tool exemplified by apparatus such as

30 shown in Figure 2. This specific example contemplates two-layer sequences concurrently
31 deposited on opposite sides of a workpiece or substrate. Figure 3b shows the relationships of
32 the component subassemblies of the module 50 and their relationships in a preferred

33 embodiment. The module 50 includes a power supply 66 to excite sputtering target cathode(s)
34 a pair of sputtering sources 91a and 91b, controller 64, coolant management assembly 62

35 (including pumps, flow control and monitoring, heat transfer devices), and
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20 91 is a first (plasma ) limting aperture 104 in mask 102, A second

(sputter) limting aperture 21 in a second mask 106 is dispo '
t he wor kpi ece and the plasma limting aperture 104. 22 The cm' Eﬁa\l\gﬁﬁof

.these apertures protects the support arm 106 and the facing tar get wheel
.23 (not shown) of the symmet rical..sub- mpdule 52 1n %MI{Q 1.ar,., t[hs

i mportant that both target 4 sectors of “tHé'Facing Lt drget™ wheet FigH

sub- nmodul e 52) and the nactive) adjacent sector 91b (of 25 sub nodul e

51) be pf ot Bt BErHRedh émm?@m s tuppertedan g eysteseplttirmAdsarevianslpr der t o

preservezt hgis26sed Qﬁiﬁ’h%ﬁisté% gﬂtfgﬁw&@olgfhe Erffl%@%??}ﬂf \(/é%@)gce &%ﬁra o tmat‘m nation.

Further protection is afford &nvi r onment
sur r oundy ngPPHE HoRPPE R arlﬂltbfiﬂ'-'éﬂ%‘bé%%‘i’@ﬂ/\%om precessingelgmherfl.¢thamB8 t he maj or

conponent apsatiRld AsnivRd (67%&14 PORL 68bENERESa0L 2l SRYEL BLMOS. J]EBQW e of
the 29 p esen%/r :fgventl Oi\e incorporation Wthin a processing tool

exenpl i T ed"By° P h PEErAbSAsSABTred by e gigiew pintfomnpagugliaci f i ¢
exanpl e @onfmmnd«nteés praf@atlpyRfat S LEIGBEAIWE MBS I dyh¥mi3 IncdE€RQG t ed on

opposi t e;si a K e, strate. ure 3b shows the

rel ati onshi Qﬁﬁer taégf\{\?L agggﬁbpléﬁ’éaﬁfeggﬁlﬁiﬁgoé’é‘%w In gglativp gofenygitee 50 and t heir

rel ati on$hi wgrkplnceésul;mtreﬂee?nuedn@fis antletduiag the aldutar HEHH] 6f PRtbNGhddLG2 pover

sourcus 91 el BOBLLEIS Pl BORGE: TR SHiubReRe bRt h i 6 a5

(i ncl udilhg Wﬁ&)ﬁhee*f Ilmvlmigmdr ol stagin chotoofi opmamamgﬂle hegt whd’eBi@&ftﬁéd ﬁaugxpeS) and
i.nte ule 50 is

7 .0 3 FEB @0Q%cted target sector %o entirely’ encdmpag's the I‘?j E:Ctlﬁn 811: tfg% Wg%(gyace tw,ﬁ;cg;h yst em

supported on a system p orm previ o |
pl at f or it cobicsng wtenéalfrdrwhﬂ@\mea@raet@ﬁd mﬁ(klpwecream SUHrSiE redtiosshid. nt 0 3

procesgtng Chanﬁ%uﬂg%w@@ﬁ;ghﬁé%%&(}» ?\é\fe@soﬂo Lscfl'lgrgzﬁkg&g}%gi%]f‘redqg charmber 10

1. Chanb?r 4 pressure is nonitore a source process gas is
admi tt ed' t cCTEREMERLALB &) @fﬁab%ssen@‘wwrlwg plrgetheatgioh 80 pipbared 64 a gaft

preferaity ﬂ&:oﬁ@ﬂ:iuﬁgliolaﬂﬁi p@ééaée@ €2 &iﬂ%@e@bgh@tﬂﬁﬂaﬁf&% %uhfgli Itoethe ro@at hﬁ'lago duLe ?0
e, ac

preferapyﬁﬁrathes |Q%4‘«?r of two nodes. In a

sputteri d rgtatpbly hygraplis poypling ofkagpp %ISWFIOIH@B@@PWJOﬁUWTPﬂa@blﬁn
rel ativer nﬂtyﬂﬁﬁhd@uﬁlh@s fie ok EtiRTeAGUHS] 5@5&xam§@l{¥otﬁbéd%9n temfdpgbl ed during
the angy ar |uri(t rotation where 9 sel ected target sector

entirely enconpass e]lsm}aS SFBr LR F%gﬁflgf)‘lyayt%és ftOWlPBlhé@%?lé%g Proyideageplanhe 10
target Wheeluct Hetweamthi nohaiabspaces 82 ast 83tfbiremGEoRH:atGRAT 1B he@fsmktsh end 8¢ get wheel

i s rotaped (Wely t t arget. segtor enconpass
the pro iﬁct %rg c#l% rf]%!é la\k%rrfgﬁqegglg %éhé%sr?aglépr%e Eb% %Jdgtbg? e%’ lI%m@]ﬁ%(bl ed

whil e téle tApyben &aaf a shoft hw@mem@m&a eoniepttlpstioonr &l tad dasnahhqwor - 3

Tur ni nggzno Fﬁt@:ra!r:l{ &Hﬁlﬁle?@re AW bne stAG B2 ko?nc})%rs]e%vcwo]ba?t and &he{m {) | zed preferred

t enbodi.en target assenbl i'Sing a ©nk 80
suppor t eBd digtigume gegpoduction of a series of Co-Pt bllayers of a storage medlum The heat smk

24  provides a common electrical base for the sectored target. Note however, that in the

25  alternative, the respective sector plates may be mutually electrically isolated. Regions 90a
26 and 90b represent the respective erosion cavities resulting from sputtering. The method of
27  forming the desired composite series of thin film bilayers from such a target is discussed
28  below. Because of differences in mass and erosion rate, adjustable balance weights

29  represented by balance weights 92 are provided to provide inertial balance to the

30  rotating target. Apart from the significant difference in mass between different sputtermg
31 materials, such different sputterants erode at dlfferent rates, thus providing for a

32  dynamically evolving imbalance in the target. Moreover, the power dissipated in the pl'asma

33 may be quite different for the respective targets, which may, in general, either reduce or
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15 81 conprising coaxial passages 82 and 83. Cooling fluid flowis coupled
to the rotating shaft 16 81 through rotatable hydraulic coupldnng of known
construction (not shown ). Such rotatable 17 hydraulic coupli sFéBeZﬂg
.comercially available, as for exanple, from Deublin Conpany, 18 V\aukegan
II'linois. Serpentine passageway 88, .s.f.qr mad on.., hqa sn nk.80 to proyide a
cool ant 19 duct between the coaxi al’ spaces 82 ahd "85 f'or Fremoval Vof “heat

fromtheq h t e the latter fornmed from
netal | i c1segﬁ%ﬁdeg%aﬁg%ggrggi&ggsmni%s %Bg n%?elaal?‘gdls HEA B rk togprintain emya port i on

89a of a?shérialagesyithinlmistie aehommiodate ta smptﬁualohy)f b e mbtdr dndenceRmRa0! t he

two 22 sputt XA &hee e tor 91 a co s cobalt and
t he ot her, Q(iubﬁﬁgpmngaél ses %tatt?rrg&\ﬁ%%ﬂmwprog "1°6h" sg'agg nglo)éffj 0 Co- Pt

bi | ayer 54’ ofmaiptain a5 leﬁbﬂﬁmﬂewlmmg@enﬂ@mv&de}slftmwlaiewslyadmﬁmgnn
el ectrical p@@ﬁerm%ah&aue%@%e@sf@% b @8hce twﬁlgreb%%n%%odmé g‘e%ttg[ hert he 25

alternatjve, %érespectl ve sector plates cttical | y
i sol at ed: R%CQ?IB ¢ BRPYNt, o copEpuYgIPerainnagdthe W’?@Iam@@ﬁéctqtaxmgmrml on cavities

resul ting fﬁmmpptbglefsh@g reJEhs@s ineiBogk gf oppgs?teg&fo%)mgl ehﬁcrglﬁéd f,ed conposite
series og thin fil rjfa fromsuch a targ@( |scusse 28 bel ow.
Because of i PATSHER Sfipcaig “’EIFFBS%‘? brsiogsyedt Pefc’sﬁﬂfmmt@tebwaamsezhvvm ght s

29 repr e$enpa, ibis ohﬁﬂaalr}qeqlweﬂ gh'&}ﬁacgale%@suﬁlﬁggbﬂﬁgaﬁte) F?tﬂ?%'el‘i'ﬁndugﬁﬂ' al o
fromthe si i cant “6rence in

bal ance 4180 lhe 30mr ot a . g a@fl)art
mass bet ween® 1T EHER ﬁ%{ TR agghto Hﬂfcéﬁel“ﬁf:%endélﬁ@%eﬂiiﬁefl@ﬂ@nﬂent
sput t er ht sThleﬁlod@nataydie fricepented withiashe sttt mpad/iirOi@r 5OI ddsirdd odynani cal |y

“evol vi ngs mbal.ange target. Moreover, the power dissipated in the
plasma 33 nmay b escaﬁéab%ﬁglfferent for the respectlve targets, which may, in

gener aJﬂJ3 ei t her Dugidgie sputierit@ depcBiti8n, a8 vABAYS bias of the orfiér 101 volid whth m},—gc;_l_ 11 1
enhance 4 hey,@iffLEL0e ' : gt 0 t. ri

desired 1o naint allﬁ aﬁ@d gﬁng&%@g%g%%% lf’egpPLlc{ntoﬁ m %e%rg?g”%'ﬁtf)ﬁﬁ? P2 the
speci fi 2t i Bishyee vrfenystion! fptrive amsrdement bramidestbr coBnacouifitrghi ®Vioded for

dri vi ng18 henigas paﬁ,g,esr;gplglyas M\V;}lérges\éggeldgggwrreans may be enployed to 4
mai nt ai ﬂ7 accept abl e bal ance, one_ sinple arrangenment provides for relatively
g

adj usti Ng 5 per i BHEREIOMHaFEEcy s distredypassctficldsdinviatibaisahoimed hiemaDr e
rapi dl yiger Ozdhﬂgtl(iﬁrlﬁqﬂfy poYed@dttial GesRGC @Ripaaés%f%{éfb%ﬁla d@zf&gm%‘i{@}é Juii-ng . operation

unti | t{be bn‘q@ Otj FP;CP Jotating target assenb rogressively
reverses in ‘“\)B?g“%‘ﬁc € e t%"eseé‘E‘f‘P)‘?rylg‘i“"afoq 3 %@Onfm:memmnayﬂle i mbal ance
when sudG i A omids ofen atagm R 0Rl Olralialsy AfetY 5iefonEXREEI:9AES 196 IPDRLS at es t hat
at suchyq 9 point., el anld% %[ 0| nar |2|[lg Cg Wi &_ged to replace the consumabl e
sput t er ant( E)% s e NOWE 1 0 *F % PRE 2phregs hptsingm previdafleput t er i ng
t ar get 4nd rewmipath bathe nvdgmus Hd The ditnatisgpab of indef andSouteATIEIA @Rknps 214 and 216
<73 are adjusted to shape the magnetic field distribution B(1,9, z) in the reglon facing the field
B 1 clamps 214 and 216. In typical use, the magnet array 210 are each Nd Fe B prisms exhibiting
25  field energy of approximately 35 to 45 MOersted-Gauss. The stationary arrangement of this
26 pole assembly has been found acceptable for production of sputtered layers of satisfactory
27  uniformity on workpieces of diameter in the range 65 to 95 mm positioned at a distance of
28  about R = 50 mm from the surface of the cathode. In another embodiment the magnet pole
29 assembly 86 is rotatable about an axis fixed with respect to the workpicce by a separate motor
30  (not shown) to obtain an improved spatially averaged plasma confinement field. Many
31 magnet pole configurations are known to serve the present purpose.

32 Local pressure conditions within the sputtering volume are an important

33 specification for the sputtering process step. A local non-contaminating vacuum pump, not



11 This function may be incorporated within the sputter nodule controller
64 if desired, as 12 further described below. 3 During a sputtering
deposition, a high voltage bias of the order 103 volts with re8prdED 208%
~the workpi ece and surrounding housing is applied to the target 91 to
ihitiate the plasma 15 di scharge. ./ gonyent.j-anal. sl.i g ng..arn.ang ent

P O |

provi des for connection of the shaft '81"t6"a™ 16 hi“gh“Vél't dge “pbower” Suppl y
as further @gseibisds Bel.ow; : ' now to Figure 4c, the desired

magnetic field c(iJFst ritbutal%orlln %ge% t%}ldgeglaprlgsrsgrr%l%m Eghvithe ?%’H&'i?"'drrany- pol ed
radi al desilBiPw Ertlpriesiagss. sivicelearpbragitee disbar plestiiconeaarendeteisi nad 19 by

the magret i v doghdl idhShi pdjﬁiagaectcg}gte%ﬁ %brﬂ@é’mfaﬁ)? mé}cla e §as3 atlonary magnet
I'a

Tl
~array 210 20 consists of 24 magnets arranged in ta S Y‘ry on a

non- magriet i€ € 212 and within 21 magnetic inner and outer housings 218

and 220.5 The i Mgy plasne doshi® GisPOURINNDSetddhB¥l Bmh L Lhs for the
magnet s 210, zas inr?er and ou'?)g]trn gfﬁggﬁgﬁ?egn%{sj @iﬁﬁ%% 216 are

) The di nensi ons of _ uter
adj ust ed t SRHAPETHB Sﬁﬁ@ﬁé&‘f’%lafeﬁé}*%e@f%‘? fiswigntionandihe resulting edometrhad r egi on

facing tfhe defietich ik eabmiaPis thefesat dppaiius 1o fibit i Rl fRbioG8he &%@I Jragnet array
25 field ener of  approxi mately 35

210 areeach Nd.Fe.B.prisns exhibiti . ] ( y )

to 45 _I\/Ser ?aé ?aﬁtﬁgg{?d%%%mé]feaﬁégﬁﬁ%e\}ﬂ%ft? BaGardrtes of sputired fluxdn foreemssenbl y
has beef® f diredioncrept tablverkpiote. ﬂr\ﬁﬁlqﬁéc.h ﬁmitm]g a%d?tﬂieﬁ & 8 Hidndy ﬁft§ el

sati sf agt or, | formiy on i eces . o iameter in the range 65 to 95
om posi & 0 mbriplect Ml B e S NS B8 BB Recs” LR etrpisibd e saiRRES of t ho
cat hodél! | mregyidtaie held ptadindpntentiah durmgndinesis Lglizinghor s mandbiyseS8fei S rot at abl e

about ap a@géneﬁitgggwmiﬁmeg‘%%pgﬁke 19enibe workpi ece by a separate notor 30
(not shown) to obtain-an i nproved spa?rally aver aged pl asma confi nenent

field~MNany 31 Pesignoerapelers feromfekgupay motge 30 werk nained fons aidies dfe pr esent
pur poses 32rokiok flrteRf BSSHKiBnSPRM:{ i L§ Pt uttering volume are an
inportagt 33 spg%:iefi cati_olnna?ygr@tete é;‘gylﬁ@%aie%e%aﬁ (r?oéléiglg%s (Erlg%rbgasﬁf %cal

non- contant™Hat Y odarutitifimP0 tot00golly BompRs@g@Hes, one ob@ink tievateant r ol i s

mai nt ai1Bed eatnt af GekieEbewbn oA LRt HR1i8eCATTRI Gi @l laA4AL Liahl SS9 | OW 4
cont rol1l7er?105 ggeeﬁpl asnandensi_gfwﬁjdi'lsfri bution is gggf%ggér%ﬁ@%enga y aﬁ'ﬁygneti C

confi nefren BORGAEs RS puttraing wdsaratighgopfinedaq a togion ofi2.6r al  edge of
the di 98ri bubdson tandgdthefice sudcbidiglyye2Bich bfdture 164 A&libRIL:iRAMd SnEFsent i al
in the,gresent. a ratus to. lim:¢t e projection on the target of the 8

pl asma1gi stg )r?i? flﬁal%geﬁ.m @P f¢ %Dai‘iﬁili?b%}ﬁ‘fhs)ﬁﬁljf‘ the; taregt surfage ApeapesdO6rspassd of

sputt e”8d PREjuch fom e waekigecs & sid di d@ely inath HRWRE 8f héGoMPield| BHEughA

wor kpi ege l:ﬂcma} é)ﬂgne%ev%% B di]s‘(glgseh,sthggr{v&qgg isvx\fo;:[ l?mitieqeto any particular geometry.

22 Sputtering is a well understood phenomena that has been in use for more than forty

"~ 3 years for deposit of thin layers of selected materials. A sputtered film exhibits a thickness
which is a function of the propérties of the sputter target maierial, geometry (position of
25  workpiece in respect to the sputtering target and the plasma discharge), character of the
26  plasma (power dissipated in the discharge, character and pressure of the plasma gas), duration
27 of sputtering exposure and electrical biases applied to the workpiece and/or elements of the
28  sputtering apparatus.
29  Indynamic mode operation, a sputtered film of thickness T(Pw.p, 8, V) is obtained
30 during an angular interval (d6/dt)At where 8 is the angular coordinate of the rotating target
31 assembly and At is a time increment, Py, is the instantaneous power dissipated in the
32 plasma, p is the pressure, V;is the workpiece bias and & is a measure of the relative

33 separation of the workpiece and the target surface. For a given rotational rate, the thickness

10
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10 workpiece and limts the sputtered flux to the workpi ece. These
apertures and the workpiece 11 are typically held at ground p ?@r}tqﬁlzﬁﬂdout
enboedi ments utilizing non-ground biases are 12 deened to be within
<scope.of the invention. 13 Design pararret ers for an e,;qg.pl,ﬁ;y nodul e 50
‘were obtained from studi es of the:i4yergst on:pattefnyon, a: Stationary:t ar get

under typical operating conditions (argon gas at 40 1 5 mTorr cat hode

potential adfapARR1d/er is BRRAMREESIny sERMLIRES & Sttt ESor, @ e
| ateral _ 16 gxgténtag,oflsthe di s]tglngtjtnléon %f char glleédS a?rtl C reegg%?llt&glé?\? on the

target for HOYFGUNe RRGTRNPsA theorkprecs #hand thidue- Sé‘?ﬁ%‘i BreepHt hese erbalt i cat e

sputteridg flainbe foptditityy AC 0B kduARE of Be BirdeEPLREHE ro?ecéorx]&tlﬁémgﬁecgn the
t ar get styrfa with the

Accor 5 inch aperture 104 js ali
central 19‘“@)?{0% 0 %d]&?g?sx‘éPFE?P“‘?‘T(S’“&W@%%&E@B]Y(“‘G‘hﬁ'gli‘er%ﬁ‘j"‘tqrr(%sﬁhé t ar get
sur f ace.5 Apentralleeé4] BSponsipacabt: sha® pékitidh ehdaddr 8b emiblet high Wfa%@’to&ﬁ@rolaﬁn@' zed to
Al t hou h 21 circular symetry has

been d) < usEuirig sBter 1 Bopt bhcoPBintBiet i Piate Py FTecs PoguHet .
22 Sput tler mr@atmsméaywecbd thuwdkplsd;eoo’dnepiﬁenmg@Bahishahtedna:sou@eanadgmause for nore
L, 018 Y o HERnE! A SRRABL AL U] UL o FebBGI SR ARIEELY > A

sputteredfl its ness I's a
properti%s R§¢J€Ctt1het03rp@htﬂ@rl’t ﬂ%nogew livait @raxahate e Some Pt you@ﬂmﬁ,lﬂbn e@iimylé) the?5

wor kpi efe | (pd:ARRSAHirhAs e ARYES AL Ay gyoqg,;nqutgﬁ%nge B2 a@g?ovgdeaﬁ%af ge) .

character of the 26 plasma (power ISSI n racter
and pr eSsurtbe Gpft peritiopiepeoder &B‘) mteﬁuli’tathﬁeéﬁhodzhlgbfvolsipmstmehqdrtgﬂex.@ges (i and

el ectrigal 3 aseherabRtidneH tHeQark i EriliR %ﬂir@&%o@m{mo&or%1mﬂ& ﬁle e 28
sputte!ng a#paratus 29 In dynam¢c e operation, asputt film of

~t'hick fgtion pyojectign exjgely “i"é‘mdlﬁﬁ%ﬂ Wé‘@r ayondepaied goush tershaft msxtipmt erval

(dO/ dt) A whe;rder s@gnals uﬁdﬂevh&iﬂgw c@ﬁtr&@pémgaﬂteﬁab%fs higQolfa8t Abh ROWLALGRS 66 31
ncr enment , is the instantaneous ower

assenbl b aQ % ga gég rYéP

di ssi pated ' Re e 92295 u“f)“qg§°’f'tﬁ’é‘espﬁ"@§§1f?@“°"\?fttiescotsﬁ@OWﬁk ¢ &wé bias
and 6 i a prgasumeodaf s@dﬂhndxé&ltﬁtplrd&&ni%ﬁto%@)@d’ SldcRi st0p-sfuiterindPokiRbLige and t he
tar get rface.. For en rot tional. he thickness 10 0.3 FEB
2005 qlﬁ.u PRGNy 1 the{} g gfo\géf’\l/nedﬁry VPSS gs P'ie;fﬁTF%&’ g’GPfoﬂf‘Qt‘%{ﬁﬁfg‘F Mg @k posur e
to at a‘ngetanégl@sm@rdlstrﬂmgm esthSwgehbdxagxlmraglwn&nsh@satgéﬁbabm here il Bé’lt at i ons of
t he wor{gpi ct tar ge obal t

pl ati nuﬁpf gir}&éﬁggé?g (Mpﬁg Evﬁls%ﬁ Eﬁe Vﬂ%t% gai{w on #ie A tﬁléglu%lcéﬁ%‘z p?'fijé

pr oj ect40on vpen t %EIW%WWS af thmﬁor]bpleqeé:(}ﬁsm@dzsmrbuttdnenqbihamm@tEhzﬂtnmt fudt i on on
the target y F(’)ché &ltﬂélly\’betl&lea stafl Gnd o ﬂ%so (é%}ngy beg(?g lac ilr ol ler 64,

responsjve position eha lmtgl to the
rot ati r?& angles. For the 1llustrated case shown in Figures 5a-d, one recognizes that the duty cycle for

"3 effective operation approaches 50% to assure that sputtering is not enabled during an angular
4 interval when portions of both target sectors 91a and 91b are proximate the plasma distribution

25  projection on the target 91.

26 For the deposition module based upon circular éymmetry as shown herein, the relative

27  dimensions of the workpiece'and the target 91 are an important basis of the operating

28  paramecters of the system. Multiple discrete target arrays arranged in a rectilinear geomelry

29  are a variant of the above described processing mddule. Heat ié removed from each of the

30  sputtering targets of the respective sputtering devices 51 and 52 through the agency of a

31 cooling subsystem 62, including cooling pumps, heat exchangers, water chiller,

32 temperature and mass flow sensors and the like to support the requirement to remove about

33 1.5 kilowatts of thermal power from each sputtering device of the sputtering assembly 50

"



6 sputtering target 91 through a conventional brush arrangenent, thus
initiating the deposition of 7 a platinumlayer on the morkp@ege gh@ﬁ t he
target 91 has rotated through an angular 8 increnent (here, SEE &nt
~for the workpiece projection and the plasma distribution 9 projection to
‘reach the Pt deposition linmit (proxmate;the.CowrRlboundayy s rexanpl e)
the 10 deposition term nates. The controlTef détects this pr ty
t hr ough rheusﬁrggrral,ran%awskadaaweﬁlslmmanp%haﬂ o@@ﬁrer/g&&de@% r 89 and
interrupts the cathode vol t age sup to the target (fig. 12 5b).
Furt her 4 ot BR8H<Et SUPWée“E %%@@f C%rrnﬁg%al ti%hgnpr"b?"é‘&‘f”i%ﬁ’{’ Ff NeH@OURST kpi ece and
t he pl asya &sdibsd thidewdili on projection entirely wwthin the Co sector as

i ndi cated through the aft n encoder sj gnal on which the

cont rol 1br ' 64 agBiir Gndi seoRieht L Sreiys N Do sl er bt b6 18 o the
target (Fi grtIdScechJaIl)]g s;ﬁ}ﬁtﬁxﬁﬁg&ﬁﬂgﬂg9mmh(ﬁkldiaﬁnti(bﬂ’aﬂp,ugbltnfgqﬂaasﬁqh echfigfng nfagndd), sect or

pre- sel ot dadeaH R B P ST b P FE b Eg b S e Pee
boundar y~. Becatasieg fatgeiss Fmrrethershzépboﬁmon txhedeprrnﬁqrmeﬁqnomndier bhenawles kpi ece 18

and pla e | i ntir in _one.target
sect or, Sgt’rﬁeoglﬁ Vi ﬁ%%egﬂqgﬂ%nég\ﬁer Sgpp%”t %6rté9' um@“&ﬁ MR gxillntxe IﬁSpeth EPYHETME be no
sput t er ithg. asemblieséd whd Fhédpraapie-sipckdangelpentsials ZOromuom oftthecarebmhdive

-~ di mensi gns Qs i j as a limt
and 21 uporﬁ 1% heglgéé{?%gﬁ “%ggéep%}%t% méltg} aa?%() %11%; éhQEOV?EQ%VEnI? §r tﬁ%’ & “ds“iﬁ

di spl actd vipesfispriarpaos tprgﬁtmgrpgwerzw angl es. For the illustrated case shown in

Fi guresiba-d, opgnfdReO@NBSSonthak vidke, S &aerskcﬁldilgﬁs C%Bﬁxﬁsﬁy MR QRRL ation
approaches 50% to assure that sputtering is not enab dur’ing an angul ar.

i nt.eld al 0GR ERSCREHn ‘6fh‘36¥ﬁ‘q‘i“ plafysiconteiietr goraqzﬂa ééﬁldo oiitiafyzeg iteetf

pr oxi mate tt‘aleprahlnaédmhdbrgskﬁlbeblﬂédl;imroﬁl‘éfoﬂﬁﬁioﬁ@ﬁﬁpﬁ&i BRuige ff GRtaRko, 26 For
t he depq33|t|on dul e based upon circul ar metry . as shown herein, the

relati vl 27 di MEYEPHREY BF HRETWF RSP 'ﬁ’ﬁ ﬂ@h%drrarg@@rodgaﬂoarsauawer npor t ant
basis of6 t rtmt mpgasvarr|mglba&fparamixﬂn@eodncmmsesmuemy Mhtawrp{hamgﬂh screte

t ar get ra rectilinear a variant of the
above d?scr()}é%m po?g%é:glgforqa&rzr‘ole amculﬁ%g‘fwgés ¥ 5%%%‘6?@?‘ XTI U BA% 30
sput t er'léng andisgebldisied at fedectied dipaete lvvleess:puts’pardmggo dlewrg}:emaﬁﬂalamcgu&% t hr ough
the ageqicy sﬂ(ﬁwsqIll%?ratﬁg%]eﬂ)e'ﬁgengggfsr&%\%rﬁhg%h;cknes% 5(‘)'Ir I nge Ofo va|uggofgp§ngs heat

exchangers wat er c erature an mass Pow "seh and t he
li ke to’zosurﬁpﬁémtloﬁhed ﬁaeqtﬁsreerqulmlonmfpea abbilayer P3%obeduence] Gvadutss of

ther rle‘IpOVé@ercofn?ﬁl@a forh ba&%ftvglﬁésr]? (ifsgpﬁfontagﬁn%é%w&(?f lje(li‘g) (_?gé.ﬁ nply 50 11

~ O 3 EEB 2005 1 usi n a cool ant érat ur e) of
|1t erd’secBiirinasisiof %Azgsﬁﬁ‘ﬁ&@éﬁe?he diamysg sleped ety @Pf@iﬁﬂ@@ﬁvlehmsmral desi gn
and const r ymhid@R oRlHed @ @ doMRkl RGer BssHRGG drRW ahd mdShial by X-ray

1 fluorescence. A variety of film thicknesses as a function of actual power dissipation at

25  constant cathode rotation rate are shown by the square data points. The thickness is clearly
26  limited by the time interva) during which the discharge is enabled. This interval may be

27  further limited by pulsed operation, er, the interval may be expanded by sputter depositing
28  only one selected material during successive revolutions of the multiple target assembly.

29  For fabrication of media for information storage, it is usual practice to produce storage

30  capability on opposite plane surfaces of the medium. The module here described is easily

31 symmetrized for this purpose, as discussed above, by disposition of a second target assembly,

32 e.g. 52, proximate the second side of the workpiece. Several components of the

12
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"is s electa

4 Sputter nodule controller 64 ("controller 64") drives the rotating target
91 5 incorporatinng sputtering targets 91 a 91 b (and optionally, rotating
pI asma confining magnets), 6 receives shaft angul ar positi dh3i FIEBrEWﬁl on

- fromrespective shaft position encoders supporting 7 the rotating targets
"Fromthis shaft p05| tion encoder g pfor. ITBtI O cant r:ohl: el -6d enablyes; 8

.......

respect itve nsqauletnefibd ghardd baﬁ»&emnle b@&raélplaaﬁtdjeﬁ%uftm I g eRbPreSRd Rk @thi@ngul ar
intervals of rotation of t g ondlcag % ﬁ?-clerrent t ar get wheels
The cont ol SERY ATYHle &ufyede ets tsﬁ tafgglAsTemPlps. The cugprlias PO
tar get Qe](c:tofpératﬁst’ Tl tatp@t gaetm(;)mg POIEw higﬂvolﬂage ﬁ&ﬁl Hrl%@ply&fpet@ﬂe&itﬁ@raﬂ@’ﬂl OI’S a )
vari ety 0 er condi t .ons cant ua returns 198 an error
Cent o ondr DERY LR D LR P R B P S S @ 84 1 <o
i ni'tial ifzescicrdelth the idedtion. practi ce of the prescri bed recipe from

I nfori - %at I on SRR Jo&tt?qié‘ H)I’ %%%dﬁlg%f tlﬁg Bresen x%@ern 1(")3‘r(1: g 6?&5 in COO%&I‘Q]OHQ‘VeT%q]?t ry and

pressur€ are essential unchangr ng tehce, ™16 but
"t he power, imradhaiongfiothp motiely endssegting theewlecuf tltdﬁubmaeé‘sre:satauge F@hleaﬂa I—y"

sel ect alﬁl € E{W es’EZta QthQtlt] 19£0n%€\§10929 %B&f%hérﬁrgota%ré) fi:)pdyggfﬁtttl e%u on’ power

tI’O e ove e range Is’esta ed at
sel ected d|0§eﬁ@t1ew¢/at haeserewtteeb%mtw@mees trtzﬁeeqtla«rlg?éﬁlmefﬁi félbts)sedﬁlngiure 8 19

shows i ’id uS:Blrnﬁitoh Mﬁhd@l@/ﬁ@ﬂmﬁuﬁg wﬁlﬁle%e&t\f@a gtbtiog?% Wo%tt%é SAtf@b tﬁe e@tgﬂaﬁt y of

val ues of power 20 dissipation and target asse revolution r or a 15
bi | ayerl! plusednteégeameies hepwergtigngbgcipolpr te seqpgivp Unisiglizaen of theanodsteS0of

val ues of RRWRY atBiosis 408 khdfe alnubl oérﬁﬁ getc vaRsbibs bR inkiQrd 6RO Ao 22
sputterjng rate of 60 Angstrorrlk The di anond shaped points re resent

act ual tepd¥Ff128430% Fefleerdheresm farfciivegiiros ‘i‘t%H%eh%HFe’-‘fB‘t?\ﬁQP e sgvpmeen | KW
and neasur adbrbyghiy @Yhel présbma eRARAL SpeedaBy Je@leyicedt atalldti fohithRQSHBSS aS a
function of act uai aower t%sl %at |c§nfat 2? const ant1 Igat hode r ot atl on rate
are sholtn BY° PRET SYHARSTHE IS BEPHE O BoVT F1STPAHRR Bhs RAagarEsyondsg 19§ i t ed

by the 16 maha r&tpeatwatarglzwrwmg thMpleBﬂﬂa pdweer@h, adhapgel inafiendbk e thdhihging Nt er val
may be 7] ted b L he erval may be
expandeJ2 by ulllartp ter Fhon eposi LT mﬂ% il @P@%Z&ogg@%t@ﬁha ﬁﬁ'?}glaﬁe&url ng
‘successidve dﬁe%tmtgaltel eethgf tbé sptlhelnguémqrmtéot &04E14,884)s Bmiattarge? ThEoumbeabf | cat i on
of medig fquets@t&teftettr%nerﬁttﬁt@% tolty bl neREBE] GELfRLPRNEe St orage

30 capabi | ity onh opposit ane surfaces of ul e here
descri 78 itzsatedsasia lyopsadeéf?nfether gt depepitipnlg aﬁtmpfweleyera@qumos thesperedbove, by

di sposifi Onayef foac&egﬁan@tngs@fggets a%@&ﬁ‘;ﬂ?tke}iat re%ctﬁzeqmgméaes Welncﬁgsﬁj Lhe second
side of. the 'workpiece ever al nponents of the § -EE-'T
0 3 FE@ 20pihe pﬁasrpa gnd ajpoyer level may be immediately reset in antlclpatlon of the next target

23  sector.
4 Apart from the main thread of process execution of Figure 7a-g, a status thread (Figure
‘25 7fmonitors a variety of conditions and furnishes the status of module 50 to the system
26  platform controller. One readily appreciates that, fer example, an error condition within
27  module 50 requiring halted execution within module 50, affects prior process stations and the
28  operation of substrate transport system 20. A more complex recipe, as exemplified in Figure
29  6b calls for a similarly, albeit correspondingly more complex controiler sequence. A static
30 process execution is prescribed in a somewhat more simple set of instructions because the
31 target wheel is directly positioned in the desired angular position.
32  Figure 7a-f concerns the management of a particular sequence of multiple depositions

33  occurring in a specific sputter module 50. In order to illustrate this flow diagram, it was found
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1 nodul e may be shared between the separate planar depositions. For exanple
the sane notor 2 84 may provide torque to the shafts of bothgfgfggéhz '
assenblies. The controller 64 typically 3 operates both targe S 5. A
25 Kw high voltage power supply operable in the range 0.2 4 to 1.0 kV has
"been found to suffice to excite ang:maini@in:t hegizsghar gecf @ sgytiari ng
in5 accord with the invention. 6 The controller for the nDduIe of the

present 1nvl%eésga@pmqgﬁacﬁﬂﬁmg@mw@w@mb%f%ﬁr& dnbBaged mwm%ﬁl on into the
nodul e and seatin herein of the substrate for coé% gure 7a - f 8

shows a ¥ epPeHE" P”V%m?Pﬁﬂﬂ%ﬁQWFﬂFFﬁo86ﬁW§HPﬁ%ﬁEW“Pﬁ&ﬁmﬁ@h@@ﬁmﬁﬁﬂﬁt|on) f or
dynani c :ex?e@pgraiglm both (Q‘fF_II_@. 72 QELEINC 8f G 1shhtleﬁbfgfossh§\ptﬂetfﬂ{w&ﬁ)ng Ta?ﬁﬁ? \mof.sﬁr gets,
respectiye a on a conmon _cat hode/ heat si_n
ottt ngt v PRV BN P go.0b 300 B S aBiond PASEE mromo o en i h 11
user i nt&rfade), sddpphimeThiityet OPesatTionak), n&n(r/pe) cpu3a {18 (SRYUSDCRL, 2
Initialization of th 5 0 0 2 and the contro
progran1%ogf%mvgg?§ﬁf3§9g8 ﬁ%l%?%a?ﬁ%H§ fgﬁa‘ﬁﬂoﬁt CIFEEC 2 SPEUAYEFSand 409
to reflett Qﬂm&mgsgpandwhmsﬂ@wmmedTﬁnmmmmhefmsemmEnheafﬁﬁﬂmﬁEBMmﬁhﬁ servo
-motor 84y /J1-24. cﬁl?fqy%qanQshsm% gﬂﬁﬁggcrlbed rotational speed and a
sequence i s availab one of 15 two power |evels tg select
the magn$tude of power d|SS|pat|on in the plasma corresponding 16 the
respective targets when the plasm power is, in fact gated on/after
detecting the limting 17 angular position for the correspohdi ng target
(at 502, 602, 702, 802) and gated off after 18 detecting e end of the
sputtering sector (at 504, 604, 704,804) for that target.~The nunber of 19
| ayers sputtered (or alternatively, yet to be sputtere is increnented
(decrenented) to be 20 treated as a | oop index for fwther |ayer
deposition. In a sinple bilayer sequence the sputtered 21 |ayer for
corresponding targets is acconplished at respectiye magnitudes for power
dissipation ;2 in the plasma and a power |evel y be imediately reset in
anticipation of the next target 23 sector. '4 Apart fromthe nmain thread of
process execution of Figure 7a-g, a status thread (Figure 25 7f nonitors a
vari ety of conditions and furnishes the status of nodule 50 to the system
26 platformcontroller. One readily appre€iates that, for exanple, an error
condition within 27 nodul e 50 requiring halted execution w thin nodul e 50,
affects prior process stations and t 28 operation of substrate transport
system 20. A nore conplex recipe, ag exenplified in Figure 29 6b calls for
a simlarly, albeit corresponding nore conpl ex controll er sequence. A
static - 30 process execution is prescribed in a somewhat nore sinple set of
instructions because the 31 tagrget wheel is directly positioned in the
desired angul ar position. 32/Figure 7a-f concerns the nanagenent of a
parti cul ar. sequence of mul i ple depositions 33 occurring in a specific
sputter. nodule 50. In orgér to illustrate this flow diagram it was found
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13 .0 3 FEB 2005 1 necessary to spread the diagram across a nunber of
figures and pages. For this reason 2 indexing nunbers are used to show
where to continue on different pages. For exanple 410 3 appealls3 drE bal#b of
S FIG 7a and FIG 7f and is intended to.show the flow from7a to 7f. 470 is.
"4 shown indexed on FIG 7a, 7c angi7d. - Qhetrvarious i-ndexing spunherns: such
as 420 (7ato 7b 5 to 7c), 440 (output 7b, input 7d), 450 (7b to 7c), 460
(7b to 7c) ,und8fone phpctssing @) gne 40D oxe ppr sﬂbﬁatiomcmfrh@awsomda Fes} Jayé&@. (7d and

7 4 7 | i nki
ng:]rreﬁll{]? OfOS%tb%l !é'én% Pljocest tzﬁi%g(s %ngﬂuliﬁé ]Fci\éi‘? 81% (%%I ore C?'%%]Qt%lpc i0mial o %1:[) hee | MKI NG

. ow chart . te't érs use
i dent i f ikatprgectise By® asmexbe repuied by &d vltinmteglemies.al , a substrate will have 9

13-t AMENDED SWCOﬂQ:t]@ﬂfﬁﬁ@%Q&%ﬁéwﬁjﬂw rgé}&%wgﬁdeéﬁh‘?mﬁgoﬂy%ﬂ&%?r gpre

prior substations, perha to produce a base seque process
station(Z) Emeoniersd PraP&IUéte@ -oF U S TosHien of 2 ietstabledpasndt pele afsamblyiS6nal  or

surface ¢ 3 qARAbE plek, étﬁﬂﬁhfoﬁﬁatf&ﬁ)ér@ﬁatfn@%é §dtep1defdfn Mo MBLE @ﬁ&h 9@ 4
Many condltlons other than shown in the representative flow chart of

Fi gures 7a- Bﬁﬁ%}m§°f5&h%ma¥ 87 Bgtedyin @am@rp 1 64 Fbhe s gach g perEn of a
‘rotatablg rm@nﬁtsegmk@y mggearml the &ﬁms f B YFERQE. o DInGSifidH: Bnd-Sii1AL, %§efﬁ1@§r§é’t nation
origi nat nth Xstemg d;% ontroller aretﬁllcal of further

par anet fegﬁmffﬁi Pemine SPy aﬁe Hdrepishiopghar gfth ghher H??ﬂéﬂeesf%‘égl on of each
“target ‘_[IDI‘tlhfbﬂnatiBanay be separately | ogged and the status of the target

i spi ayLli or tr GJUEHE B RS RIHI S RO L Se LT L™ A0 AFGHAAR on. 11
A timng dlg‘@mamﬁgme 6@ pPieirctatidnaii thefdish 1ssed:|umd(f&r gDsfthale:qm\&hlebctehﬁ.;her s of two
mat er | a{ usmda%mgve She! bgttanll gﬁtixe ]::ngl%"e Th %?Eo tget éet 1E; elfaﬁfjed%lgatclccfsrgwigl cat ed

for grap ic conveni ence I n curv f the
Fi gur e 144 g¢he Yaohada §eweroighile Forahig etanipss, @nam wateriials accarapywipploximbdlt 186°

‘Cat hode Povmhe%arga 3hdi in E@Jorcf DS m XA %%xqwsﬁv% sﬁa@eg]a&%&;]{h@lre%ﬁe%awnagr?a&gpy

appr oxi mat el the target a I n accor tai ning exclusive
sput t erlthg (F%BW‘F Phd Q@E’é@%‘t‘?@@nﬁﬁt@mﬂﬂ@mwf Pf yrecbrstagon @)lte@tm@d!eth@omer on

condi tign %@%@Ma&galﬁet LAl Beik d&%@%ﬂﬁhe@%ﬂaﬁ&{aﬁéihcé!&é h‘h@l\/fa&ﬁa] S'l.‘&)o{n?SpeCt ive
Mat erial Setpoint |ogic derived fromthe rotational_ encoder. terial

Set poi nt® 18-BEGPBPERRIT BheRradiop Alsysiatng 3 Ricylar yduede tig Plﬁﬁxaamryarrwfctm ar
val ue f1g the hasnm® bpopi@ered Fiburt BRis an example of a generalization to the case where two

20  materials are sputtered in successive layers in a 3:1, 2:2, 3:2 fayer thickness ratios. For this

21 sequence, during a 5n rotational interval, a first material M1 was sputtered 3 times (Cathode

2 Power enabled 3 times), the second material (M2) was sputtered once during the next = angular
23 interval, M1 then sputiered once during the next 3z interval and M2 likewise sputtered once |
4 during the following 3= interval. During the next 5n of rotation, M1 is again sputtered 3 times
25  during the appropriate n/2 windows followed by a 3n rotational interval during which M2
26  sputtering is enabled.

27 For a (typical) disk-shaped workpiece, the duty cycle per revohution for a rotating
28  multi-target sputtering apparatus as described depends upon the relative angular sizes of the
29  target sectors and the angular size subtended by the projection on the target of the plasma
30  distribution. Al other aspects of the process being equal, there is a geometric basis for the

- 31 duty cycle for the dynamic mode of processing. Although the size of the workpiece is
32  constrained by the invention, it is not the size of the workpiece that is the primary
33  determinant of a duty cycle as that term is commonly understood. The requirement for non-cross

34 contamination between adjacent layers of a sequence is stringent and is satisfied by -
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19 next material to be sputtered. Figure 6b is an exanple of a
generalization to the case where two 20 materials are sputteredgiq: FEBZ%U%
successive layers in a 3:1, 2:2, 3:2 layer thickness ratios. For thi
sequence, during a 5 n rotational interval, a first material M1 was
sputtered 3 ti wasose@atshode 2 Power enabled 3 tines), the seepgsh mueri al
(M2) was sputtered once during the next it angular 23 interval, M then

sputtered onc@e eipkidna HaDSuRSHE calol : | i kewi.se uttered once
.4 during th _ef ol | owi ngs%gm [ %fer\?aélbwﬁ\ér@% ngeggtﬁ%/g‘rﬁgﬁtfo%ﬁﬁgfpﬁg@?ati on, M is

agai n sput t er SHRIOR oRES targst sgpipr lay exthiely yitbindimt seatoe (Intthetypical dppikatfon) | owed by
a 3n rotati onaé prlofattdh bethe WefkipRee MQBrdé\%isaﬁgxé{)%,%ﬁ D1al 3, GRORL ?lg 27 For a
u C .

(typical) disk-shaped workpi ece, the dti cycle per revolutron 87"%
rotating 28 FHHRYLoR %fPJQ%ttoné’BE}’Ftt@g?tﬁghlaﬁ?%‘mﬁuﬂn@lﬂrﬁe ahetwred. bl dolidepéngiim upon

the rel ative ralagud rathtich] HeSerRf id e enaBRd LAKIUR! | ar size
subt ended by hr?ggér o] ecti r§ grll t hgnt ar get g%ftatﬁﬁge%czjg%ggla%ggﬁgghnﬁﬂti on.
Al |" ot her aspét ‘EIPPéedgar%fé\esg%wlb‘a“ﬁf&%a%ﬂaﬁp}mwemstibs digaljetasdheriéadingasi s -

for the 31 ddigofaychrejebtdn ahfBactid @ictmafBEBoRdaf P aaSS:BY TIAL .ttﬁ%%%?art he
size. of the workpiece is ?f% constrained by the invention, it ’is n t he
Pingegiof hu B t

NOT grepifithag thoraneplansize sabtendad bithe plosmadigtibwionycl e as

size of the wor
that termis foonordnier ogdeesstaath. . 1dhe sl hRMRMefiHi-B 8= ASS are 3

contam natio en adi acent l.ayers of. a sequence is stringent and is
sati sfied byqueq%%%‘s. ‘8%%‘13 “‘tfbﬁég\?r@ewa‘ﬂﬁ ofjBp plagamdigibusien is
constraint t e andhetduereyeigpaanobttios GIERMGRIKREREStcl BRn Bipedagiedsise. of the

pl asma  distributi {he. t sector.lay entirely within that sector.
(In the typical a%g |C§f’%@ﬁflﬁp%{t%§ gﬁ’%r%fﬁtep(f?c}“f)‘rf’%éq@ Y7RUCRGS opedia fgmoteting t ar get
is aligned wintahs memay fdthpughdies 2 tisign chbiee Plassminodatt 3 bkt suBrafel 0j ection on
the target agishdnBbi 6a HY¥ [ . yres. t. follows that, in
relative rotation, sﬁ?t%??%agﬁg{éls%? lsg%@l%gcfn Tty ?’n}eﬂ%‘)l{aﬁgﬁﬁ edge of the
pl asma proj eddugy Rdardsh Eox amelgiveln besecrlys ofstie mrgki wistl radiod, afe spowngar y, and
sputtering mgsiet BRtoivsail Sioh (o) of . t.ha roj.ectian

appr oaches th‘eéer emai ni ng eggﬁﬁd}ar%mo‘%&?%%%‘&%%%e a%%n,a} Pﬁ‘é‘e‘ﬁﬂgﬂfﬁ? si ze
of the sect of s M Hehlypdhe ¥ibare 9k the target sdiys Gomssivgmly shimeindfeddbyngtie pl asma

distri but i ontarfet Ghiel st BEYPelfiePiccbdingS! FBIO(B%&Himeh?ieggl%e? !abr(r)g‘la gst case, as
exenplified herein, there are two target sectors of equal angul ar size.

The maxi mum BRGHPEResdegieopfretnd usipga igreckviasek diamaisr oA 1.5 inchis A panddcibdhe  dut y

cycle per revolessf @rPtigtseashnsmes sRrnsaness ifd of Mi&‘:ﬂ&&%%bﬁ?se%%% A
conmer ci aIIyt i I i's the nedia for

_ JJpar t an nre. of product of the invention is
rotating mass MENOry. Or%\fei’tt??g’lﬁléﬁm%fam? Y& desi gn choice to accommodate a
range of substr atdeduty cycle for dynamic operation implies a non-operative interval. For the
: arrangement described above, the duty cycle is a consequence of the geémetry. In a slight
variation of operation, the duty cycle may be dynamically increased by accelerating the
motor 84 within the non-sputtering region of rotation and decelerating back to the prior
state of motion as the target sector boundary is approached. It is a preference, buinot a
requirement, that dynamic mode deposition occur at a constant rate of relative motion.
The circular geometry example discussed above has a further degree of freedom in |
the choice of size for target area portions. While equal 180° sectors has been discussed and
- shown, the choice of sector size is dependent upon process and workpiece-size. The
smallest size sector must be at least as large as the workpiece to accommodate the static
mode of processing, and for cross-contaminant free dynamic mode processing the angular
size of the plasma track on the target must be less than the angular size of the target sector,

in accord with the requirement that sputtering is only enabled while the plasma projection
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di nension, as a practical matter, such disk nenory nedia is dinensionally
fixed by industry standards. For a relatively large value of the target
wheel radius, the sputtering target sectors becone proportlonﬂlﬂyFBBn§m5
expensi ve, and the rotational nonent of inertia increases roughly as the
square of the éfﬁgg radi us. Consequently the notor for dr|V|ng the targeét
wheel nust be S% %&dq accordingly. For the enbodi ment deSEFVBB&#HEbove, a
prototype has been constructed using a target wheel dianeter of 12.5 |nches
for produci ngnghe tg:eﬁu@shﬁf wiibinpthe powpdariss ofip ghtsnBeckirdes of a substrate of up
to 95 nm di anet er ¢ @Ha n &f & wlsmcetsﬂggﬁ&des RpfebbnRSet &ethﬁy&%agaeﬂg
substantially Ti. A % g for dynam c operation inplies a

non- operatlvemﬁﬁﬂéﬁvéﬁﬂ F@1hWH€ﬂm@WﬁHﬁ@eﬁéﬁﬁmﬁﬂgﬁﬁp%@ﬁaaﬁbW@d&ﬁﬁ% duty
cycle is a cQBygaUensst: fi LR ARy I Bs SlahBi nM%{zle@%&BleEg may,
operation, the duty cycle may be dynami cally increased accel eratlng t he
not or 84 wi t Apogive n@ﬂmﬁﬂ%lpafrp@rtﬁrﬁa spdggi‘otndghnants Wﬁﬁlgafw @eeslerdrli ng back
to the prior staphghRbh RGARALAShaS Benldedcabla WiBGERIenRAY PAGIEMal S approached.
It is a preference, but not a requirenment, that dynam c node deposition
occur at a cendbdimtnts atlexaofiplese bthermalifirotione and vErigtiaps millibenr igdioretkilled axanpl e
di scussed above has a further degree_of freedomin. the choice of size for

target area pE&F¥IB H@WWFP@VédWH&%% relaiyesze ohigEee AT dnd BpRkBistF R
shown, the choi, &%ﬁén 286k sazcspta;se,gcto fAgnds. Qﬂm%eﬁ)%?t%?ge%& £5is a

wor kpl ece-si ze. est size s must e at [east as large as the
wor'kpi ece to naﬁemmmdase ehdid@:e Iisshéild be uniedBodihatpvikie sifistehe ol i@ aprbihded
cross-contam nant free dynam ¢ node processing the angular_size of the

pl asma track chims, Hés inyeptiee map e pragéicedeathorvinahan asepesifalladesaibed of the tar get
sector, in accord wth the requirenment that sputtering is only enabled

whi | e the pl asma projection 15 0 3 F E B 2005 WO 03/ 040-428 PCT/ US02/ 34603
on the target is wholly within the boundaries of a given sector.

‘Conbi nation of the two processing nodes represents yet another enbodi nent
illustrative of the flexibility of the invention. For exanple, consider a
t/2 sized target sector "A'" and a 3rc/2 sized target sector "B". In this
exanple, a n/2 sized workpi ece may receive static sputtering fromtarget
sector A and dynam c sputtering fromtarget sector B. Al though this

i nvention has been described with reference to particular enbodinments and
exanpl es, other nodifications and variations will occur to those skilled in
the art in view of the above teachings. The relative size of target sectors
and wor kpi ece may '
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be other than as described, except as expressly limted. The nunber of

t.arget sectors is a matter of process choice. It should be u@q-,er %2905
that, within the scope of the appended clainms, this invention m&?

. practiced otherwi se than as specifically described. -46-90-3 FEB 2905 | A
“net hod of sputter depositing a seguence iof honmogengus =l ayers ienrat [ =
wor kpi ece 'in which adjacent said |layers conprise diverse species, said

et hod - car r1 il drtplih dBUSIER sGREREL S dRAo N 8T 8h a(2) Pr epar i ng

a first sputterable species o Tirs ortion of a target substrate and
preparing a S¥dece igyhichadiasest saibleyers compasediverael spesirs; pajd misfttharhi d t ar get

substrate, (RaHiSROMtHE 3RIudinYOsdHIrRHG thd Qesdifst antial proxinity to one
selected said portion of said. target substrate, (c) introducing an inert

gas into said housi ng meshriagt abist shittegablyspecice oh i fRst poptloasoTa tahigechar ge

wi'thin said housing totl%éovrléc{je a source o io%lfor S utterinﬁ fromsaid
target, (d) inposi n§ e RS EPITNG 45508NY RieHPIS BheT oS 120 sEcaM e char ge,
appl ying a bias poperibn af sdidtesgetdubstraieet portion and i nterposing an
aperture to limt .ions fromsaid plasma incident on said target to said
sel ected portion of (b)ﬁn@smﬁg@twcaﬁae@pntsw@sftaret@b@fs)mitmgo eme seleeted wor kpi ece

sai d species of sakgiiongtGtdaeiadrgPildste, (€)disposing said workpiece
in substantial proximty to another selected said portion of said 'target

substrate, and (f) geustdatycHgriniimDyEss inotsatd usinh aadiettabmhgetarsubst r at e
during sputtering as to uence a first s terabl e species and_then a
second sputterabl ee?egh'&'ﬁggsﬁ? g’é%qﬁrg%‘gﬁ@%?%gﬁ"ﬁb ”R%ioe%g‘."g?? SYH&e 9kt hod of
claim1 further comirssomgpuiening feom daipdergéti ng on said workpi ece anot her
-sai d species fromsaid another selected portion. 3. The method of claim]l
wherei n said steps &) i@Pegesn mpgseipiaidiocapfinesid pigsma disghargecarplyingi d
wo [) k |t0l e;:e i gbst ant iadlids/pAeitfaPlorBRid talgaf potborP it PRASRTh drtdPerBiholiRfitet
substrate. :
ions from said plasma incident on said target to said selected portion of
said target and sputter depositing on said workpiece said species of

said one selected portion ,

{e)disposing said workpiece in substantial proximity to another selected

said portion of said target substrate, and

(f) causing continuous rotation of said target substrate during
sputtering as to sequence a first sputterable species and then a second

sputterable specie adjacent to said workpiece.

2. The method of claim 1 further comprising sputter depositing on said workpiece

another said species from said another selected portion.

3. The method of claim 1 wherein said steps of disposing comprises orienting a
surface of said workpiece substantially conformal, facing and spaced from said target
substrate.
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0O 3 FEB 2005 '"jr 4. The nethod of claim3 wherein said step of sputter
depositing further, conprises linmiting sputter deposition to §& FEAge
spaced from said target substrate. 5. A nethod of applying successive
--.coatings upon a workpiece by sputtering froma succession of sputtering
target portions of a conmon target: fsubstratey: copp si-ng a) reausing:a
state of continuous relative notion between said workpiece and said comon
t alr get du (r]I | g Tsponiether io{l@ampam_éaanﬂ&id step)of sRtter 6@0%&111? Eﬁhep&&nﬁr@e_ggt ed
relative dig ition ne said target portion in relatjon to sai

wor kpi ece aﬁﬁﬂﬁ%‘%ﬁ”&g[ ??ch’ggoggou?q'%?u‘%gﬁggg‘fed ff%ﬁ?'@&‘?rgﬁttsébifﬁte'porti on, (c)
termnating sputter deposit fromsaid target portion while continuing
continuous relative notion between said workpi ece and said comon target,

(d) repeatisig\seeps of Bplanglsidesdive dRERRCEPoh G WEIREIBES b 5ulBEnPREMION Of
anot her material . 6. T@&I.rre hoq of cl a%m 5 wherein said steps of initiating
and t er ni natioRg SRoi P 'i"'ﬂé;arg‘:s’é%"&“oé'? St 3 SgNMPB (PP RPRALE. GIPMPISINghe net hod
of claim5 conpri si i i jve notion after said step of
"sensing. 8. The net E@bg%?smgr%?t?h%ég \%R@Irng?’lﬁs %(If{{lgé grtoé'?)n oblﬁﬁ'fee%nrﬁafgati ng further
conprises accel erat i nyoskalede ead gaid camirion tageiduring pputeErinh epermtiatd, ve

di sposition of anot hﬁ; target portion is sensed, and then decel erating
said target to retur® S5"¥RT g fitst Riecselctedielatvy dispertionsif on@ sgd targets 2095 9.
A target assenbly for pgubh RIreR8RPRIdaidRoRbiede PhdihAkiidd/a Qﬂjut@pgg%&ﬁabl e
materials, conprising,(a) a hea% sji.nk conprising a network of ducts
therein and having an A& A9 RSt I et for circulation of a cool ant
fluid, (b) a plurali Nolle 4 portions di sposed in
thermal communi cat i(% tt\%rpr%t@é%gﬁrﬁeéggﬂésﬁtﬁ&%meaz%%?iegi%émga B HCUEHYE ni ng
one sel ected sputt er agtndinugisgelative motion between said workpiece and said

common target,

{d} repeating steps (b) and (c) in respect to another target portion of
. another material.

6. The method of claim 5 wherein said steps of initiating and terminating occur during
said state of relative motion.

7. The method of claim 5 comprising ceaéing said relative motion after said step of
sensing.

8. The method of claim 8 wherein said step of terminating further comprises
accelerating said target until proximity to the relative disposition of another target
portion is sensed, and then decelerating said target to return to said state of relative
motion.
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(c) a shaft supporting said heat sink for rotational notion, said shaft
conprising a coaxial tubular structure defining two spaces f ol 3p558a2ﬂ{:]50f
sai'd cooling fluid in respective directions toward, and away from said

~ heat -sink, said cooling fluid in thermal communication with said heat

si-nk, and (d) said shaft further ichiuding ramshaft.cenceder of rs gstiabli shi ng
the azinmuthal position of said shaft. 10. The target assenbly of claim?9
further corfrA Girgey assercitly far sputies depdsiton df etpieality ossputierablerrabtetizls of di screte
sputterabl e tag&ﬁ%ﬁ tions. 11. A sputter deposition nodule for depositing
a sequence of dis e sputtered filnms on a workpiece surface, corrpri si ng

(a) a vacuum tight qapéﬂéwsﬁka;@%h@ﬂgfa%mcnﬁefauc%nmm 5%% Minkd

wor kpi ece, (b) a target asse or m ng portion of sald encl osure said

target assenbly for ndH %%ﬁF%éHYC%‘GFPE?C%ﬂM'Pan of each of a

plurality of sputter als _q r ng a, heat
sink conmprising a ne(?ﬁ/gﬂlurgm ﬁi?%e?ﬁgP@?’ﬁasﬁg?ﬁtﬁ?ﬁwas&P?Pg?%d 'Btth%ﬁﬁ' an
outl et for circul ati oncapfimenicadioh avith shiduiedt sihk, e ugﬂnsaiaipdrtibaabntamm@i@nea

plLurality of sputterab, Al (di sposed in thermal comunication
wi.t h said heat sink, eéaeg %&hg%ﬂl&]o%@@%nt aining one 19 :0 3 FEB 2005

sel ected sputterabl E{cf@l’;l@éﬂ ﬁj For‘tlﬁ@ s&id mbﬁln@ﬂaﬁﬁﬁﬂnél%cﬂfoﬁdé’é}@sﬁéfpt I nuous
rel ative notion between said assenbly and sai d workpi ece during

sputtering operations,Cqeprisag %qoééiaf'i”%.'ﬁ"ﬁ e definingewespassfifor ati ng a

pl asma discharge, and ffbage afrsafdcdamg ﬂu;@rm @md@éd.f&f.o@ﬁa%rwame relative
position of said target iece, 12. The sputter

deposi tion nmodul e of cT"é‘i‘y?ﬁ S?'ﬂﬁﬂte"‘t‘" PP%'l"ﬁé'“%S’ R5HERt c. pole assenbly

for confining said pl MnmﬂeamoﬁWta&heldwevaegth@ndlB The sputter deposition
nmodul e of claim 12 wherein said sel ected region
(d) said shaft further including a shaft encoder for establishing the

azimuthal position of said shaft.

10. The target assembly'of claim 9 further comprising electrical isolation between
said plurality of discrete sputterable target portions.

11. A sputter deposition module for depositing a sequence of disparate sputtered

films on a workpiece surface, comprising

(a} a vacuum tight enclosure adapted for insertion and removal of said

workpiece,

(l_)) a target assembly forming a portion of said enclosure, said target assembly
for non-concurrent sputter deposition of each of a plurality of sputterable
materials on said workpiece, comprising

a heat sink comprising a network of ducts therein and havihg an
inlet and an outlet for circulation of a coolant fluid through said heat

sink,

a plurality of sputterable target portions disposed in thermal

communication with said heat sink, each said portion containing one
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conprises an area greater than said workpiece surface on which sputter

deposition takes place. 14. A nethod of applying successive cgaﬁ ﬁg@ﬁgn
a yorkpiece by sputtering froma plurality of -sputtering target

di sposed upon a common target substrate, conprising a) causing a state of
ontinuous relative notion between said workpiece and said common target

“‘during sputtering operat ions, b) sensknG ) gefkfsk "Prfr%‘ﬂeigecﬂﬁieﬂ. E“‘?J'%ITLW
di. sp05|t|on of a first said target ©portionin rel atlon t'o sal d p| ece

and initiating sputtegecigaasidierbid hagrsai d  target. porti on, c) sensing a:
second pre-selected relative disposition of said first said target portion

to said workpi eqe) sametot %dﬂétﬂﬁ)lﬂﬁgitﬁéubﬁtﬁfuodﬁmﬁ hflort b&twesR kald tdrgétget
portion, and ( rst _pre-sel ected relative disposition of a

second said P@é%mfgbﬁ?é]gﬂgwﬁf'ﬁp Clat s ?W“@%‘?%"Rﬁﬁt‘?ﬁ? -ece and initiating
sputter dep05| t '(%rhnf élgéfﬁcaf&Qer%%ﬁ:%gtfor‘?r%étfﬁQ\ plzngna discharge, and

(e) a shaft position encoder for sensing the relative position of said target
assembly and said workpiece. -

12. The sputter deposition module of claim 11 further comprising a magnetic. pole
assembly for confining said plasma discharge o a selected region.

13 The sputter deposition module of claim 12 wherein sald selected reglon

compnses an area greater than said workpiece surface on which sputter deposmon
takes place.

- 14. Amethod of applying successive coatings upon a workpiece by sputtering from a
plurality of sputtering target portions dlsposed upon a common target substrate,
comprising :

" @) causing a state of continuous relative motion between said
workpiece and said common target during sputtering operations, °
- b) sensing a first pre-selected relative disposition of a first said farget
portion in relation to sa_id workpiece and initiating sputter deposition from said
target portion,
¢) sensing a second pre-selected relative disposition of said first said
target portion to said workpiece and terminating sputtef deposition from said
target portion, and

(d). sensing a first pre-selected relative disposition of a second said
target pottion in relatuon to said workplece and mltlating sputter deposition from
said target portion.
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