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ENHANCEMENT | N AN ELECT %@@M@MH}@WFEM BACKGROUND OF THE | NVENTI 5 Field
of tire Invention The p ntion relates generally to the

fabrication of integrated ci*'t'ts on substrates. Mre specifically, the
invention relates to a system and nethod that deposits an el ectrol ess seed

| ayer prior to el ectrom | m substrate. 10 Background of the

| nventi on Sub-quarter ‘mlmmmmulm Evel metal li zati on represents one of the
key technol ogies 15 20 for ifyg,mext generation of ultra |arge scal gyexr

integration (ULSI) fox integrated circuits. Reli abl et Dir.aEAT 63 MDICOPPERDYV
mul til evel interconnect features, includi ng contacts) ViBE M NorfLeIEIRE

trenches is very i nued
effort to mcreasteﬁ%?ir;lgu Edenéhﬁsgm a#%&mm&gwme. As
circuit densities |ncrease IN]ANVEHEGTR@‘PDA’HNGSVSTEMS and ot her features
decrease to 0.25 p,mor |less, whereas the thicknesses of the dielectric

| ayers renai th the result that the aspect
rati os for t%@(ﬁggmb%}ﬁfﬁfwlﬂ ght divided by width, increases.
Many tradgti onal deposition processes have difficulty filling structures
where the as%ect rati o exceeds 6:1, and particularly where it approaches
10: 1. One tr &dld phthgiInyrntioBss i s a physical vapor deposition (PVD) process.
Ceneral Iy, bias i$n6pRadnehveich RMids RASHIBS toliRe %ﬁeatﬁantcﬁrlﬂtgﬁra{%@\@h@ﬁts on
sputterable material and a substrate on which the material Ts to be
sputtered. Asubshetes. Yese precificallin thevngentive r@ﬁasm?ear sysBatnd methpd $an deposits
created of i QREfec@ASsslsQA] ﬁ@tqg BEodi A %Bttﬁ-,%qb Mhstrate. The inert gas
ions inpact the %ar gé?tS d?%‘l?g ge teﬁ'e ?ptarg t mat er?sta and sone of the
material 10s directed to the substrate and deposited thereon Figure 1 ais
a side view | deposited in a feature with PVD
processing. ﬁ‘gﬁéﬁhhaoﬂehce{im !og features, the deposition froma PVD
process is typi caShly-qua;rrecern¢roatrmihlmhmetaﬂaatmmnpm@pnmfonb loé tieday weohnalngies

I 30 d t t th t he, feat
Such as the. B8 WERehEERRaS BF e piln BEreudR U RBn R e i
seal ed creat iRefjatle Y&rimtibm of Meltfl@al inteeconhed tatiges] chi@fn@ofitat, Vil lined) ahd at e.

One alternative to.traditional D proce that has rec been
devel ope dg rgnches is very important to t}-{e sEcccss %%L%q and to the continue etftlo%/t to increase

circuit density on individual substrates and die. As circuit densities increase, the widths of
vias, contacts and other features decrease to 0.25 um or less, whereas the thicknesses of
the dielectric layers remains substantially constant, with the result that the aspect ratios for
the features, ie., their height divided by width, increases. Many traditional deposition
20  processes have difficulty filling structures where the aspect ratio exceeds 6:1, and
particularly where it approaches 10:1.
One traditional process is a physical vapor deposition (PVD) process. Generally,
bias is created in a PVD chamber between a target having sputterable material and a
substrate on which the material is to be sputtered. An inert gas is flown into the chamber
25 and a plasma is created of inert gas ions between the target and substrate. The inert gas
ions impact the target, dislodge the target material, and some of the material is directed to
the substrate and deposited thereon. Figure la is a side view schematic of material
deposited in a feature with PVD processing. In high aspect ratio features, the deposition
from a PVD process is typically concentrated near the opening of the feature and leaves
30  voids in the deposition in the lower portions of the features such as the bottom and corners
of the feature. The opening can become sealed creating a void in the feature, leading to
defects in the substrate.

One alternative to traditional PVD processing that has recently been developed is a
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EL2663J8797US hi gh pressure PVD process, which ionizes the target Gd|2002
after it has been sputtered and directs the target naterial in an highly
aligned path parallel to the depth of the high aspect features. Such a
process) known as an ionized netal plasma (I MP) process) deposits nore
material on the bottomof the feature than traditional PVD processing. PVD

S processing and high pressure PVD processing is described in co-pending

U S Ser. No. 08/989,759 filed Decenber 12, 1997 and is incorporated herein
by reference. Figure |b is a side view sghematic of material deposatesd in a
feature with | MP processing. However) the ionized nated| HfATARNDHRERERDY

uniformy deposit on the sidewalls of the feature, partEfpgsGr%lr y near the

m ddl e of th Et.] e [ osed,
al 50 10 cr eoghara e YR et s EROR i R T RSP mak IR, BP0 HEAN G2
di f fi cul ti esandndifects|thetprdet glateaampacin highly alifmedtpatheparalist tocths slepthaif ilsr highan
PVD are bei ng_devel oped {0,deposit netals suc opper. or i num

i ectr opl at | T8RS Sfhes Brasts PR 2 b B0 28 SRRD sl BT PO
vi abl e al t er dagposisandre matdrial omthe bt af the feamre than trhditdénat BYD pEecessind. |IBYDt he

el ectroplatin rocess,.is able t row the deposited 15 terj on

conduct i sﬂ'ﬁf%&‘&:‘% é‘ﬁ‘z }1???’1 Rresen @r%ﬁeé%n%lgpdgﬁ“bf‘gﬂ 8°'P‘g'§f‘l¥r {E@J ser! No.
subst alnlti al | yg/éggeleslgqiled/hoie&%abe_irmiwa:c' hx)éi)isaic@@_bfamm Hetdimby ltl::fé_iénoa. FLg&Eb?tl:Si:sOR of
general ly positively arged ions o eppsition materi in contact wwth a
negativel y cﬁé‘tdﬁé(lf“%ii’gg@'f‘%t%f,mﬁgr‘% @Wftg‘g'“d? %eétluéec‘f”rﬂbhg? PEQFeRIng 1Mt e he

deposi ti on Miegfizdd rPdlerid) 8odshdt R EbrSUPEPbAL & théXidewdl ¥ BY §d|fedd@B GRRUEEYY €
substrate, a thin conductive material is first deposited on the substrate

and in 20 thaea g middle efifhe fraBuye-das thendeppatinerieasss. thueneningr@s derclpsed @spaces.
An el ect i b Calrefibto FHid héir BRI s R fiddgecoOnductive material and the
substrate is e ectrop‘fated W th an.ag ropriate conductive material, such as
al um num or coppeBecapgpafities diffiqyitics i g!qﬂg hgppechiatip fatures, proeessesctiey han
material |ay 1 ' [ . I d
ayer . For 1 EePaRe B e b PLRA ol phch BB BEPGEMERE, TR ERE
affect the ehbsatiniotdet industrienthaPfeceniy bean sxplated asca viabln alterpateledfor fibpk atted

| ayer. Therefor t her emains_ a,. need [ OV] t t hat
ext ends t he 9%?‘%’55\1??? geaélfesded;%%ﬁa%l ’glﬁcsd%cgmﬁggﬁfg g%eg%{?/%glﬁﬁg cpﬂaggér?%?%ldt i al
conducti ue | aedriaf o a @osdiRteqsiefite ehdfill rro@l the hiph) qepeet exsis . feBlreSsubsangialyl t he

| nvention Th resent jnvention generally provides syst.em apd .net hod, t hat
deposi ts an FBEL Pobs IYREHY: FEPAIRe S-S UMaRTEN pf FEFALS PoUHL Geres
processi ng. TR oFMspdMonSmaterial Gn Abhthot X3iR% ndgATeNT clided .subddate, as a source of

AMVA' r/ 3698/ MD/ COPPER/ DV Express Ma~l No. K EL2 63@879 US desi 8ned Wi tlh
f1exibl e archlerEisuioP atn Quicthn dBROSHGRM B 115 CERRSET SHOSHRLS, sUn pyfygpical non-

el ectrol ess deRpfsiitd QbsPhOEHRM tondiXtRE efiAdaY isatd @poRdd ioR-th kibsitdté Andlt
el ectropl ating process to mnimze oxidation and ot her contam nants prior

to the el28ct thipfeaturasgng maeddes anTglectrigal pathagiopothe streces y hay sleatdcal gurpgnt is
transter red il o HeAha QTS maFAP A ihe BuirfE G5 SledlfbpBit @wit? o Bppropriate

el ectropl ating processing area wth a protective coating to also mnimze
oxi dati on. Thendugtivematpsiaksadh gs alnwinydesr eopperi niflewess, Hhs integridy efithef iniisk
substrate transfer. robot. oadi t - di i L it h the
i nf 1 ame,  onarap vt R uerc e el WY hRRIY RI0S ER e RURRENRRE ek

t he mai nf r anm&or aischned) discatinuities dis the unpphlycohdustivk layeraameffeat thet eledtical owreendr
nore processi ng alpgl itﬁat or@ gr efera Iy the el ectro-chem cal 10 deposition
syst em i rfol udBg cgiss gefgets fbg e F@Opﬁfgﬁ%f Dtation di sposed between the | oading
station and the neEihBfcfc8Bherd rémfihgla hbe) wwedrovadie 8y stanh amb fiethadl tisst ke@ndsothe he

| oadi ng station, and a system controll z)r for contrall .iQ Q)rtg{ue.de|i)osi t.ion
processes andehabpility opfpeeronitignpin (fEARlUIES S¥t FIORGIEAR JPitia 8 U S fR¥nf The
el ectrol ess dgpQ3idd: QRchdgldtiededRet s and discontinuities in the activation,
or seed, layer and all ows sugsequent processi ng, such as 15 el ectropl ating,
to fill the remainder of the features w thout substantial voids in the
deposite terial. In one aspect, the invention provides a systemfor
depositing a conductive |layer on a substrate, conprising an el ectropl ating
processi ng neSurhmaneofithe Imgensionr ansf er robot, a | oading station coupled to

the mai nfranme, an gl ectrol ess deposition applic [. coupled.to 2 :

mai nfranme, and an elceE¥B B’s"gntboé’p%eéﬁe‘ia}%rﬁ)r?ﬁ(%ls& %E%fﬂ %‘#F‘ﬁﬁﬂ? ﬁaéodﬁléﬁée%?eaﬂ to
the el ectrol egect@eROSbdd GYenpRld eatsaite grivr anGubsequens pestessiighe The vsysemois
provi des a system for depositing a conductive |ayer on a substrate,
conprising a chanber having a bottom and a sidewall, a pedestal disposed in
the chanber, a first fluid inlet disposed proximate the pedestal and

. v o o o o o " o o




30 layer in the feature to at |least partially fill the feature.
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EL266338797US Bri ef Description of the Drawi ngs So that the manner in which
the above recited features, advantages and objects of the present inventioh
are attained and can be understood in detail, a nore particular description
of the invention, briefly sunmari zed above, may be had by reference to the
5 enbodi nents thereof which are illustrated in the appended drawings. It is
to be noted, however) that the appended drawings illustrate only typical
enbodi nents of this invention and are thefefore not to be consi der@gesr
limting of its scope, for the invention may admt tmemh@m@qtﬁggysmv
effective embodi nents. Figure la is a side view schematT€*0 i (e

deposi ted i nd@slél%gw{hﬁle%blpﬁr&m@% L5 cgn%@@é)nf g 5egrg§évtfrlagwa)§1 \R?peﬂa ?GSSSS| ng.

Figure Ibis a e View scC eria Wi th
hi gh pressur deﬁdﬁoprm&ssimgnreﬂ?naglyr @erﬂmlnsd dn-siuhevigi b ebdcteplatirpiicesanto

i oni zed netal .pl asma hanber. Fj gure ective_view of an
el ectropl at i ﬁr@g e &#%‘P%ﬁ?‘%}?tﬁ? ?“%mﬂaﬁ{?% oﬁmﬁge ‘ge%ré’ﬁ]g{‘rﬁéj r8°ets§JpT'Qﬁ G an
el ectropl at i afjowy the aodstdacttd be manﬁé:gadrﬁaoxﬁsan 8ledtrsiedd Rigpdsition Pesca it drvLtovdnew of

a spin-rinse- (S1zD) nodul e. ure 6 is a side 0ssS. sectignal vjew of
the S1ZD eéy%m%%% ‘ﬂceﬁ?‘%?‘éah‘“&lﬂl Rjateehve ‘%°§t“¥ E?r*’gsé’sm%&‘tz? 8R4RIRR etheof an

el ectropl at I Rgstéth QRR& S Hcluded a GH4iffrdnd Bavind &IHARSIhY Subkiraw thsfar fdbiade
contact ring. 20 Figure 9 is a partial cross sectional view of a substrate

hol der assenﬁwmgqt@tmned@eoseé 13 conpeshan ity Biespaifiame OReefr Hrorg peocessing

el ectrol ess dgpAfstdiQBsd RC&ARediEPRitC k! mAREEne '%ha%eelée%mle& fggha{mw c
side view of an alternative enbodi nent of an E is a

schemati c t oowiesigdde thhenEpPmoast Prosessing apalicaqger é’rqfirablx{s qjmtre chgmicgl a
schemati g S| %%pcysﬁt?ow s%tex%ninaﬁgﬁpi Qd’i%riﬁg@d}g'(gmi stgfiorfidﬁﬁgpd B&een the loading

station and the mainframe, a rapid thermal anneal chamber attached to the loading station,

and a system controller for controlling the deposition processes and the components of the

electro-chemical deposition system. The electroless deposition fills defects and

discontinuities in the activation, or seed, layer and allows subsequent processing, such as

15  electroplating, to fill the remainder of the features without substantial voids in the
deposited material.

In one aspect, the invention provides a system for depositing a conductive layer on

a substrate, comprising an electroplating processing mainframe having a transfer robot, a

loading station coupled to the mainframe, an electroless deposition applicator coupled to

20 the mainframe, and an electroless deposition fluid supply fluidly connected to the

electroless deposition applicator. In another aspect, the invention provides a system for

depositing a conductive layer on a substrate, comprising a chamber having a bottom and a

sidewall, a pedestal disposed in the chamber, a first fluid inlet disposed proximate the

pedestal and fluidicly connected to a supply of electroless deposition fluid, a second fluid

25  inlet disposed proximate the pedestal and fluidicly connected to a supply of rinsing fluid,

and an actuator coupled to the pedestal. In another aspect, the invention provides a

method for depositing a conductive layer in a feature on a substrate, comprising depositing

a first conductive layer in a feature on the substrate, depositing by an electroless deposition

process a second conductive layer in the feature, and electroplating a third conductive

30 layer in the feature to at least partially fill the feature.



EDP/ SRD cell. Figure 14 is a schematic side view of another enbodi nent of
an EDP cell. Figure 1 Sis a schematic top view of the EDP cell sq lL[ﬂ]ZUUZ
Figure 14. Figure 16 is a schematic top view of an el ectroplating %

pl atf orm having an 30 "on-the-fly" electrol ess deposition fluid outlet. 1
g AU ~ 2002 PATENT Atty Dkt. AMAT/ 36981~1DI COPPER/ DV Express Mail No
EL266338797US Detai |l ed Description of the Preferred Enbodi ment The present

i nvention uses a system and nmethod for depositing a seed | ayer conformally
on a substrate, depositing an el ectrol ess conductive |ayer conformally on
the seed |ayer, and electroplating a | ayef over the el ectrol ess | ay&knt
preferably to fill features on 5 the substrate. The & eetamalwsspdepErvt i on
process can be included in situ with a system havi ng on@rreMaiyEs260338797US

el ectroplating,cells, ,Thefel trql ess process can be perfornmed as a bath
deposi ti on, ﬁ&g&&%ﬂﬁ’@ﬁ@é—m#ﬁa gl obul e deposition. The electroless
process can be pegb eafet MyneNinel g6t hela86% WeRATEdires) aaPRldge@ b otféttof
substrate while transferring the substrate within the system while the

substrate awdfit Bresgnhiayeation greqattainsd cidesin Bsr prdsesioodoin dateil, (¢ B1oE parFigylar

cel I. El ectr gkgsiptislepPiielih@tibs iRy QeBmariiearabded) Qddyt heBhdCBNEMGEICE Qo the
materials over a catalytically active surface by chem cal reduction in the
absence of arfmbedigieatithassaf phichareillusteatad in fhgsppeidedidfayingst hat are deposit ed
by el ectrol ess deposi {,i Lgl r I “gﬁg j h
metal s as gold, pgl ?a‘gi ltSJ)érqnnb"Jg(g’ba t vgltr’)l pa?itﬁgpg%éghﬁ(%ays. lgﬁ%fdé%]? lr‘l g'ldgggcup
deposi ti on i smbodigieptstof vids thepuntand aredhriefotsmet & ket conbidered limditing dnifts sedper e a
catal ytic matgrial, A Gady Sliab Snef Al HANGLmidIEnGlECt Ol €55 deposi tion
of copper can occur at | ocations having exposed copper, gold, silver, or

pl ati num Al so, i Figure toisal side view keHemapadf mateniahdepositedindi featusuwitlaplesicahn be
used to plrom)te e&.ect.E.oI&iajdegosi.ti on of copper thereon. The el ectrol ess
process is0 sevlaf’orpéﬁpﬁg Qi\g d;{r FPHE ext ent of the avail abili ty 20 of the

el ectrol ess deposiFigup 15 @ wislderviemdcteinate of emtdial depositdi ini 20 featurel ith high

el ectrol ess deposition herein is discussed in context of a copper ’
deposi ti on, HUESSYR k’&rﬂf@?ﬂsF‘Bﬁ applies to a variety of materials that can be
deposited from el ggdur®) @SSschéhaticisie iew S8 oridtddattal Plasind CIMEP)AhibinBereS S
deposition process_in Chapter 31 of Mddern El ectropl ati n? F. Lowenhei m
(3d ed.) and in UFigurgais 2 pespediivggiewsofan glestronlating sostem ottihERe n by
references 25 For F‘?éu?@lt e é%ﬁémé!?cRGp%iE\b%arPéle&B REhg syRtm ﬁlgt%ﬂns.t ry known in
the art includes a copper source, a supply of hydroxide |ons to adjust the
pH, an acid as a réghue? irp shematic parsdeclive view 24 g apin-rinse-grviSRD) mpdulgent .

Furt hermore, becaysg,CoRPLLdd GOl edBnl VRS B thASRDIRAR BoRbliPFigied, the
solution can inclu an acid, as a conplexing agent, to maintain the copper
in solution, and FigtreBid & oress seivaalesanpl anrelectoplatingmiodentsalides 0. 015
nmol/liter to 30 a . | Lkt .ate, 0.04 moU iter to
about 0.2 nol /1 t%?é%?gésto"ﬁ@ gétgﬁeﬁmgaeﬁﬁgggéﬁ%%@éd (EDTA) as a

conpl exi n2p agent , Figutd91iond pdriidleross secabrmlivie® .of a malistrhtie theldendssemidy.er nar y

anmoni um hydr oxi d sych as tetramet hyl ammoni um hydr oxi,de ( TVAE or

ot 251 um ycir oxi daBRaD) s dosebibiRyPerme R Vi O Sy s depbiid e 1o
AUG 2002 6 PATHDS) céll 2010. Dkt . AVAT/ 3698/ MY COPPER/ DV Express Mail No.
EL266338797US above about 11, 0.06 pol/liter to about 1.0 nol/Iliter of

f or mal dehyde ( HCHG)'®BF LIS ASehFmatics °dl%°¢ﬁ?éltF‘é‘a%‘a %a”é@%ﬁ’i‘f ?}%@ﬁcﬁﬁf liter

to about 6 gnilit epig@t 1PN WichBRARAbEVIBMHF HREDP nasphattFigekan. (CAS
68412-53-3), known as RHODAFAC RE 610 as the surfactant. The el ectrol ess

deposi ti o? pr ocessFigwed 3ns At sshepatisciidesview #f aicxeraplapyesmbodiment of @) combingdess

deposi tion f'Ebg/gRrD&Jl‘g substrate and preferably both to a tenperature
bet ween about 1 to about 100C, preferably between about 50C to about 70C,

and nost pref er abl Kigetoddtis §Gematia sj¢si view olametiecembadimentioban ERBregllt he
princi pal Conponenlgiéur%q@ is a schematic top view of the EDP cell shown in Figure 14.

Figure 16 is a schematic top view of an electroplating system platform having an

30  "on-the-fly" electroless deposition fluid outlet.



be expressed as: 10 Cuz~ + 2HCHO + 40H --~ Cu~ + HZT + 2H,0 + 2HCOO' in
the presence of a catalytic surface The reaction thus delivers t 9 N][; 2[][]2
el ectrons to the copper which allows the copper to deposit on the Catal ytic
surface and hydrogen gas is produced as a byproduct. The conponents of 15
the solution can be m xed in deionized water. After deposition) the surface
of the substrate can be rinsed with deionized water to renove the renaining
el ectrol ess deposition solution. In tests, the electrol ess deposition
solution deposits material at a rate of about 400 ~ per m nute and,
therefore, a 100 ~ seed | ayer would be crgat ed in about 15 seconds,f
subsequent deposition process such as el ettropl ati ngary B aMkmsepmeter

met hod uses an ionized nmetal plasma (I MP) process to crie#ted oselt I dfer
prior to using the el ectrol ?ss deposi t1on f|UId process that enhances the
seed | ayer. S&flegDescrintion of the ehEmbadimenbyp t echnol ogy. Sputt er ed
netal atoms are i9Qpé %%Qerm’mpﬁﬁl%hrlﬁest ResyafeRMind @@ o dB)RRAR Heh@ralgd i n
a deposition chanber between the target and the substrate, described’ bel ow.
An el ectric Ferprnallyrongesupstrite slepesitingl wpleqiplessrondurtive inyameaniaraply on ghe
sheat h, bet wegq m)m% 2Rl R BRopMithgtahBye? BPR thaliSublaad 1@&%&!@5@9 ?@ﬁ%mm%to%'

ions towards the substrate in & vector per pendi cular to the substrate
surface. Thethsi absteater e elgptrlessrasaogitiQreproenss Pﬁeb% insbdechresipy with a():’p'ﬁﬁemnal
application '

Cross-secti oﬁg‘lld? pg%v%?“ ?Cl@ﬁﬁﬁlﬁ W@l g%g%&m m%%é%glg%%e&o reon may be
used to advahathgeposition; mwrm@@bsmblamag(dePﬂemnSﬁwesghmge@ntnopest(mm as

an | VP VECTRA of ant a
Clara) Catif gg}fom(é‘ringpweaﬁﬁ%%er 6@&2"%@1@%&% eé’k@a g‘rlle Ik:r E
piatform al subsa'manm&ini the fsystem Aphild thel siistrete iawhiss, tranefer toTehﬁlbﬁtdqaéﬁn@foc&QQor

I ncl udes ﬁl dewal | s lid 102, 1 g p,U- 2002 7 PATENT Atty Dkt.
AVAT/ 3698 NDIERHBRT! /CISU Express Mail No. EL266338797US and bottom 103. The

| ihd 102 i nc: udesbale‘camggst ddpasikibids pl ploeesd (Fér W‘?ﬂo@llﬁﬁﬁ Luaﬁm;%se anefte'ﬁage&velgﬁ of

the material to he deposite An en| 108 i.n e chanmber 100 provides

access for a ?6%?38’ %I“V% ﬁ‘b‘%ﬁf b[yoqg ‘T’d“%ﬂ’ﬂ‘j‘ ‘PéE“? pRsgRCesRfiy ?"é‘frég efer§q o

and fromthe caﬁa{tben'ypil&omemssmbtsﬁléafeﬁos&e@m retect%lesssaepwansmm@e Soppet b ©

110 and is typical Ic}/ grounded. The 5 substrate support 112 is nounted on a
i

lift notor 17ekehard caq sré”éudénﬂwhomé% %Shéo@uB%”taF‘é*Fb @aﬁb@ﬂ@ tintipacy gHoys.
substrat §511¢)0k SRS BehdsHBR GO, sefbctiv fde;Pcls%‘ﬁ ahl Goce@ENE L RY 1bGitiBnd Whire a

catalytic material already exists. For instance, the electroless deposition of copper can

occur at locations having exposed copper, gold, silver, or platinum. Also, iron, cobalt,
nickel, palladium, or rhodium surfaces can be used to promote electroless deposition of
copper thereon. The electroless process is self-perpetuating to the extent of the availability

20  of the electroless deposition solution and other reactive conditions. The electroless
deposition herein is discussed in context of a copper deposition, but the invention applies
to a variety of materials that can be deposited from electroless solutions. Descriptions of
the electroless deposition process in Chapter 31 of Modern Electroplating, F. Lowenheim,
(3d ed.) and in U.S. Pat. No. 5,891,513 are incorporated herein by reference.

25 For electroless deposition of copper, one chemistry known in the art includes a
copper source, a supply of hydroxide ions to adjust the pH, an acid as a reducing agent,
and a surfactant as a wetting agent. Furthermore, because copper tends to precipitate
above a pH of 3.5, the solution can include an acid, as a complexing agent, to maintain the
copper in solution, and a stabilizer. One exemplary solution includes 0.015 moV/liter to

30 about 0.08 mol/liter of copper sulfate, 0.04 molliter to about 0.2 mol/liter of
ethylenediaminetetraacetic acid (EDTA) as a complexing agent, 0.45 mol/liter to about 0.6
moV/liter of quaternary ammonium hydroxides, such as tetramethylammonium hydroxide
(TMAH), or potassium hydroxide (KOH) to supply the OH" to achieve a pH preferably



notor 118 is nounted in the chanber 100 and raises and | owers pins 120a)
120b nmounted in the substrate support 112. The pins 120a, 120b rfgﬁ gnﬂmz
| ower the substrate 110 fromand to the surface of the substrate EH r

112. A coil 122 is nmounted between the 10 substrate support 112 and the
target 105 and provides inductively-coupled magnetic fields in the chanber
100 to assist in generating and nmaintaining a plasma between the target 105
and substrate 110. Power supplied to the coil 122 densifies the plasm

whi ch ionizes the sputtered material. The ionized material is then directed
toward the substrate 110 and deposited thgreon. A shield 124 is disqgesed in

t he chanber 100 to shield the chanber 15 sidewalls 16)‘1-05;'(%;%6@@25?‘%%’8@%‘%}%
material. The shield 124 al so supports the coil 122 by s&pporté . e

supports 126 i, ¢alql ¥ o | il : j a t he
chanber - 100. e ehauf 1L 000 SRS o AbaBOtlo Eepulel U, ERFaid B HHEHDIRE
substrate sugboxyliddgdd anthegbdusingsagent, and: b gmdierao ahoutifagkbitatef mbnyliphenol-
bstrate f teri t i j i, Rt
substrate 11 MRk BLAGNIBLEL] oLos When 415, SRS LARE AR RLIEE €190 &

processi ng position owner I'on anp rrng.
sonme chanber sadidtanyurBhiei addespleshdepobition ¢hrab2st is wplipated Sprodess elasrjphari hegts 1RE8

when the substrate 110 i.s | red below the shie 124 to _enabl e bstrate
transfer. hreieégﬁlg% PP ﬁ‘\é\g Oé_(laée %‘b%’bﬂt? ?‘P%tm c’iakgllﬁt ahisEPeREge §ﬁ W i n
Figure 2. A pover13appl abod3000de| bredrablp efwesrabyut B0 Q wseibofito70°C) REd Glidsv €
Dl asma. . NagndtSeEBE RO R dr B E IS EhE e AR BUGH CoBPAERS oo
i ncrease the ylensiet¥dad: a pl asma adjacent to the target 105 and i ncrease

the sputtering efficiency. A power source 132, preferably a RF power
source, supplies electrical power at about 13.56 MHz to the coil 122 to

| ncrease fghe densid,y- PBHE}E@ ghg% Cﬁﬂpfr*}g I + gg@ﬁg&@ggrés&%‘:a' ly a

DC power source, biases t ubstrate 30 support 1 pect to the
pl asma and provi defadatelgtit swfae¢ attraction of the ionized sputtered
material toward the substrate 110. Processing gas, such as an inert gas of
argon or helium is supplied to the chanber 100 through a gas inlet 136
from gas sourTiesedkBidn thud Aehersmiceeledrohy tor ths peppet whichmalswi thewoppet %o 4égGsi2002

PATENT Arty Dkt  AMAT/ 3698/ MD/ PER/ DV Exgr gss Mai | No. EL266338797US
control | ers 19othe §aalyliosurLacy, s &% 1 Srodrrd s abyprogusth I g AARPYIENEHE at
an exhausts pokht sdidtfontcan 6 hikkdtin HElEnicdlianhied. AP d&sd6itioRi thé dirfacé BEthe fstrad
pressure in the chanmber 100. A.controller 149 controls the functions, of the

pover suppli e¥n ¥g fipsqdppighsdeiopized WRiGIy IR JROPY Mier Efayting slecirpiess: dergaition

vacuum punp, iMdicA! NEkeshS BRCIRHBRsLNIBRREN SolGIIPRPE s mARKhI fabl B Ghte @R Sbouthe
control |l er 149 p‘%ef erably conprises anmabl € m croprocessor_ an

i a_progr C d
executes syst&if B?ﬁfﬂ@_}ltesa@fl’t%?@r%tad%g‘ seRd By FrenBd be gieptedin dpouhb 5e@rdr red
enbodi ment i s, Qtﬂfsgqvﬂh%lpgsriﬁdﬁepro&egéjs&ﬁgs Lieglopfngnal og and digital

i nput/out put boards) i1 nterface boards, and stepper notor controller boards
(not showtd. The cotprefeired method uses an ionized metal plasma (IMP) process to create a seed
layer prior to using the electroless deposition fluid process that enhances the seed layer.
Generally, IMP is an extension of PVD technology. Sputtered metal atoms are ionized by
passing the atoms through a plasma generated in a deposition chamber between the target
and the substrate, described below. An electric field, or self-bias, develops in the
25  boundary layer, or sheath, between the plasma and the substrate that accelerates the metal
ions towards the substrate in a vector perpendicular to the substrate surface. The bias
energy can be modulated on the substrate by an optional application of power, such as RF
power.
Figure 2 is a schematic cross-sectional view of an IMP chamber 100 in which the
30 invention may be used to advantage. An ion metal plasma (IMP) processing chamber,
known as an IMP VECTRA™ chamber is available from Applied Material Inc. of Santa
Clara, Califomia. The IMP chamber can be integrated into an Endura® platform, also

available from Applied Materials, Inc. The chamber 100 includes sidewalls 101, lid 102,



149 controls electrical power to the conmponents of the chanber and includes
a panel that 10 allows an operator to nonitor and operate the phanxﬁ .
Optical and/or magnetic sensors (not shown) are generally used{§ bezmd
determ ne the position of novabl e nechanical assenblies. In operation, a
robot (not shown) delivers a substrate 110 to the chanber 100 through the
opening 108. The pins 120a, 120b are extended upward, lift the substrate
110 15 fromthe robot, and the robot retracts fromthe chanber 100. The
pins 120a, 120b | ower the substrate 110 to the surface of the substrate
support 11 2. The substrate support 112 rajses the substrate 110 tg.engage
the clanp ring 128. A processing gas is injected i nt4y PheMEVSHFBEOPIERDVand a
pl asma is generated between the target 105 and the substTate QipPdrt t12

wi th power fr spurce. 130, T 132, deliver wer
to the 20 coiaﬁ&éﬁoﬁ%ﬁ%ﬁgﬁ ?‘?égﬂnﬁ@gfﬁ %Q?I%Pg%fniggb‘g#ég@ Vﬁlghs‘ﬁrolftoft ef Z%{E? ar get
mat eri al | eauDfigf theendtaial et bd &potiedf Gunopspiug t168 edthaebanibieall00 prosides ixeess
sputtered material ions,are accelerated. toward. t i as sybstrat e 0.
The brocess grasgtruRiiapSid BRERLT Al Frisi uButeaTo BTt HEchimir a0t

i ncrease the Acubstatd euppprtobi@biuppbrys e dubgraspUlad aneéds mdiclly adrowidedrs B t he
atons travel through the plasma region. After deposition, the substrate
support is | SHRstralg supppst EQZ ‘ﬁi“il%mfgd’&,a ]i%ﬁlﬁ’t%rlégrﬂgqté'@ﬁstaﬁd fqvyers ﬁ‘ﬁéu}%%?t rate
110, a robot sipkt BINOMA)a SiYsRAte 11D Qlispbseahrereck00A Kfeplatee YRS cdeetéd!RSA Nikt €
110, and if desired, delivers another substrate for processing. Figure 3 is

a perspect i venajprely8ds mepntad yrthe ghamber P addpissh A wst pin 203 h2QRHneuntedhe

el ectrol ess qeaRSLbdAR RHPGESH. CBE fifs DRL! D0BRE @MY 1bwe S GisRRE 110 from
co-pending U. S. Patent Application 09/289,074, entitled "El ectro-Chem cal

Deposi tion Sysdderithe furfase ofthgeubspate |support1 H99) Ankaibh23 & meueed etteer theer ei n
o) at 1 or m 3o s Fpdr! PR fol 20 plo ity S oy ERblAM A e
pl at f or m 200 igérehahbsr 160 mpassisis gendramgiang mgintaininga plagna betwirarthatargeh Heal
The 10 AU ASORs AT Phe SRR WS Ea bR RS RAR AR
EL266338797USpnudred mateeial2 1 Fhg émézed | rhatertb npthies decedraiwatd siwesubsteatsst HY and
N
el ectropl gt i ngdespas em pbat the kpadd, mpeddl.i Thé ity IRhalsaBupioranke oil122 by
enclosed in asugplaoert%nug.n \’ll'ih<r3 (glrllpr{)%?tg llZJGS ngc ﬁga?lr}lei\rllsila?eut?xg cgi? 152‘2I érin%? s?hiﬁg qgfll %.r'xd The
the chamber 100. The clamp ring 128 is mounted between the coil 122 and the substrate
support 112 and shields an outer edge and backside of the substrate from sputtered
materials when the substrate is raised into a processing position to engage the lower
20  portion of the clamp ring. In some chamber configurations, the shield 124 supports the
clamp ring 128 when the substrate 110 is lowered below the shield 124 to enable substrate
transfer.
Three power supplies are used in the IMP chamber 100 shown in Figure 2. A
power supply 130 delivers preferably DC power for conductive materials to the target 105
25  to cause the processing gas to form a plasma. Magnets 106a, 106b disposed behind the
target backing plate 104 increase the density of a plasma adjacent to the target 105 and
increase the sputtering efficiency. A power source 132, preferably a RF power source,
supplies electrical power at about 13.56 MHz to the coil 122 to increase the density of the
plasma. Another power source 134, typically a DC power source, biases the substrate
30  support 112 with respect to the plasma and provides directional attraction of the ionized
sputtered material toward the substrate 110.
Processing gas, such as an inert gas of argon or helium, is supplied to the chamber

100 through a gas inlet 136 from gas sources 138, 140 as metered by respective mass flow



5 mainframe 214 includes a base 217 having cut-outs to support various
stations needed to conplete the el ectro-chem cal deposition procesia -[E)GZUUZ
base 217 is preferably made of alum num stainless steel or other &
materials that can support the various stations disposed thereon. A

chem cal protection coating, such as HalarTM

et hyl ene-chloro-trifl uoro-ethaylene (ECTFE), or other protective coatings,
i's preferably disposed over the 10 surfaces of the base 217 that are
exposed to potential chem cal corrosion. Each processing station 218

i ncl udes one or nore processing cells 240, An el ectrol yte repl eni shirke
system 220 is positioned adj acent the mainframe 214268 AM PPERDY he
process cells 240 individually to circul ate el ectrol yt eg‘ﬂesssg‘gﬁgjggrgggﬁ%%s

el ectropl ati e55. 1dhe i

i ncl udes a p%a%t?glggsp%?y1%‘{?a‘%?%ﬁﬁ%%pgyéggSé%gést%@og*‘g%{‘aﬁb%f&ggaalf)lge\i\!%arusi o]

t he syst em arpdrtd 48 con¢xhelst sheshanb& 200 atd/mpeiaain tie desirpd psssag ia therchgmberi@bdl e

m croprocessor. The | oadi ng, station 210 preferably includes _ gne or nore
Substrate casset o bl His B S KincBi' o B gbuer Sty L8 o Pl Hass
transfer robdlew Z38tréids abr | @aSinjeRtien, Sulkatmabemp) iafdt Gher2 3§kocibted UsHARbeOf
substrate cassette recej ﬁlargg areas, |oading station 20 transfer robot ?e 228

and subst rat °BPPRHSFG esd The cemdrollgma dth grefirarly sRmpritss & progeammab

confi gured aGiRfdpidigssbOand1exed@sd Eytbnt Boreid O BgTtitar®ktotddein Sy mb@asny, AMhickhawke f or
one enbodinent in Figures 3 and 4, . the Ig%gi ng station 210 jncludes two
substrate cad¥gered ¢ DENG Rhaad disk drve, apg,cangaely {oétap‘éaﬁlgt‘?ldﬁg‘fﬂéi“fpf“bbot s
228 and one Yihstsiatefal bdARtsOind2 P pernstdPEdnirdlI& HoaRis eidi 8haiasd, aRBlahtrilies
substrates 234 is | oaded onto the sSubstrate cassette 25 receiving area 224
to i ntroduce diwentrels elsctpigal powento the campasnents pf tieichymbsy and inchidas ¢ omnel thahe

| oadi ng stpati r : f t HQ%E]

substr at eltogasaglgkvtgélﬁ %@‘Iﬁ%ﬁd@ ?ﬁgtéﬁgﬁ%’?@ t%;‘fsheaﬁl}tﬂ g‘r$ g%csﬁaf[ﬁ%ol}l 0 ?ﬁ‘g&é‘%@% on
transfer robdnoxh8wolarp gérsealyaised/oineyvie and deterirane the poditianorfmpaviayle lreobamidah t he
art. The subsatsge%bqiegri entor 230 positions each substrate 234 in a desired
orientation to ensure that the substrate is properly 30 processed. The

| oadi ng station trlangtmtion,obeibol 2dt shewn)t dedinstt ar sibstdis tl 1 @ tte she? Sdhanibet W& N

the | oadi ng stati 210 .an SRD t] 212 and bet he .Loadi
station 210 AR denehRRToh Paiin. P 1290 25 Rk LT I b7 irsBRe AT
pref er abl y5 al Bamitieclobiete andiths Wbkt réttaets CRSS ik tckarZ@t 100r Thepinenany 1230wicage of
substrates as, needed tq facilitate ficient tra%eir ,&1;? 19 ALl G 281 LO
PATENT Atty. BREUPSERIETYISdQdravisr SEQS SHRRoTh by RPIBE BPPOT
substrat es t hiagugife bitRirak 1€ W enh@UhScldmpkiag 1 36) ONVproedtigphs RIFjeétbAMES BE
robot 242 having a flipper robot 2404 incorporated therein. The mainfrane

transfer robothadper K0rapda plasmpa israsnapted herwesmthe dargelt \Ha nd dher ubsteats swPaRti ons

attached to the WRk Pbv@ o HRlJoAR) sdute! 140 "Iﬁe?@ﬁerpé’oﬁféQQQ BliversSiodlel e and
the SRD stations. The mainfranme transfer robot 242 includes a plurality of

robot ar a0 2497l Mhigh denwfies)the plagmaard ippprsithe PyBered troget matesipk lgehegitha dargl end
effector for gach af ; i .

known in the art af% %Jaaﬁe%gpr{aagetngfcﬁgsdzgg%gﬁ%égﬁg %Ec?%%g%%rﬁéeﬁ%gttggg{%&& the
handl i ng r obobigsedsubdirates1 kb dEhe PRIRIBY presspzd nap be operaigd Fxpny ebost 5 daabowsnl 00
Inc., located j l. pi tas,, Galiforni I i r .

having a fli prﬁllel?) rrr'Yl%xgctreagg ﬂ%ehlgmé%t%fnggfr ?beagglgf of@l:g%\%t% el%%f“ n{l(r%go(r% %sftrale #g’ms
substrat es betrawet throughf the @hdsma tregioro nA fiext depoditah, tle tubstrav@bupbodieloxeradetie as

flipping e substrate being trapsferr o the desjiredq surface

orientati %ﬁ %F?ééé’aﬁ‘r%qbe?re t“ﬁ??df“? Fﬁﬁ}éersug%dﬁ’ﬁ‘%tuﬁ)t‘ilf?goi 4‘?8t B@{ FrieTs therchambe ng
surface face- doyWetfi&es tReuBtREd NOPANLT MQirdd, A6188E anbtheNRbRBLRS plodessimel | 240
and flips the substrate processing surface face-up for other processes,
such as the spin 158RENSE-4PSFSRSFIREEEY OPAR FISFUEAPIAIIng shehplatiors AO0R Jfiighe

robot 242 pr oydg&oRdZ BEREEBE pFRBAcaiBE ipeffortde@Ndd ti§) Beskribedlin D6 entliig TS,
robot arm 2402 and independent "substrate flipping rotation by the f%l pper
robot end ef f Batewr Appi3ationTAY28%P4d cntitted TElechptdamicaRPayositivantysteny] filedson

referabl y,co e . I A a :
ranet orr 28 APGT 808 Syt is AAGReERALLEY rdnoel Mot { ShERd Bp view |
transf er robobf 2B8eleclivplatihg ctystenpl plhiforen 20&t eRgfempingfter bdsh \Figwrap3i seb 4t wie RTA

chanbers 2|1 djsposed on oppQgsi.n i.des of the |laogading.statio 10,

cor r espondi ng elegtrr)?qigmgmﬁﬁgtfq{ggfdg?ngegfra{l%gorp%résgf Agozing ?t%tﬁmgzl]é’ 2 thapihy
anneal processngdaneiaiber Al § agatiafraht Y14yahd akBResolite replenigtidg sydteth 2201 The
t hermal anneal chanbers are typically utilized in substrate processing
systens to enhance the properties of the deposited 25 nmaterials. The
invention contenplates utilizing a variety of thermal anneal chanber

o, o o v o o M



Figure 5 is a schematic perspective view of a spin-rinse-dry (SRD) nodul e
of the 30 present invention, incorporating rinsing and dissol vi nggf P‘Bsdg%g
inlets. Figure 6 is a side cross sectional view of the spin-rins )
nodul e of Figure 5 and shows a substrate in a processing position
vertically disposed between fluid inlets. Preferably, the SRD station 212

i ncl udes one or nore SRD nodul es 236 and one or nore substrate pass-through
1 g AU G 2002 11 PATENT Arty. Dkt. AMAT/ 3698/ M) COPPHR/ DV Express Mail No
HL266338797US cassettes 238. Preferably, the SRD station 212 includes two
SRD nodul es 236 corresponding to the nuner of |oading station transfgr
robots 228, and a substrate passthrough cassette 238 sk pasiitwuperrERIoVe
each SRD nodul e 236. The substrate passthrough cassett &F3§ M FPBRIEs
substrate transf.er hetween the | oadi ng tion 210 and t 5 mai nfrane 214.
The substr at UGt S raHeh Sunbes 39 nRine dudttr SRy ¢ b t-Horn B3t h

the | oadi ng s3rD) QRidnrANSE elurdligpet Ft%z&sﬁgdta&oxﬂﬁbm ahd) atsb&! RRerdnha{¥ement
transfer stati on 216. The SRD nodul e 236 conprises_a bottom 330a, a

si dewal | 330820%H Sa Freieradly. 1B Flettepriasng sYRATE T 20 partisyjarkithe mainfragip
modul e bow 330ds epbiesd ihhe crM %h@lr@}deaphﬁﬁ endld1Suchi £ePRLig1BNMAndSSIFleS 1N

retaining the fluids within the SRD nodul e. ternatively, "a 10 renovabl e
cover coufd &lagdrame 214 depludas pbaiestid|haging cul-is e iPPert virdouSRBtiARsRdeded to
i ncludes a pedgska! the YRRY Lhe 31? oB skl Tﬁ&‘bh'ét g est al
336 supports a gubsttrat QP%S% &h?\j\!ﬂoslﬁh ure on { lgg’gefg%g rﬁ%%e&
surface duri agmpnueesainless. stepheor péde sigid ma&snalattmt ®845upmraﬁ®svaﬂmes pratienst al

336 to spint ate,338 an . t al
descri bed be gﬁlose#ﬁgerésonbsf‘r aemlcapﬁrogécaﬁ gﬂqﬁ 8“ ace ogartﬁeqtbyz cthgqm'&'/ al
S plurality (ﬂfuomLahiameamCTEm)e of Iomepgro%ﬁv@cmhgw i§ Ipraf&ailyldﬁ@gedd dver ¢iee and
engage t sub trat ly in the edge e us. n zone o
cubetrat 40 1 sudrept ofif ben LBt s eSEnGatShcrRen tafario tark rrssinan o
338 only whentatibe2 siasTdetoe bi fibf ﬁéaesglﬁgecdnedmtﬁhe@ump@ reglenifHiQESSRIMNT.
Vacuum passages (not . shown) may al so be used as well as other holdi ngqo

o)

el enent s éﬂ@gﬂv%ﬂneﬁaéﬂaewm maindipmss 2 ldcadsgoanecigdnte Bigepfossst cabie

20 that the flﬁdahéuatuprt@emlétbaeaﬁﬁﬁgqseaqszdh@eﬁayomm;@%@& nmme%%g ar ea
on the |lower surfacé of the substrate as is practical. An outlet 3

fluid to be mesien edatformR0 rsosREudesdy PEWeAsUPP sttatiasndhli for previfing t%tm
nodul e, tjro r I 4 | )9S

347a. Thegcox)gg,le mna% %Stfeﬁo%tg ! C?%%l% ztgﬁl }3{% ?%Pﬁﬁgﬁg é’l%ﬁ’ly‘ﬁg 265
condui ts. Themmbmeessdr?a controls the flow of the first flui d 347 and may

be sel ected 11 om guyaplity Bl & KCSekRBh dhoithed ARCH o] ABRPULERL! V.

or other valve types an ve actuator, such as a sol enoi
t hat can be oewivind heas 224, hma omcmdxradbidearg %Qon ffhmsfctranucus 028%d(nbrlceet‘,bseto a

ount i no_por (1BEASHS: goPach "REDTRE SRR LR b erdne HBfEn .

20  transfer robots 228 and substrate onentor mcluded in the loading station 210 can be

configured according to the desired throughput of the system. As shown for one
embodiment in Figures 3 and 4, the loading station 210 includes two substrate cassette
receiving areas 224, two loading station transfer robots 228 and one substrate orientor 230.
A substrate cassette 232 containing substrates 234 is loaded onto the substrate cassette
25  receiving area 224 to introduce substrates 234 into the eiectroplating system pl-altform. The
loading station transfer robot 228 transfers substrates 234 between the substrate cassette
232 and the substrate orientor 230. The loading station transfer robot 228 comprises a
typical transfer robot commonly known in the art. The substrate orientor 230 positions
each substrate 234 in a desired orientation to ensure that the substrate is properly
30  processed. The loading station transfer robot 228 also transfers substrates 234 between the
loading station 210 and the SRD station 212 and between the loading station 210 and the
thermal anneal chamber 211. The loading station 210 preferably also includes a substrate

cassette 231 for temporary storage of substrates as needed to facilitate efficient transfer of



30 344 to attach to the conduit 346. The first fluid inlet 340 i s shown
wth a single first nozzle 348 to deliver a first fluid 347 undeiggr%zgﬁ{fz
onto the substrate upper surface. However, nultiple nozzles coul A

and nmultiple fluid inlets could be positioned about the inner perineter of
the SRD nodul e 238. Preferably, nozzles placed above the 19 AUG 2002 12
PATENT Atty Dkt. AMA'r/ 3698/ MD/ COPPER/ DV Express Mrl No. EL26633879TUS
substrate 338 should be outside the dianmeter of the substrate to Lessen the
risk of the nozzles dripping on the substrate. The first fluid inlet could
be mounted in a variety of locations, including through a cover pogitJ.oned
above the substrate. Additionally, the nd9zl e may  arduy. 6l hdk @edeMp@orvikiovet y
of positions using an articul ating menber 343, such as FaerS Mahio| ELAHHB793ECk et
joint. Simlar to the first conduit 346 and rel ated el enents descri bed
above, a secdhestrhHERushaasystemeonnected to a control valve 349a and a
second f1uid inl ef;g3204 Wish RnétwsS £ SRR E3Bbot TDNSRE ighklidlol Mt 350
i s shown bel ow thelggubst r?ate and angl ed upvvgrd ?o di reglfté a 1sagconogof?‘ti d
under the subrorreraeBggrainr clighmeingame doptemiopol 84235arvesStoniraeafert substrates10
first Tluid iyaleln 3eredt @?ati?f@.ggﬁhg# W the Hﬁ%ﬁﬁ&aﬁ?@taﬂ&x ih&ﬁ{liﬂgethé‘ pPAcg£sﬂlg ty
of nozzles, a plurality o urd 1nlets and nounting’l ocations, "and a
plurality5of statipemanstthe 88D stgionsi e owindigme egnsfert iobetl 242i ingjudasrdoplnralifySef Each
fluid inlet tend LAt ot e_236 a_varj of
posi tions. Fgér;wlt%s S:%‘?g,(g’lﬁf %%r@?,faﬁgﬁnﬁ%ﬁg&q@g 4t15a aeChgé et g‘?dngfgérébqr(gort hat
is directed kadkof theaotebt tatves BRD. niflghpkreropets iaphgenyrally Gngwi ke thedaye aef canhiee 15
substrate, th ozzl es,coul d he extended radially inward di.schar ge
From the. nos adhe 2 &R s B EBRERRalRcrRo b oF Bgl Rpnll ekl
control | er 3GntRulze Aufshhatiofluat.| caaninMilpifabieCalifdenib] Thelmamngarsfeeidbot 242
respective flow rates, pressure, and_tim ng, d any associ ated val uing, as
wel | as tite d3vms c?yﬁ’lpéfrs')".goﬁ’ﬁet%ﬁ SRt eEpqtesis éﬁﬁﬂ%g ‘bfgt“?"@ 19 §HosReY Befwestor
instance, in @r&emt §tlondaM@bhe@ toCABhAAFIROW 2211ARH fhiifnd kiiTRivgae OBUiAL! | ed
with renote actuators. An alternative enbodi ment, shown 1 n dashed |ines,
provi des an dtasterred {p the degirgdnsusface apentationn Kor syample; e Hippest robetnflips thes46
with a conduighgdd @&ﬁ's'xli%é(ﬂr'ﬂgeﬁ&@&@r{falrth\é%l ¥@optABiG prodaiGh ¢ iHSed) to
flow a rinsi rfg flt%itb_é on the backgi de of the esubp’sit E%tpé aftermta%rgpﬁ?lsgq vi ng
fluid is flowdOwnd Hipstharabstrate nrocessieg susiaee faeraupsiop athemnrecessesssuch ehthe Bpinf | ow
t hrough t ] id i LT j ' :

t he substl:sgt gﬁgge%hgr# éesg V\Aﬂ% %Eatb h;é) t%e%lgm t gr%ifaéti‘?x?g)géﬁg gﬁgpﬁ'gdesﬁt@%%ﬂ%%
modul e bowl . rékotwndtionbaomx lieaX1ied dxe$ bw,thd mbots arwh 2402 amd amigperelant, substeaté i r st

flipping rotation by the flipper robot end effector 2404,

The rapid thermal anneal (RTA) chamber 211 is preferably connected to the

loading station 210, and substrates are transferred into and out of the RTA chamber 211 by

20  the loading station transfer robot 228. The electroplating system, preferably comprises

two RTA chambers 211 disposed on opposing sides of the loading station 210,

corresponding to the symmetric design of the loading station 210. Thermal anneal process

chambers are generally well known in the art, and rapid thermal anneal chambers are

typically utilized in substrate processing systems to enhance the properties of the deposited

25 materials. The invention contemplates utilizing a variety of thermal anneal chamber

designs, including hot plate designs and heat lamp designs, to enhance the electroplating

results. One particular thermal anneal chamber useful for the present invention is the WxZ
chamber available from Applied materials, Inc., located in Santa Clara, California

Figure 5 is a schematic perspective view of a spin-rinse-dry (SRD) module of the

30  present invention, incorporating rinsing and dissolving fluid inlets. Figure 6 is a side cross

sectional view of the spin-rinse-dry (SRD) module of Figure 5 and shows a substrate in a

processing position vertically disposed between fluid inlets. Preferably, the SRD station

212 includes one or more SRD modules 236 and one or more substrate pass-through



fluid inlet 340 woul d generally flow a rinsing fluid, typically de tg 'ﬁﬁd
wat er or al cohol. Consequently, the backside of the substrate woul A 2002
nount ed facing down and a fluid flo~ing through the second fluid inlet 350
woul d be a dissolving fluid, such as an acid, 30 including hydrochloric

acid, sulfuric acid, phosphoric acid, hydrofluoric acid, or other

di ssolving liquids or fluids, depending on the material to be dissol ved.
Alternatively, the first tluid and the second fluid are both rinsing

fluids, such as deionized water or al cohol, when the desired process is to
rinse the processed substrate. ~ 9 AUG 2002 L3 PATENT Atty DKt. p.1ent
AVAT13698/ MDI COPPER/ DV Express Matl No. EL266338797UStyloR. Avaa/sssiMDENPPEL
pedestal 336 is in a raised position, shomm in Fi gure S5FPEHE Y A8 ¢hot

owrs [he SUBSERE, 0o BeETRtLLiengtPostiPor Anirien S S D e Tie ©
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arns 2402, correspondlng to the nunber of proce55|ng ceIIs 240




per processing station 218. Each robot arm 2402 includes an end effector
for holding a substrate during a substrate transfer. Preferabl y,‘gaAUGth
arm 2402 is operable 15 independently of the other armto facilitate

i ndependent transfers of substrates in the system Alternatively, the robot
arnms 2402 operate in a |inked fashion such that one robot extends as the
other robot armretracts. Figure 7 is a cross sectional view of an

el ectropl ati ng process cell 400 used in the system The electroplating
process cell 400 is the same as the el ectroplating process ceII 20 240
shown in Figures 3 and 4. The processingigell 400 gener aII [ | DEENT)
head assenbly 410, a process kit 420 and an el ectrolA® 8;‘@@5 Bm
Preferably, the electrolyte collector 440 is secured onto t he body 442 of
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syst em 220) @htﬁlmmmannpglatueé@a SaratyloZpashioptigting anbasticulHimg awsmbsr é@% sugh %Stfher
fluid tra sf%ll%gg&g%g& The head assenbly 410 is nounted onto a head
assenbl y rarre ead assenbly frane 4S2 includes a nounting post
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body 442 of the o ilever 348N | aterally
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the distal end of the cantil ever arm 456.. The of, the cantil ever

arm 456 is cohfaly of fuyl mlesapd maynting degtios g O\Mﬁ%w of gEeptations inghudingt i ¢

cylinder, m%ﬁﬁdh@@nkhﬁn%%b@ﬂ 3PPSEafP Auid Tt B3I Bee¥@EndRd B Ghe! AREY 457
provi des pivot al novenent of the cantilever arm 456 with respect to the

j oi nt bet weermadyle B6cairit Yarieeaf nositipas cFeristanse ifdienflowis drsised tpshe a peréain t he
cantilever ar Hg@%&{afs% Ard ﬂa krt@\LIrathxce(éﬁﬂt Gl@rﬁchgﬁéfg do?{gmé%% IR¥age L he

head assenbly 0 away Fromt process _ 0 to aci ng
required 5o rsebayats, almzlhgnlqseqwluhhbe tekiengndoradiely Kinvard 20df the ndischerge ﬁ‘om the

el ectropl ati %Zagﬁceﬁ%ﬂ%mﬁg\ggdmeﬁﬁPfﬁd&%@&'gﬁh%ﬁﬁ arm actuator 457 is

extended, the C qever- arm Senbly 410 toward the
process kit 420 t Thpaesntrolen 36D colid mdxbﬂuarlkyt@ntwi tmhewb\efmﬂsaemsethéat yesgdlive n a

processi ng pogi!Len. , The head.asseaty ¥ A10.080SEANLY oML 823,8 Subsgrate
hol der assenbly %{ﬁfﬁf Eg g & as y acfuattofs AEs! plsnucgg

assenbl y act UeHeion#&S&ricsuldbe mérﬁ@telgnb@tetdhﬁ)r listante, gy a ebatat p4fidd or adtiral Redmvdes
a head aSZ%enbl \é he palflrtnbfrlxgzcor?t%(&leg wuhq-emote actuatorsy An alternative embodiment, shown in
dashed lines, provides an auxiliary fluid inlet 346a connected to the first conduit 346 with
a conduit 346b and having a control valve 346¢, which may be used to flow a rinsing fluid
on the backside of the substrate after the dissolving fluid is flown without having to
reorient the substrate or switch the flow through the second fluid inlet to a rinsing fluid.

25 In one embodiment, the substrate is mounted with the deposition surface face up in
the SRD module bowl. As will be explained below, for such an arrangement, the first
fluid inlet 340 would generally flow a rinsing fluid, typically deionized water or alcohol.
Consequently, the backside of the substrate would be mounted facing down and a fluid
flowing through the second fluid inlet 350 would be a dissolving fluid, such as an acid,

30 including hydrochloric acid, sulfuric acid, phosphoric acid, hydrofluoric acid, or other
dissolving liquids or fluids, depending on the material to be dissolved. Alternatively, the
first fluid and the second fluid are both rinsing fluids, such as deionized water or alcohol,

when the desired process is to rinse the processed substrate.



t hrough the nounting plate 460. The | ower end of the head assenbly shaft
462 is 15 connected to the substrate hol der assenbly 450 to pOSigggqﬂthmn
substrate hol der assenbly 450 in a processing position and in a strate

| oadi ng position. The substrate hol der assenbly 4SO generally conprises a
substrate hol der 464 and a cathode contact ring 466. Figure 8 is a
perspective view of a cathode contact ring. The cathode contact ring 1800
as shown in Figure 8 conprises a conductive netal or a metal 20 alloy, such
as stainless steel, copper) silver, gold, platinum titanium tantalum and
ot her conductive naterials, or a conbinagson of conductive materi aheNrsuch
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contacting the substrate, and the elastoneric Oring 1916 is replaced as
needed to ensure proper contact and seal to the substrate. O her bl adder
are useful in the
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EL266338797US el ectropl ating processing cell according to the |nggnAUGn2mﬂ
such as the bl adder system described in U S. Patent Application /201, 796
entitled "Inflatable Conpliant Bl adder Assenbly", filed on Novenber 30)
1998, which is incorporated herein by reference. Refernng back to Figure 6,
a cross sectional view of an electroplating process cell 5 400, the
substrate hol der assenbly 450 is positioned above the process kit 420. The
process kit 420 generally conprises a bowl 430, a container body 472, an
anode assenbly 474 and a filter 476. Prefgyably, the anode assenblyrwm IS
di sposed bel ow the container body 472 and attached t 4”& INMEIHBIET

the container body 472, and the filter 476 is disposed %etmeen t he anode
assenbly 474 o fgqlstp@pmgﬁ[g%bﬂeﬁorlaq@ynﬂﬂgubsfmg contai ner 10 body 472 is
preferably a cylindrical bod rised of an electrically insulative
materi al, such asTheSBR @Qdmf)ﬂa%ﬁdi@osqﬂl adjeicerit s Loading station, 2 10eand neryesRs@,
CPVC, and PV a

motal, ouch. S8 SPur I IR Knah RO e MR 6 ReRERIRAERT T
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body 472 conpri S¢ s a c ndri cal amc be havi n an inne i anmet er that
has” 20 about RS M PHrBntren oS eTprater IngHE Py rang et ot ohe SRBioEFas o

di anet er .10The1pwe Eléearl@yeh anRnétntnoMeidd 21 §)ahd biner (Jfr ﬁﬂa&lonﬁfﬁﬁﬁd’é@d‘bn gsed
in typical el ectropl atlng systens i s not required to achieve uniform

pl ating resullf$oRgfatn Wehhe malsframse AR AR FIEEYT: BeARgTHNC EnalsbIRbOt he
size of the sm%ﬁleﬁ@es%a%maﬁwi@@ecorégbou@mg&o mernhfnea afprééa&@h@hw

body 472 extends radially outwardl to forman 25 annular ‘weir
weir 478 ext ensdprogessingtstasion2i8r Eael Iroh4>21m%@hecled@cmrqnﬂﬂ@cteofolreetdmg 440

and ol | 0wt NEygl GOUTAY el OW AL BB ESLipL e B8 bER! I ofdfn; The

upper surface o era mat c ower surfac
cat hode cldnt ao@eppmdegtmﬁﬁ th@roéfeeraablty faclhtatcuppmen@nt firagdfere fof tsbstates rin 4H8

| ncludes an igger, A0AHLAL.IL! AL LB0F LERYA50ecA: [ S, AELLISE partl on 62

and an outer ‘dec |ne por e 1S pos TSR h the
processing pos'tdnﬂsaas)thebmensmbsﬁamtrarqntsat| ng surface is p05| ti oned above t he

cylindrical openi cont ai.ner. a ap for. el.ect te
flowis formed bet “é?ﬂ lﬁgcfc’é@\é‘fcuglﬂﬂlfva ecyfoaln }7'%0@%1%%3&3%@1 ‘{1 %%6
and the uppersystdinf aite edctioplating process Bell F0Mis|toyamesay rtfﬂeaaa:tmblahhpp@a&sb@dle
contact rinhg 466 is djsposed _above the inner, ~1 ~ AUG 200 enretr
Atty Dkt. 5 %ﬁwflm%aﬁpmw Expﬂwsgmﬁ?awg RE)‘iL 4@926%@3%379@}7@@868 a head
assembly 410, a process kit 420 and an electrolyte collector 440. Preferably, the

electrolyte collector 440 is secured onto the body 442 of the mainframe 214 over an
opening 443 that defines the location for placement of the process kit 420. The electrolyte
collector 440 includes an inner wall 446, an outer wall 448 and a bottom 447 connecting
25  the walls. An electrolyte outlet 449 is disposed through the bottom 447 of the electrolyte
collector 440 and connected to the electrolyte replenishing system 220, shown in Figures 3

and 4 through tubes, hoses, pipes or other fluid transfer connectors.
The head assembly 410 is mounted onto a head assembly frame 452. The head
assembly frame 452 includes a mounting post 454 and a cantilever arm 456. The
30 mounting post 454 is mounted onto the body 442 of the mainframe 214, and the cantilever
arm 456 extends laterally from an upper portion of the mounting post 454. Preferably, the
mounting post 454 provides rotational movement with respect to a vertical axis along the

mounting post to allow rotation of the head assembly 410. The head assembly 410 is



flat portion 480 and the mddle inclined portion of the weir 478. The outer
declined portion 484 is sloped downwardly to facilitate flow of tTg ﬁUG 2002
el ectrolyte into the electrolyte collector 440. A |lower portion

cont ai ner body 472 extends radially outwardly to forma 5 | ower annul ar

fl ange 486 for securing the container body 472 to the bow 430. The outer
dimension (i.e., circunference) of the annular flange 486 is snaller than

t he di nensions of the opening 444 and the inner circunference of the

el ectrolyte collector 440 to all ow renoval and repl acenent of the process
kit 420 fromthe el ectroplating process ggll 400. Preferably pl enredy ty
of bolts 488 are fixedly disposed on the annul ar fl atgéka8 Tgﬁ@ﬁ”gg’n%"end
downwardly through matching bolt holes on the bow 430. )
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havi ng a por node _en f b t.al .as

t he net al toqﬁéu% g%t rrr%p % su&ﬁ gégclg&’& ér}é &f&grlﬁeﬁ' a@? %yrr%ﬂ{eﬁé"ﬁ% g
encl osur el530 chfdected tmmmﬁtrqn@hmmer asrmrr&xly 415051)0 msition alse mstam heldaraspembiyrer i ¢
menbr anes. %gl ubl e et al g?ﬁ such B’&rlt Y. ,copper for

el ect r o- chemi TR ABESEFBERSIBP 2P &Y sfrgte aél PGt hi n the anode

encl osure 494. ThehsQlbsrhe Hokieahssd@bly pise fgeeadllyycoapipdsi Swbstratd hdld@arotiaad es,
wres or a perf ted sheet us anod encl osure 494 al sg act as a
"S5 A 20058 P BASEICt AR FO0 R ISR H SBOR BN PR B HES £ THE N
EL266338797USatHolt entidddtgk8epas §Hoemaa Figued!B @bxﬁﬁn@e RebadRHvOMetadOr a metal

di ssolving nmetal within tﬁe angde encl osure 494, conpared to a

non- consuffabl AloXntigh as stRinlesy etlnsapPer Filvep gold BIMBP‘@) titaRiY e 135t m.cROg other

gas- generat i O&nhu&ﬁe %ﬁ&{aﬁ@loytaecﬂmnmﬂldmcéﬁ‘@cw@ n268dlst SuchORStARfely steel
replenish the netal in the electrolyte.

coated with platinum. The cathode contact ring 1800 includes an upper mounting portion

1810 adapted for mounting the cathode contact ring onto the substrate holder assembly and

a lower substrate receiving portion 1820 adapted for receiving a substrate therein. The

25  substrate receiving portion 1820 includes an annular substrate seating surface 1822 having

a plurality of contact pads or bumps 1824 disposed thereon and preferably evenly spaced

apart. When a substrate is positioned on the substrate seating surface 1822, the contact

pads 1824 physically contact a peripheral region of the substrate to provide electrical

contact to the electroplating seed layer on the substrate deposition surface. Preferably, the

30  contact pads 1824 are coated with a noble metal, such as platinum or gold, that is resistant
to oxidation.

The exposed surfaces of the cathode contact ring, except the surfaces of the contact

pads that come in contact with the substrate, are preferably treated to provide hydrophilic



5 An anode el ectrode contact 498 is inserted through the anode encl osure
494 to provide electrical connection to the soluble netal 496 frdn§aAlpevd2
supply. Preferably, the anode el ectrode contact 498 is made from a
conductive material that is insoluble in the electrolyte, such as titanium
pl ati num and pl ati num coated stainless steel. The anode el ectrode contact
498 extends through the bow 430 and is connected to an electrical power 10
supply. Preferably, the anode el ectrical contact 498 includes a threaded
portion 497 for a fastener nut 499 to secure the anode el ectrical contact
498 to the bowl 430, and a seal 495, suchgas a el astonmer washer) iBaTent

di sposed between the fastener nut 499 and t he bow 4’8‘()0;;“5 W%?f“%gé%
fromthe process kit 420. The bow 430 generally conprises a cylindrical
porti on 502 afdas DAL LUt ©MndkSridt O ARhibIBPRIIAHIN Prodel 9080

extends radially (S)ut 9‘{5‘% fr om_t%te top 2 l g?raﬂpw%?geport?%n gf)za. The
upper annul arhyflfoghidie S&i@elmcﬂmm%s aaalbblgrfmlm Wlllmfelﬁ?@msati@ﬁslmmat innBedferds t he
nunber of bol 0 r o er body
372 o secur itk o Thd St MR B Bl eling S BT o
annul ar fl anghe 4@&@# of Itte @dmialcnaactbumy QH2r corftat bmgtds:sxgﬁﬂaar@eﬁxhserthed
Lg{?gggﬁgt%ePr %c € r;lg proFlessm elpa ox% gtngkhe 1n%n 1orﬁlgsgcha£sen]]ccg:§}g§2:d . tSll'%ﬂ;[ he
upper annul ardekdribeden306. |Pateﬁﬂmpphdahem 961261 4\835 'e:litﬂledU'lOﬂl’hode rmmmcommﬁg' Fer ,

Curface of |t HCOPBRSHTIPARODT afgd BOROBIEh e oS, e 1B EPOAed Elibor

fl ange of theymeferdnt@ne 214 when the process k|t 420 i s positioned on the
mai nframe 214. 25 The inner circunference of t )()I indrical portion_ 502
accommodat es the an8He SasseRBiy @oss sseRpnghdeyiq t"eFu Atrase bpldst assmbly: The

outer di neNsi QBsired nblaer 64 i@ﬁrefe?a@lﬁ?@sxﬁ&?@d ABORLB AR ¥ottdd @464 gt | Y
smal | er than the inner dinmension of lindrical portion 502 to force a
subst anti al pfmnﬂéw atladdepasserally S}’Pbpf9¥}d¢slpc§%5‘tfﬁ tothe hagkeide ahp sbshiats and| y

474 first befgigel LeﬁWg@Q dolifa gﬁugé?wééﬁethé 'shﬁs?rﬁte‘b?a@mg@ﬂﬁaé&%qum RhSLEorpit O

the bow 430 30 inc es an ectrolyte 1 nlet that connects to an

el ectrol yte stiggA6p. ITheanflatabla lnlhrbieealsemblbm & disppied on asibrirate i dampRe0832.
Preferably, t f
the cylindrica gfc%? Fg%ségr%gb oifb f}ﬁgdégowﬂ{@gagi%%‘i’adﬁgﬁk% ?taéHeHQ$ ﬂ}e%%gﬁ L‘RPACQ
el ectrol yt%e féfoan imedrmvedinryt substeato baddagdgaiiPip. 47\4ﬂadd;otnhe (mitesdnbwo) supplienh et

Bepross Mol | MBS EEo68550 ot ot Mo P Bl Gh el B S ki e,

510 and the evagihg degtee. Pudiphhly] 4 petiar & the milemblb biaddoBBe i s&dlu’fg\l!y éoupled to

o1 ocess ki 408 PEETe 1910 AR e R B iER B R s AR B R e i aahestie o '

el ectrol yte istheltdndRg rhdteinlt Tee poQGaFIced k4 bf the Gnterdediabhibelrf€ holatyplaef | ow
in the electrolyte supply Iine is disconti nueg%and drai ned. The connect or

for the et®ct Foi%is adapifddp gngaspa spbstratg op subsiate H%q?é"%eéi?fi’rwg SIMEEIc510)
and the el ect plgdl 1S REGEIRE tnoaﬁ RN MOHE0vaS B8R BNy thé Hbort SuFh&e01914 of the

di sconnected. The head assenbly 410 is raised or rotated to provide

cl earance f or intesmediaty %lletfqﬁ@h?iﬂ@dé%{S IR1Q tyoaptactp periphseab pertion: of£he sybstrateen
renmoved from i, r it
is replaced i n?'?% étﬁﬁfagg @ﬁﬁ: légﬁémqu;@ %}g?gggg{r?egé@%afhg%@ﬁ %%39%5@%?6%‘&
secured ont o surécs appdret ﬂ@ntasng"@edff thm@tmpwlb’aﬁhrbst@mhd@ﬁﬁcplathe Peefenabiyn e
body 472 on W|th nod r e.

In this cggse réneﬁlﬁ{ys&é’ gt(r:ag? ﬁcr’]lgert I%t ‘?ncfldcii ot § IU% of"ﬁ@%segr %& € coéx?%h?ﬁ%r
body 472 to tt‘reodghwhe@&ﬁe &raEanreaﬁmn&tlcdrmnﬁxacntlbntvathethe erawal pat (mdnshawm)dte 1 ~

assenbly 474 t he cantai ner bod 72 reconditio

Bsenbly 474 LIS R MOty b th St fomep SReh VoS 151 SRS Hfe
214 and secur ggbkke bh e RO rad 3G he REBABELRAIRAGKs Hod dirdclY COBact aa;nslstAte Bty
el ectropl ati ng system pl at form 200 |ncludes a qgntrol systen12 2 that

control s the Pisesrbad giusele Askeoffynegor dumaginetnpinfirrblehladdeeduiogsthstraiehe
control sSyst epuedasiis si"g"HHi'ESnﬁQ' é@&‘é@ the emtomeharmnzg 49BN ML GRMPIbLS 8Satd 80
progranmabl e m croprocessor. fgram"rab e mcroprocessor is typically
progranmed us nnqye@t@mw.anély@resmg%w agpieas dispusegd| apoyeofer teurfesies phie gathode
conponent s of (o) 199c C I

222 al so pr ovi® %@gmgl gztf& &E@E&Mﬂ fgfhgingtcg%%nén %co(?%ﬁ 1%8 e%ﬁl\éé& "

i ncl udes a come¢del tgamsake [&Bﬁertcbalhctahdem tcathe oystrate.oOtlien bladﬂextme useful inpke at e
the el ectroplating system platform 200. The control panel 223 is a 2~
stand-al one nodule that is connected to the control system 222 through a
cabl e and pr OVI des easy access to an oper at or. Gener al ly, the control
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mai nfranme 214 and the processing stations 218. Additionally, the control
system 222 coordinates with the controller of the electrolyte repl$8i AUG”QUUZ
system 220 to provide the 30 electrolyte for the el ectroplating process.
Preferably, the el ectroless deposition applicator is a separate cell or
nodul e that perforns the el ectrol ess deposition process, herein referred to
as ‘an el ectrol ess deposition processing (EDP) cell. The EDP cell can be

| ocated at the rearward portions, distal from 19 AUG 2002 21 PATENT Atty
Dkt. AMAT/ 3698/ M) COPPERI DV Express Matl No. EL266338797US ' the entry of
the substrates, of the electroplating sygiemplatform 200. In theeatent
enbodi ment shown, two EDP cells can be arranged si dé™mft {4 “mﬁsgﬁ%‘g er

t hroughput rates. Figure 10 is a schematic perspective View of one EDP cel |

3010. The Eme&x%giam?’é) Bekfflgy fgﬁ a&om{egt mﬁoinaentl%nsh&ﬂv‘?sl {heaggtfher 8&}2& e

angul arly di sposed upper shreld 5 3016 attached to the sidewall
open in the ¢aserdhed infU.5.hRatemiAgipdicationt QY 304179¢ entitledy"InBatahia SlompdianteB laddeot

shown) coul d i i central
ocat) on of eGP sy PRARRIAL o 14l Wi GaR Rl Bl kil AT By Re Tl
pedest al act uat orRg&piog bmlcatb§$gw¢1é, zp@rdssbetion@(meﬁ pﬁaxsplpcptrfmmmggtacmeemozz
nount ed ther bet ut 10 t 8. R

heat ed so;'t hjf(w]tt eesusutoaq‘f & 1p°Te ﬁperaté roéglggeaﬁg)%\éetﬁr@ elﬁé%ﬁot oalﬁﬁout

100C, and pr ﬂbeesahityz(agmtallﬁmempﬁsepadaewﬂ 430, Ialcbntai&erzubdjyams,e& aode dsomellg t he

pedestal 3018,, The bstrate_ 3022 e hel po vacuum chuck
D096 mount edt MR d bt Pifiietidie tane agomby 4145 fiebesah ool dnd St
SPl8 ICan |0¥\6c5dlytm aﬁglggigdhaaﬁ)beli‘}\%rbomgn\ogmeldaaﬂalnpﬂsc:]dylm ﬁﬂc} meeitliex}/\ﬂ'lfhsa .
plurality of cla The cl a pivot with centrjfugal force an
engage t he sﬁ’ﬁ%‘tsgggétw%?gwl%mﬁ? é?SEE‘E‘é!I otfdthe sorjaings badyed iy nLhe saniainefy o
pedest al 1§018oB £ ik prekddishdy a dylEHAwNAIodY )éoxﬂbﬁslé@%ﬁdn éllaé‘tbll:zﬁry 1§§Hlﬁiv@ mge3fal, of

greater dlaneter than a correspondi.ng up x di sposed annul ar shield 3032
coupl ed to tFEhpat coRME. tiasticse| Flexiglay. (acFWé")1 ft"é?%lc?ygn @HVehand Y Rnul ar

shi el ds 303041 3Q3RveR, Qﬁeesén%alﬁe@%o@ﬁdmﬁi bR BB AR IsAULE: GARRANE,S
fromthe f|UI ds in the cell 3010." At least one fluid outlet 3034 is

di sposed in nhéelbmittdmmﬂ, twhechasmatzd) vadl an insulglingleyer, shels as defor. (PR
ceII.Afirs t C uid
; q#}b%r %1 rlcgglg%gpor}ng%t et%l?t?’c%?)@t %§s§olgg Hp te\egﬁlol Iepe,

flows, is co p can be a ose,
t ube, or 16t hemd tdmloa:lelec:md:zhllyrihn@tcd)ﬁdml the el&ntrqdeeétter dhesaoct!beq;ndsaathodn of khei d

val ve 3038 cotrol the flow,of the 03| ere the
val ves di scl 8@ %V‘éls#t%‘é)nw%‘g cgntﬁ‘él%% ? esferg ‘% dapte%?d c(g’\t,vﬁerél type
of val ve andtcts sub’scrhtaqmmagvarace aai:thﬂahzme)ofﬁwaif aasbﬁﬁra&dieemq:rohesséd through

el ectrol ess osition.f ontal 044 i s copnnect t he val 3038
Chot ton be SErorih BRGIY Srai g p Rl S sibe A e HreEted Spiqifad Rl B

are connect edortaindredodpy32 cdiprisesh cydidrica serbmd tubditaming, anvitissr @idnteeer viadkt hess

3042a-f can be se aratel controlled with the controll ey 3040 Preferably,
the el ectzsol gaqut §’i‘3tdil FRSHAnAS §T F]égq’ﬁliy )g%rgerotHarhﬁe Subsfrats ghiaese irevepiers

i ndi vi dual appld iglov@Bd HattHeirbtafsnal RbvEERP SiddiiR BypRdal &1@@@%&@ kténs3@ 23t and
not required to achieve uniform plating results when the size of the container body conforms
to about the size of the substrate plating surface.
An upper portion of the container body 472 extends radially outwardly to form an
25  annular weir 478. The weir 478 extends over the inner wall 446 of the electrolyte collector
440 and allows the electrolyte to flow into the electrolyte collector 440. The upper surface
of the weir 478 preferably matches the lower surface of the cathode contact ring 466.
Preferably, the upper surface of the weir 478 includes an inner annular flat portion 480, a
middle inclined portion 482 and an outer declined portion 484. When a substrate is
30 positioned in the processing position, the substrate plating surface is positioned above the
cylindrical opening of the container body 472, and a gap for electrolyte flow is formed

between the lower surface of the cathode contact ring 466 and the upper surface of the

weir 478. The lower surface of the cathode contact ring 466 is disposed above the inner



significantly before the deposition to avoid premature el ectrol ess
deposition in the conduit 3036 and associ ated el enents. The Va'?ﬁfﬁ@@fﬁmﬂ
3042a-f are therefore preferably located in close proximty to'fhe

3010. The first conduit 3036 connects to an first fluid inlet 1 g AUG
2002 22 PATENT Atty Dkt. AMAT/ 3698/ MD1COPPER/ DV Express Mail No
EL266338797US 3046 di sposed above the substrate 3022 when the substrate is
di sposed in a | owered position and preferably is coupled to an articul ating
menber 3048, such as a ball and socket joint, to aIIOM/anenent of the
inlet 3046 and to allow adjustment of thegangle of the inlet 3046 PATENThe
cell 3010. A first nozzle 3050 is connected to the éﬁh%ﬁﬂihﬁéﬂVBﬁéﬂ V3046
and is directed toward the pedestal 3018. The fluids) is generally

delivered infia prisy 48ataherthe midlile helild Retiomsf &€ wiapangi "MeQﬁhtér méclmed
particul ar nozzl e sgr ay pattern desired and may _ include a fan

t)
coni cal, andPBERBASHAT tleneddowpvardhy ﬁ’bqa%“afeh@“h%%*él%@@@tel igtoy tbeakeefaolvet si de
the peri pher ¥oipktor a0 substrate 3022 to allow the substrate to be raised and
| owered without interference. Alternatively, the nozzle 3050 can be
articul ated towar& loWer portipe of giseoptaiser body 4721 axtends trdiglly rouivardlytta fomr 2( not

shown) that mRYeInilis Mg hss RPQukifd &e%ﬁtmnervo%a%wﬂd the Bbw b AE ’ﬂ'ﬁ:rmjté?at ion

t hereof to provide vertical clearance he substrate 3022 as t
substrat e i sdiegngien (ot dilgwefesence)Sif e aanulerflanpe4§6 is smaliesnleani the dimensienssafed

el ements, a Cg&g?%%?&g\%ﬁéie%g Jfner %Hg*lﬁ@gﬁgéjof i O#%u Ioé)tke i@le‘éé%%hb S %i‘léw The

second condU|t S a pat rinsing such as I'oni zed
water or al codmdval arhhrteplasemmdf the pracess &itt428 foubthe rhteoB8RE mbtesy cdllhddO.

el ectrol ess de t|on nd i 054 nne ted to t.he seco
Comaui ¢ so02 TRt R Bucehie 65 20 ALES BORS oA BIT Bl Citab G Pt R R
3054. Anlart Iemﬁhcatdowgwﬂmm)ehiroﬁg)ﬁﬁla'tchmgotqu Eﬁlei Ontdhe tﬁﬁﬂomﬂ) i ™A lurditp4ofand
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n ust nent, .of. t he e of the inl
Pt tve to rriasvanftadenes TR 0B Becrde e bAoA ok i Akt 300 K st 4Bbona
20 conduit 3Qbeh ansh gakbméadiingCie mﬁspaéea betweed | bék&hlﬁ@' dddyt 492 tand1tRgbevAda 30l ow.
The second condqﬂ t.can _al so he c 048(§d to a source of |ow concentration of

acid or ot hefadiglty evagily f%?rrv&}evlap dBrrsvsnY leals R the prepessakit é2fat Theel v,

the acid supplhwb%a@ Rentipifish efhcflitadd $RPINAL usf ORASVEI APt replAGiMEht SEXeHEp! ary
fluids include hydrochloric acid, sulfuric acid, phosphoric acid,

hydr of | udfi ¢ ca@penentsof sherpspcess ktd29<ugngs MRiIAaCEhat can be used to coat the
25 substrate surf flterfl] She Hit& @%@&;t{a%easéaﬂ%m&e@@o&&s m%@&fogmﬁg bayer

from oxi dation an contam nants prior to the el ectroplating process.
The substrat éht’cmtmmévomeﬁr?l ané theraneds dseambdyiBEeiuisposqsl bes Sienfiites 4k As

gl)ﬁf;rmoﬁ;ﬁz Is rﬁgalfﬁp4@2bxs \ﬁ?sﬁaoseﬁtb@%eﬁ rﬁ'ltgr.' feZfid %‘ aqgﬁé a%gen‘"fmg 49 hﬁrefera A

otran in awt state 1S ‘her ncedlf
t he subst r at dilies 47mithg a:an@rewﬂnand thcawdcl psspobliy t47é aref fastemedgerau lod/eosurfacmf

subseque Ny t qh‘% c% t%%e? ! bﬁﬁ 1?)\%2 ﬁ%n d & gvaufeo BisRAQS e?t*cpu r%vcx)fg t arn(a}or eb%l$040

preferably con ror s gac ere ore each it ng and
The control | exltesfid@elyy &iﬁeeﬂl&bh% ahes spacayrt9R odnd thehmcziutnssehﬂ)ﬂ}eﬂ@ane ramdvably Si ng

and lovering of the pedest o 3G SRS BuBH AL SiaROR ek eP o T

serves to control the electrolyte flow pattern toward the substrate plating surface.

The anode assembly 474 preferably comprises a consumable anode that serves as a

25  metal source in the electrolyte. Alternatively, the anode assembly 474 comprises a non-

consumable anode, and the metal to be electroplated is supplied within the electrolyte from

the electrolyte replenishing system 220. As shown in Figure 6, the anode assembly 474 is

a self-enclosed module having a porous anode enclosure 494 preferably made of the same

metal as the metal to be electroplated, such as copper. Alternatively, the anode enclosure

30 494 is made of porous materials, such as ceramics or polymeric membranes. A soluble

metal 496, such as high purity copper for electro-chemical deposition of copper, is

disposed within the anode enclosure 494. The soluble metal 496 preferably comprises

metal particles, wires or a perforated sheet. The porous anode enclosure 494 also acts as a
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EL266338797US could be renotely | ocated, for instance, in a cont %Ie neI
(not shown) or control room and the pl unbi ng controlled with renbt A 2002
actuators. In operation, a robot (not shown) delivers the substrate 3022
face up to the EDP cell 3010. The substrate 3022 already has a seed |ayer
deposited thereon such as by PVD 5 or | MP processing. The pedestal raises
3018 and the vacuum chuck 3026 engages the underside of the substrate 3022.
The robot retracts and the pedestal 3018 |owers to a processing el evation.
The controller 3040 actuates the valves 3Q42a-f to provide chem caL&EH\to
the electroless fluid container 3044, the chem cal s &y@xmMMABEISMIYIGPRE

control l er actuates the el ect roI ess deposition fluid vaF’\‘?’é?”@ﬁ?%‘BE"fﬁé”gﬁ% and

allow a cert nt ity o Iectrol itian f to,the first

ot S096. ity e JUBRL eV pihel FUEC LRI HORS e melat Wby b g 501 6
spins at a r enabsurekys. SIA@Wompaedi toh nﬁb@bﬁsuﬂa@blé anédepte AUNTABIS (. e2lsbRBieNg a

gquantity of fluclidtoﬁlu Fﬂ% af$ bstr te 3022. The spin direction

can be rever £88%% 8% eélgtaélc’ 3o Treg s ?c(tfﬁ W 288 JpBtmizes higr Regdi RgcngY yi d

evenl y acr osseplbgistbtd fietahirethe a'lbarcﬁeytect rol ess deposition fluid valve 3038 is
cl osed. Tge el ectroless 15 deposition flujd auto-catalytically forns a

| ayer over the pr &Y dgsiclstodetantach 2t lsawael]eeﬁh@ue%éfaenmoég ePﬁO*E‘W‘e 43¢ itdr

deposited | ayRévil®elptaydl dBnRctidd @ t6OENUKE nefdAbs BInLY Bhwesuppigh P’%@ﬂaﬁlﬁfy,
ratio features. Preferably, the electroless deposition procesS deposit

from about 10he aods elsgianste C&G‘G"w% i medsdfons g pandugiveqmatariad thas isgneeluble meth9058
d f 3
opens and a rdasbRe, sh & filais, tpm%&%nhfmatﬁﬁﬁp&gt nozz{ﬂ%s 3%%% 0@% @{&ﬂ s

sprayed onto the substrate 3022 through the secon e erably,
t he pedestal <G®18de emiace4d8axtends thaugh thehewdi4HX andlip canngdé] toan alrotrical5@veRPVE

as the reymi i | m t.he trate
3022 and 5 gt EYCERIEY T mBBRRL e gl £ PRl ARG FUBBLE S
can be coat edfasterieh nan’e9a¢d> skcore tix drede electtical gortthqu {468 td the bm’e430r1atdamsbals495t, he
pedestal 3018 Spi d. of 500 2 bout 2
to spin dry tsﬁlgﬁsu gl Fa xiﬂ %ﬁgefg ‘I‘{lf@ogeﬁg’e ee?%ﬁge%qBBt Poﬁng( %%D“Qnggq%l ses
t he subst r at eprd@aPlesls foonptgiptdcess kabla()e the EDP cell 3010. The vacuum chuck
3026 rel eases the U%StLZSCZ 3022 and the ro o& retri. engL t he ubstrat.e for
further processi ngiﬁ’le ° BETAly SPIRPRifRy ac¥tipdrice parien 342 ?‘E“’a LML RTIPR
si de vi ewof 304, alahengpat i amaul@migiensost eﬂ‘éndarraE@l?y Ritward9 aod ik ay ebfh%ei s a
schematic top view of the EDP cell shovvq ure 11. The EDP ce 3110 is
el gfiess

similar to th® petion 3Py LhewpPs Aupt Ogﬁﬁlqdﬁ%f‘@é}%‘l%l%hpkﬁ 508

condui ts and wad HBiks tiRe REARS bAbolisVAYUHR BRUSKer MRAMANREANRE A thd ddntaiddi®
principal difference in EDP cell 3110 is a first inlet 12 that extends

toward the cetd¥r7df T secusetheyprar 28u® fange $4feof the bowl 430 and the lower annular
flange 486 of the container body 472, the bolts 488 are inserted through the holes 508, and

20  the fastener nuts 490 are fastened onto the bolts 488. Preferably, the outer dimension (i.e.,
circumference) of the upper annular flange 506 is about the same as the outer dimension
(i.e., circumference) of the lower annular flange 486. Preferably, the lower surface of the
upper annular flange 506 of the bowl 430 rests on a support flange of the mainframe 214
when the process kit 420 is positioned on the mainframe 214.

25 The inner circumference of the cylindrical portion 502 accommodates the anode
assembly 474 and the filter 476. Preferably, the outer dimensions of the filter 476 and the
anode assembly 474 are slightly smaller than the inner dimension of the cylindrical portion
502 to force a substantial portion of the electrolyte to flow through the anode assembly
474 first before flowing through the filter 476. The bottom portion 504 of the bowl 430

30 includes an electrolyte inlet 510 that connects to an electrolyte supply line from the
electrolyte replenishing system 220. Preferably, the anode assembly 474 is disposed about
a middle portion of the cylindrical portion 502 of the bowl 430 to provide a gap for
electrolyte flow between the anode assembly 474 and the electrolyte inlet 510 on the
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EL266338797US substrate 3022. The first inlet 3112 articul ates agguAugﬂzﬂuz
articulating nmenber 3114 disposed in proximty to the sidewall

actuator 3116 is connected on one end to the sidewall 3014 at a first pivot
3118 and on a distal end to the first inlet 3112 at -a second pivot 3120.
The actuator 3116 provides for novenent of the first inlet 3112 froma
central 5 position above the substrate 3022 to a peripheral position

proxi mate the sidewall 3014 when the substrate 3022 is raised and | owered
in the cell 3110. The actuator 3116 can & so be controlled by theearent
control l er 3040. In operation, the substrate 3022 |§“Yd’§xp Wﬁﬁl E'ﬁ%; VECP
cell 3110 by a robot (not shovvn) The substrate 3022 is ' owered on th
vacuum chuckyg Q)%g &1@ Y4t he vertical 10 el evation of the fi rst i nlet 3112.
The first infet 3% IS pushed to a central position above the substrate
3022 by the act ua’t”twrelc&ﬂrbfyte ifleeS Mednd dise 3@a0lytefsupply dine appr&fgablabmchtaahbyti es
of chem cal s_i he cont 044 f or | ve 30 ens to
1 ow & quant O BrER S e RE e Teao 4 e b ol Beogti iy 231 1
The first i nIWhex&h&Brodéssﬂﬁt @quédktmilytﬁnanbe ngeOéjedtmlyt@fs dedinat frﬁlh&li@process
depositiop fluid on t he substrate 302 nd th des i.ns the
subst r at eg at kgﬁgﬁ.am%ﬁ&gﬁ{rgwet%vﬁinéb? %8%‘ ?yilleesulpf’&} F°c9§ “"teﬁém‘ig‘@érpfiat e
SErfﬁce ig aTﬁub&ﬁ@mﬂ fat ihr e%ﬂirél?feri}xﬁpﬂﬁhhm relaemaﬁdnglgz;: aébtﬁol}ﬁc m;aswndgy of 0
the liquid, the rotationa of t.he supst canerma utl
to about 500! I'IQP’R}E““"FL(SO’%‘FFHO 9 gl?t?‘t?ﬁe steinﬁg 4dl§s’§1 ?1539@5%;«:49 8
assist in eV@ﬁeﬂb@WlO@Jﬁls@@opiotitélﬁtofdrdﬂldbcléﬁ%céﬂﬁ%érﬁ&ﬁaﬁotsﬁa roés metzol nsed
as described in reference to Figure 10. The 20 actuator 3116 noves .the

first inlet 3haprocesaditd2f fethen aagwm fran, the wpinfrae ¢4, pndia npw ghErcppditionedest al
301 8 rai 3@5 rpFH%cs%‘k'R%feﬁfa@ed%gt%%héxl%&lﬁ%eﬁhﬁ top of the cell 3110 to be

retrieved by the robot. Another option for an el ectrol ess deposition
appl i cat or usi ng Alemativeby, rtbe cwwl dB3fosdnt b@ﬁew@t@w the suppenilinge afththeEDP

cell wth t h?na 6&14 ah8 rthé Q&rgtgiﬂgrebci__cfyhﬁf M)iéi it d %Uhé ated T ﬁﬂgr hier st

inlet 3112 described inh reference to ures w th associ ate
val ui ng, suchemcved dbrvaaid@dBice. chlrthbe:asmthewdt;dewnmb thmommbiameland the

exorl ary enSBarREnbor *Enl BB ERe b Ll g ISl

t he SRD msdulassea®Boa7dlaad therconiner Bcrmleﬂﬂ oNEwgpuresncﬁtumed aﬁoch:radsetﬂ’m@ &badi rrent
of the EDP cell desc i ref s to Figyres,11 a 2, T
conponent's of°CEPEEH dig?g?rét “rﬁ’ﬂ 33}3 f&’&“&%qf‘ Aad %CGWEEQ%EP?WP&O'

conmponents of Fi gRefsridy babk tolRigasl3 kad ante élbaroqiemg EytenOpRatioim S(l[l:llﬁcludes
conmponents are |ncorporat ed into the dn%cn n rel evant to F|
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20  programmable microprocessor. The programmable microprocessor is typically
programmed using a software designed specifically for controlling all components of the
electroplating system platform 200. The control system 222 also provides electrical power
to the components of the system and includes a control panel 223 that allows an operator

to monitor and operate the electroplating system platform 200. The control panel 223 is a

3]
wn

stand-alone module that is connected to the control system 222 through a cable and
provides easy access to an operator. Generally, the control system 222 coordinates the
operations of the loading station 210, the RTA chamber 211, the SRD station 212, the
mainframe 214 and the processing stations 218. Additionally, the control system 222
coordinates with the controller of the electrolyte replenishing system 220 to provide the
30 electrolyte for the electroplating process.

Preferably, the electroless deposition applicator is a separate cell or module that
performs the electroless deposition process, herein referred to as an electroless deposition

processing (EDP) cell. The EDP cell can be located at the rearward portions, distal from



Express Matl No. EL266338797US EDP/ SRD cell is the inclusion of a first
inlet 3112 di sposed through the sidewall 330b and extending to a central
position above the substrate 338. The first inlet 3112 is connect é(ﬂ tAUG 12802
val ve 3038 and is used to control a quantity of el ectrol ess deposition
fluid delivered through the first inlet to the substrate. An actuator, as
shown in Figures 11 and 12, is 5 connected to the first inlet 3112 and can
be used to articulate the first inlet 3112 about an articul ati ng nmenber

3114 fromthe central position to a peripheral position in proximty to the
sidewal | 330b. A pedestal 336 supports thg substrate 338 on the pesasimal
upper surface during processing. A pedestal actuatorAt33% AMAFRPEAST 3'5'%%'3"

pedestal to spin the substrate and rai ses and | owers th‘sexpr'sﬁseﬂestai2 ne

operation, t I C i [y O.el . S
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el ectrol ess fatih@r SEUD Beids M SYALSNIVIS (Lid & ilbairRd 30N Elodirirtd eREn Ysivdeh a
repl eni shing system (not shown) simlar to the el ect ro%te 20 repl eni shing

system 220 debeyti hdo iahonte?@0e REMSs: o The gisestal cagnke heatod, s bati g austats s

di sposed jion 188, &hidRMEbtwdthltbo@N €30 MohELHPE, aeahlp%am?'d@a&"e@?@ Apédestap be
del i vered througqh2 t he opening 3422. A substrate supporf 3426

is mounted in
the EDP cel | ldui@4anigescandpgpwuers the pedestaldP 1% cThagubptrate; 30922 cpn be hglddp pasitionit or

3428 is used I, al I r SIS I . tpat e
support 3426 r%fvg‘%%grl gﬁllgrl%c u ergmzﬁt?e(ﬁ égag% tt ?52“’??55%%%‘3%@%34 lgg%(ggp’etg@to a
base 3432 on peHestal 3DE] caatlewgihpobstr@: IB2 tEa ybrticdl pesition dipnhd with apluplity 484
adapted to s t e [ . [ r

typically ab;bg{}g‘% 3r(r);zn@'t 'gﬁ%@%ﬁ@%ﬁ%ﬁ?@ﬂgﬁﬂﬁ%&ﬁ ﬁ%é%lﬁ#lgﬂrg% Beeréﬁeg ar éégp 2% he
subst r at el534 2teferbhly on sieedgelefI0e antstrstipactd pestal 304 & hlss uddludes eandowamatdince
to allow a robot bl ade, 343 eliver sybstrate 3424 into th cel l
5910 bet ween Sinesid 8BFar 3iel8 30 Steridi ung hirtd Skeionaind SRl pBresine
can incl ude aangiat sHiti@r3eBL icalpléd ©Othé BOftors b0 \R) celli 303 0.2 Athe Ghtetabiidrv bftiha ltwo
risers) wwth a s]ot . for_the rqbot bl ade 343 deliver the substrate, K 3424
Lo the st ep Saaar stisiuatals 4153 Restehite Retesbil P anE b ied CTMBENS FRBL PF g
to an upper agligaiake A 1DNAL Radthae acidwatlar3od4dQidpovedris tiRdttbal cF @i I0he
substrate hol der 3438 to engagte and maintain the 19 AUG 2002 26 PATEYT
Atty Dkt Zva ¢elldeobonBridompemthy catkpr ess Mail No. EL266338797US substrate
3424 in position of gk sidaRtIB6E (EHROWhicB4dbeleArdIRL arbONiEin AuRieAbws4E2,
such as an Oring) is disposed circuntferentially on the substrate hol der
bet ween the sesypleddo ¢hheeltidpPlGindhe lvendiithiI3ppaa bepd hesenaipew Bibg, on ptbers A
3442 can be sjim /) e a6l el I in
vef er once to Fbins chll®, R LR d dpciibel MiERlte SOST PRI HE IR bR
deposi tion fl eledralss depwitionnfiddt wherE DR galiés ddd@ed dereimdept be betepdler Blobe,
backsi de ot -t RESr pREEoRs 54 vatF BRI S 5 v el S A A8t A
di sposed downglastebldse depositicnCsid edntaibide 384405t doahetéd4d4the s/abhel 3038 rteat dan Hehe
EDP cell 3410 through the opeping 3422. The | oper uat or 3428 rai ses the
substrate supWﬁOﬁg‘g?’G&%B‘"@ﬁg%g@ 1 tsﬁ%ess(lfb@r"l%%\?g‘%ﬁg © CPARECied B VAP Kde
3436 retract schdnbal kh@c&sQhdt sBENR), whb@ tidHaglds 30822SLGAR Ve tsepidatbly | cONRsIRd aFith
engages the substrate 3424 to maintain the substrate position on the

substrate suppéreontalies 3aHY Preferably sheclectmless depasition Ruidds mixeden #pas-needed

el ectrol egs dpposit | ARidla sl (SRS e lsRioRAGH HeSsubQWRE 86h3 P nbhe
el ectrol egg dg%gsz} }ngnfhﬂagiagp@ﬁ%@ qgﬁﬁg;é/sg&ofeaégohducti &esum%l%ri al is n-
deposi ted on sigeificabiytbefire ti34Rgosiyonan avdid prenvituse sleqtioless deprisitionnin treconduit
and the subst 424 | ised fromthe sition, fl.ui

3415. The uppé&if’g%’{ uaoff%:?‘ﬁ?f{;l%f)me ?%eﬁgea‘é%‘éesfa ?é?n%%@%%é?"?a e pﬁl%fb{ n ca?%de
robot bl ade 3#436losecmbkitisy tbhige D0t ThdAdsD conbBlni 30d6vesnnacts wairofirsBARIE inlet ses
the substrate 3424 into contact with the robot bl ade 3436 and the robot

bl ade exits the EDP cell 3410 with the substrate 3424 for further
processing, such as rinsing at the SRD _rmqul e 236 referenced in 20 Figures
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conbination with the SRD cell, the EDP cells) can also be |ocated above the
SRD nodul es) 236 shown in Figures 5 and 6. For instance, as descr1 Beﬂ gnz[mz
reference to 25 Figures 5 and 6, the substrate pass-through casse 9 I'S
posi ti oned above each SRD nodul e 236 and allows the | oading station
transfer robot 228 to deliver the substrate and the mainfrane transfer
robot 242 to retrieve the substrate. Likew se, an EDP cell could be

di sposed above an SRD nodul e i nstead of the pass-through cassette so that
the | oading station transfer robot 228 delivers the substrate to the EDP
cell and the mainfrane transfer 30 robot2®242 retrieves the substram;Nfrom
the EDP cell subsequent to an el ectroless depositi of™i% AN B E by
Furthernore, an el ectrol ess deposition alternative to a separate EDP ceII

is electrol eﬁmdcﬁﬂ%écf hme"tﬁél samatfel W22 Wi @é%mtﬁue i Widposedt 2N 36wéredf t he
substrate or while 002 27 PATENT Atty DK

AVA' 1/ 3698l wsmgppem/nmfe@kbrres:@uMd lto A articpREeg mmm%héucéﬁszt baliend s in
a transfer a{o‘éﬁet Ed N &%?eﬁ{lﬁ{i 0 e%1&%89&%%118&%%%@&??%@%g%} Begure
p e

16 is a scherratl Vi ew 0 ct roplating syste
descri bed i nthe etile!:rfié}46enttlme ¢7allg3més Asﬁaahdozzlw(iﬂ@ is iconrieated Yo tharﬂ;éroédxe inlet

conponents. 4qst S GHEAC TR/ the RA&LEShIL! $7S aflap ? én% ORRliLGad of
5

i ncl udes an e ec rol ess deposl nozzI e ounted in the
area servi cewrd;ypattem mmpbmayobmwax?eﬁiompeﬂ'dmg nozth¢ (paﬁsdl@r nszzmospraclpetttbrno a

supply of electr ss_deposi ui.d whi.ch s cont val in a
simlar mann‘g i cis) 'gle‘g%?'r 'inglé@e? anrJéEF e?ré“r:]aéean on’lE ahttF l.ens‘tL refef%bqy’ﬁ%ezz % 633@?9)
preferably disScﬂﬁEbﬁdutsfdeaHb EXipRéry 0 thie sabserhte pamoaﬂowm- substiapatd be oebm‘d a2404 as

it obtains a substrate 234_from esubst e t hr ough ette
whil e the sulo®eredvathoyyinfecterenee ‘%E ma.f’del)fd %anﬁ)gp an be gt H‘ﬁ‘?i fowaed e can

be mount g§l ap@Bedsnsr SebRiLr 710 @m%ntabﬁmgfon&asﬁ&eﬁ)t &atZ?n%vesl theORREIBLI030, a
gquantity of electroless deposition fluid is sprayed onto the substrate 234

t hrough™ t he litssallye vesically pr spme gombinatign thegeof te prayidss vartigal (clegiaare drme of
the substrat %b@ﬁaﬁe @@gzvgq& ﬁg&&‘i’éﬁ SEAUENRsSed S used to allow the
ul

el ectrol ess deposition f to react and deposit a | ayer of conductive
mat eri al to increSisvlar trtbe s cenduiipad relamsdelmpgpiie p scopdeondsit 3A¥4is disposeRen

flip the SUbﬁ{rcg ethggﬁc&lgﬁ 3§fjéps‘fgé‘§&5n L@rﬁﬁl %@Bflgl'o@gief) 3:&1?15 ﬁ)'r '}lem fluid,

Alternatively, I'T rinsing i s nee ero ot o t he su strateto
t he SRD 4§ at swh a_smewmzedr watst ng apphqir thebissuded dourinae ther eubstsase 3§22 Pher the

fol l owing i Seﬁctﬁoq?ss(ﬁ:rge;g sit%trrll (}I?ec?&dylmeP%M%y %E?éftp%g%%&%ﬂ&ﬁlp%ﬁragg%SS

sequence t hrou ro I'ng system e process
sequence des eascbbdanlozlml 1086 n@oﬂﬂeeﬁed&aﬂieaegondinmaoﬁb UAn etticelatiny membe 398%isences
or conbinations,t can

deposi tion pFaYPesk PnheA?eg lrggidcégc?gggaéltlheéls% '? g?t heé'gllgg“ é)acﬁ&%m&ﬁ%lf the
angle of the inlet relatwe to the cell 3010. A second valve 3058 is connected to the second
20  conduit 3052 and preferably controls the rinsing fluid timing and flow. The second
conduit can also be coupled to a source of low concentration of acid or other fluids and a
valve for controlling the fluid. Alternatively, the acid supply can be coupled to a separate
conduit (not shown). Exemplary fluids include hydrochloric acid, sulfuric acid,
phosphoric acid, hydrofluoric acid, or other liquids or fluids that can be used to coat the
25  substrate surface after the electroless deposition to protect the layer from oxidation and
other contaminants prior to the electroplating process. The substrate can thus be
transferred for subsequent processing such as electroplating in a "wet" state to minimize
oxidation and other contaminants. The ability to transfer in a wet state is further enhanced
if the substrate is maintained in a face up position for a period of time subsequent to the

30 electroless deposition process.
The controller 3040 preferably controls each valve and therefore each fluid timing
and flow. The controller 3040 preferably also controls the substrate spin and raising and

lowering of the pedestal and hence the substrate disposed thereon. The controller 3040



plurality of substrates is |oaded into the substrate cassette receiving
areas 224 in the |loading station 210 of the electroplating systenigtih%onh
200. In a preferred process, the substrates have had a seed | ayer
conductive material such as copper deposited thereon 25 by an | MP process
in an | MP chanber 100 prior to |oading the substrates into the

el ectroplating system A |loading station transfer robot 228 picks up a
substrate froma substrate slot in the substrate cassette and pl aces the
substrate in the substrate orientor 230. The substrate orientor 230

determ nes and orients the substrate to gjdesired orientation fOrPNHmT
processing through the system The |oading station taRsfe e %ig%q]then

Xpress all No.

transfers the 30 oriented substrate fromthe substrate ori entor

positions thg, Lﬁ&'t?éte%teg%go@g?&!?%rqftstmﬁ xﬁ‘dQEﬁtfoi‘%é‘rg? 3 s%oWit BP@onﬁUPx%Bﬁtaaﬂt

pass-through cassette . SRD st at'i on e na nframe trans
robot 242 pi tleplupbingheontnoled wih eenfatoapiuatnes. substrate pass- through cassette
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achieve the desired electroplating results. Preferabl %Ppt he_ head asse{‘r‘ol y
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remaining electroless deposmon fluid is rinsed from the substrate 3022 and is drained

through the outlet 3034 and discarded. The substrate can be coated with an acid or other
coating fluid. In some instances, the pedestal 3018 can spin at a higher speed of about 500
25  to about 2000 RPMs to spin dry the substrate 3022.

The pedestal 3018 stops rotating and raises the substrate 3022 to a position above
the EDP cell 3010. The vacuum chuck 3026 releases the substrate 3022 and the robot
retrieves the substrate for further processing in the electroplating cell.

Figure 11 is a schematic side view of an alternative embodiment of an EDP cell

30 and Figure 12 is a schematic top view of the EDP cell shown in Figure 11. The EDP cell
3110 is similar to the EDP cell 3010 shown in Figure 10 and includes similar conduits and
valving, a pedestal, vacuum chuck, and a pedestal lift. The principal difference in EDP

cell 3110 is a first inlet 3112 that extends toward the center of the pedestal 3018 and the



t he substrate hol der assenbly and renoves the substrate fromthe
electrolyte. Preferably, 25 the head assenbly is rotated for a period of
time to enhance renoval of residual electrolyte fromthe substrate1§ohgﬁr2mm
assenbly. The vacuum chuck and the bl adder assenbly of the substra ol der
then rel ease the substrate fromthe substrate hol der, and the substrate

hol der is raised to allow the flipper robot end effector 2404to pick up the
processed substrate fromthe cathode contact ring. The flipper robot end
effector 2404 is noved to a 30 position above the backsi de of the processed
substrate in the cathode contact ring ang,picks up the substrate ustig the
vacuum suction gripper on the flipper robot end eff eet et AMARSSHREGRPERBNE
transfer robot retracts the flipper robot end effector SHFH T H&"EBE Pat e

out of the processi ce a he fli r.robot end effe (. flips the
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AVAT/ 3698/ MDAGHRIREER! ' imipresse dtidwallNd.14.EAAGOR3BY 91N6Ss danmectpden bhoend o a
face-up position. T bstrate i en trapnsferred ipto.th D nodul e.
The' SR Substtearis el ApEk a frpteevat e LA S5 Yo BisPigteh s B opeier o
robot retracpropi200Th BeudiiDS 116 @rvides & molbrer b e fiadt énlet3 1¢2 @dMELketigAlng a
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robot 228 picks up the substrate fromthe SRD nodul e 236 and transfers the

processed subgtemtoded by thecpairglipp349anber 211 for an anneal treatment
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liquid, the rotational speed of the substrate 3022 can be from about 10 to about 500 RPMs.
The spin direction of the pedestal can be reversed to assist in even distribution of the
fluid. The substrate 3022 can be rinsed as described in reference to Figure 10. The
20  actuator 3116 moves the first inlet 3112 toward the sidewall 3014 of the cell 3110 and the
pedestal 3018 raises the substrate 3022 through the top of the cell 3110 to be retrieved by

the robot.
Another option for an electroless deposition applicator using the electroless
deposition process is to combine the EDP cell with the SRD cell. For instance, the first
25  conduit 3036 and first inlet 3112 described in reference to Figures 11 and 12 with
associated valving, such as valve 3038, can be included with the SRD chamber described
in reference to Figures 5 and 6. Figure 13 is a side view of an exemplary embodiment of
the combined EDP/SRD cell using the embodiment of the SRD module described in
reference to Figures 5 and 6 and the embodiment of the EDP cell described in references to
30 Figures 11 and 12. The components of Figure 13 are similarly numbered as the
counterpart components of Figures 5, 6, 11 and 12 and the descriptions of such
components are incorporated into the description relevant to Figure 13. A primary

difference between the SRD chamber described in Figures 5 and 6 and the combined
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act uat or coupl ed Fagurphé1&p@sjégylaw_schematic of another embodiment of an EDP cell 3410 and

Figure 15 is a top view of the EDP cell 3410. The bath-type EDP cell 3410 includes a
15 bottom 3412, a sidewall 3414, and a top 3416. An inlet 3418 in the sidewall 3414 allows
delivery of a quantity of electroless deposition fluid 3415 into the EDP cell 3410. An
outlet 3420 in the bottom of the EDP cell 3410 allows the electroless deposition fluid 3415
to be drained from the EDP cell 3410. The electroless fluid can be replenished,
recirculated, and filtered using a replenishing system (not shown) similar to the electrolyte
20  replenishing system 220 described in reference to Figures 3 and 4. An opening 3422 is
disposed in the sidewall 3414 and is sized to allow a substrate 3424 to be delivered
through the opening 3422. A substrate support 3426 is mounted in the EDP cell 3410 and
coupled to a lower actuator 3428. The lower actuator 3428 is used to raise and lower the
substrate support 3426. The substrate support 3426 preferably includes at least three risers
25 3430 coupled to a base 3432 on the substrate support 3426. Each riser 3430 has a step
3434 adapted to support the substrate 3424 on an edge exclusion area 3433, typically about
1 mm to about 5 mm wide around the outer periphery of the substrate 3424. The risers
3430 are spaced apart with sufficient distance to allow a robot blade 3436 to deliver a
substrate 3424 into the EDP cell 3410 between the risers 3430. Alternatively, the substrate
30  support 3426 can include a circumferential ring (not shown), instead of individual risers,
with a slot for the robot blade 3436 to deliver the substrate 3424 to the step 3434. A
downwardly extending substrate holder 3428 is coupled to an upper actuator 3440 where

the actuator 3440 lowers and raises the substrate holder 3438 to engage and maintain the
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through the electroplating system platform 200. The process sequence described below is

&<

20 exemplary of various other process sequences or combinations that can be performed
utilizing the electro-chemical deposition platform. A substrate cassette containing a
plurality of substrates is loaded into the substrate cassette receiving areas 224 in the
loading station 210 of the electroplating system platform 200. In a preferred process, the
substrates have had a seed layer of conductive material such as copper deposited thereon

25 by an IMP process in an IMP chamber 100 prior to loading the substrates into the
electroplating system. A loading station transfer robot 228 picks up a substrate from a
substrate slot in the substrate cassette and places the substrate in the substrate orientor 230.
The substrate orientor 230 determines and orients the substrate to a desired orientation for
processing through the system. The loading station transfer robot 228 then transfers the

30 oriented substrate from the substrate orientor 230 and positions the substrate in one of the
substrate slots in the substrate pass-through cassette 238 at the SRD station 212. The
mainframe transfer robot 242 picks up the substrate from the substrate pass-through

cassette 238 and secures the substrate on the flipper robot end effector 2404. The
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109a&' () 1®Rst ljﬁtld\édlbs‘?rafb(l%dﬂt 484 (rﬂov&i%au&t}(e)su&tlfh&@ the vacuum chuck secures the
substrate on the substrate holder 464. The bladder assembly 470 on the substrate holder

assembly 450 exerts pressure against the substrate backside to ensure electrical contact
between the substrate plating surface and the cathode contact ring 466.
The head assembly 452 is lowered to a processing position above the process kit
15  420. At this position, the substrate is below the upper plane of the weir 478 and contacts
the electrolyte contained in the process kit 420. The power supply is activated to supply
electrical power (i.e., voltage and current) to the cathode and the anode to enable the
electroplating process. The electrolyte is typically continually pumped into the process kit
during the electroplating process. The electrical power supplied to the cathode and the
20  anode and the flow of the electrolyte are controlled by the control system 222 to achieve
the desired electroplating results. Preferably, the head assembly is rotated as the head
assembly is lowered and also during the electroplating process.
After the electroplating process has been completed, the head assembly 410 raises
the substrate holder assembly and removes the substrate from the electrolyte. Preferably,
25  the head assembly is rotated for a period of time to enhance removal of residual electrolyte
from the substrate holder assembly. The vacuum chuck and the bladder assembly of the
substrate holder then release the substrate from the substrate holder, and the substrate
holder is raised to allow the flipper robot end effector 2404to pick up the processed
substrate from the cathode contact ring. The flipper robot end effector 2404 is moved to a
30 position above the backside of the processed substrate in the cathode contact ring and
picks up the substrate using the vacuum suction gripper on the flipper robot end effector.
The mainframe transfer robot retracts the flipper robot end effector with the substrate out

of the processing cell 240 and the flipper robot end effector flips the substrate from a face-
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20 While foregoing is directed to the preferred embodiment of the present invention,
other and further embodiments of the invention may be devised without departing from the

basic scope thereof, and the scope thereof is determined by the claims that follow.
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2 connected to the electroless deposition fluid supply ‘and disposed within a space above the

3  mainframe.

1 3 The system of claim 2, wherein the fluid outlet is disposed proximate to a travel

2 path of the transfer robot.

1 4. The system of claim 2, wherein the fluid outlet is disposed proximate to a substrate

2 pass-through cassette.

1 5. The system of claim 1, wherein the applicator comprises an electroless deposition
2 process (EDP) cell.

1 6. The system of claim 5, wherein the EDP cell comprises a first fluid inlet disposed

2 proximate to a pedestal and fluidicly connected to a supply of electroless deposition fluid.

1 7. The system of claim 6, wherein the EDP cell comprises an actuator that rotates the
2 pedestal.
1 8 The system of claim 6, wherein the EDP cell comprises a second fluid inlet

2 disposed proximate to the pedestal and fluidicly connected to a supply of rinsing fluid.

1 9. The system of claim 5, wherein the EDP cell comprises a first fluid inlet disposed

2 proximate to a center of a pedestal and coupled to an articulating member.
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