WO 03/ 040428 PCT/ US02/ 34603 Patent Application for Method and Apparatus
for Multi-Target Sputtering Field of the Invention The invention is in the
field of wpusteresg apparatus and net hods and pertai ns noPET/SpB846D3 cal | y
to sequential deposition of disparate material |ayers froma conposite .
target assenbly. Background of I tion Sputtering is a commercially
pre?erred process for depositi o%s%ﬁtﬁgéggaetﬁoé'ous films of controled
t hi ckness. In particular, contenporary nedia for information storage
purposes is generally fabricated through sputter deposition of materials
for magnetic, or optical storage. | tfor s especially desirable to forma
mul ti-layered nmedi um such as shown in Figure 1 where alternating filns 6
and 8 of, for exanple, cobalt and platinumrespectively, are deposited on
a substrate 4. Thesdldthgband Appangps dacMultidnegettSputterimgness of the order
of 102§1 lfg‘g ngstrons in many applications, with mninmmsingle |ayer
t hi ckne '§®s° egn QN o hostroms. Miltilayered structures of this type
exhi bi t excelRvERHAeS iftth FeRE ish@feripthppRatdsiafd hRtHMs hhdM e AL i on in
very high density information storage wherein the magnetic” vector of a
st or ed weeificallsioeauantipbdeapgsitipn et disphratowaatetial lryersdrara e composite tpteghe of t he
Iayeredassegﬁﬁ'&um An initial underlayer(s) and final |ayer(s), not shown,
conpl ete €”’layered structure for its intended purpose. The sequence of
adj acent layers ("bilayers”) may nunber in the nei ghborhood of 15 -30 in
typi cal _storage a PI ications. It is desirable, for specific applications,
t hat tl‘%a‘tl‘iﬁrER%QE hgrlnyeptions 6 and 8 be independently controllable and put
down w t hout S € ] [ j i g : S
Vol ving e o P oL R T dep i L B REAEES ot e
appl i catficongoledpipekreesu siniparticnbycontempoemynoada fon irtformhaionrstepsnplepssesi scr et e
Sputter. sources..wWwthin a co n vacuum housi ng for depasition qof a series
of di stiFRETerfiL Eptiedsed Mgl pllet dspopual elmaianits fir sugte oy et lar at us. of
this tyfsagd.sposes four DC magnetrons azinuthally about the axis of a
rotatable pallette facing the array of sputter sources for supporting a
nunber of sulbétesaeaally dﬂsrcr@rlﬁmfom@amumby@rp@medam@@hasﬁbommﬁgmlr ons are
(four) \fg %gg&?tg?giﬁmsaém €68, kst @hpEOLHaRah§ Dotk HAE 2Ry ApSPUL L Er ed
deposited on a substrate 4. These layers may approach aggregate thickness of the order of

10% to 10° angstroms in many applications, with minimum single layer thicknesses of 2 to 3
angstroms. Multilayered structures of this type exhibit excelent magnetic properties and
particularly find application in very high density information storage wherein the magnetic
vector of a stored bit is substantially directed toward the normal to the plane of the layered
medium. An initial underlayer(s) and final layer(s), not shown, complete the layered
structure for its intended purpose. The sequence of adjacent layers (“bilayers™) may
number in the neighborhood of 15 —30 in typical storage applications. It is desirable, for
specific applications, that the thickness of layers 6 and 8 be independently controllable and
put down without cross contamination during deposition. Layered sequences involving
more than two sputterable materials may be required in selected applications.

Apparatus is known that employs multiple independent discrete sputter sources
within a common vacuum housing for deposition of a series of distinct layers via reactive
processes. A representative apparatus of this type disposes four DC magnetrons
azimuthally about the axis of a rotatable pallette facing the array of sputter sources for
supporting a number of substrates. Alternating in position between the DC magnetrons are

(four) reactive gas plasma cells for controlled oxidation of a sputtered aluminum layer to
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WO 03/ 040428 PCT/ US02/ 34603 produce alum na |ayers on the substrates. The
pallette rotation acconodated either a continuous or indexed rotational
node. Sysweorms/oof428 hi s general description were avail abl e Pomds02/54503
designation, ALX 1000 fromthe assignee of the present invention. Another

prior art .sputteri system.incl ude | -Species s t.eri ng. source
Pho ud R R LEE Ry GPh B bR TR Al dd roPREE EQmiRA bR °0 "
concent ebineoid or iNBGRArs@Aenal hodbi Sysyat eMhiseneat &bripfiorswetetaghildtge t ar get
is acconplished by magnetic nanipulation of a plasna to the ring shaped

regi on Bréskithedesigngtiohdlof 1@0G fam thiassignse pl e preseridnvaniipBet ring. See US

5,705,044, |t J: 101 ) : @p&ty I t ar get
conpri si ng dmg}eghﬁ&a%g%m%%% %Jﬁg{ %]gfugfigpﬁl??g@éﬁ £Br n%gﬁ%@g?i als for

t he deposiddimncaicedrit hirpetfringsreedxialy dfpodedinretition onpesicenton coilt 0 a

wor kpi ece. See "Handbook of. Sputter osjtion Technol ogy", K Wasa and S.
iy ke EEREY s PAB PESRT-ORECETb0EP TR BLEh TR GEALY BRESE S age. medi um
is the gxaiRlaoh @E?ﬂdsﬁﬁt’cb AR Y shhP&1 rePloBSRMimalME Bht B eitRl BRMinARR):I cati ons
i ncl ude conponents for optical circuits and specialized optical
conponenttss tazged ribgr SeabBiSc@5i0d- of thin filmlam nated structures of both
peri odic an?tiagﬁr ilf(‘?‘di c.forrm ‘Ij[hee D &sent irr}veptie(gn al rlig)wsd{fjgbritcaétai on of
these nulti - afl QYD et 8Lt Qo yefﬂl(%pelﬁeeﬂ% Lontror oliv‘lgspuetr‘?réraI

deposi t pemioheaf dikting spuiteBing aRtdrianatol yhehie@bsifise ekl filinléyosSdesired

contam nation of individual depogsited |ayers, w thout excesive handling of
the subSPPRetion gme aivarkijecco meer Elandbaokof SputieryPepraitiar Leshnpt®yhy r api d

t hr ough I i:00: t present invention, a |large area
sputter %a% arge I??g%%‘&mb%ﬁqﬁ?gtgﬁ@ ’ lsdt%rg}'ace area portions. Each

adj acent pai Alihbughiad afdematieastpopt ntdsum énthe esenilaytapphicatopddt taeabl e

terials, f or. | bal t ti ' f pl at i portion.
A wor kpPesatiavertipt SR anprai o BReopRsar Brertsal diruSerl rcmbaL "
di spl acgpmal cORPOEntCast fob ebeiRhtioSHthineiablagidh@Pdruefurds St Sdridady get

conpri sgl;\(g distinct surface portions. Linear dinensions of the workpiece
do not anegiogiedfotnmensi ons of a given sputterable portion of the target
so that the kpi.ece Lti.oned -0 i ntirety.o i.t.e such

sel ected su\rﬁ?’%ggesgl(g)trl?fegiﬁorggu&e?ﬁs%ﬁ“\?%o% 0rfo 65‘% gndﬁt(%a ,relEir? tlgﬁteg%t“élﬁlnat e

geonet r gxcellemnshablest)spodttdepositital featuving lan ersgpeichallyigihfreédngfbm odosput t er ed
filmfromthe proximte. sputterable tar%et portjon is. deposited on the

wor kpi e€MPHINEHAY ehindbAdtal depoitehlayers. withqus exreslvg hardlingi otehi substrate,

Pr o] ect bfinfle {imBRIK BIrRRGCP BrdiGeARH rabid dRoBEARRAr Y as the target moves

relative to t

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 film 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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facing (planar) workpiece. In a dynam c node of operation, sputter
deposition is enabled 2 WO 03/040428 PCT/ US02/ 34603 during sel ected

i nt er val swofo3fo#¢l428 i ve noti on when the workpi ece and a sel @crdaopsteds on of
the target are juxtaposed. In a static node of operation the sel ected
target is.indexed to a. positjon opposite the workpiece and sputtering is
enabl ed J13RE IerteG RS ReRUIVE PSR ,%ﬁ‘a\ﬁ%@%% 2 sHectehpgEPn L

reposi t ieneged: i RAAXRAHsdd0Tn bR Sdde @EBRShfid e sSRMEY Brbdi% fndexe@ahl ed, for
exanpl e by gating on"a high voltage power supply to excite a spatially well
def i ned ppsiiemapriisge Heeryerkpiecy antlaputiering idesabledifarmbadasabd dériokisiontimes el ect ed

target peartion. i.s roximate.the faci | I def,i ned. pl as projection on
et ar 886 AR R B Gisne g nab Rl Rie nsR SR SPIRHEEgh ae
di schar ggablé® €6 ex@mpldiy saitotoprAdgH Voliagk powet Applyaiodktite 4 Bpatihlili &ellanner ,

di scharge is gated off as the noving well defined projection

th tteri

of © ts Eg dsﬁ%@@rrgam%@ﬁ%a@@ Gy gpang adegied HGHalnybilsbe sylectpd tasest ReEion iboundar y
delim ting. . . . . U at ed

Sor Ter R ALKERENL ! 6 oBORE Rt BB T B hALEF o

t hi cknedi®nt the mtlen side e tior dpsnecdisdharge, scaigbethp apsitaal fiss frvhahe megeectind

target portion. This operat.ion is repeated_ in respect of the next adjacent
t ar get '?13_6 PR ¢ SBP%%H&‘_L%‘I : ﬁ%@é}tgfg()ﬁ_fiaf s 1Be Vi &eh&é%%f{]ﬁfﬁ?@f’%t ial's on
the wor ki 8GSma HehdBE gﬁtﬂlqé frgdt éﬂﬁ%ﬁﬁfé Hbdd)aPpdadiReaibBEndaRY el ahhe

workpiece Is introduced. In a preferred geonetry, the workpiece'is
st at i onadjpcen thrgetostien. r Breadisahgree amaydie tomainhted oanbicr, 3f thg sputerihg agervalig

, I i I s of. b d plati
2ect o ey BTE o PRRT RS I S e SRl o

per pendisgiudtad tapgdt Wofibn. WhikPhetdnan@ptaeQ i rebecs oSthainextadpkagimgeli schar ge
upon application of a suitable patential . between the target and housi ng.
The nagRertios tp perdyce alteraatare filmp of ghsrgsnegtiyomatesigls9a the FPEipiecedi st ri but i on
roughly occupyi . L1l ysney ) i e i ' : imtedin its
radi al ext eﬁ?l% @#ﬁg lgﬁggé%dﬁl ts}g g?g‘%%ggﬁglu ivjt??g%lgltgjet %Eﬁ?%célsﬁgégré%ﬂﬁte@e%ﬂv\%en t he
t ar get arefertrdiegeonmitiypiheceorbpideaix biabivtay andvcks d edtatimectarpeojvhed] icomprsing he

t ar get bﬁl virtue (%f t he gro erties, of t]{}@oma neti.c Ei ?Id i stribution. An
aper t ur @HISaTWP 35T oL SEURDICRPRURASIT 1D eedorad PRt ARRIE ™5 ur 1 oundi ng
the projr&pbdtRRI1yOfA LRnel@a8MB Pl AL dRith IO mBAR! fGhéMEclfDetidget from
cross contam nati on by back- sputterl"r;igl and generally Timting sputter

deposi t iveakpiece andrifrgetts susthinra plasarn disahavgsrupph epplicalipent & hl@tabl%qyoé@ttiabn of
this apertur | is.entirel tihin I red ctor,
an enaboriirer 4B TR A e 3 maah iERU TRt Mg b deledia PN SE Q8

di schar gétriitgionRolghie ocaphiig,a deheralle clktiricalt regidnghdrplysdelingled iis itg &g at ed as

the | eadi ng edge of the plasm oj ection on_ the target approaches the
boundar )?X@gb éﬂ%tglgpéna disch%rge is dis}t)rgbujted in a region between thegtarget e?n% the

workpiece and exhibits a well defined projection on the target by virtue of the properties of

the magnetic field distribution. An apertured shield is disposed between workpiece and the
target, surrounding the projection of the plasma on the targef and protecting the target from
cross contamination by back-sputtering and generally limiting 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 position
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 angular position of the target wheel is derived from
a shaft position encoder providing an input to a sputter nodul e

control | ewO o3loeo4ggal e of achi evable thickness deposited POT/Us0%B34003 € pass
depends upon the sputtering material, rotation rate, pressure, power

di ssi pa Iasna 0SSi bi. a Ited to.the workpi ece, and
duty 3 W@?%@/‘ﬁ té‘?% (5’%“ ]Ié &?Z‘(lg‘? otagons Ay b&ﬁggg}%}’eg)}gl tation.

pl ural 'ifrﬁ’eréﬂerJelélle&rerd(}Eﬁéd &B’cﬁwﬁﬁé/sstf&a‘%t PRLANSErd. 0 intersperse desired rati 05
of thickness for adjacent layers. In anot her enbodi ment, the workpiece is

transl at ed i dnpthenemhediinent, whe Workpispe tstiranglatedin hmaeiyrmtﬁomwtg@qu@btq i ons

W th appropri 03|t,|on ncoding.to i.nforma c ol |l er manner
to 1 he Above, SteSe R viat St us oot faf Rt & boibiet Mie T 0T on
of the Mtﬁgﬁleﬁb@\tﬂ eorldegb@t/\@ftae pexitet @putkedafilimdi um pr oduced by t he
invention. Figure 2 illustrates the context of the invention within a

processing system Figure 3a shows a nodule of the present invention for

i ncorp mof Figure 1. Figure 3b is a bl ock diagram
of theoﬁnﬁt @Scw ':ahg’lftrﬁg@?ﬁ%)és ttering station of Figure 3 a. Figure 4a

shows a portFttgnredfshawmmII:toitﬁcﬁt «m?mmbdisp@b@rcieahbytﬂ&rigemtionFi gure 4b is a two
el enent sectgred s utterltgg tar ure 4c i.s a stationary nulti-pole
e,

magnet for pl&uiee HrEEss C%’btﬁ Orfélﬁee entiog Vg iR 2 BIOCESIRG RS he r ot at i onal

progressi on fRlreBa2hEws HRdufPdit the prelcht Mv@ﬁﬁ@}{rfor ano%Hr@tuﬁ?WﬁHiﬁVtﬁe a timng
di agram for enabling a sequence of equal thickness l'ayers of two

mat er i a$Y§teHFD@13@66b is atimng diagramfor a sequence of 2 |layers in the

ratios 3:1,2 Ureafl') 15 a o%k ré%%ur %(g;he Odlh 1n%§1d?r%rt%§ ?@}t%'[rfné%taftibgygf ﬁ@%{t for a

controller olt:)lgr atringt I'guf e SROWS “si ngl~e 9 ayer
filmthigkness as a functl on of target rotation rate and plasna power.
Detail ed Descrlptlon The context of the inventionis illustrated in Fig. 2.
As shown i n Figgre 4p shewe apoeioaaf 4 elticrienacry spittseg 4388 unit 10 and a

substrate hapg]iing 3% 36 WcRRnt LRLRENGurb R MaRga System

Figure 4c is a stationary multi-pole magnet for plasma discharge confinement.

Figure 5a-d shows the rotational progression for a 2 element sputtering program.

Figure 6a shows a timing diagram for enabling a sequence of equal thickness 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 processing unit 10 includes a plurality of process stations 30, 32, 34, etc.
mounted on a main vacuum chamber 40. Process stations 30, 32, 34, etc. in this example,

are mounted in a circular arrangement with respect to a circular main vacuum chamber 40.



pl atform for acconplishing specific process steps in specialized nodul es or
processing stations. The processing unit 10 includes a plurality of
process swations280, 32, 34, etc. nounted on a mai h vacukeTdaisanbsns 40.
Process stations 30, 32, 34, etc. in this exanple, are nounted in a

V0 03/ obroRs BT s ther o Sorceies Rgfih i ol BORTHRUMGHBEE | oadi ng

stati orhn{’oZthE@ystérﬁ%lﬂ ﬁece%smgfaﬁéiaﬁﬁﬁmalhglsﬁﬁsﬁml nto the system for
processi ng and an url oading station 44 for unloadi ng processed workpi eces

f r om t hier sykading fooddessail meprigriecss Swimthe system folipvinglprocepying. clatd ynicak he

wor kpi ece re ubstrates for n |c di_sks ,of

subst r sttt BT RS e SRS R iE o PR B sobfe

suppl i esroaéidin S§M§ﬂnﬁﬁ@y fehériathes vidiiein sep) powdapsiesendla spsemess stations
such as 30, 3 etc. may each include processing devices positioned in

opposedceﬁlﬁ@ilﬁlg(HPM@M%nSm p on opposite sides of a substrate processing
cocation i ehogkelfpRtaGSRRoROLININEDAGESs MU R ndidedirodilingy St em of

Figure 2, processin evi ces nmy be ‘et coat’i ng sour ces i ng
devi cesdevﬁ:ml pasgicted m:«qg)ps@ifacmgyelaﬁdsmstnpparm@;q&mengdeﬁte)f iacabstidte processi ng
devices in the dlfferent rocess tians etc {Ebe t he sane

or di f fREPESHIEJRGEANRIhYFIgniogHacss Bt sy ‘F?tss tF“I]tth%p"sl%E[‘rE?ﬁStqni‘lo B %xanpl e

of Fi 9.2 Zrodelgns M@&l@é@rﬂ%’%é Rtt¥EdAFRE St ot Hédtlﬁ@ 3@V1E&a%d1ﬁx oSdeRfckORr42 and
unl oadi ng station 44, which are synnetrlca y arranged Referrlng again to

Fig. 2,amhsheyubstassingdérierd ﬂ‘hng)rmwwd@@cqs mth@dleﬁferantmmcfeess statiensd®, 38hanber

d. |l ock 2 an_entyance r an. unl o ck 28 an exit
Corveyorb g, B b dne BT ANE S HOPEE onife 1OBBLRE S i SCufl, Alfs2" o
pr ocessénpgnnbEFig. Duhd grstewaﬁammemapfbwss gatid3 kEdhg lsﬁﬁdn kD akd 2dloadidg exi t
from buffer vacuum chanber 22 through unl oad | ock 28. A |oad arm 102, in

this coﬂ#‘i‘%‘ht"?@?ﬁa@ﬁﬁﬁ%}?@% ¥8B3RgSt es from cassette 100b to disk
gri pper 35 'ﬁefe %gmstt)% %%ubﬁ?até’ rﬂ?i%ﬁ@%é@ﬁ%Oﬁﬁ&ﬁ@fs%obglfﬁpg ru

fromdi sk gripper I'n un ng stati 0 cassette strate
handl i nchasytet éZnaZlﬁad loskdésmertbmdca comyey@ilo, amumlbm latb28mmdtn oxi¢d Pat ent No.

5,215, 420, which Accor di ng. t
Feat or BT FosRimanon sl SRR Bt B E o OGS e et ¢ at o
Pr oCes ShFeer SUShRATthanRMN2 Bvowsty 10adl 165kaMng dkit flonBbufferd@s@irh RR&neR@Ye, to

form an enhanced substrate processing system In particular, the enhanced

subst r atﬂleowhoméw| lngk2 85191é(?3é1rﬁ1’ﬁhw2i, ircthifcRongigpietiom tipnperscubsiiaies Besenl v,
such ascasse(?‘teq()@bc & 1&1{”5%1&%? %Tpn %aémg\é@a‘uon 42. An unload arm 37 transfers substrates

from disk gripper 35 in unloading station 44 to cassette 100¢. Substrate handling system 20
is described in detail in the aforementioned Patent No. 5,215,420, which is hereby

incorporated by reference.

According to a feature of the invention, one or more modules may be added to a
substrate processing system, shown by way of example in Fig. 2 described above, to form
an enhanced substrate processing system. In particular, the enhanced substrate processing
system may include a primary processing assembly, such as the processing assembly shown
in Figs. 2 and specialized processing modules, which may comprise one or more modules
that are added to the primary processing assembly. Examples of suitable modules are
shown schematically in above referenced US Patent 5,215,420. These modules are
configured such that substrates are transferred in vacuum from the primary processing
assembly to the various modules and back to the primary processing assembly.
Furthermore, the primary processing assembly is isolated from a process module by one or

more vacuum isolation chambers to minimize the movement of contaminants between
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in Figs. 2 and specialized processing nodul es, which nay conprise one or
nore nodules that are added to the prinmary processing assenbly. Exanples
of suitabwe moddbes are shown schematically in above ref @cernisen34d8 Pat ent
5, 215,420. These nodul es are configured such that substrates are

transferred m from i M r,ocessi n assenbl 0.t he vari ous
modul es®&r8 ]IB M’i ﬁ@l?ﬁﬁl%ﬁl}g&ﬁ&g&égﬁpﬂju}é%‘@@ ?‘i?ssmgﬂsﬁ\’/i’é&wgaset he
primar yth%%m A BEr ¢ cé’ss's%atioﬁ@'t@&a%iqdé 198i*e§seﬁrﬂéﬁ %tyﬁi@?f&c@ssmg fne or
nore vacuum | sol ati on chanbers to nminimze the novenen cont am nants

bet weenisslata@roGyseesOn & e mTTe wsc@mnmm%ﬁommm%@e stvsitinede C@@Iﬂmwnﬁdded to

t he enhanced substrate proc n to [eas ay IabI e nunber
of pr oc a0 BPap PaHE R, Praar quaP B3l FrbRi iRt ¢ REaMAE g, Vo

i sol at ecqit@liess@tnéd &l thg Sp@ifd fspalila fidtantstepk came@blebpthahat are sensitive
to contam nants, or for_any other reason. An individual nodule wll

or di nar 1inp9ulﬁh>éq>q96%staﬂqn@ Bhereape oY iere spntredler &mchens arresiobeldeyeh éo@ﬁ@@ﬂP ic

" esPoot Y gBLRECT Sk U RlBn Sl RB UL SCRLRERS SRk AN,

wher eas €m con unctl ons on a evel conmmon
nmodul estran‘Ebuﬂ regponsly 81 amrptaalsfrepasrtm[gmaﬂngen thersabsttasd andiingl sgspembor tei zes

wor kpi ece ransport onds.t rror tat us re orts i |nat|n in the
Subst r aTSeRhRRCTgRessemmay fsthe Sevgres it e et Bactbmiaenid ¢ n 1 he

desi gnefafiers Eb@ﬁéiﬁm%ﬁto @hﬂtl@ﬁlﬁi ﬁﬁ)cééfdEh%du@é%ssdc@a@%ﬁ‘&mhﬁnoﬁi%ﬁ@f praRgist@akni ng to
particul ar process nodul es, such as vacuum nonitoring, process gas supply,

wor kpi eswphi, mlsple@dua&eh@ndlth@ehkﬂurm ng now to Figures 3a, and 3b, there is
shown a CO 1tn§fr‘1|nwtg%rﬁu?esr§ atl (%frgr%rf: %8 ctéﬁlg#t%n?geprgsegiau% ggresent

i nvention |n g s erlhg as§e con

repr es%ﬁ&#ﬁﬁn&?xﬁ% SR dsb@Uh Gerfibn iR udiH e% gﬁ% hé%%m%ll}*’ﬁd @(zﬁ}ﬁg {fe0 Produce

sequent ayere StI’UCt ures as sug pur poses

of specidn&itlo¥ the 1R BkiNE sisQém%?Fig'ﬂré 3) ﬂagxﬂuws ié%rspét?éﬂ gﬁ&%ﬁod\%y be
presuned. As shown in Figure 3b, the sputtering nodule 5 preferably

enconpagsgyaéntil ﬂﬁhﬂaﬂied%ﬁhcﬂﬁ%ilds@ﬁggﬂisfeam@@gme 1MEGF PlirpoSes A Bpdcificiyout t he

pl ane of a planar workpiece to concurrently process opposite facing

sur f acesgppafatiier eeridlipingdwo 1ahke sapuhdes il e psseitbl.y AS Ghowe IrLEligareV3d; them
housing 101 into which a substrate 48 is inserted into the interior space
of the $pottsiingmbdilesy), prefenahin enculysissetagairdins-erodnies heangsh if mutros hown)
operating through a transfer lock to avoid system contam nation. These

t r ansf esymraetina Abatighealanondlal planss wierkirecerie sanqvaienthie prgicess pppesite facing her .

Modul ar sgﬁptten ng assenbly 50 conpri ses sgutterl ng assenbl | es 51 and 52
for cofeirceepkth ﬁw@éla%%qena%eﬁpﬁwégua@@w Qawsludss Vagyyay hoyswgdg] intRese

assembl | ﬁlsch%rs%bgtra%e 2§ 1S 1nsyerted into the interior space of the housing 101 by a known

substrate transfer mechanism (not shown) operating through a transfer lock to avoid system
contamination. These transfer mechanisms are well known and need not be discussed
further. Modular sputtering assembly 50 comprises sputtering assemblies 51 and 52 for
concurrent processing of opposite surfaces of substrate 48. These assemblies are preferably
symmetric and identical in function and substantially identical in structure. Within
sputtering assembly 50, substrate 48 is disposed opposite a target assembly, the latter
comprising g a rotating heat sink 80 in thermal communication with a surface on which are
supported approximately 180° sectors 91a and 91b of cobalt and platinum respectively,
immediately facing substrate/workpiece 48. Shaft 81 is driven by an appropriate motor 84
and belt 181 through known rotating vacuum seals whereby the motor 84 may be mounted

outside the vacuum housing 101. A stepper motor (as hereinafter referenced) may serve
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symmetric and identical in function and substantially identical in
structure. Wthin sputtering assenbly 50, substrate 48 is di sposed
opposi t e wWotoagaes assenbly, the latter conprising g a rotramwiusgz/bewes si nk
80 in thermal communication with a surface on which are supported

moat o Gty Ry SOer PaRE D et sre AR Pa S B e

appr gg;ﬁ%@%ﬁ RS %gctﬁgﬁ;qBQSA.tOﬁ% d&ﬂﬂo&@ﬁ%{@ﬁ@% r&ﬁ%ﬂaagsaﬂegy seal s

n
e no e nounte out si vacuum housing 101. A

st epper al;%a%@ KyifhBfie Q@Js?ﬁt@%&r@é}ieéeﬁi@'ﬂ?e?@ By REENEC Qotélasg&fmt% 2t

PCT/ US02/734603 this function, but a servo-notor may be enpl oyed wth the

requi si pRvites el reqdibi® mednetiBeliom cailfindmthhe sp@td: dikoharee STHIS ﬁoféh t he

opposite side of the rotating heat sink 80 and aligned with the

subst r aissémblykpayEbestdifonatyl of Ray He dideposkatiyagned icadhidive aastidigiey 86 t hat
provides the requisite magnetic field for confining the sputter discharge.
Thi s pollerecasimifolmityiyspnéeisioating maese, requiradnyA deft poditiparedestel $9r ot ated t o
achieve a still higher degree of uniformty in sputter coating where

r equi r eprovidles hdhtunpieintviieh bersod deriggl the priviuged ceordiantgrpf the targkli sbhaftt here i's
derived the azinmuthal coordinate for the target shaft 81. Such encoders
are wel $1.kheshrenaedere ainvealldinamnangdeammagseially syplpblea fhals apgls sisgtution obf 1

part in 103 /q;.ladrant h%s been used for the. present aﬁﬁl ication, A suitable
shaft peAtn hvauadrapiches bperusesh far e Prsse aprli@fpref SHEHILG ShAILRISHAte from
several soyrces, .such as U S Di.gital . .Vancouver., \Washi ngton . Jhe

wor kpi cBEORE TORIORTBER I RemReill y SRE BRE SEpLPEEHEr & By suppor
arm or ]ﬁ%f:_s&;a%lcoﬁ not %}ﬁ@% representative of nechanisnms well known in the

art of pi ece " han °"h paffle 107 delinmits the space occupied by the
fully positioned workpi ece and pedestal fromthe remai nder of the interior

of chanber TigTvorkpicee sasteatiuped mdehoushee 10Qmnd srerosted thereiahystpptitam ol s a
first ( LA . ' A S ter)
limti ngéa%%g?%nﬁ)# ‘Léﬂ%ﬂ) g%gg%gﬁéyﬁgég%bﬁ@d‘% ls%lg’s%) éqdﬁ\l%l’éet %gﬁ%@%&%r kpi ece
and t hehgpldésgea baffiet 107glehmés ther spadddeecupied be amdfutiapbsitiondd whpcapsd t ur es
protects the supﬁort ar eé(1)%0% and the facing target wheel (not shown) of

the synPRieFtpLEpPmdppE gosthe migrigrphanamperr 101; {REpwosshRtyesht hehat bot h
target RBALRAS afl thBS WiRel ﬂgibef%rglﬁbla‘ﬂgﬁ%iaﬂiﬁﬁg é%kﬁturmmmé}%h 0ang the

(i nactive) adj acent “sector sub- nodul e be protected from
sput t er saegnd (spuit¢ra tigetingsapetture i8 B sacdnd astdi06tindippassd betaveehthedestkpiede hi gh
degree

degr e O SRR AT 00 LA B R SRR R, 211 10

shows t fgpaftaandesrnd 1Rffadine taBdtheel (not shown) of the symmetrical sub-module 52
In particular, it is important that both target sectors of the facing target wheel (of sub-
module 52) and the (inactive) adjacent sector 91b (of sub-module 51) be protected from
sputtering from target sector 91a in order to preserve the desired high degree of freedom
from cross contamination. Further protection is afforded by the baffle 107 to the
environment surrounding the workpiece. Figure 3b shows the arrangement of the major
component assemblies and functional elements of the sputtering module of the present
invention for incorporation within a processing tool exemplified by apparatus such as
shown in Figure 2. This specific example contemplates two-layer sequences concurrently
deposited on opposite sides of a workpiece or substrate. Figure 3b shows the relationships
of the component subassemblies of the module 50 and their relationships in a preferred
embodiment. The module 50 includes a power supply 66 to excite sputtering target
cathode(s), a pair of sputtering sources 51a and 51b, controller 64, coolant management

assembly 62 ( including pumps, flow control and monitoring, heat transfer devices), and
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conmponent assenblies and functional elenents of the sputtering nodul e of
the present invention for incorporation within a processing tool

exenpl i fiwo dp4@ppar at us such as shown in Figure 2. Thi spspasot/soexanpl e
contenpl ates two-1| ayer sequences concurrently deposited on opposite sides
of a workpiece or substrate. Figure 3b shows the relationships of the

conponent;ses 4RagsRndy. iBs @bdild 60 xuppatddbrensystene platfomh atsippnddushs in a
preferred enbodi nent. The nodule 50 includes a Fomer supply 66 to excite

sput t er i digcusaedyathictesstaseplatiprm gorgealy thefindeyi P p wgrl@éﬁyggwswss W 51D,
troll 64 I ' G| Wi
cont ol Bisaciie SartRy 1 0T ARARTBlnop ARG Bonberoboddi HtnBE: IERamblrOw

PCT/ US02p24608is tissitored (63 had & s6fce Fhef prodess gadB ddmiterhiodh¢ eninder,amdgist em

platform as previousl di scussed. which tem platform.controls the

i nf 1 ow 6ORMESH Oﬁwaspféeﬁ%f/@Lﬂfﬁr? Zealy Freroliete FraerR RAER C%‘_f"@% the

outt | ow %Qnﬁu&lefioggbfé;r&ﬁféﬁéraﬁs Ghameess t%no@d%amﬁﬁﬁnﬂﬁﬁﬁﬁdﬂe?ed& moni t or ed
o

(67) and a source process gas is admitted to the chanber, under

control sfuttetieg assetubly bbx adlds Ibris prablagrfab Hgpositionovhileah irelatitpymetien iythe em

pl atform cantroll er. e nmodul e ef er.abl er ' ' t wo
modes. 1 HORRGARHPR A E s o] R el pREE of Biflobiinty
enabl ed HarseleRaYarzbioR MR chifrelyN efic®hiphabsés a Cjié&{bntdf thd@orkpiece/substrate on
wor kpi ece/ substrate. Sputtering is énable ur.i ng[ t he anqgul ar i ntggpval of

rot at i on thetianget wheal Ha andndexed dorstatig anodse oppratinn, the fagecd h@ﬁ#ﬁ%@%@é

projection of the ' bst. : . I ndexed,
or stati gﬂ%%g S%Fc%\%gr}g%t%gﬁ/??téh%hgeﬁ g‘éﬁ%\,ﬁ%‘éﬁﬁ%ﬁ’s Jrg%togt e t\gmjkgﬁ%gn t he
sel ect edtetdopgindgrittoring & cdnbled elhyle ércargeass] whrkpjpce rendin dmstatic t he

wor kpi ece . thereon, and sputtering is enabled while the target and
wor kpi ec&l#iopghiR- i n static relationship. Turning nowto Figure 4a and 4b,

there is ShOWTuﬂliﬁ%ﬁ'm FRiufeEh EfefHeRis sBHNAAIsBRMatRlzea Rge;fe%‘i@dgsaar get

assenbly conprising a target heatsink 80 supported on a s
conpri si embodiaentof pésdhtreset @cmbly @Buprdig 4 tagedt hedtsink BOwuppsrtcdaplastaiio t he

rotating,, shaft .81 thr.ough rotatabl vdr.auld ¢, coupl i o} 0 .

const r ucti SAPHYRE SHEHRH)P Sséﬁsfhgi ?n(bfltsgst g%?oémﬁﬂ}‘ﬂ%ﬁ et [1)?({)[85126 Izel(??aetmg
comer ci ghdrys etadlghltbeutabdé hy dbulRxaupligs of kromnlRumbinidtion Castsaown). \Buckegan,
II'linois. Serpentine passageway 88 i1s formed on heatsink 80 to B{iovi de a

cool ant ieteblsdwdralc caelings aregonypeieiatly gyailshle, asior sxamplgolian Rsudbigat from

the heatsink 80 r get I t r I1ic
sector  pCaramyy WAfksbaf sHRGRE SelRRPhadiftnd gt HraEl oA QRRBIE £ ¢
posi t i onpaReRdetoolmt dadcepi el thy celkiiapackn 82 tihd 82 xeembvdl bEh¢andospthet er ant

exanpl e here shown, one sector 91 _a ¢ ri.ses cobal.t and the
P heatsink 80 and the target facing, t%e latter ?ormqedsfrom meta?hc sector pEates 91aand 91b

bonded to heatsink 80. A portion 89a of a shaft position encoder is conceptually shown. In

the case of the two-sputterant example here shown, one sector 91a comprises cobalt and the
other, 91b, comprises platinum for production of a series of Co-Pt bilayers of a storage
medium. The heat sink provides a common electrical base for the sectored target. Note
however, that in the alternative, the respective sector plates may be mutually electrically
isolated. Regions 90a and 90b represent the respective erosion cavities resulting from
sputtering. The method of forming the desired composite series of thin film bilayers from
such a target is discussed below. Because of differences in mass and erosion rate, adjustable
balance weights represented by balance weights 92 are provided to provide inertial balance
to the rotating target. Apart from the significant difference in mass between different
sputtering materials, such different sputterants erode at different rates, thus providing for a
dynamically evolving imbalance in the target. Moreover, the power dissipated in the plasma

may be quite different for the respective targets, which may, in general, either reduce or
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other, 91 b, conprises platinumfor production of a series of Co-Pt

bil ayers of a storage nedium The heat sink provides a conmon el ectrical
base for wbhe3semtoHred target. Note however, that in the &Crarsnzas460e, the
respective sector plates may be nmutually electrically isolated. Regions
90a and repr the i OS] |t [ l.ting fr

sputter ieﬁgf&c‘f‘ﬁ% cﬁeﬁ%%%%e %Terésg(?%%%s t‘%ﬁﬁg@&%@#?@h&&?&é%%@? td 8?@% I’tl & t?‘ R film
bi | ayer smbslange Witih lignitsad gedoniBodhts the Spedfidacibnof tiBaesws@ont agd f f erences in
mass and erosiqn rate, adjustable balance wei %hts represented by bal ance
wei ght s TogEhaRigal PRl ingguoYIgeh o wiriging the farges psseablin cWhile yaripis meansmayg

target. siqni £ Lffere j p&){% i.ff: nt
sputteriHrgl\%ﬂ{ ?}%??(g{n;a, %%ﬁg%?fb?églﬁgelﬁgbé%%ﬁﬁ@grﬂrgn ro éBat ?? ?lcejlre Teafrtlltg éq?at es,
t hus pr adjudiingpdripheral balgmamaight sgtse\2db wivergalamdeatha nmee rapidl erddinggettor

Mor eover, the r dissipated.in the pl.as may ,b ui diff.erent for
Uhe. 1 oo Bucrie A QI iR o niians PRerBERotay TR BRoF atithe 2otaHins kst

03/ 040428s:REBTY {91% R 3G9 IeveBRB AN ER of HEhE bhpRIE BESRor 1Y £HRSIneRnlAt g for the
target materials. It iS desired to maintain any inbalance within limts to
accommodabelantreviypetiiidienirelanvesrosine haroogurretht xpegiguce daradrshpieathatagupl i ng
provi de or .driving.t £ as Wi |l e varjous ns be

brp! oy ed tiopoil i PSR ALEFL JEPERE bt cqtimele Bl R TR RSP Pt des
for rel asiogethy cordinpBdn 0fa pRIticing tabethal anadichri wikin ¢hdtdF t&dettlife @ver bal ance
the nore rapi dl)f eroding sector, by an acceptable anmpunt, and conti nui ng
oper at i émmyRent| Thisdunching mayhe igeorpaiatedayithin Hig spuitgarodule s@ptallpr 64 if

progr essj.Vialdy i gfiRyRy. of the opposite sector by a |ike increment
in inbal %ﬁécéamﬁgtﬁélz(%?ﬁl%debﬁt&fel ative erosion has occurred. Experience
denonst r at es Durag assputteninghdepositivn, 4 high soltagd bivardflthe ordeul (P eults withepl ace t he

consunmabl e sputterant(s). Jt is |l known to log,the ¢ unption of a
cout or Fhgesp disvaRied and tiriclindRaeiRng aspiecd et BedtdTie Mhstiihran:
Thi's f ungdsh@idea¥rgBeA cheRnReha SBH itk aitafocilt Siowides forBRAHERIoE QR iHcOhh@r 64
if desired, as further described below During a sputtering deposition, a

hi gh voldldge highawliage ponseroupply asdarthesideseribpd belowespect to the workpi ece and
sur roundi ng h?&ﬁlng%[omoélﬂg&lf od, &9 d%ﬁﬁdﬁq%ﬁ%@&c f dtd(?stﬂilgﬁcﬁo'nai% Sotalled sRLAS T8
n sfip genent  provi

di scharge. A conv i onal rrng arra es fTor connection of
t he shafconvétiohd naangipghedratinbdesigmvippatigpdithaplais dsaibudiesard bed bel ow.

Turning how to Figure 4c,. t esired nmagnetic field distripution is

obt ai ned*fFBHcd byglaﬂ%%ﬂqﬂe i ﬁ%_ﬁ‘i‘i’;b%%t}- edng %ﬂ%ﬂlarag%_ X ap{R{9BATITBREISE t he

pl asma %ﬁ% bil U dsRE G2 mggﬁfe;%rma@géd BYraliBEsyHREAEE b a hbfnthetlbid 6450812 on. One
exenplary Tormfor a stationary gnet array 210 consists of 24 magnets

ar r angednd nithirdinagnesiy mmmetr apd ontenhmsmaradhend 220 aBlee iRAG and outer housings

provide flux return paths for the magnets 210. The dimensions of inner and outer field

clamps 214 and 216 are adjusted to shape the magnetic field distribution B(r, _, z) in the
region facing the field clamps 214 and 216. In typical use, the magnet array 210 are each
Nd Fe B prisms exhibiting field energy of approximately 35 to 45 MOersted-Gauss. The
stationary arrangement of this pole assembly has been found acceptable for production of
sputtered layers of satisfactory uniformity on workpieces of diameter in the range 65 to 95
mm. positioned at a distance of about R = 50 mm from the surface of the cathode. In
another embodiment the magnet pole assembly 86 is rotatable about an axis fixed with
respect to the workpiece by a separate motor (not shown) to obtain an improved spatially
averaged plasma confinement field. Many magnet pole configurations are known to serve
the present purpose.

Local pressure conditions within the sputtering volume are an important

specification for the sputtering process step. A local non-contaminating vacuum pump, not
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and wi thin magnetic inner and outer housings 218 and 220. The inner and
outer housings provide flux return paths for the magnets 210. The

di rensi orwomB/osmaeer and outer field clanps 214 and 216 areTaAdpusteesl t o
shape the magnetic field distribution B(r, _, z) in the region facing the

field clanps 214 and 216.. In typical. yse, the magpet array 210 e each Nd
Fe B pr AR QRAPISS 10 AGIH B PACTHGBRPIT PSR RAPEIHaW{lh aggnirolied

MOer st egdiffHSShe PREmaThalyRBAK Yarddd, aR98 BRAMbS fprd S ROk G AN, has been
found acceptabl e’ for production of sputtered | ayers of satisfactory

uni f or nGey flow cnotrkbis ecaistaiokd di asedactsd tate witlea comygerddlytayafiable mass flowi t i oned
at a di gt nocﬂe.of about R =50 mmfromthe surface of the cathode. In
anot her “€hbodi nent the magnet pol e assenbly 86 is rotatable about an axis

fixed with Taspkeialdendifyalinabltings detonimes 6p afaaheic®ndherad@t ThBown) to
obtain an inproved spatially averaged plasma confinenent field., Many
nmagnet pleraa depstygigereases sharplyent r3l gdgephike disgibuppe aedhthegerilieng. Local
Pr essur 6 GORMLA1 @A h 0L R IPiSRY blELI B YAl RS Rl i ol dTBEE bABle
specification tor the sputtering process ep. ATocal " non-contam nating
vacuum taugg of thatplastn AsBiBHe) ADSrtRETIOISARhSA MRS tiehoyertorapef apreseréd

mai nt ai

a.desired anbi ent pressure [n conbingtion wi.th a contralled
nf 1 ow GF<Eh eﬁ?‘é%??sfﬁgeﬁg?n t@ﬁf@w"yﬂk@g% A WREKPIEE HEHRg 2Rsr L QP ds |
measur egRHed 9@ B8 workiscd dn@WMnERThE SputiePed M oahd §drdlecd. TBERCHEHuf 8t e Wi th
a commercially available mass flow ‘controller. The plasnma density

di st ri bénd e wakpieewaraitypiehlly yheldeay igaound potentiah éreembodithents ptibaingndensi t y
decr eas S sﬁngr péyarah theedtloabt eriﬁ{ingt?e%% of ft,[lﬁe. q/| S .rni bution and the resulting
geonetr Cal dEPTHIT PEH T 5 0eSsent'] P fie ‘5}%58 "apparatus to limt the

proj ecti on oDekibf patadie@et fdi)fan%k@nplh%&ﬁadlﬁleDdetﬂbt@iﬁied ApeT dtdies d0fe further
limts the trajectories. of sputtere flux in_the reverse direction toward
t he wor RiSSOB@AtAN R AFRIEWATY taggrt s Bipisal gperatingcqnditions (aemgasiatHot he

wor kpi e I, A I, de]l tures
and theﬁﬁv\;g)?{;g?&el%aeg ?‘%ﬁt%% S‘.S?gpft‘g ﬁéeh g&lgé?(' g&%ﬂ‘%s%%ﬁéﬁ% :?)g Ob%glg %lgen%%gélrre nts
utili zi egemarfthgdistbdtion eSdmrged padederadcitientloa the tabden fdrhaeisanpecret atrixe

i nventi sign paraneters.for an exenpl ary .npbdul e 50 were. obtai ned from
studt es 20 Thee YReBE GRS RErTF BarieE I Mot SHBET Bty A

oper at i RRhELRhE itABS SuPRED N @BRIiASly 24025 A& dpertGrt 1024 SalRie8 RiittPthe 3bntra? 00 t O
-600 volts). Fromthese studies, one obtains the latera extent of the

di st ri baxis ehmegnaaaeyd0 pad snae¢d®.08adhy Siom e target supesetApastural@f.ven nmagnet
array et TIS3KCH 9 AL RALIEL il bl GRSy SRAb BLLDE of heForkBRELE! ¥
Although circular symmetry has been discussed, the invention is not limited to any

particular geometry.

Sputtering is a well understood phenomena that has been in use for more than forty
years for deposit of thin layers of selected materials. A sputtered film exhibits a thickness
which is a function of the properties of the sputter target material, geometry (position of
workpiece in respect to the sputtering target and the plasma discharge), character of the
plasma (power dissipated in the discharge, character and pressure of the plasma gas),
duration of sputtering exposure and electrical biases applied to the workpiece and/or
elements of the sputtering apparatus.

In dynamic mode operation, a sputtered film of thickness T(Py, , _, Vs ) is obtained
during an angular interval (d_/dt) _t where _ is the angular coordinate of the rotating target
assembly and _t is a time increment, Py, is the instantaneous power dissipated in the
plasma, is the pressure, Vs is the workpiece bias and _ is a measure of the relative

separation of the workpiece and the target surface. For a given rotational rate, the thickness
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inches on the target surface. Accordingly, a 2.5 inch aperture 104 is
aligned with the central axis of nagnet array 210 and spaced (0. 08i nch)
from t he werogeto4stir f ace. Aperture 106, spaced 0.25 inch fPcarmsphizienbr kpi ece
is sized to closely match the size of the workpiece. Although circular

SvITTet [ . - . : . i
p;rti pu%égrgiélgg? tﬂ?ﬁjlﬁ@g%?@gﬁgﬁ]%?l s%&%@%k%ﬁa%%g?@%%gé&%{]gﬂ%ﬁﬁg%gﬁ %I%ghhas
been i n SdshoWw o¢lativvy @idnigionk of the wotkgiese 48canddbposd-kecddred kerget Dayletrs of

sel ected terials. A_sputtered fil mexhibi a thickness which is a
funct i oﬁogﬁﬁt Wﬁﬁv&&ﬁri%@ﬁw h%s b5 getation @fﬁlaarg %e5 B Pryjegipgafyhe

(posi ti GihRfieceWRiakRbieEor 6F thePREME disRitulien R Yid @FdePBnilalyafthif R Hihe pl asma
di scharge),” character of the “plasna (power dissipated rn the discharge,

char act eectan@igp?®ss aedradler bhaesioasivatoghs phaft pesitian encoddr 9pnahles ligly exposure
and el ectrical biases applied . to e . wor kpi ece and/ar el enents of the

aput ter PR AP RT e el Bl P PR G e P Syt

t hi cknesgitidi{fpAhe depasitiodDf d Satditindiapeicbn He kiofighiedt. amBet @k tarpétenval (d /dt) t
where - is the angul ar coordinate of the rotating target assenbly and _t
is a tiretafeddirengthan ammplardnerpaent{berantlahaBiisiepine thegrerkpises maicchon frd

pl asma, i WS i E -] regsur e of
et 0 b T e S

gi ven r dbabdaoy)dbr exahele)tthe d¢fustionesminatdy. e 03tHBA dGeRCHiLIORINAR603 of a

given layer is limted dyrj an i ngle exposyre tQ a target sector.

B gur es avet e iatalsgie SHbPY wrated RO e ate g P et reateds 48 and
the two1SaCciMagdsi g8 to Bd 1Bl @g. HPELLhANEaRbALE MO biRERf i City. As
the rotation of thée target places the projection of the workpiece and

pr oj ect ipsejewfontof ghepiverkiveece iasd thetnlasimarlisribution prajegeen emirely etithimihein t he Pt
sector (fi.g.. 5a).. .a.gontrolle 4 .responsive to the shaf Qsi L1 on encoder
56" enabietdhasdiicn S AT BharP fodcRRREOR Siephl mhITrE abe BRRRIRD A"
convent iag#ialensblestiigh o Ra@e@EN howe NP ply 98 thitad fafget (FigudeRPsSutein®f a

pl ati num | ayer on the workpiece. Wen the tarf%et .91 has_ rotated through an
angul ar PHENEHBREPUgEFdongd thesie seoiqr gintil the shathosigricede signal ivdicpish and
the pla g ; L Py _ . g

(pr ox nar R W IR 201 A0 @LBE AR pb G ol (S thicf BARE PLLOBOLR. 1 o
The contBeohuseiit islpted@tesl fohile pojexiioristof thetwortipighe adnbplasymdissibptiavonde by t he
shaf t p(% i enc interr

to the t

sitio oder.89 and i upts t cat hgde hi gh, volt supplied
SRt T RGN B MR HER: FUPRIIGR YaF bF AR d g e TR

proj ect itRfe Qfill bOA tleBin@ C Thaskulthe dRtyasyoRe dHpehds tyeh R reRiiQE @RhdrRdnENt i rely
W t hin ttheeCo s.e(():\tégf asgi ndi c_atuédgt hrough %ﬁe jshlgifét tposei tli on encoclzller

si gnal , offsriveilspiere/plagme distiipitioaandthe target as a limit and upon the actually selected

start and stop points, which may be displaced within the limiting angles. For the illustrated
case shown in Figures 5a-d, one recognizes that the duty cycle for effective operation
approaches 50% to assure that sputtering is not enabled during an angular interval when
portions of both target sectors S1a and 51b are proximate the plasma distribution projection
on the target 91.

For the deposition module based upon circular symmetry as shown herein, the
relative dimensions of the workpiece and the target 91 are an important basis of the
operating parameters of the system. Multiple discrete target arrays arranged in a rectilinear
geometry are a variant of the above described processing module. Heat is removed from
each of the sputtering targets of the respective sputtering devices 51 and 52 through the
agency of a cooling subsystem 62, including cooling pumps, heat exchangers, water chiller,
temperature and mass flow sensors and the like to support the requirement to remove about

1.5 kilowatts of thermal power from each sputtering device of the sputtering assembly 50
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agai n enabl es high voltage from power supply 66 to the target (Figure 5c).
Sputtering continues through rotation of the Co sector until the shaft
posi ti on womader2&i gnal i ndicates proximty to the pre-seCeaisen34603
stop-sputtering position in proximty to the Pt-Co boundary. Because it is
preferred for the projections.of.t Wor kpi ec nd, pl as distribution on

t he talllalé’g %C8OEP%H%%kW?tST’)?m\Sﬁetnﬁ i“}%‘t“‘]‘g%‘@l’?%ﬁ‘@eﬁtoﬂg%?fésg e Oé)l\ﬂigl | be angul ar
i nt er valSandbérhéig sttty 61 Resfeomidntiobd desigh b Eistrid@iondhd deedHbttieng duty
cycl e depends upon the relative dinensions of the workpiece/plasm

di st ri bdesaiwedifdaaik target as a limt and upon the actually sel ected
start and st i P i < i L W fhi . I Mgk ng angl es.
For the illus lrlg é@é&éeaégghrgpgfm?yfﬁg |g;1%rme6§%§%y gé ﬁlgﬁgta]tflg%g% élpz9tés that the
duty cydhrporatiref Spattéringetarpeesr i, Db (aap ppimeipsotafitg pasmaconninpat

sputtering i s not, enagbl ed during.an, gngular interval,. e ortions of both
target SEEPEF) teppiyeR TG eogrlaw HOREOR T&éPF&“H%’Ag'Hr}? tiionn proj ecti on

on the targRls s%%porﬁﬁé tﬂe%taﬁﬁgi)a?gétispljrdﬂ)ﬁﬁg SR 3e6H o HRADCL [iFsthPfiogy ML Iy as
shown herein, the relative dinensions of the workpiece and the target 91

are an icopioolieat ehabdéssougiputs hithe bighr wtliagg ppaeranenla 66 tosputtesing yargeisnof Mul ti pl e
di screte target. arrays arranged i.n ectilinear onetry are a.variant of
the. aboys HuterypuRind AbBRRES Hiris 2 e e Rl eq B0 I Es e oF  The
sput t er ko6 O@E Sorddspbiing afMeelcnedt BPtH WaELNITREYI@Slehdls@Bledd?tht hr ough

the agency of a cooling subsystem 62, 1ncluding cooling punps, heat
exchang®ewer lggeldpr @gicpirespondipg fygaptreciPePEeido Saldae POV %%ensors and the | i ke

to support tlefEAL é4?ﬂ§i>!‘:hoﬁi‘&>fr£ E@QH@B%?%EI erﬂm%oﬁ&iﬁ%ﬁf%éo&%in%lfv%‘ar mal power

from each sputtering device of the uttering asse 03/ 040428
PCT/ USO 24184808 errosstatys aorchitibratot the kysteri whatform caminllent Gonmtetlet @hgdsr at ur e) of

1 liter/second. ling. ma enent. subsytem 62_.i s of conyentional  design
and condHPOCER SFTEY PREGHE AR BesCHuer b Gorinuraivs SERIES BroRTF o
control Lgs iBdriacecent rol l er 64") drives the rotating target 91

i ncorporating sputtering targets 91a ,91b (and optionally, rotating plasma
confi ni ng geemetry askprgesyrastrafesseang bl enchpnedng dwing aprodneiionon from

respect Lye, skl ROSHLEOD. BACQISTS SUBRALLL B NS, LOLALLG LALOsls. From

this shesl?(iueB%esi Iontenco i'on, er n es out puts of

t he hi ghhreogtt aggatieveEthesseuoleibd. 10 pafpidtiag hbiwer i delgekblyontrbliluble espact i ve
sputtering assenblies 51 and 52 during pre-selected angul ar interval s of
M

r ot at i o8¢ range apdiscaiaPlathgr asehented digqreffwaiucy WPO%‘&W&‘C igetcontrol | er
al so se 'n’?aciér?al% E‘?gur@ QWS wd BStratf R depdiRleAQY SESRANIERY (il R6 fof & Ghbty BET OF 1O

gati ng power
values of power dissipation and target assembly revolution rate for a 15 bilayer Pt-Co

sequence. The curves are computed for a variety of values of power dissipation at the target
required to deposit at a sputtering rate of 60 Angstrom/kW-s. The diamond shaped points
represent actual deposited film data obtained at a nominal power dissipation of 1kWand
measured by X-ray fluorescence. A variety of film thicknesses as a funtion of actual power
dissipation at constant cathode rotation rate are shown by the square data points. The
thickness is clearly limited by the time interval during which the discharge is enabled. This
interval may be further limited by pulsed operation, or, the interval may be expanded by
sputter depositing only one selected material during successive revolutions of the multiple
target assembly.

For fabrication of media for information storage, it is usual practice to produce
storage capability on opposite plane surfaces of the medium. The module here described is
easily symmetrized for this purpose, as discussed above, by disposition of a second target

assembly, e.g., 52, proximate the second side of the workpiece. Several components of the
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Controller 64 also nonitors a variety of local error conditions continually
and returns an error status condition to the systemplatformcontroller.
Control | ewOd4/oal4z® initializes itself for practice of thecprusssdiched
recipe frominformation supplied through the wuser interface 69. The

geonetr d pressure are essentially.unchanging during a. production
sequencé,o r“Sllﬁtng)atyh %Gﬁﬁélfbegﬁ??ﬁ%%r SeB?’faB%/EIil%ggg étl‘fglsi 9%?"%{491%%5@@85 are

cl ear | ymser8atad} Srovidd e a8 ioaRs sigdisof befh thidet £Q8hFIRs! Ghe @dntrdikrpar ti cul ar,
power is selectably controllable over a wde range and is established at

sel ect elpifieBy ppetatey Apthetgreebassasilondb gl waigiheoltage gewer swpplraparable mithur e 8
shows 'Ja%g% b2Rb'1Y k@%ggp&%%& b shftatd Xﬁciie'%ﬁ‘gﬁﬁhtﬁﬁ’lﬁfﬁiséﬁa& prariety of

val ues of “power “di ssi ion and target asse revolutron rate for a 15
bi | ayer sphiiteflng irsaguehwih thEligventiones are conputed for a variety of val ues of
power dissipation at the target required to deposit at a sputtering rate
of 60 Angst r 6A¢ KeAtEolenfox thy %H%Hﬂogﬁlﬁé’é‘if%ﬁpﬁ?@onto@ﬁ?% Eheoopsraian Withhosi t ed

Film dag ;abiRicnesiRb 4R AN & . rﬁh?{]e?é{zﬂﬁé bRk fbég&ﬁﬂ%og&gfwaeﬂ by

X-ray fluorescence. A variety of cknesses as a tunt act ual
power fslesispacpescrmativedist chatt (acdhodetiomt Howahant avwtian)eos ipwmiby t he
square data.points. The ickness i clearly limted by t ti i.nt erval
dur 1 ng RERHOT PR HRREHE PG LAnupied oM Lo MR rFRaretiey B! rod T ey

i mi t eddibyosed bﬁ@daoﬁﬁ@cs@édtme/h@atsinkb@taﬁlgg Rith2éspE@ito RBtaBSRAN SRRk MYce. SRUL t er
depositing only one selected material during Successive revolutions of the

mul ti pl 400, the greerad yse nwfesfacesypplicalihe eperatipmabiecipe dordhd saquemdeor mat i on

st oragey, . b | td t e il .0N_opposite

o or R aL, AR E R PHANOR SLOLIETARRHA WigED R

symet r arzatniloty inktiadizediaplosp408aandliGriossfielt aeoneipe Hyta des pabirdiahe oder a
second .target ‘SS enbly, e.g A 2, proximate the second side of the

wor kpi etEEr1age 80 of herisneint &4 isorpyaht ¥ tebepayssubybigtatersisnesd 3ued3  nodul e
may be ghated ibeiaBeR Hhh&IREREbAL 6 R er $RRASH 10O She 1%9%1’11 nb’BF’%p%wElhe sarme

nmotor 84 ‘may provide torque to the shafts of both target asse es. The
cont r ol dligsipBipn inyg plasthy copepatdase todhdraspeaiot tagsewbbrethe plashakwver gh

vol t age. p r . suppl erable i.n.the range.0.2.ta 1.0 kV has been found to
oot 11 oo Gk BP s R A e b e R P B0 S o Yoo TGRS i ¢
t he i nvson,i60R,. 70BN 80Dt realel SFf dfief détb&inputle bid Of the BsutRrifs e&dtod (AYVSML, i ON
operates in cooperation with the introduction into the nodule and seating

t her ei 07404 ios theatassat ol he wambeig! Iasieguapattorgd (orfaltstgtigels, yeé i bsent at i ve
Flow chaffiefelifisGRYRRE AR crdn QWS RREE +:OQERL aof&)p biffex RS layer

deposition. In a simple bilayer sequence the sputtered layer for corresponding targets is
accomplished at respective magnitudes for power dissipation in the plasma and a power
level may be immediately reset in anticipation of the next target sector.

Apart from the main thread of process execution of Figure 7a-g, a status thread
(Figure 7f monitors a variety of conditions and furnishes the status of module 50 to the
system platform controller. One readily appreciates that, for example, an error condition
within module 50 requiring halted execution within module 50, affects prior process
stations and the operation of substrate transport system 20. A more complex recipe, as
exemplified in Figure 6b calls for a similarly, albeit correspondingly more complex
controller sequence. A static process execution is prescribed in a somewhat more simple
set of instructions because the target wheel is directly positioned in the desired angular
position.

Figure 7a-f concerns the management of a particular sequence of multiple

depositions occurring in a specific sputter module 50. In general, a substrate will have
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execution of a sequence of bilayers sputtered fromtwo targets,
respectively TGL and TG di sposed on a conmon cat hode/ heatsi nk rotating

Wi th respwoto3te42s st ati onary workpi ece. At 400, the generall/usess4cdht er f ace
supplies the operational recipe for the sequence. Initialization of the

nodul e r . C rol . r I iables are
ci mi | ar PO Ao Bl BE SRl ool hsiRA BhroBE AN LR LB, &

der i vedShbsequenhprosssrstationtsd bfcaailaildto deipesis emevar modealistidét fuactmalight up to
the prescribed rotational speed and sequence i s available for selecting
one of §WCEB¥}%‘?°UIV€\]@F§ ag Bla¥z’f3é‘?ﬂu“?‘ﬁ1§y %ﬂ?‘%@@%ﬁcepomr di ssi pation in
the plasma CMah?%Qﬁ’dlﬁbﬁ‘% oftfer I sh@SPEGhE Y&rd RhARTS YRRt BEFRLAS TR -fPoVer
is, in fact gated on after detecting the limting angular position for the
cor r es ponibe ganaogetor(@adiusteB0 For 6G@ple; 0tati@0af a rnteiabje nwgneifpoleafssanblget ect i ng
the end,of .the sputtering sector.(at. 504, .604, 704, 8 for that target.
The munBorbaRbnSEL s STt i Yieraitngir B Sepdritiutonk 8ty og) i s
i ncr emefiad (ORetheRRARekrstwhible nay 8atestedsn BelcBRPolicd 88X ThebrokiehtdTehcH ayer
deposition. In a sinple bilayer sequence the sputtered | ayer for

cor r es pbwght pertioamest ke separatady ngged anldhe status oF grecteispe(ergagrintiped $ndwi- power
i _ . . po:
ot or pales et higfe BeSHRA0 (B RIYE] and QY8 IR (REIEMA LRGSO 1 "

pr ocessnpdale ytatmninfifrmatignr e 7a-g, a status thread (Figure 7f nonitors a
variety of conditions and furni shes the status of ule 50 to the  system
pl atform con tamngrdlam%re%mhwwgwé ASE9UPEROF Néﬂ?g%gléy%fia maigalsy v or

condi ti n.ivepih Hifr8BEUIrEe Rt Sitithd Misk Rahdietle@ XG LI WihRhRndDRUhe 5O,
affects prior process stations and the operation of substrate transport

syst em gibusoidatoniye abthelbogtomedfitheligars. High wpltdgeite the targkt iyenebl@bincasicors for a

Stati o BaR Rt teT Rt R TR R oS el b BBl o et o

i NSt r uChpREEREIRUSE dfhBe tapde@hd Wheedrd vatttinhRedihivg BRALdIVOGREedif: b desired
angul ar position. Figure 7a-f concerns_the managenent of a particul ar
sequenciheaespatiitd pristialg épigures iSeds Cotede Prver O candife peaupies 8@ tefdarggbdul e

50. I'n genesAlentefed R AL f‘es%\ércltikre RAY&ial %étp}é@%g%/éé[){l%ﬁég i {%19%&@11%@03

under gone processing I n one nmore prior perhaps to produce a
base | ay@rofsr) The Sadsdd Setpoimp i ogesemptraichdnths ppenatomvbaskadidtegtagpatiepdai t one
or nore distinct functional. or surface protective |layer as nay be required
by e HHEE FRECEF HBYIE BOVRAR 5 Tt PORSal BERSPU4igh LGN 0 A Hetipl

r epr esept akdnéealizhGyh NBE baRiwiidhOiWAatéAalk are SFRMteRE irﬂgf&bnb'éﬁfv% thyRts @d ust ed.

For exanple, rotation of a rotatable nmagnet pole assenb ]
3:1, 2:2, 3:2 layer thickness ratios. For this sequence, during a 5w rotational interval, a first

material M1 was sputtered 3 times (Cathode Power enabled 3 times), the second material
(M2) was sputtered once during the next n angular interval, M1 then sputtered once during
the next 37 interval and M2 likewise sputtered once during the following 37 interval.
During the next 57 of rotation, M1 is again sputtered 3 times during the appropriate 7t/2
windows followed by a 3= rotational interval during which M2 sputtering is enabled.

For a (typical) disk-shaped workpiece, the duty cycle per revolution for a rotating
multi-target sputtering apparatus as described depends upon the relative angular sizes of the
target sectors and the angular size subtended by the projection on the target of the plasma
distribution.. All other aspects of the process being equal, there is a geometric basis for the
duty cycle for the dynamic mode of processing. Although the size of the workpiece is
constrained by the invention, it is not the size of the workpiece that is the primary
determinant of a duty cycle as that term is commonly understood. The requirement for non-

cross contamination between adjacent layers of a sequence is stringent and is satisfied by
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86, chanber pressure, status information originating in the systemplatform
controller are typical of further paraneters which nay be treated in the
control | ewOB4/040ib® er osi on of each target portion nmay bePpsepsozssshy | ogged
and the status of the target (e.g., iminent end-of- |life, useful target

l'ife remaini term ned and displaved .or freated together with other
nodul e glaea“toﬂg%%tfqﬁq’tﬁﬂﬁte&?g cﬂn??trﬁoﬂ'%e&?yﬁa?lg?ﬁt %P’f%%“%f%ﬁe e a sequence
of N equatritutibays e iget WRtFMPERES within Glav@Rtdr (L tHIUY Sichpplifi@ion ot at i on
of the disk is indicated for graphical convenience in the sinusoidal curve

at the Bstreisstim affee wogwiese opjthhtaygst issayignedbwitheandaiogateer thapahiplasdng n

accord i . al i I , ok erials
each ocg}é%ﬁé%%ﬁ%"% trtrlgﬁg)ﬁﬁ %%gé%? : *?‘ﬂ‘?e? Bfg@rggﬁ%e ?ﬁ%ﬁ%sgrgfgmﬁ?‘&y@%l’ nt ai ni ng
excl usi véatbpubtadon, ngutteronm is hbeenabledentil the taiingredat sf thEipiishasrSjdetibn dgat hode
Power condition occupies 90 of target, rotation centered within the

res pec?rh?éaﬁgﬁﬁlasica%@eﬁ ﬁtﬁt UG ES i g S PR bF tsabivg anfhe leadingder .
The Mat e&g@aftﬁtpﬁgéafonta%af&cﬁémé RARAYRs b dARES BhaQRcOf. @ﬁ&ome%%ﬁgr a
particular value for the plasma power Wwth the next material to De

sput t er side ofihgsedorghustbe greatorahypl the angular sigsrsebtehiledhy te plasnahBstdigmnwher e

two materials are utter in_syccessive | ayers in. 3:1 2 -2 layer
i ke dRinr i oS b b E ok IR HE SRR Fas WS R it b metod, | %Y
first mRgRcbaAbrs M eqds asRUALRIce dThd thaxiRam(deghiapsiee Bome plafaigdbdidiiges) ,
the second material (M) was sputtered once during the next 7c angul ar

i nt er vari2 ang thdwy spele per syolyHes fofpaphgputiendenesited Bl approeshgaf04nd M

| i kewi se sputyt : . i j . i .1 he next
g R L R e s
wi ndows nfaed inomery. Bythau@dv iy Dtledigrocimiicel to herowahodhix & reggadof subsivBiesputtering i s

enabl ed.,. For. a (typical) djsk-shaped workpi ece, t.he duty cycle per

Fevol ut FERFIFiSR: & FpciehmR St sk EROS Tt e B AP B eddY descr | bed
depends j{iRapy sigdab @ Aok ¥ Se1ael BroSiARSothe Ea'i’%et WIREDRHI S OGE OpfieRRd the
angul ar size subtended by the projection on the target of the plasna

di st ri birgasnectorabecamdpropaivastis mofe expengiyew eed thelretatignad quarhsntohiedia s a

geonetric basis f.or the dut | e for. the dynam de. of. processi ng.
At nough e upu T R salih bofkGatelRbbnEoPRARESuIP B RORRTRER": 1 <
not t hetsgetevivél e baepddpfi@Cecbitiuigly SFoltBe phbsdiniént Gatebdd dbarne, 0f a duty
cycle as that termis comonly understood, The regui rement for non- cross

cont ani REXPEPF Basteronstipeied H%‘/ing ajeest Wiechdigegire aE &2.5 dnehes fHgaeducasd i s
sati sfi gdikyrid. }%1?5/ (914%%12 gid%gf y%{rgt?@?ﬁ% tc}p m%?ﬂﬁg{e?érrﬂt%ﬁ Qétsec?&“t tering

cannot conmence unless t rojection o asma distribution on the
t arget segitorach sget@subteeding withdtantiatlhat sector. (In the typical application,

A duty cycle for dynamic operation implies a non-operative interval. For the
arrangement described above, the duty cycle is a consequence of the geometry. 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, but not 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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the projection of the workpiece on the target is aligned with, and no

| arger than the plasma distribution projection on the target as limted by
appropri awe oapererires. It follows that, in relative rotaPCanSOEpwds eri ng
is not enabled until the trailing edge of the plasma projection on the

target hasg crossed.a.fir eetar boun sputterlng nmust be di sabl ed
as the ?%ﬁﬁtﬁéd‘éaﬁ@ﬂ%F“§Wh E’ %%FFSﬁg %%?%%% es the remaini ng boundary

of that sectgbmbiatién of the t@agwoagsmgsmwe dpr%é"beltwhmthmﬁﬁbddﬁngﬁeat er than
t he angul ar size subtended by the plasma distributjon fromthe center of

t ar get ﬂblﬁ‘faftltl\@mf therflexikilitsi ofs %Blve%%b Foz sxanplgrtansidete Ay 87eq, 2igkere are two
t ar get th$ 2B 1, he
pl asma uaﬁ%lg%%@me@ftﬂ%'e%eﬁ% he dgl?gngc% a(w?glvé? ut |%)% f oraIyeach

sputter rsdelpe Statle Spuitieting &fopr e e&tMmMmmm spmt‘ahhg fiomprgeamctgdhr e of

product of the invention is the nedja for mas nmory. Al though
it is a desiéﬁ @Hﬁﬂ5€1?ﬁﬁﬁﬁﬁgﬁﬁﬁﬁ?t ﬂgﬁpgﬁﬁ ’B r %831P§%8&? i mension, as a
practical

ndust r gmbpdinea ded SEspolas SR ARG af e B SH AR g hE Sa in
di us, ;th
radi us ealﬂs%% et“%]g{ B gb?\seatr &i%ﬂr%%e‘fﬂeg{& REGOTBT RLORAELSRRAN %rlgﬁﬁzf%ymaays he

eXpenSI | Ona Inerti a | NCreases ro
bR LI&

square @gf , schiBeH, U)?ce})g?ﬂ%ﬁ)';é’s@@tl wYitddh erneRtudibef Of taflick VicR@s the  target

wheel nustﬁ%e spe0|%|ed acco or the enbodi nent described above, a
pr ot ot y peBASH RERRs SRMG NMYSHRIN b itirdodBhasvithhiedb sebparogtierappbnded. 5 i nches
for producing a series of Co-Pt |ayers on both sides of a substrate of up
to 95 nuldhamst afvehticiningy Be pewticdd othamdetthareacipesificallyr dessubibeeindi ng
substantially it. Aduty cycle for dynam c operation inplies a
non-operative interval. For the arrangenent described above, the duty
cycle is a consequence of the geonetry. In a slight wvariation of
operation, the duty cycle may be dynamically increased by accelerating the
notor 84 within the non-sputtering region of rotation and decel erati ng back
to the prior state of notion as the target sector boundary is approached.
It is a preference, but not a requirenent, that dynam c node deposition
occur at a constant rate of relative notion. The circul ar geonetry exanple
di scussed above has a further degree of freedomin the choice of size for
target area portions. Wiile equal 180 sectors has been di scussed and

shown, the choice of sector size is dependent upon process and

wor kpi ece-si ze. The snallest size sector nust be at |east as large as the
wor kpi ece to accommpdate the static node of processing, and for
cross-contam nant free dynam ¢ node processing the angular size of the

pl asma track on the target nust be |ess than the angul ar size of the target
sector, in accord with the requirenent that sputtering is only enabl ed
while the plasma projection 15
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WO 03/ 040428 PCT/ US02/ 34603 on the target is wholly within the boundaries
of a given sector. Conbination of the two processing nodes represents yet

anot her ewbodiomaeg illustrative of the flexibility of the@cCirmsensiéen. For
exanpl e, consider a n/2 sized target sector "A" and a 3n/2 sized target
sector "B". In this exanple, a it/2 sized workpiece my receive static

sputtering fromtarget sector A and dynam c sputtering fromtarget sector
B. Al though %@?is‘cﬁ‘a\{%l'éﬁ'is(?n has been described with reference to particular
enbodi ments and exanpl'es, other nodifications and variations will occur to
those skilled in the art in view of the above teachings. The rel ative size
of target sectors and workpi ece may be other than as described, except as

expressly 1l iMHet@éthod. Bﬁsﬁﬁﬁéﬂlﬁboﬁfin%@é&ﬁ%n&eéﬁm&gbﬁolﬁ lay ¥4 684 wotkpiRCess
choice. It should be understood that, within the scope of the appended
cl ai s, t hiliecenivaidtliyms efdiviree speaies.iseisdnethpd eqikisé ovtheithing hopwiogf i cal | y
descri bed.CO glgg %8@054%8 PCT/ US02/ 34603 What is clainmed is: 1. The
met hod of "sp trer “depod ing a sequence of honobgenous | ayers on a

out wi thih a housingroatrs S Ry Phnle SPATE ARTRLTRaTals RRRASH A

sputterabl e speci asl gepaingiasstordpuitenblfspeciétseiccontbpsrtioh 6f sAad thrggtepar i ng
a second sputterabl e species on a second_portion of said target substrate,
(b) di sposing sai $baBRRbLLEPISHNG IS Variese I pubsiantialpremildo 8¢ ect ed sai d

portion of said t??&ﬁ&i§HP§B%?%Qﬁs&d%%g&ﬂ%ﬁﬁﬁM?ing an inert gas into said

housi ng and establishing a ectrica pl'asma’di scharge within said

housing to provi d@%ﬁ@g%ﬁfg aafin&?gés ey saé@g@{asisﬁdnggest{?ﬁ%ﬁgw elepfgt . (d)

i nposi ng a nmagnet | to confine sal i scharge; applying a

bi as potenti al t oplasia disehaggs withintsaidrhoasitg it perviatesi sogrcarfapsrfotre to |imt
ions fromsaid plasm iPci dent on said target to said selected portion of
said target and 1Ry raglﬁ&@itﬁfgﬁb on said workpi ece said species of said

one selected portjon, (e) disposi ai d .workpi ece i.n substanti.al
o oxi mty To. anot fRrieefids BatEdidei B ednohe st shrge (e U cmpbiet e, 2.
The nethod of cl abigy hotbhtidl REEai & RIR bS#IM and interposing an aperture to limit 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.

2. The method of claim 1 further comprising

(®) sputter depositing on said workpiece another said species from said

another selected said 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.

4. The method of claim 3 wherein said step of sputter depositing further comprises
limiting sputter deposition to said surface spaced from said target substrate.
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(f) sputter depositing on said workpiece another said species fromsaid
anot her selected said portion. 3. The nethod of claim1l wherein said steps
of di sposwo@3oenps i ses orienting a surface of said workpipetassubsoantial |y
conformal , facing and spaced fromsaid target substrate. 4. The nethod of
claim3 wherein said step of sputter depositing further conprises limting
sputter deposition to said surface spaced fromsaid target substrate. 17 WO
03/ 040428 PCT/ USQ2/ 34603 5. The nmethod of app]ying successive coatings
upon a worRpReked PhAPphing siGeRYIVRCOMLES UBpR 8 SOSKRIRCCHTY Bytienng fofg & ar get
portion ; %@R@ + gr.g. I mggﬁg IS 4ng a state of

rel ati V%C%fl?%%? tmélegtgg%tfovﬁl\tgorﬁ{fg?ggg an éﬂg?%ﬁﬁg%%%c%ﬁl{@?b t, (b) sensing
a first pre-selec i i j L Al tion in
el at on to sai d Go EeEs SR e bbah BbnRRR SANDALSRARI Ty
target portion, (c) coammwmiatdeng sputter deposit fromsaid target portion
(d) repeating steps (a)-(c) in respect to another target portion of another
material. 6. The (@t fodingfa fkigirens@estbbreditive siddpdsisibe pf o saidiatgedpomignand
termnating occur dyring.said .state of relative notion. 7. .The t hod of
claim5 conprising ¢B& %,1@1 o0l Wakpipssandiptiagpg ﬁﬁP‘étFergﬁl?%ltg’foé‘bs sensi ng.
8. The net hod of cl gi whsiein said step of termnating further conprises
accelerating said target until proximty to the relative disposition of

anot her target pofhi Rbmistifg9sRdr daRG: folrRidRcek sbalohng said target to
return to said stgcge of rél%tiverrfcgjtai on. 9. 1A t%értget assenbly for sputter

deposi tion of a p&dzreftsé\%%t{ng%{tepgSgt&?fnq@é&c%ta%mf Birget pOMBRIShAGN&R) a heat

sink conprising a cts" therein and having an inlet and an
outlet for circul atimaeodl. a cool ant fluid, (b) a plurality of discrete
sputterabl e target portions disposed in thermal conmunication with said
heat sink, each said portion containing one selected sputterable nmaterial.
10. The target assenbly of claim9 further conprising a shaft supporting
sai d he6GtTeim&hdédof claim 5 wherein said steps of initiating and terminating occur during said

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

8. The method of claim 6 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.

9. A target assembly for sputter deposition of a plurality of sputterable materials,
comprising
(2) aheat sink comprising a network of ducts therein and having an inlet and

an outlet for circulation of a coolant fluid,

(b) a plurality of discrete sputterable target portions disposed in thermal
communication with said heat sink, each said portion containing one

selected sputterable material.

10. The target assembly of claim 9 further comprising a shaft supporting said heat sink for

rotational motion.
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rotational notion. 18 WO 03/ 040428 PCT/US02/ 34603 11. The target assenbly
of claim 10 wherein said shaft conprises a coaxial tubular structure

defi ni ng woaw3spaees for passage of said cooling fluid in IPETASO/B4603
directions toward, and away from said heat sink, said cooling fluid in
thermal conmmunication with said heat sink. 12. The target assenbly of
claim 1l wherein said shaft further conprises a shaft position encoder for
establishing the azimuthal_ position of said shaft. 13. The target assenbly

of cl ai i -dhetaresiassesrhiyof sialp 18Mmdwersin sad shadigtomnrises eeavdal fuidgrdtrugingg al i ty
of discrete J: : A It dul e
for deposi t?ezlgl H%t tg\{gq é%gﬁ?gg?%%%%? géglgf%tllf%%@é%fég Hc‘;t;ié/e gﬁ&g@n\%\})r p@’gce
surface, conyravelydgpni adid heataink)raitlicgbifngethdd osibesma daptmechidation withesaidi on and
removal of said workpiece, (b) a target assenbly formng a portion of said
encl osur e, @%fﬂl'arget assenbly for non-concurrent sputter deposition of
each of a plurality of sputterable materials on said workpiece, conprising
a heat sink conprising a network of ducts therein and having an inlet and

an out | or circul ation of cqol ant .fl.ui.d. through said heat sjnk, a

ol ur al | 14 T0F afcinsay 6 i df SHGrEn SHL SR CHBBE TP Rs H POSBiuni cat f on
with said h&ﬁbde?'f@%esta%@i@lﬁlng%@azlﬂﬁﬁ&h%s&féﬁ?o@'sﬂﬂ@ﬂafﬁne sel ected sputterable
material, a notor adapted to produce relative notion between said target

assenbly and said workpi ece. 15. The sputter deposition nodule of claim14
further conprising an electrical power source for initiating a plasm

di schar ge.Thl GyrodiRSschibty 5@51%@%&5&%@9%@ 81eRirical b IMidtbdietN&lig conpri si ng
a shaft position encoder for sensing the felative position of said target

assenbl y anpusiydofnbsdigle epesterdide Wiz poiv0s128 PCT/ US02/ 34603 17. The
sputter deposition nodule of claim 14 further conprising a magnetic pole
assenbly for confining said plasma discharge to a selected region. 18. The
sputter deposition nodule of claim17 wherein said selected region

conpri sé& 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,

(b) 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 having 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 selected

sputterable material,

a motor adapted to produce relative motion between said target

assembly and said workpiece.

15. The sputter deposition module of claim 14 further comprising an electrical power source

for initiating a plasma discharge.

16. The sputter deposition module of claim 14 further comprising a shaft position encoder

for sensing the relative position of said target assembly and said workpiece.
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an area greater than the projection thereon of said workpiece surface. 19.
An article conprising a sequence of sputtered filns, adjacent said filns
conpri si ryO odiogtesict materials, said sputtered fil nms appl iped/ushz/ausgh
sputtering froma sputtering target, said sputtering target conprising

di screte portions of said materials, said portions supported by a conmon
heat sink. 20. The nethod of applying successive coatings upon a workpi ece

by sput tefi | yral j .S PUt i t portions.dis ed upon
2’ commor ¢ arogtiEll oo o Rl LS R o PRI IICH SR
mot i on Het sediningashaidl plasrkpdiecierganid sSelediedegfiomn target, b) sensing a first
pre-selected relative disposition of a first said target portion in
relation to said workpiece and initiating sputter deposition from said
target portion, c) sensing a second pre-selected relative disposition of

said firnst sdihdspatageleposidii motdultof skaindl 1 Wahkiiesfd s¢lectt@fagidtedoniiflisePut t er
deposition fromsaid target portion, d) positioning said workpiece opposite
a second t ar GBI et {hamthequgierting therigon pleyaid workpigseiseHaceand i niti ati ng
sputter deposition on said workpiece fromsaid second target portion. 20

19. An article comprising a sequence of sputtered films, adjacent said films comprising
distinct materials, said sputtered films applied through sputtering from a sputtering target,
said sputtering target comprising discrete portions of said materials, said portions supported

by a common heat sink.

20. The method of applying successive coatings upon a workpiece by sputtering from a

plurality of sputtering target portions disposed upon a common target substrate, comprising

a) causing a state of relative motion between said workpiece and said

common target,

b) sensing a first pre-selected relative disposition of a first said target
portion in relation to said workpiece and initiating sputter deposition from said target

portion,

c) sensing a second pre-selected relative disposition of said first said target

portion to said workpiece and terminating sputter deposition from said target portion ,

d) positioning said workpiece opposite a second target portion and ceasing
any relative motion, and initiating sputter deposition on said workpiece from said second

target portion.
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