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ELECTROPLATI NG BACKGROUND OF THE | NVENTI ON Producti on of sem conduct or
integrated circuits and other m croel ectronic devices from workpi eces such
as sem conductor wafers typically requires formation of one or nore netal
| ayers on wbheosyeker . These netal |ayers are used, for e@HP¥ISEY0
el ectrically interconnect the various devices of the integrated circuit.
Further, the structures fornmed fromthe netal |ayers nmay constitute
m croel ectroni c devices such as read/wite heads, etc.. The mcroelectronic
manuf acturing i ndustry has applied a wi de range of netals to form such
structures. These netals include, for exanple) nickel, tungsten, sol der,
pl ati num and copper. Furt her  TIRALROFIHERMENFIOD ocessi ng t echni ques have
been used to deposit such netals. These techni ques include, for exanple,
chem cal vapor deposition (CVD), physical vapor deposition (PVD))
el ectropl ati ng, and eMEIHQ AND ARPARAIFIS KPR OOPPERPEATENGuUES,

el ectropl ati ng and ﬁgﬁﬁﬁ ?géfé? %%ﬁL @ﬁﬂng%i%ﬁfﬂqi econonical and)

as such, the nost desira oplating an el ec ss pl ating can be
used in the deposition of blanket netal |ayers as well as patterned netal
| ayers. iwe~ren~ | ~~~~~~~N 0 3 JAN 2p3 WO 00/ 03072 PCTNS99/ 15847 One of

t he nost popul ar process sequences used by the mcroel ectronic

manuf act uri ng industry to I l,conductor wafers is
referred to as danascene"qgﬁggggyﬁﬁg?hahﬂgHﬁﬂE%fﬂa ssing hol es, commonly
called "vie t r enches. and/ or recesses are .forned on rkpi ece
a1 ed BrideloR R DR e S 470 M G FRUEENBY JF BB ¢ pe

waf er isg%.rst Erovrded Wi, t h Sﬁge 5’1' seed I ﬁgr mhrch is used t conduct
el ect r i WHKPIEGFS S ?hasd%fm*wad%t%r @ DRl sagrese *N"Bpﬂ ¢ 95 *%%amf a
nmetal such as co S use t he see yer is di d over rrier
Cayer bl PR Tlélgserrc qrmrs i sl SRl SR APy PN | ayer
of netal h can_bhe . usr one_or e of seyera rocesses. For
exanpl e"a"PH% deyisgyof §9 rte it Plpbgeth e dered gm E*Fehrar%por
deposition or chem c vapor .depositio ses to produce a |layer on the
or der oﬁ“a}icwtﬁﬁtj%‘ﬂmmﬁﬁ?‘e%ss*ﬁﬁ%”é&&&"&&?@% ?f%m advant ageous| y be f or med

of copper, | d,, nickel, adi_.um ,or ot her . The seed |l ayer is
formed over eé‘HFrf’%rE‘émW‘h‘Eﬁ‘r agtuging \pdystyy hgi aRgscf mptaly 19 V‘i‘ es,
trenches, or other recessed devijce features A netal |ayer is then

el ectr oﬂ!chts%“‘d'ﬁsc o There maetels inclidey for jexqamyple.sricke], Jrngstepy m\({eét plptippay ande
bl anket Iayer |s plated to forman overlying |layer, with the goal of
provi di SRPPE- FUFBAT 3 Widle rangp 9f Propesying (ephRiqueshavp becndised 19 clsgosarraclbwrtélﬁds a

certai n anount above these features. Such a bl anket
These techmqucs include, for example, chemical vapor dcposmon (CVD), physical vapor

deposition (PVD), electroplating, and electroless plating. Of these techniques, electroplating and
electroless plating tend to be the most economical and, as such, the most desirable.
Electroplating and electroless plating can be used in the deposition of blanket metal layers as
well as patterned metal layers.
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| ayer will typically have a thickness on the order of 10,000 to 15, 000
angstrons (1 - 1.5 mcrons). After the blanket |ayer has been Q)gcyAgggQBed
onto the sem conduct or wafer, excess netal -2 Q 3 JAN 2003 WO 0010

PCT/ US99/ 15847 materi al present outside of the vial, trenches, or other
recesses is renoved. The netal is renoved to provide a resulting pattern of
met al | ayerw@ ep/adére sem conductor integrated circuit bei RETESPHSEHT The
excess plated naterial can be renoved) for exanple, using chem ca
mechani cal pl anari zation. Chem cal nechanical planarization is a processing
step which uses the conbined action of a chem cal renoval agent and an
abrasi ve which grinds and polishes the exposed netal surface to renove
undesired parts of the netal |ayer applied in the electroplating step. The
el ectropl at i fge of theHaoss papwias raeretscrequentes rused bikhg mifraelectionicananyfacturing
assenbly. In such an assenbly an anode el ectrode is disposed in a plating
bat h, ariadustnetogepesit afnety] ontpesemicopductpy maferse redasred ite ag 'slamasgened progessinge. Onl y
a lower face of the wafer contacts the surface of the plating bath. The
waf er i dnisedhgrdpgssingdwlespeommonlytcalindt"Mias", titnchesaod/duether redasses are firmed ento

el ectropl ati ng power (e.g., cathode current) to the wafer. The support
syst em reeworkpingerangd dilledwitlia micted siidvagepppet. hintthesdamaseent hrocess ftiee wafer iplfiste and
al so contact the wafer seed layer in order to conduct electrical current
for the mpbddddnyith pematallionseedrigyee v isewsed g6 candwet eleotticalsemrehl yuring a
disclosed in U S.S.N. 08/988,333 filed Septenber 30, 1997 entitled

" Sem corstbsetyant iRktak dlevgroBytirtgeshap Wi dapetal GechSus jppppet is kised] the séddidypt BddpesedEngagi ng
El ectrodes Wth Distal Contact Part and Dielectric Cover." Several

t echni calveps biotienisyernsteriok sashess GRMEN] etc.d@hé sped tayer B acteey thirulapst of metahe

el ectropl ati ng of sem conductor wafers. Uilization of a small nunber of

di scr et ewkitle cdnr becappliabudirpcore drenge of Geveahpcdsses. Port dxainple, the aekdl layee rof about
the perineter of the wafer ordinarily -3 0 3 ~aN zoos WO 001 03072

PCTI USO 9t ai&in b taidldoasusiviggph@sicat wipoe dépodieios bt dhemicaladpot deposifioh prodese®i Nt s
than at other portions of the wafer. This non-uniformdistribution of
current t3¢fddace 4 Rgerwalthy ordérdoft 1000 ang OGS thidkOThekieed Ry EN e pORhtagdislPbe t he
plated netallic material. Current thieving, effected by the provision of

el ectri crirhedCeMedgpdr] Yeld,hickes NHaHaddirnedr dtha indidl0 Skhe Wadd" Ry €018 tagtedtdver aeed
Layer, can be enpl oyed near the wafer contacts to mnimze such

non- uni fsaefade! Whiclid céiivehted Niyetht PoestiRe o thl 6s, afkeched, drh@h&rOdREsdi deYicef

el ectropl ati ng equi-pment, and increase mai ntenance requirenents. Anot her
pr obl em faithdes.el ectropl ati ng of wafers concerns efforts to prevent the
electric contacts thensel ves frombeing plated during the el ectroplating
process. Any ARb@I lapdr isthét Eettloplatel Ont8iRCkéd lapdr it BB ERRL T alikiketNSef. aRBVeEd tO
prevent changi ng contact performance. Wiile it is possible to provide

seal i N prRkBEARY e 1B plhed tdiions a8 bPerBlifClhydr Okith GO gbA GF provifiipha REGPRAGHNRAL S
typically cover a significant area of the wafer surface, and can add

conpl exi s the reRPeLhRICYiRd &Rl ex€RBS ke BhGiht abdVeARAE F&Birtd SacH A Blakiedt
problem it is sonetinmes desirable to prevent el ectroplating on the exposed

bur ner | gy&rwine@piciiiiensed 9 tiidkndst SnSBE1orden a0 e00 Wef181000 Ehetboime R at £6 _
material may not adhere well to the exposed barrier iayer material) and is
t hexef orgickyn@ne to peeling off in subsequent wafer processing steps.
Further, netal that is electroplated onto the barrier layer within the
reactor may fAged theidnksldylerths bhG dcREHIEEPARS 1hB b HARS ST WS, BRY¥ssekdI Ng
particul ate contam nants to the electroplating bath. Such contam nants can
adversely affect the overall electroplating process. -4
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0 3 JAN 2pp3 WD 001 03072 PCTN599/ 15847 The specific netal to be

el ectropl ated can al so conplicate the electroplating process. F@(rja e{@gpﬂﬂﬁé
el ectroplating of certain netals typically requires use of a se I r
having a relatively high electrical resistance. As a consequence, use of
the typical plurality of electrical wafer contacts (for exanple, six (ti)
di screte coWPA¥ed:2 nay not provi de adequate uniformty ofCHYREYpA4ted net al
| ayer on the wafer. Beyond the contact related problens discussed above,
there are also other problens associated with electroplating reactors. As
devi ce sizes decrease, the need for tighter control over the processing
envi ronment increases. This includes control over the contam nants that

affect the electroplatin rocess, The Vi ng conpone of the reacgtor,
whi ch t eFaterd) PESFR Pupide ik vies, Feaehr arather resh 8 B b 15f Be SEERt ¢ o

strict isolation requirenen%s. Still further, existing electroplatip

. ( ! , : g
r eact or stodrevidsrarestltiempttery, pt metal laer iy ths semigeadusior integsied Gisrit beipg foamed er ent

el ectropl ati ng processes._ Such difficulties nust be overcaone if an
el ect r oplB& ieKersy datedomalpsia] fan ke remaysd.o &¥ o papwle gysinga Phpmical gingehanical
manuf act uri ng. One aspect of the present invention is directed to an
i mpr ovedPlanasizatiogpChanieal mephanicak Rlanapizalion i HpfacestingHFR Which L8 teggombiied g
features: an inproved workpiece contact assenbly, a processing head having
a qui ck- atiee ehnehemicabremara! agens andyanzbrasive which grinds and nefisbes the pxpetedatalg head
having effective isolation of the noving conponents fromthe processing
envi r onmevaface onemeneapdnsired nests obthemetdl layer apriiss Bethe eleqioplatingicrby
electroplating is the fact that for very small features on mcroelectronic
wor kpi eces { sllis efpctropldting ofithe semigendugtor walerp takeslgrs i @ regetoassentbly. Ipswgh  ~aN
z003 WD 001 03072 PCT/ US99/ 15847

an assembly an anode electrode is disposed in a plating bath, and the wafer with the seed layer

thereon is used as a cathode. Only a lower face of the wafer contacts the surface of the plating
bath. The wafer is held by a support system that also conducts the requisite electroplating power
(e.g., cathode current) to the wafer. The support system may comprise conductive fingers that
secure the wafer in place and also contact the wafer seed layer in order to conduct electrical
current for the plating operation. One embodiment of a reactor assembly is disclosed in U.S.S.N.
08/988,333 ﬂlcd‘ September 30, 1997 entitled "Semiconductor Plating System Workpiece
Support Having Workpiece - Engaging Electrodes With Distal Contact Part and Dielectric
Cover."

Several technical problems must be overcome in designing reactors used in the
electroplating of semiconductor wafers. Ultilization of a small number of discrete electrical

contacts (e.g., 6 contacts) with the seed layer about the perimeter of the wafer ordinarily



el ectroplating can lack conformality with the side walls of high aspect
ratio vial and trenches, and can produce voids in the forned int&BCQIIAW%?a@
and plugs (vias). This is often due to the nonconfonnality of the coppe
seed | ayer deposited by PVD or CVD as a result, the seed |layer may not be

t hi ck enough to carry the current to the bottom of high asTpect ratio
features. AP#¥®B®Rnate process for depositing copper ont¥ L$'BPYel ect roni c
wor kpi ece is known as "el ectrol ess” plating. A nethod of el ectrol ess

pl ating of copper netallization onto m croel ectronic workpieces is
disclosed in the article "Sub-Half Mcron Electroless Cu Metallization," by
V.M Dubin, et al.) as published in the Materials Research Society

Synposi um Proceedi ngs, vol une 427, Advances Metallization For Future ULSI,
1996, h@rdueesitiEhen GybFatdersittsy neasfhecapteqt poiptsdhanat piprgpotioss pf the watehe ot ent i al
advant ages of el ectroless Cu netallization as including |ower tool costs,

| ower pmer-saifqrmdistabutiop of gireat aqress ke waferafin fupn. gaisesponcunifenp depasition8f f or ity
of plating, and better via/trench filling capability. According to the

di scl osder plaisdemataliic matpriakn i Currant dhicyipg.ceffected bie plss provisionvwalks elsetricdlyned f or
via and trench filling on a workpi ece having a Cu seed |ayer. The Cu seed

| ayer wesendyetxe ddemenys ofbesdhan: thescpyhidhpepntast the geask layesneanche empiped mesrethe (wet
activation process). An alum numsacrificial |ayer was sputtered onto the
Cu seed wafgregontacly| tpj minireige FuchNponcuniformityngius pugh thiewing teckniques ddatpettie Ta
were used es diffusion barrier/adhesion pronoter |ayers. After the

el ect r olcemplexisspef<iecireniating equipmady, and inereaseghpivtenanty eawitementisal pol i shi ng of

t he copper layer was performed to obtain inlaid copper netallization. A

sel ective el doother proertovithpelentioplatingoel Walfprsrcon@ms ¢ffosts Jo\re¥ &0 3ha\Begtie 03072
PCTNS99115847 was deposited on the inlaid Cu netallization. According to

t he net lrontacts theinsdieed fiom being plasededywing thezalactroplatingtpinecesst GAriyrmgaterfal plagedAd
sacrificial layer in the sane electroless Cu plating bath w thout

t r ansf erthd electtidab comdcts must dalréngoviedh ta prevend rhenging co@act perféramecen oWhile iitrig
exposed to air. This purportedly avoids oxidation before the electroless Cu
deposi t ipossibls terpieideasealing Afetlenismb dbi digeroe dlévdricAll comtants, fsuch atragemdnts ayer ,
the catalytic seed |ayer acts as a catalytic material for etectroless Cu
deposi t itgpicaliplcaeey azignificdntrageatad thcheafell sicfacs entl enntaddd domplaxieadol theeledtritahe

seedi barrier layer systemat 300'C in a vacuum i nproved adhesi on of the
seed | ayentactdesigd.i onal |y, a small anount of surfactant and stabilizer was
added to the copper plating solution in order to control surface tension
and to ret ar th fddebssigees further picblen if i8 sériintke desirabls 1o grevenedléct@dplating ormbe ease
solution stability. Exanples of surfactants are: RE 610,

pol yet hyxpegd bartitr, 1jEY\hé&D 1h, edde oft thersextidddductdoveafiyl Elecabplattdibiaterialansy shitscl osed
are: Neocuproine, 2,2' dipyridyl, CN-, |Ithodanine. Qher patents which
descri bexdndiel veflaghtheleRpdsed bardisr pérambiesisl] amdist thefefure] pishe i toleblily bifSn Pat ent
5,500, 315; U.S. Patent 5,310,580; U S. Patent 5, 389,496; and U. S. Patent

5, 139, 8ls@bsequieht Vafenproessing Steper Blryher,NaQAINGALAE @Ibctopldied Gite tiecbarrier layer

within the reactor may flake off during the electroplating process thereby adding particulate
contaminants to the electroplating bath. Such contaminants can adversely affect the overall

electroplating process.



Whereas el ectrol ess plating of copper on mcroel ectronic workpi eces offers
advant ages, such as good confornmality the el ectrol ess depositi ﬁrB rﬂﬁ: %
copper is generally | ower than that produced by el ectropl ating: 2003
Accordi ngly, another aspect of the present invention recognizes the 03
JAN 2Q43 WQ,8Q4,R3R72 PCT/ 1359911 S847 desirability of acgiydesitssirhe

advant ageous conformality of the deposited copper in small and/or high
aspect ratio features) such as vial and trenches) while at the sane tine
havi ng an increased overall deposition rate for increased m croel ectronic
production throughput. This aspect of the present invention also recognizes
the desirability of providing an el ectrol ess plating reactor which can be

i ncor por at ed ’I‘h@%&ciﬁ@nﬁk&ﬁ B B trBRI RPN 3D € 'lﬁa@w&&@&ﬂg boess. For 0 3 J
A N 2003 WO 00/ 03U72 PCT/ US99/1 S847 SUMVARY OF THE | NTI A reactor

for platdengna dRkahlat \tla@catﬂ%&ag eypﬁmlfflewek B.i.eled%%_si,-él 1@%} hiﬂgkﬂglaﬁ% reactor

conpri ses a reactor DO I ncl udi ng an el ectroplating sol uti ISpOSGd

t herei npl?%&?gl@&i&ﬁ‘?&%;ﬂké POS&HcdnBeqhliRe, GEGE Ae HPiWhI ,’sl{zraﬁt?n&a&écﬁwaf Rafel®

el ectro Ing solution. A contact assenbly i$ space romthe anode within

the I eaCiolac Uk cxaiife, SO0HG) ucAROGHBIY AF b5 Re Bty iy S@hact s

i
. 0
di sposed to contact "a perr pheral ace of the workpiece to

provideIﬁhgg&&ggkﬂ&gggwggﬁgr to the surface of the workpi ece. The contacts
execute ‘a W pi ng ‘action against the surface of the workpiece as the

wor kpi ece i s I . i The_ cont act S Ly al so
i ncluding a gg&%‘dg@& &P@%@sre@g?%?@%r &1%?‘ Es?ﬁ”é“’&p}ieup‘g"ﬁ y ago %tg%t &gﬁg}{s The
barrier jncludes.a . ] ed surface .of . t he rkpi ece
o ool SRS RERR RRST A B RIAAP alepfisd Wic REF 15 BT s8BPLY | g
solution, In one enbodi hent) . th | ural i. f ntacts.are in.the form of
di scret el g’)? i %cgss\l/ﬁ%i e nr{n%]ﬁo ¢ eé‘?es'e n@bs ?J%ir%&néfc' ,cgr?tﬁoé Oﬁfru\'hglclo?t?mglf"n% 8}?? acts
are 1n tzmeetctftg?r mcc%ogﬁgﬁ?%rl &L, ! ”l‘h% nﬁc!a'? c%r%ggrlaé%{[s of &efrcl‘,a%yg{,gwq{i%etg%?/ tﬁ I%gxre? OV! ded

in the contact "ass of provi g a‘purging gas y of

contacts_and the ri.pheral edage of the workpiece. .The purging gas may be
used to A< sfoﬁl%ﬁﬁh% OP@rtﬁﬁ?f?rg g’e 5‘?”%‘:#8 Sg'\gf'rs ﬁlﬁgt?oncﬁq‘?rﬁ'@&?:tg ntact assenbly. In

acoor dance whf) bl 'iShing YRGS Bhe DRl SRBhed BRI O bl SBIRC!

reconfigure for different electroplating processes. Such difficulties must be overcome if an
electroplating reactor design is to be accepted for large-scale manufacturing.

One aspect of the present invention is directed to an improved electroplating apparatus
having one or more of the following features: an improved workpiece contact assembly, a
processing head having a quick-disconnect contact assembly construction, and/or a processing
head having effective isolation of the moving components from the processing environment.

One drawback associated with copper deposition by electroplating is the fact that for very

small features on microelectronic workpieces (sub 0.1 micron features), copper deposition by
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connected within the reactor assenbly by one rnore | atching nechani sns. The
| at chi ng nechani sns al | ow easy repl acenent of the contact asg[adral Y, w éh
anot her contact assenbly of -9 0 3 JAN ?_003 WO 001 03072 P sd4n: 26037
the sane or of a different type. Gven the construction of the disclosed
contact assenblies, replacenent with the sane type of contact assenbly
reduces or Weidemsert se el i m nates the need for recali brat iPERUEI 8@ pl ati ng
system t hereby reducing down tinme of the reactor. In accordance with
further aspect of the inventive reactor, the reactor may conprise a
processi ng head including the contact assenbly. Mre particularly) the
processi ng head may include a stator portion and a rotor portion, the rotor
portion conprising the contact assenbly. The contact assenbly nay be
det achalslegtraptating careldck eonformalityivgih the side wallhof kigh pepgettratimeiad andctrdnolgs,
mechani sm The reactor as may al so include a backing nenber and a drive
mechani snd ¢an pseduceswadstih yheiformet iins¢rcaninecthandiplupy (vie)iikhis ianfercdusttatte nassenbl y
are noved relative to one another by the drive nechani sm between a
wor kpi ecenforaamtitynsf thet qvpper aeed layendeplesited bg PYDbereG¥D rag a s¢salt.che sead tayer mayr kpi ece
processing state, the workpiece is urged against the plurality of contacts
of t he motteahitk amsghniolcarmpthe tiveenbtacka bottommnfrbigh aspect rtidieateres.he ri sk of
contam nation fromparticles released by the drive nechanism the drive
mechani sm main biersaidproeess foaldepositing capperdach Dmicroeetrbmveorkpitbeis knédwn as
integrated tool for plating a workpiece is also set forth. The integrated
t ool congedtmiss a platibgt Ar methedi ¢fg eizbolessr pfating pofatdoppert hretallizadign eme usi ng
an electroless plating process and a second processi ng chanber for plating
t he wor lgfitreelecttoficngotkpicedse 3t disglbsed i ingthpr atiels S"Sub-Habtb ditron t Elaciwiess Cechani sm
is used that is progranmmed to transfer a workpiece to the first processing
Metallization," by V.M. Dubin, et al., as published in the Materials Research Society Symposium

Proceedings, volume 427, Advances Metallization For Future ULSI, 1996, herein incorporated
by reference. The article describes the potential advantages of electroless Cu metallization as
including lower tool costs, lower processing temperatures, higher quality deposits, superior
uniformity of plating, and better via/trench filling capability.

According to the disclosed procedure, a blanket electroless Cu deposition was performed
for via and trench filling on a workpiece having a Cu seed layer. The Cu seed layer was
previously deposited by sputtering or contact displacement (wet activation process). An
aluminum sacrificial layer was sputtered onto the Cu seed layer. Collimated Ti/N, uncollimated
Ti, and uncollimated. Ta were used as diffusion barrier/adhesion promoter layers. After the
electroless deposition of the Cu layer, chemical/mechanical polishing of the copper layer was

performed to obtain inlaid copper metallization. A selective electroless CoW passivation layer



-10 0 3 JAN 2au3 WO 00/ 03072 PCTI US99115847 chanber for el ectroless
pl ati ng thereof and, in a subsequent operation, to transfer the workpi ece
to the second processing chanber for electroplating thereof. A pﬂ [ 2003
process that may be inplenented on the foregoing tool is set forth,
al t hough t | sScl osed process is independent of the pr bdRsdy 00! . 03
JAN Z003 v@ﬁ6§%§@672 BRI EF DESCRI PTI ON OF THE DRAMVNGE %@$§§39/15847 Fl GURE
1 is a cross-sectional view through an electroplating reactor that is
constructed in accordance with various teachings of the present invention.
FIGURE 2 illustrates a specific construction of one enbodi nent of a reactor
bow suitable for use in the assenbly illustrated in FIGURE 1. FI GURE 3
illustr I ctor head, conprised of a stationary
%ﬁ%aﬁd}ﬁedemﬂéjﬁx %xﬁgm@ﬁ%i?ﬁﬁ

assenbly and a rotor asse Is suitable for use in the assenbly

cont act aéiﬁei#%f%?hi%?ﬁg&? e iided of T bt S0 AR HERe A1 T
: i e 'co at of e
amot hor SRR el e SRt g bRttt I bt BN |

SUI t bl Gy f O HRECH Burkilndi B35 WS BN Y| S HEAR) S6bidoniho B Bebre the

electroless Cu deposition is undertaken. After etching of the Al sacrificial seed layer, the

catalytic seed layer acts as a catalytic material for electroless Cu deposition. Also, according to
the disclosed metlhod, annealing of the seedibarrier layer system at 30(3'C in a vacuum improved
adhesion of the seed layer.

Additionally, a small amount of surfactant and stabilizer was added to the copper plating
solution in order to control surface tension and to retard hydrogen inclusion in the deposits, as
well as to increase solution stability. Examples of surfactants are: RE 610,
polyethylenglycol NCW-601A, Triton X-100. Examples of stabilizers disclosed are:
Neocuproine, 2,2' dipyridyl, CN-, Rhodanine.

Other patents which describe and teach electroless metallization techniques include U.S.
Patent 5,500,315; U.S. Patent 5,310,580; U.S. Patent 5,389,496; and U.S, Patent 5,139,818, all of
which are hereby incorporated by reference.

Whereas electroless plating of copper on microelectronic workpieces offers advantages,

such as good conformality the electroless deposition rate of copper is generally lower than that

produced by electroplating. Accordingly, another aspect of the present invention recognizes the



FIGUREs 16 - 17 illustrate two different enbodi nents of a "Belleville ring"
contact structure. FIGURES 18 - 20 illustrate one enbodi nent of a,c nhact
assenbly using a "Belleville ring" contact structure, such as oﬂk308A ho{3
illustrated in FIGURES 15-17, that is suitable for use in the reactor
assenbly illustrated in FIGURE 1. FIGURES 21 - 23 illustrate another

enbodi nent ¢fo gdefent act assenbly using a "Belleville ringtrasstssat
structure, such as one of those illustrated in FIGURES 15-17, that is
suitable for use in the reactor assenbly illustrated in FIGURE 1. -12 03
J A N 2003 WD 00/ 03072 PCT/ US99/ 15847 FIGURE 24 il |l ustrates anot her

enbodi nent of a contact assenbly using a "Belleville ring" contact
structure, such as one of those illustrated in FIGURES 15-17, that is

sui t abl e désiabiligeofiathiévisg the adtantagemss eotfbrynalityl af shier depedted BogpefAdRmall. andbCURE 25
illustrates a still further-enbodi nent of a contact assenbly using a

"Bel | evi |high aspeogratis featufes | sush adwihsdnd trefiches) while @ile 8dmd MNAS Raviing daShdrédsed] 1 n

FI GURES 15-17, that is suitable for use in the assenbly illustrated in

FI GURE 1 ovérhl(3dEgositid ratefbr Zﬂcréahdmtcf@teeumprbmcti&m&igggm THik aspe€tOotttRet
assenbly that is suitable for use in the reactor assenbly illustrated in

Fl _GUEE hpreﬁ%n@iﬁ&ﬁti&salso fetopited thé Absrabifityl SUFroAGDE GinSel&troRBE pRAMOHatBNt Of a
qui ck-attac

which can be incorporated into an automated microelectronic processing tool.



mechanism FIGURE 33 is a cross-sectional view of the reactor head
illustrating the disposition of the reactor head in a condition mg &@@F?mbt
may accept a workpiece. FIGURE 34 is a cross-sectional view of t C
head illustrating the disposition of the reactor head in a condition in
which it i ady to present the workpiece to the react | GURE 35
iIIustratezwéﬁmg%ﬁloded vi ew one enbodi nent of the rotoﬁkgggg%grﬁ. FI GURE
36 is a cross-sectional view of one enbodi nent of an el ectroless plating
reactor suitable for use in connection with the present inventions. Fl GURES
37 - 42 illustrate various enbodi nents of workpiece hol ders suitable for
use in the electroless plating reactor of FIGURE 36. -13 0 3 JAN 2003 WO
001 03072 PCTNS99I 15847 F'GUR@§mﬁﬁARY4§=THEQEVEﬁﬁﬂmQ§e manner in which a

purgi ng gas, such as nitrogen, can be supplied to either a workpiece hol der

Fact . . : ¢ : q
erbodi mont s. TR fhink 3RERSIA S Back L GNARABITE M ity Fetealy 500
tools th ' t ) ' d | ati
Feact or s A 4 RGP A FURE bl BleaSihRb sbiliod BR6G,EY Pl GEMR 2 00
for plat {ii{sr}%sera]dgms eé%lggtgreboui'% cdnthe OGP &%te?e%trgp(?&tnlgesloﬁﬁgr{. O,kec%rsxtacgr%gsembly is

el ectrop

spaced from the anode within the reactor bowl. The contact assembly includes a plurality of
contacts disposed to contact a peripheral edge of the surface of the workpiece to provide
electroplating power to the surface of the workpiece. The contacts _cxecute a wiping action
against the surface of the workpiece as the workpiece is brought into engagement therewith The
contact assembly also including a barrier disposed interior of the plurality of contacts. The
barrier includes a member disposed to engage the surface of the workpiece to assist in isolating
the plurality of contacts from the electroplating solution. In one embodiment, the plurality of
contacts are in the form of discrete flexures while in another embodiment, the plurality of
contacts are in the form of a Belleville ring contact. A flow path may be provided in the contact
assembly for providing a purging gas to the plurality of contacts and the peripheral edge of the
workpiece. The purging gas may be used to assist in the formation of the barrier of the contact
assembly.

In accordance with a further aspect of the present invention, the contact assembly is
connected within the reactor assembly by one rmore latching mechanisms. The latching

mechanisms allow easy replacement of the contact assembly with another contact assembly of



-14 0 3 JAN 2003 WD 00/ 03072 PCTNS99/ 15847 DETAI LED DESCRI PTI ON OF THE

| NVENTI ONS BASI C REACTOR COVPONENTS Wth reference to FIGURES | - i t here
is shown a reactor assenbly 20 for el ectroplating a nicroel ect fodi dAN 2003
wor kpi ece, such as a sem conductor wafer 25. CGenerally stated, the reactor
assenbly 20 is conprised of a reactor head 30 and a correspondi ng reactor
bow 35. Thweodospe of reactor assenbly is particularly SROTIUSS9/fs847 ef f ecti ng
el ectropl ati ng of sem conductor wafers or |ike workpieces, in which an

el ectrically conductive, thin-filmlayer of the wafer is electroplated with
a bl anket or patterned netallic |layer. The specific construction of one
enbodi nent of a reactor bow 35 suitable for use in the reactor assenbly 20
is illustrated in FIG 2. The electroplating reactor bow 35 is that

porti on tef santeeor efa didferenstyperb IGjverhe hertstraasion of tiss difclesed opritadt iassgmblidsut i on,
and that directs the solution against a generally dowwardly facing surface
of an asepaemerdvithohkamedped$ centachassghlly exduce¥ or ¢thérwise ghimingies tiemega fat i ng
solution is circulated through the reactor bowl 35. Attendant to sol ution
ci r cul atreaatibratidreof kg plidting sy stenothereby edudinpalomeainief tHeawdctod5, over the
weir-1like periphery of the bow, into a | ower overflow chanber 40 of the
react or asseibhocoidance Sathufurther asgectiofathn ifiventinet ragetooy the fréaotwr aiasrdompriseypi cal |y
for re-circulation through the reactor. The reactor bow 35 includes a

ri ser tbeesbing vead Miciudirgi thédr canmact ndserhblgorddete tpafidulady, phes piocasiag hégdr may

i ntroduction of electroplating solution into the reactor bow 35. The inlet
condui t indl$de a Stcr pbitidN aad @ Jotpdid) Rt AdtoPportidiSOpk izt thdébntast BEeidy.abl y
conductive and rmakes el ectrical 'contact with and supports an

el ect r opfhatcbitgct assenblyafmy bElietasttablyecohfiected Yo the rptoopdrtiabpattiénseshedateidsg shi el d
60. El ectroplating solution flows fromthe inlet conduit 50 through

openi ngsnéthatidhe upper portion thereof, about the anode 55, and through an
optional diffusion plate 65 positioned in operative association with the

anode. The amaégedefor B YmdICaled MW ackiigr @bbeiindla UGS nebhdnlam anade are
transported by the electroplating solution to the electrically-conductive

sur f ace agdenibiicinadichth@bREinpeeliBeema coitidt GkkembRGld WOFed3FelativeGd bhO &R ther
Al ternatively, the anode 55 nay be inert, thereby renoving the need for the

anode s hjyahdldiiie mebBantsiObddwien afvdrgites 10 drad, and b@voﬂ?@&& BrochiSing siald. o the

el ectroplating reactor 20 is preferably conprised of a stationary assenbly
70 and ahé QbfMpicdd pRE&ELMg fate, Re twirkpdee QTRigYd AguirsEthe PirkifY b dordti2td F4RE VE and

carry an associ ated wafer 25 or |ike wor kKpi ece, position the wafer in a

process-ghia :Q&\MBI)DB)‘ R At m¥thbdd] TolBdifet Ae ARW cEmamMAbn Porh PhikRs OF SPI N
the workpiece whil'e joining 1ts electrically-conductive surface in the

plati ng rEleEs%&” ? {8 dﬂi\’}emécﬁﬁﬁini) [th@ 3R TRkhartitn %%ck%ﬁﬁ&ﬁi%ﬂﬁ?@@uﬁ&d‘

typi cally noun on a lift/rotate apparat us which i’s conflgured to
rotate qggoﬁgﬁghgﬁ.head 30 from an upwardl y-facing disposition, wherein it
receives the wafer to be plated, to a downwardly facing disposition,

wherein the saulrlmgﬁte@ioot 128 pfd e whbiRpib& iPhisd REfdrh. TRS intepRRRdod QURAPREE! Y 1N
reactor bow 35, generally in confronting relationshipto diffusion plate

65. t AT Oplﬁ{st ﬁroeiésgrhél Smb3OfHR biallRsS the SoRkgiRE ubifg 8 eleftfdidds pRAnAPro8ld aff § €Ct OT )
is typically -
second processing chamber for plating the workpiece using an electroplating process. A robotic

transfer mechanism is used that is programmed to transfer a workpiece to the first processing

~10-



0 3 JAN 2003 WO 001 03072 PCTI US99/ 15847 enpl oyed for placing the wafer 25
in position on the rotor assenbly 75, and for renoving the plaagprﬁqiééu
fromwithin the rotor assenbly. It will be recognized that oth 3
assenbly configurations may be used with the inventive aspects of the

di scl osed reactor head) the foregoing being nerely illustrative. Another
react or as¥&MMW%suitable for use in the foregoi ng conf FUFSPHBY i s
illustrated in U S.S. N 091112,300) filed July 9) 1998, and i ncor porated
herein by reference. A still further reactor assenbly suitable for use in
the foregoing configuration is illustrated in U S.S. N 50I120,955, filed
April 13) 1999, and incorporated herein by reference. | MPROVED CONTACT
ASSEMBLI ES As_.not ed, above he nner i.;n which the electroplati ower is
Suppl st HESsERIRS Bits hetgu AR p shRadiba Priion fo FEDEm Yorbdrkant «o
the overall fil ual jty of t eposj t.ed netal .. Sone of the nore desirable
Char act B IR spocad protEing FhSiber 15, SRTOPIAHRG IREE pPAoRIRGRE SR S EEY Ol at | ng
power include, for exanple, the fol|lowng:  uniformdistripytion of

D oot r PRI A ORBOE 9N B B LS e et BiDCEs HABERIPR G
uniformty of the deposited film consistent contact characteristics to

i nsure WEPERCHHEIRFer uniformity: ninimal intrusion of the contact

assenbly on the wafer periphery to maxi m ze the avail able area for device
production; and -17? 0 3 JAN Z003 WD 001 03072

-11-



PCTNS99/ 15849 mnimal plating on the barrier |ayer about the wafer
periphery to inhibit peeling and/or flaking. To neet one or m)rﬁc.ﬁf A&Eﬁ
foregoi ng characteristics, reactor 20 preferably enploys a ring nk 003
assenbly 85 that provides either a continuous electrical contact or a high
nunber of discrete electrical contacts with the wafer 25. Hy providing a
nore conti npedgosg@Ntact with the outer peripheral edges pdrtdvess47

sem conductor wafer 25, in this case around the outer circunference of the
sem conductor wafer, a nore uniformcurrent is supplied to the

sem conductor wafer 25 that pronotes nore uniformcurrent densities. The
nore uni formcurrent densities enhance uniformty in the depth of the
deposited material. Contact assenbly 85, in accordance with a preferred
enbodi ment, includes cont aBRIBFEDESIRIPTION OP THE DIRAWINGS®al | ntrusi on about
the wafer periphery while concurrently providing consistent contact with
the seed | ayaFIGURBN Balcrovsdséetiving viReatirougly &1 ele@roplatiieadoi}at Us tdigtratedont act
menber structure that provides a w ping action against the seed | ayer as

t he waf efn deSor@und@iil viriduoteachiig 6NMBE prevent fvérien.cont act assenbly. This w pi ng
action assists in renoving any oxides at the seed | ayer surface thereby

enhanci ng t heFIGURE! 2 iilatra@o At Gedifid @bNvaadtioh 6 ERNéndkidinSdnt B talfedctamBowine seed
| ayer. As a result, uniformty of the current densities about the wafer

per i pher y,i@ble fdriusd ia Astdsenitlly AlbQrate@ SMFIGURE f.i Imis nmore uniform Further,
such consistency in the electrical contact facilitates greater consistency

in the el ect rgglRE ﬂQIIMr%?%ﬁ% femBsaimaltedr- 4 aea¥@f BEadl REMERNEI I JIC Qaddn

waf er-to-wafer uniformty. _ ~ 3 JAN 2Q03 WO 001 03072 PCTi USQ9/ 15847

Cont act 2SSANP LY BBtor asseMblylthdP | saibld 18F &8 i e hdstrhl§ fnaeLai h FReURYY. al so

preferably includes one or nore structures that provide a barrier,
i ndi vidual l'y FlGUR@sQqunégn'aQran\’eﬁxgod%aﬁhf§E6dﬂ£& BésEfbly WAL reaRaLkRE t he

eontactl contacts, the peripheral edge portions and backsi de of the

sem Condyif i@ 6uilBieGér déinfmpfsh&&easeén%]} Msid4h FRIURE NI S prevents the plating

of nmetal onto the i1ndividual contacts and, further, assists in preventing

any exposed F’HE}UT]%_ESI éo-f 45 NEusRRAL bhdther | bOEimBRESS 4 Q@t&@%eﬂpgz&ﬁx flexure

sem conduct or wa 5 from bel ng exposed to the ectrop I'n

eV ONE et A T S for iRl DReRf b bP B h PRURRTT e apper tai ni ng

pot ent i or contam nation due to any | oosely adhered

el ectropl ate i@l ksl I 18 LI & G S LI ES
USI NG FL EXUR&IWAﬁS é'meg'?r%%%?‘?réjﬁ:&% dé‘%‘*é’ﬁ atsctlglr gs ?M@%ﬁ t %EM@ for
use in tggucagserrbly 20 is shown generally at 85 of FIGURES 4 - 10. The
cont act assen%ly 85 fornms part of the rotor assenbly 75 and provides

S ot B S s SRR AR 5o e S

el ectropl ati ng power". enbodi e contact

bet veen g SRILCONGNEL SonBTRL o2 BoANlbR, SPRIAGRES 185 L BRuR S 2 2

| ar ge pl ur istre exure con are erfectively

separated f.ram the el ectroplati Lrgnnment interior of the reactor bow
35 when tifEe" r"r'f’agg)ﬁ liL& %ly%gﬁarget‘r’ygﬁ(?tsﬁkﬁgld and supported by the rotor

assenbl y 75. FIE?JRES%I?-) 2‘11 'iAlll\lesg'zcl{eo ‘g’no er Qgéo%xg;x‘tzof a contact assembly using a "Belleville

ring" contact structure, such as one of those illustrated in FIGURES 15-17, that is suitable for

use in the reactor assembly illustrated in FIGURE 1.

-12-



PCT/ U599/ 15847 The contact assenbly 85 may be conprised of sevgral di screte
conponents. Wth reference to FI GQURE 4, when the workpiece tha 3&MN)20@3
el ectroplated is a circular sem conductor wafer, the discrete conponents of
the contact assenbly 85 join together to forma generally annul ar conponent
havi ng a bounded central open region 95. It is within tP%§U$%H d centra
open regi oYMt the surface of the seniconductor wa at is to be
el ectroplated is exposed. Wth particular reference to FIGURE 6, contact
assenbly 85 includes an outer body nenber 100, an annul ar wedge 105) a
plurality of flexure contacts 90, a contact nount nmenber 110) and an
interior wafer guide |I 15. Preferably, annul ar wedge 105, flexure contacts
90, and cont t. er 110 are.for [ | at.i,ni zed t.Ltani.um whil e
vai er gut do. SRR GITEREE nplnet RSB TRG, Sn R Rad R« RRGUET, ¢

t he, el ec nnul ar

material. that.is conpatible wt I.O i i.yonnment.

wedge 155" Rk RORRN R of oo bt A & PP S R M 1
together to forma single asse is secured together by outer body
menber YEID hRICACIOp AFseR yﬁpﬁfﬁ%ﬂgkx%%ﬂggct nount menmber 110 includes a first
annul ar groo i .Sposed abgut eri.pheral portion therepof and a second
annul ar gr OO@L@ 2gi @Bﬁ’?@ﬁ F é@f{f?&f?i%@a&‘eﬁ? °Fﬁe°‘f’ﬁt”f°§tass§ﬁ‘ﬁ | B foove
120. The_second. annul ar groove 125 opens, to, | ur al j £ £l re, channel s
130 t ha? B%{ﬁéﬁlédl?g{lc?‘\’f‘cﬁ Be, $g° ﬁ@“ﬁ&ﬁﬁ‘lﬂ” Bﬁ‘s'%téx‘ﬂrr‘lég alét"?'< g@? I5As can
be seen from FI GURE 4, a total of 36 fl re contacts 90 are enpl oyed) each
bei ng spHtRl f?‘r‘ﬁ?ﬁ“dh%aséﬁ"ml&)h pstygded i, %ﬁéﬂof about 10 degrees. -20 0 3
JAN 2003 WO 001 03072 PCT/ US99115847 Referring_.again to FI GJRE 6, each

fl exure contHGQURN 26and gfHiusteatcanother smbpsimment Bf #EPnfast 3ssgrply 8 is guifablensyver se
portion 140, a vertical transition}portion 145) and a wafer contact portion
150. Si darjuss inyhe rgaeepy@ssemblyjipstratgbia AGUBEL: andi ng portion 155 and a
transverse portion 160. Upstanding portion 155 of wedge 105 and upstandi ng
portion 135 BICURESh2§ |- 32U Hiusteatn (variqus gispasise ok erg) ewbodimenyi of & rwickiaftagh annul ar
groove 120 of the contact nmount nenber 110 at the site of each flexure
channel meglpnisge| f adj ust nent of the flexure contacts 90 to their proper
position within the overall contact assenbly 85 is facilitated by first

pl aci ng eachFISFUREZE3 is g@rogs-epqional viewy of e regetphend ilipsirating the dispesitinncafithee

fl exure channel 130 so that the upstanding portion 135 is disposed within

t he fi r seactgnhead iy a epnditioe iniwlchot mayaccens atwoskpieeBunt nmenber 110 while the
transition portion 145 and contact portion 150 proceed through the
respective fFKURR3Ll3asrss-scetmal vipns ofithe reaetas hegd pluptratiog theglspeditianeafdhe nenmber
|05 is then urged into the first annular groove 120. To assist in this
engagenesactor héad inpenndition ih wiichiip isreadit tnpressolthe werkpise tp theiregstor bewl. The

conbi ned wi dt h of upstanding portion 13 5 of the flexure contact 90 and
upst andi ng pBIGURE3 3 Blugrates amexplpded view oae embndiment pithe ropnzessemblyponent s are
firmy secured with contact nmount menber 110. Transverse portion 160 of
wedge t OS eKIERE3@isarpsasqstional view of ondembodmentofah electagless plating reactod on 140
of each flexure 90) In the illustrated enbodi nent, transverse portion 160
of wedgeuipbietforowse ir0éonhestion with the present inverdidge of t he second annul ar groove
125 of contact nmount nenber 110. As will be mare clear fromthe description
of the fl exuFEGURES AT+ 42 plustrate varidue kmbedimenss plowerkpieastholdemrmyitablsforper t i on

160 of wedge 105 can be chosen to provide the desired degree of -21 03
JAN 2003n the electroless plating reactor of FIGURE 36.
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W O 001 03072 PCTNS99/ 15847 stiffness of the flexure contacts 90. Wafer
guide | 15 is in the formof an annular ring having a pIuraIitﬁ 9f %NqamB
165 t hrough which contact portions 150 of flexures 90 extend. An d% ul
extension 170 proceeds fromthe exterior wall of wafer guide 115 and
engages a correspondi ng annul ar groove 175 disposed in the interior wall of
contact noWwoosstber 110 to thereby secure the wafer guiPGEUSPNS4Rith t he
contact nount nenber | 10. As illustrated, the wafer guide nmenber 115 has
an interior dianmeter that decreases fromthe upper portion thereof to the

| ower portion thereof proximate contact portions 150. A wafer inserted into
contact assenbly 85 is thus guided into position with contact portions 150
by a tapered guide wall fonmed at the interior of wafer guide 11 S
Preferably, f&‘éﬂf}éﬁ #4 vif Hlggratsrongayagner ig Which 2 pareing.gas, sieheasditrager.oan Bhnul ar
extension 170 is fornmed as a thin, conpliant wall that resiliently defon~ns
t 0 accorshrriiad to eifherca workpioeeriplder orf ontapk asspmblicthelris copstryntad infaecordsnes wittte r ange
of a given wafer size. Further, such resilient deformation accomopdates a
range ofthegisclosed gmhodiniegts. t ol er ances occurring in the conponents used to
bring the wafer into engagenent with the contact portions 150 of the

fl exures 90. FIRE/RES $hgt% are mip@UREieYs afintegratbd prpcessing tools B9 niaydhapgeesatein
upstandi ng portion 185, a transverse portion 190, a vertical transition
port i on ele@Bolasslasing renctprs and elentropletingregrtars ingompivdtiathat terminates in an
upturned Iip 205. Upstanding portion 185 includes an annul ar extension 210
t hat ext endsFIGIIRE|I0yisi mlawddingramnijasirating @oproessp dord platinga anwbkpiecothah 215

di sposed in an exterior wall of contact nmount nenber 110. A V-shaped notch
220 i s fimormdatestboth cdlaswelesspod tleoreplfing $ieps- 22 0 3,!/'a N 2n3 WO 001 03072

PCTI US99115847 upstandi ng portion 185 and_ circunvents the outer periphery
thereof. The V-shaped notch 220 all ows upstanding portion I 8~to resiliently
def orm during assenbly. To this end) upstanding portion 185 resiliently
deforns as annul ar extension 210 slides about the exterior of contact nount
menber 110 to engage annul ar notch 215. Once so engaged, contact nount
menber 110 is cl anped between annul ar extension 210 and the interior wall

of transverse portion 190 of outer body menmber 100. Further transverse
portion 200 extends beyond the | ength of contact portions 150 of the

fl exure contacts 90 and is dinensioned to resiliently deformas a wafer)
such as at 25, is driven against them V-shaped notch 220 nay be

di mensi oned and positioned to assist in the resilient deformation of
transverse portion 200. Wth the wafer 25 in proper engagenment with the
contact portions 150, upturned Iip 205 engages wafer 25 and assists in
providing a barrier between the - electroplating solution and the outer

peri pheral edge and backsi de of wafer 25, including the flexure contacts

90. As illustrated in FIGURE 6, flexure contacts 90 resiliently deform as
the wafer 25 is driven against them Preferably, contact portions 150 are
initially angled upward in the illustrated nmanner. Thus, as the wafer 25 is

urged agai nst contact portions 150) flexures 90 resiliently deform so that
contact portions 150 effectively w pe against surface 230 of wafer 25. In
the illustrated enbodi nent) contact portions 150 effectively w pe agai nst
surface 230 of wafer 25 a horizontal distance designated at 235. This

W ping action assists in renoving and/or -23

-14-



0 3 J~4N 2003 WD 001 03072 PCTNS99/ 15847 penetrating any oxides from surface
230 of wafer 25 thereby providing nore effective electrical cdhBadANb2iigeen
fl exure contacts 90 and the seed | ayer at surface 230 of wafer 25. Wth
reference to FIGUREsS 7 and 8, contact nount nenber 110 is provided with one
or nore pewd cedod® that nay be connected to a source of pogmugdng4gas, such as
a source of nitrogen. As shown in FIGJURE 8, purge ports 240 open to second
annul ar groove 125 which, in turn, operates as a nanifold to distribute the
purging gas to all of the flexure channels 130 as shown in FIGURE 6. The
purgi ng gas then proceeds through each of the flexure channels 130 and
slots 165 to substantially surround the entire contact portions 150 of
flexures 90. |In additi &ETAILBYDHESARIRTIONLDIREHE INVENHUING cont act portions
150, the purge gas cooperates with the upturned |ip 205 of outer body
menber 100 to effect a barrier to the electroplating solution. Further
circulation of the purge gas is facilitated by an annul ar channel 250
formed bet wB$I@ REACTIORCOMPONENTSt eri or wal | of wafer guide 115 and a
portion of the interior wall of contact nount menber 110. As shown in

FI GURES 4, Mitiefetdice ©TFIGHRES T6UNtherdisdhewn 3 idctoSassénbly Qe tbr sicttroplifieg Or nor e

t hreaded apertures 255 that are dinensioned to accomobdate a correspondi ng
connectd ficrgdlde@ond® Qvorkpicet) sueli ey eRaricoHm@udtbCuliES2S Genedrallp) stadNhecéacon pl ugs
260 provide electroplating power to the contact assenbly 85 and,

pr ef er adsbemblypZ(eis eafiprisk® 6T edadtrdigadd (bdnd Aicotespbridirgreattor bbWwl 35. Thftgelod form
of plugs 260, each plug 260 includes a body 265 having a centrally di sposed
bore hokegtat Tesemdlyf isrpattichlafly @6ited or effechs plocRglatiig oNsdniERBuG Wife® opf body
265 and a second flange 280 -24 0 3 JAN 2003 WD 00l 03072 PCT/ US99/t 5847

is di spa&sebrifiecss, iPWRith RO EleétAEnl cokietive 2Bm-filA fhydr 80he Gvalt i £OEHBMadd S
proceeds downward froma central portion of flange 280 and secures with

t hr eadeglitbppienitePbrepatierfed Maglit Py&r surface of flange 280 directly abuts an
upper surface of contact nount nmenmber 110 to increase the integrity of the

el ectrical opREREiHAcRBndteiRRF LIS aRbodMdnh Ot DRadibreW! 85 SaRbRGSSus@th @ee fornmed
as discrete conponents, they may be joined with one another as an integral

assenbl ¥actorQsdeRibs 2N ilubiPftedsy #16) ze,mefa&c&msﬁaﬁ eHaber B35 QN atlpdridalof t he
fl exure contacts 90 may be joined to one another by a web of material, such

as pl at P ieabir dsidnfly 20Mhat ddfdaink Sle@ttdpheihg foMtiTR hnd $had dRERAhEESutRnAEAn®r | S
otherwise fornmed with the flexures froma single piece of materral. The web

of mat ef b QlralffYoivdr@y TRhgREINR IR aft hiso@Mted WStpib @946 bE gmea.c 19 R eREt Ween
sel ect gfoups” of flexure contacts. For exanple) a first web of material may

be usedené&omii[gg 3‘% forOls E?@%ﬂ%@m@tr@&i& ot O35, Ludnbift Ub SsofiiBhacts in

the illustrate odi nen e a _ second web of material is used to

join a aﬁﬁﬁﬂﬁ@égsﬂu&& Ades fi&ﬁﬁggﬁm ngtr;]m?% veEthS weir 1iRE pdr By ¥t B b&§1,f I exure

S0
contacts 1 n ustrated e I t). Different groupings are also

possi bl g, A 154t RE ﬂoana@mb&e. oPthelref @b} A6 @f§§n§él¥tiﬁnﬂl&%{\&&§ ] ure

contacts such as those described above is ill'ustrated in F - 15.

As illuge%vp‘gm}ngcr@% ke ggﬁalﬁﬁm&&oﬁ% is again adapted to

accomopdate a sem cO tor wafer S In nmany respects simlar to

contact assefl N Bwi HsChltadta ristkOnnd ‘a5 0L flhi Ghiken GRRRNEHT: 15 ONt act

assenbly 85b are referenced using the sane reference nunbers assocl ated

S, o= Ao By RGP . 901 ot
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WO 001 03072 PCTNS99115849 In this enbodinent, with reference to Fl GURE 15,
an outer body nenber 100b is forned froma plastic material or ghaﬁhfgf
that is electrically non-conductive and is chem cally conpati bl e h@03e.
el ectropl ati ng environnment. The outer body nenber 100b is provided with an
annul ar groove 290b into which is provided an Oring 295b. A? QII be

expl ai ned YR8 her detail below, the Oring 295b seal TAFAVHEY face 2300
of the sem conductor wafer 25 to assist in preventing contact between the
fl exure contacts 90b and the el ectroplating environment within the reactor
bowl 35. The contact assenbly 85b al so includes an annular stiffening ring
300b, a contact nount nenber 110b, and a plurality of flexure contacts 90b.

ol ur a1+ 19 B eeET RO abd s sl B el 000 4 Bfocy BRERINE oc o00

G stal w50 ot HRG SR DS ERIAE Wil Plodf SO e BRSPS ieoTt or

proxi mafe contact partiens 150b. A wafer inserted int e contact assenbly
B5b | < trmdgnittonti o0 GRSk Brebinstiat B fbpst B iR Berepbato B6a58F X tnder oo
gui de |1 fornmed fhe interior .of contact. nount. nenber .110b above
Phe 71 oltimugh b Apine by Peos orfined 3 BB aHeNt Wik te s e

di screte gonponents each Vi n n upst.andi ortion 135b) a transverse
porti on®"Pap> ey, Ke; Fgyma %N&?’F?’bﬁ‘ r‘PP%ﬁ?%h‘glﬁfmJinﬁrcat’%z‘ﬂ’ﬁﬂtbyp i on
150b. The copt.act portiqns,K 150 rotrude through respective pones of the

pl ur al i FG°HOP aEP&)ioé‘R‘fB?)‘ba’cle}ﬁcE’QgQ)t‘)WB pcgye f‘HE‘CT Bg%‘@&fsﬂ a %P?B’g‘ﬁlﬁﬁf'é"bt“iy form

t he contact assenbly 8 as Il as, the -26. 0.3 JAN 2003 WO 00l 03072
PCT/ USQEngtnss g5 wé*ré‘f-i CPRete e BRI CY ALY ,ther'izy peRvingAhersddeid wit h
referenﬁg again tag FIGURE 15. In the illustrated enbodi nent, the various
conponethggnodeshighd ol o4 t oget her by the outer body menber 100b. As
illustrated, cqntact nt. menber 110b apd outer body nenber 100h define a
plurality ofA% shown e FUGRES @@éh%wag@ﬁg?aéﬁoyofébe ¢isesoplating Frartoe 2Q e
chanber includes an upwardly extendi ng portion 120b _that is defined on each
si de byPefmbhciompasedstiastatiompntssambly 7EIndATator asrmbly /S o BeiRarEemiB AY ihe i nner
body nenber 110b. The chanferred nenbers 300b are designed to be engaged by
nose pofantigpred lamscehre and sargy iressqsistnd Waksr3e or lisoworknicess gpsitioncthe wakenig dact i on
wher eby nose portion 210b cl anps the contact nount menber 110b, transverse
por t i onBrogesepidefown enaptatian guthingeagtos el H: and fofpiate i gpintheywebpisceawhilenst a
lateral |y extending portion 190b of the outer body nmenber 100b. Depending
on the jpinieg ith¢lectricahy-gpnduptiviesurfasg i the iplatipg meeiicof thowactorassemblie?0. The may be
desirable to include a notch 220b in the outer body nenber 100b to

facil it saetor head 38 isotrpise)lyameyntad aifa lifi{eotaie apparsgist§0o whizh Spconfigyred toerotdtre or
more chanferred nenbers 160 and, if desired, resilient deformation of the
out er btgyreatartherd 10 Gomanevwpwesdlfacg disposities avhiersim itapeeives itheewafer wtbeonshi p
with the overall contact assenbly 85b. Optionally, a non-reactive gas, such
as ni t r plgted, tocm dovmewardly faqiee giapagibion.hehergin ther surfaom phtheswafer to be plated is

positioned downwardly in reactor bowl 35, generally in confronting relationship to diffusion

plate 65. A robatic arm 415 (sometimes referred to as including an end effector) is typically
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90b and the back side of wafer 25. To this end, the wafer guide 5b may be
provided with one or nore purge ports 240b that serve to provid | JAN 50[]3
comuni cation of a purging gas to an annular nmanifold 125b and, therefrom
t hrough the flexure chanbers 130b so as to substantially surround contact
portions NLpOboenidfae purge gas then flows through openi ngeThfSedsso t he - 27

0 3 J AN 2003 WO 001 03072 PCTNS99115847 peri pheral edge of the

sem conduct or wafer 25 and to backsi de of the sem conductor wafer. Such
measures enhance the isolation of the flexure contacts 90b and the backsi de
of the sem conductor wafer 25 fromthe processing environment. In
operation, the sem conductor wafer 25 is driven against the flexure

cont act enfgoyeddor placing the feabee 22 30 positiont dueths entorcasseehbbyt 78, andifee rredoving theeal ed
agai nst the Oring and correspondi ng portion of the outer body nenber 1006.
When dr plutedh wefer friun svitiintherotor asselbllyl exure contact 90 is driven a verti cal

di stance and a horizontal distance 235b. This novenent causes the flexure
contacts 90Mt il bé peeogrgset bt otHee reattdeasialy @bnflighRutio@inay0 Bél usddowithvaker 25
thereby assisting in the renoval or penetration of, for exanple, seed |ayer
oxi des mwertive adpetteopthel dieclbsat edatrgr dad,ahé fobtbing BEiba GlerdpeilMaaiivé. h&Rndth@x ur e
contacts 90b and the sem conductor wafer 25. The anount of deflection and
bi as caradier adstmblebuidble fdruetinohe Torepdify adtigatativn & Mvsfrattdrén angLiNar
stiffening ring 300b. A |large deflection can be used to acconmodate |arge
manuf ace9/r 12890} fle@IaRCE 1998, iaal iivREpovdidd Keréih ibl Irefofe@dsl dANGIPLARG rekgCt ri cal
contact as well as scaling of the contact assenbly 85 against the

sen conglughily sivbRMforkse it thelfbRgdndeshifigiatiorOls iMBRLEE In BSILRDI60/1861055,t he

axial force applied to the sem conductor wafer 25 is divided between the
force rgEyiapar 3, eogdeiddandorgohited HefttByerefepiitact s 90 and that required to
energi ze the seal. This provides a |load path that is independent of the
structure, which contains the seal thereby isolating deflection of the
contacts from dependency on the deflection of the Oring 105 to formthe
seal . -2B  fPRSVRDUHINTAS RQSEMBYREPELLEVI LLE RI NG CONTACT ASSEMBLI ES
PCT/ US99115847 Alternative contact assenblies are illustrated in FI GUREs 16
- 25. In eacfy RhedtdBERE tHe HahAG in FARE HR|lBBoplithE gSQ%?ﬁIppm%éw%%%ei r

integrated with a correspondi ng common ring an en nounted I1nt

cor r espRRdLAtheRd SEA &Y is REPinHoRER o HRWRED! il hﬁtﬁnﬂ&hﬁ&%@g&gd}&&ﬁ! ch the

waf er or Other substrate is Trecelived upon the contact ne top view

of one gyhodi ﬁﬁé‘ﬁnﬂé d%ét-"ahlle:‘c}}%hﬂéﬁlt}éﬁ Goff 5&&&&%&&&% ggéhAgJ %tlgia%wi le a

perspective view t hereof ustrated in FI GURE ed) a

ring CO&L&«;%PIaﬁ:?éWLr%%Pﬁé,%r'&uﬁﬁle,%ﬂ&%%zonpri sed of a conmmon ring portion
| me

630 that joins a plurality of contact ers 655. The comon ring portion

630 and the copt agk, i OP eleWUB MR AL dubi dd\erGREL BPRRNAAGD -

assenblies, are simlar 1 n appear eto a conveht1 onal

spring. For thi s["[aggxﬁ&nthc ﬁrﬁﬁmﬁﬁj‘&tﬁé’&%ﬁs‘%d fhQ will be hereinafter referred
e

to as a "Bellville ring contact™ and overal |l contact assenbly into

ohi oh It 7S Pl gORglh] el BESRERALS B iBkeduiBT bl Liehig cont 2ct

assenbly". The e nent of eville ring contact ustrated in

FI GUREs 16A angd 16R 1. DGIAGGS.r iR cggtgst%&mﬁgmgﬁﬁe%@g}ga@gg B ,gzrxgélesg ghly in

formed fromplatinized titanium e contac ormed by
cutting arcuate i gl . rior diameter of a platinized
titaniumring. Aigérifg%llgtg%??ﬁéég‘é&rﬁ&%@gﬁm{égﬁfhe contact nenbers 658 have a
greater length than the remaining contact nmenbers 655 to, for exanple,
accomodate certain flat-sided wafers. -29
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0 3 JAN 2003 WO 001 03072 PCT/ US99115847 A further enbodi nent of a
Helleville ring contact 610 is illustrated in FIGURE 17. As abO\rga tRNs
enbodi ment is preferably formed fromplatinized titanium Unlik ?hé 2003
enbodi nent of FI GURES 16A and 16B in which all of the contact nenbers 6S5
extend radially inward toward the center of the structure, this enbodi nent
i ncl udes c&YR®EBHenbers 659 that are di sposed at an andC&VUSSHFY embodi ment
constitutes a single-piece design that is easy to manufacture and that
provi des a nore conpliant contact than does the enbodi nent of Fl GUREs 16A
and 16B with the sanme footprint. This contact enbodi nent can be fixtured
into the "Belleville" formin the contact assenbly and does not require
permanent formng. |f the Belleville ring contact 610 of this enbodinent is
fixtured in pl &ceminmal &8 the bamigrdayer phopthe wafer Periphery; o Ikybit pering r ed.
Rat her the contact may he fornmed and installed in segnents thereby enabling
i ndependent contr%@é"éﬁélf‘% of the electrical properties of the segnents. A
first enbodinment of a Bellville ring contact _asseanX is illustrated
general |y at TQoueet Ang of mere9kels foregome charagteristies; Feaetey20 preferetdnenploysasendl y
600 conprises a conductive contact nount nmenber 605, a Bellville ring

cont act TEContactssemblyt85ithat pepvides ejthcra contingpus lsctriegh gorapt gria bigh pumiberef nber
625. The outer, common portion 630 of the Bellville ring contact 610

i ncl udesdiserate elegtriep] epntactsgyith the walgnge dBwiptayidinga mere epntpeusgfontaptewitiotheluct i ve
base ring 605. In many respects, the Belleville ring contact assenbly of
thi s enoowdrnegriph¢rel sdae | ofr then seieandpeien wafer @ hint Hés fchsex around dhe awter
assenbly 85 descri bed above. For that reason, the functionality of nany of
t he st r witrcuméezengd aof hie cxgmicgaductes swafr, ya ga@e viinifornb ccumppa ise sepplied! toi the not  be
repeated here. -30 Q 3 JA N 2003 WO 00l 03072 PCT/ US99/ 15847 Preferably,

t he waf esemipondistor i wagerc255thats pfomotes dnére omifermt carteat derisiiesrat Brei mbrevmiifoam cont act
nmount menber 605 is formed froma single, integral piece of conductive

mat er i al cugrentfdensities entian¢eawifpingitygn thetdapth ofitht depositedinkeserial. s coated with a
conductive material at its exterior. Even nore preferably, the conductive
ri ng 605 and (Betattvadsénably 839 irc ecroatances With ar prefeoedrechbbdimentp limdudes zemtacti t ani um
or are otherwise coated with a layer of platinum The wafer guide ring 615
i s di menseérobeesithttpréviide mintniwl inttusion albdug the ovafe ipeniphtyrwioke coheirrentiyt providinpunt
menber 605. Wafer guide ring 615 has substantially the sanme structure as
waf er gudotigisterittbntaot evith tielsediidayer.i Oedachivith theiseeddayenis ebhancedtiytusing acbmaxt
assenblies 85 and 85b, respectively. Preferably, the wafer guide ring 615

i ncl udesmernbea Btuthae thetgirevidds awifidp aciioo against the ped ilayheasythd Walkr i bepagiasnta
correspondi ng annul ar sl ot 650 of the conductive base ring 605 to allow the
waf er guéngegetriengwi@tilthe eonthct issertinit Thit windnpdctioreaskists irtt®moviag anapxidesgethber . The
out er body menber 625 includes an upstanding portion 627, a transverse
porti on seed layer surface thereby enhancing the electrical contact between the contact structure and the

seed layer. As a result, uniformity of the current densities about the wafer periphery are
increased and the resulting film is more uniform. Further, such consistency in the electrical
contact facilitates greater consistency in the electroplating process from wafer-to-wafer thereby

increasing wafer-to-wafer uniformity.
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629, a vertical transition portion 632 and a further transverse portion 725
that extends radially and term nates at an upturned lip 730. Umsﬁr Um hﬂﬂ%
730 assists in formng a barrier to the electroplating environ t e t
engages the surface of the side of workpiece 25 that is being processed. In
the il ust wateesso@bodi nent, the engagenent between the kcpusislssand t he
surface of workpiece 25 is the only nechanical seal that is fornmed to
protect the Bellville ring contact 610. The area proximate the contacts 655
of the Belleville ring contact 610 is preferably purged with an inert

fluid, such as nitrogen gas, which cooperates with lip 730 to effect a
barrier -31 0 3 JA N 2003 WD 00/0307Z PC T/ US99/ 15847 bet ween t he

Bel I vi | | e ri Gontaxpadserably B3 0as wik ibe e dorall in farthet dorsil bedsly,talve paderkisly drludés waf er
25, and the electroplating environment. As particularly shown set forth in
FI GUREs oti@orandte 2ctirésaha prevideladditierinddaddualil br iandomadtion edithdenstrugripdaer 605
are spaced fromone another to forman annular cavity 765. The annul ar
cavity @b scparpeo\vthel edbntact/donacts,i fer peripherall, edge Qlortidhs Natdr dgekBide t bF aegh one
or nore purge ports 770 disposed through the contact nount nenber 605. The

pur ged RehicondGdior @RRN23 froinhRe platigl sdlutieRY Thi¥ plvbnts ORI gidling WA Glctad BitoaRe a
mani fold to distribute to the inert gas about the periphery of the contact

assenbl \ndivid@hl ¥ertacBlHaEefurttiér, adsBisSn pfevélting SnybxpbSdd, pozhiink @F BRIBARE 1dyer t he
number of contact nenbers 655 are provided and form passages that route the
inert f |nUhder&§Jtﬁ%@%N@hd&®Y|\ﬁ/dfer_7ﬁ§ fhotn AR 86xPBsell DX tHFBLIEHOPRERCT
menmbers 65S. FI QURES 19 and 20 also illustrate the flow of a purging fluid
in this caukpadieient A0h Bl Vi 6f e vafet Aser %ﬁ&%@%ﬁbmﬁﬁing |Ipbidatidi abed by
arrows, the purge gas enters purge poet 770 and is distributed about the

ci rcunf gpRRRRa®n aﬁbetoaaa@xgg) ¥ aBP foo¥dly ki@ BlétRIplatedVinhikridl 63 - sulddmeiRyy 9ed gas
then flows through slots 780 and bel ow the | ower end of contact nount
menber QQnes0 the area proximate Bellville contact 610. At this point, the
gas flows to substantially surround the contact nenbers 655 and) further)
may proceed above the periphery of the wafer to the backside thereof. The
purgi ng gas may al so pnteed through an annul ar channel 712 defined by the

contact nMUNRNG TAOP A 86EMBI S THIRG M EXIRE BENGAHRSI ant wal | formed at

the | ower portion of wafer guide ring 615. Additionally, the gas flow about

contact menbgps ex@ﬁédiﬁ&&%&%o%&ﬁ%&é&xﬂi%nﬁ(aﬂﬁ%J ist if e %‘Jsf:rﬁ@? nzg 19356\111{3 roat

lip 730 that prevents electroplating 'solution from procee 0 3 JAN

2003 VIO Q0L 3013 BERARRA 19807 ThICHALIL.QUAR, s RER Bt 6F 185 RLARYy |

morkpieé% i's urged 1 nto engagenent wth thhe contact asse

wor kpi ecg gq {:ijo('ﬁ%s Pﬁr&tﬂﬁael ‘r:é%ﬂ{aé‘:%et%e%hthk *L%m;fcﬁﬂélé% WERHPSS S §5a5s%§% égfl ect

Wwor kpi ece |1 s urge Into position, e contact nenbers

d eff j ' th : i il [ 25
e ony Sy 06t hou i Al "ORKRRSE Sl e WGRR SR 70 1<
ith th f [ ' ' t 2 ] d
P s oaoBE S, B0 05 SIAESIANELYS SRR, RIS UG DoRRETY 20
tact i . . Y . n .
Cor 1 BRSPS I PR lnd 1 1

enmbodi r r - S r

res pec???é gg?‘ﬁi??ﬁe% ﬁ]}}gggct%én? %n(l:l?& gg@%nﬁ%gp%a%ﬁgg aglﬁgsg%)%%@ fl ;[19 I t?/le ggﬁﬁ,ﬁ ar to
Bellville r%§g7contact assenbly 600 above. Accordingly, simlar conponents
of assewﬁﬁ?? Oéb are | abeled with the sane reference nunbers as assenbly
600 above, except that the simlar conponents of assenbly 600b include a
"b" suffix. As particularly illustrated in FIGURE 22, barrier nenber 620b

i ncl udes a transverse o
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section 632b, an angl ed section 637b and an upturned |ip 642b. Transverse
section 632b of barrier nmenber 620b is disposed in an annularépaogxﬁeﬁﬁab
di sposed in the outer body nenber 625b. Annul ar groove 720b i e t
its lower end by a transverse extending flange 710b having an angl ed wal |
685b that contacts the barrier nmenber 620b at the end of transverse -33

Q 3 J AN Y0¥ 00/ 03072 PCTNS99115847 section 632b t RAVUHERt¥” t he angl ed
section 637b. This assists in stiffening the barrier nmenber 620b to insure
proper engagenment with the | ower face of wafer 25. Like assenbly 600)
assenbly 600b is preferably adapted to distribute a purging gas
therethrough. FIGURE 23 illustrates one manner in which a flow of the

pur gi ng gas n_b rovi ded,t hrouygh Bellvjlle ring.contact assemn]y 600b.
e P11 st a T <t mgimaly s oS M coosprisi of. Ssvetal skl ormpones by of
to define the requisite,fl ow passages. Wth,particul ar reference to Fl GURE
22, the™ Brﬁ?cﬁc{(’ ﬁfgﬁggf’:‘s“ﬁ%vgﬁ“ € t"f?gkpgé’ﬁwtl I'sg t"rit’ﬁgaﬁ‘ﬁ‘f‘?Pé@F B1BCSRE r ude
beyond the barrier er 620b. Wen waf er or ot her .workpiece 25 is urged
into ené%i@‘é?l‘@HftOW#%E ﬂﬁéﬁseﬁmcgeﬁp%eg?@?ﬂwo%ﬁmsewhﬂ 8RR festher todorm 3 st

makes contact with the contact nenbers 655b. As the workpiece is urged

f ur t her 2eRerly @pplarcomperepihaying ahgunded cential onen regiqnay it 2 Mithigthis bewnded yr f ace
of workpiece 25 until _the workpiece 25 js pressed agai nst the barrier
menber 6SRMB! opeRireRioR: Ut the surkase ahBasemicondueiay Waler that i o be eestroplasdiigyi ng
gas, effectively isolates the outer_periphery and backside of the workpiece
25 as wékposeds t heWith pRijiFylperefersrge %ﬁ@@%é)ém&mﬁ Hsreldy 88 duslydgs ap@ulst at i ng
sol ution. Another enbodinment of a Bellville ring contact assenbly is shown
gener al bgdsamembercl 09s an-pnaulae wedge Hg) 3 sy ph8pturg contagisR0aatcpapstymaninki | ar to
contact assenbly 600b and, as such, simlar reference qenerals are used to
desi gnatnembend 10 andoagy intgriowaferguidends. Prrferablypasnelat wedge 105 flexure cantaatsrb| y
600c include a "c" suffix. The principal difference between contact

assenbl Yosodcoatae napwbmerberJd 8 aretfermed feans ploteized3ianium while wafer guide 115

and outer body n.xember 100 are formed from a dielectric material that is compatible with the
electroplating environment. Annular wedge 105, flexure contacts 90, mount member 110, and
wafer guide 115 join together to form a single assembly that is secured together by outer body
member 100.

As shown in FIGURE 6, contact mount member 110 includes a first annular groove 120
disposed about a peripheral portion thereof and a second annular groove 125 disposed radially
inward of the first annular groove 120. The second annular groove 125 opens to a plurality of
flexure channels 130 that are equal in number to the number of flexure contacts 90. As can be
seen from FIGURE 4, a total of 36 flexure contacts 90 are employed, each being spaced from

one another by an angle of about 10 degrees.
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0 3 J AN 208 WD 001 03072 PCTNS99/| 5847 with reference to a conparison
between FIGURE 22 and FIGURE 24. As illustrated, the principalf)@ Uwargq‘nge
relates to the shape of the flange 710c and the el astoneric seal menb
620c. In the enbodi nent of contact assenbly 600c, the flange 710c and

el ast oner iy, siqdds, Member 620c are co-extensive W th one paigkdakssr AS such,
the seal agalinst the bottom surface of the wafer 2S is not as conpliant.
Neverthel ess, this structure abuts the bottomof the wafer to effectively
forma barrier against the plating solution, particularly when used in
conjunction with a purging gas. A cross-sectional view of a still further
enbodi nent of a Bellville ring contact assenbly is a shown generally at

600d of F| GHigferrfp. aghit tb 'TRIGUREDS) Gaciefléxuredéontact 901§ cohipribd 66 apP@iaddihg a
correspondi ng notch 745 of the outer body nmenber 625d to forma sealing

arr angegpeidn B3R NihsveRRe gaurofuam,_ Dfveriadl kRinSifieh grtivh1es, the AvhfePeofiRti S ur ged
agai nst the contacts 655d Bellville ring contact 610d. The Oring 740d is

di mensi Qi@sh 150. Birdilarly fRedge Y 09 thelullés ahdfpstastiing! f@ridAULSS and @dMnVRRBD BbrtiB® 5d. Li p
730d of the outer bogy é%nber 625d thereby%igzsts in backing-gp the Oring

seal . Bl W sdaﬁdiﬁ%&ﬂli&@fﬁsaﬁ twedSeS USRI upRding %Jl'll-ok q3% PP%&B HR%urE ebHtRE

assenbl i es described above, does not necessarily include a wafer guide

ring. Rafieteburd®wamRne R Aenildrigrsthe s the @ntdsiGndtht ABRLE 10R R SRGHN €NENt S
7S0 that are used to fasten the various conponents to one another and the

| nteri Ofchvabiur® Enatii 1361 S@i‘?-‘dﬁhstﬂi@ﬁtlﬁrth@ﬁé&:é SonBle@ Yol thar ﬁo%&@iﬁB@e war er
guide surface. -3 5 0 3 J AN 2003 WO 00103072 OTHER ASSEMBLI ES

PCT/ USSQfirle gézwéa&éﬁrﬁgﬁ AEn8 AL Flchieied & At pldfn R6¢H SHRAE DR %qre flhgt ing

contacts and peri phe seal™ nenbers. reference to FI GURE

ar r angeghfits igh ¢ HQE?PE;E% fihele! ASELH0AG tthat ! @Qt_mixcﬁné)é]&ﬁ&{j% is Qispéyeq f or m of

an annul ar cont act nber or ring 834 for nounting on the rotor assenbly of

th I . . i . L NG: b S trated
e bt iR e s B BRI 120 of Wt oftact doufRHIRF 1 SEARREhe rbiffioh Dot 131 T >
cont act , J«i . I I i L Gural n nmenber
o906 |< 14500 REUGOBOGHE oubinb RSl R Bnart DO7 thElpsilfiihg D
i1 _he fiudt i . t. i i Q id
cont | nustdorL 1ot SeallSRGRARTs RORGLA! 1D o bl JlBal BbACHa0" Mol T OV! O
ositioned in eleciricallyscpnd J n ith the annul ar .¢pntact
Eih ho. téetgia%ﬁﬁ =i bl el ?‘fﬁt@%ﬁfﬁgﬁﬁ 1¥ % %aenii i °58‘rb“*}elorw@§§t by uhi o
e contact ..[i ng..i s e or r on 0 ne rotor,.asse e
el ect r orasihe PSRRI R Ih Bt ook o B8 BRlel Bl LR 15 b net wi
sUi t abl & Gl FELLYREOYL deRibl) SOSed ROl BSTRIR Marmil 1 £DY. the contact ring
is electrically joined 1n e crrcuitry o the erec ropl'ati ng apparatus for

creating the, necessar lLectrical,.paotential at the surfac t he wafer 25
(the. cathoddrertreaerianef st krdd o8 kel frahdf sfife 456 Fbhersg

por 1 orPis: HEAERIERRASOT T ORGled EhisoRbind iy 25e8008 T8 sfliei80s ™"

portion 105 terminates at the edge of the second annular groove 125 of contact mount member

110. As will be more clear from the description of the flexure contact operation below, the

length of transverse portion 160 of wedge 105 can be chosen to provide the desired degree of
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WO 001 03072 PC TNS99/ 15847 portion 838. The annul ar contact portion 842
defines a generally upwardly facing contact surface 844 mhichis 2nga ed by
the wafer 25 to establish electrical contact between the cont étJ Nn 03nd
the seed layer of the wafer. It is contenplated that the annul ar contact
portion 842 of the contact ring provide substantially c i
eIectricaJW?B%gﬁBuctive contact with a peri pheral regidﬁﬂgkgyﬂgﬁéssociated
waf er or ot her workpiece. The annul ar contact ring 834 is preferably
configured to pronote centering of workpiece 25 on the contact ring and its
associ ated seal nenber. The contact ring preferably includes an inwardly
facing conic guide surface 835 for guiding the workpiece into centered
(i.e., WGE Nk I gphip with the contact ring and associated seal
nenber.&% eeggﬁkgkéﬁﬁhgﬁéhrféce 835 acts as an angled lead-in (preferably
angl ed betme@n . .fro 21 cont act
ring inner di gfﬁg?'gérlg {% lgrﬁ‘g%iggohé@g%éﬁiuﬁgﬁﬁfﬁél%uat@“ égty ﬁfé@%lgﬁ%@&%m

wor kD eGhicRIohOE p6ARLCR FIARRLED Lhord, ppSRRHESANAL 1Y KBLEEEsLS 1S

concentr as p eon the contact ring). This TS

m ni m zing.the.overl.ap of e contact and its associated .. ontp. the

surf acee’g?"?rﬁllv%r%?&g&c l\t/\/Ei (ﬁen agest?eco Nikgs "\'/gafrﬁlggaf &9°r° ???8' Yos a
sem conguct or. wafer. The annul ar, s nber 836 of the pre t.

conss ¢ uOE RS GE cp A P RS daD (L HEEh s 6 v KEE 1E ith thear
contact ring 834, wherehy a.peripheral .regi.on of t waf er 25 s seal ed
From ol GUAL PR ROE0| th AOARFFAEh e ot AT bt 15 SpSamipistor $Rneiat or 25
can be gglg -3 7 0 3 JAN 2003 0 IO@OZZ PCTIUS%gI15 47 in position for
el ect ri £t depases romiReH RPAT PATHOT Fgreok I9nthe dawer imgioB FerRgf RIxiFaleooPEtted
backi ng nenber 846, w.th djsposition of, the fer . in this fashion acting to
posi t i oRCHAR W38r Arwafey ‘?S§§?4 ‘i“g’rff’mﬁ‘ﬁéfﬁeﬂblyég ésd‘gﬂ%‘ﬂed\}\?t? ROTRR WE5oBKEr al  seal
nmenber 36.. The peri pheral  seal nber 836 i.s preferapbly_forned from

pol ymer PEtigns k0B wdceviler i ﬁwdp’ﬁ %é?%%?rﬁav#ar §5198 41 5o PRSI B as
AFLAS, available fromthe 3 Cbnpaag. The sFaI mepber 836 preferahly

i ncl ude8oRopABe PhowatrLgNidry! Ly tahsXieart belaw gonvlar ptepsipncl79is dored g5 & thin,
configuration. In particular, the seal nenber 836 includes a generally

cyl i ndr rempliaabwat thetgesisntly defomedo ageprmogaty Watgre haying fijterpbdiametems sein porti on
840 of annul ar contact ring 34, .and nay include a skirt portion 49 which
fits gethsrtalerapeeangs: of Agivan waferpize: iFyrhésgsugh resikignt dofarmation gegemmagies o g
menber further includes a generally inwardly extending, resilient]y

def or maFAnge S& ypfer insertion yoleranags perUTHG A thengpripapantsovsed 3 bepe thsewaferainio | p 850
t oget her provid&%g the portion of the seal nenber having a J-shaped

cr oss- s &egapesnat with Hricgutad ppyians 140 of the flexuwrest98d i n FI GURE 26, the annul ar
seal lip 850 ini;iall%ﬂprojects beyond the contact portion 842 of the

annul ar cont Befermipg sy FIGPRE i 9uées thodih menbi 140 insludgiagrenpsmdisg pertiserl 8har kpi ece.
As a result, the deformable seal lip is resiliently biased into continuous
seal i ng trangyersepastien 130 i vertieal rausition dorion [ 8y andra fyrtheriransygrse poiier 20 thet waf er

i s positioned in_electrica%a%conductive contact with the contact portion of

t he contemminates igyan pptumpblip 3% d Unetandingf portina 185 dacbydes ampemudrextension gtk at ed i n

FI GURE 26, the annul ar seal -38
that extends radially inward to engage a corresponding annular notch 215 disposed in an exterior

)

wall of contact mount member 110. A V-shaped notch 220 is formed at a lower portion of the
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0 3 JAN 2pp~ WD 00/03072 PCTNS99115847 |ip 850 has an inside dinension
(i.e., inside dianeter) less than an inside dinension (i.e., pi s'@g

di aneter) of the contact portion 842 of the annul ar contact piﬁg) émﬂ$W
this arrangenent, the seal lip 850 engages the wafer radially inwardly of
the conta 0§>090r337'59n 842, to thereby isolate the contact,RRjshd/Qfksf rom

pl ati ng solution“in the el ectroplating apparatus. This arrangenent is
prefer ed when it is not only desirable to isolate a peripheral region of
the wafer or other workpiece fromthe electroplating solution, but to al so
i solate the annular contact ring fromthe solution) thereby m nim zing
deposition of netal on the annular contact ring during electroplating. The

seal MeyRehail?Bofisn RECLR! Alotire 8 36Rbotiohdh UARE e ROShidiGhApNE

annul ar “con rrng 8 0 I's end, st one retention projection is

provi de 1 C g, WM h t her of the
seal rre%%’gg ugg%@&éﬁ?éﬁta ’Igsg%ﬁﬁ ﬁgg'é‘f Sﬂéngsa%se(;)d r? 'rg%\%l{gge'#dbr(&ps?agpgés eabl y
ret ai ni ng,. et.enti o j.ection. . i ust enbodi pent.. .the sea
menber 3'{1285;5%)@?%}1%&\&% ag aé%ug{}i i tegﬂé{;l%édn F‘llt'J gra{’&tetﬁenf’fq%hm ﬁ?gcf%%?ti on 852,
which fits wthin annul ar recess, 854 defined hy annul ar contact .ring
834 TR st 100p SRS HnulaF BRI 0r 4 Pfel o tRR B BEPL ARt "B
is preferabl rmed pr.onoies venj.ent asse of the se er onto
e conBARRRH TR aPUBRlerT ot Ry g My R0 Pl erBestHorioRdop BERLS o4

FlI GURE EY illystrates an annul ar contact ring 934 enbodying the principles
of the ooy mempenlOP. AN 5003 WD 00/ 03072 PCTI US99115847 present inventi on,
including a nting portion 8, ependi upport portion_940,. and an
e dl yext ST SRR PRI A0 Bierts SRS ot PEGRle RSt of B f ace
944 configured for electyically:-conductive. contact_ with a i.pheral region
of an aletts s aa paf SmeRiontd BISlsil, HEpa B vareh R ALrg: TR s {5 om
t he previous|y-d ri bed dinment) in that the associated peripheral seal
rorbar S8 G SaS0RE PO B rassionad 9 RSO da et R TR ace
outwardly. (rather than inwardl f) the_agsoci ated annul ar contact ring.
The anntffapnationst FRaRGEF Poren ﬁ%@ ‘@ﬂ{g@ﬁ Rl fimﬁr%as@agwﬁgm dhercppiact|
configuration, and includes a generally cylindrical mounting portion 948,
and a rBatipnsdipy yptygagdoimely eagsh wRisr 23 and aspists inprovidine anbagiar gﬁwerr B8ially
inwardly of the mountin ortion. As in the previous enbodinment, the

def ornapr@roplating sqlyticnzamdithe pyten peyiphare)jedee and)packyide ohwalen Al de¢ludieg theon 942
in adirection toward the wafer 25, so that the seal lip 950 is resiliently
bi ased flewues @8HEF A0ous engagenent with the peripheral region of the wafer
when the wafer is positioned in electrically-conductive contact with the
cont act por tAoilusiedsin RIGYREGSflexure copigets 39 resjlignty, defomppy e eafer, 2% ife seal
ring 950 has an inside dinension (i.e., inside ﬂianeter? greater than the

i nsi de @iiyRenagaisst theme  Preferablyecantaghperdipns &30 areinitishy | aggled gipward: imdet i on
942. By this arrangenent, the annular contact portion _engages the workpiece
radi al | {Huptrries mpnnenf These as ghg) wafem25 isrurgadrgainst onigelspartionsi 138, Bexures dOwaf er 25
in electrically-conductive contact with the annular contact portion 942,

t he def msitiatslyedefosm so|thay canast pertiensd 5P eff¢cimely wipepgrinst yurfise 239 of wafer 25.0 3 JAN
2003 WO 00/03072 PCTN5991 15847 defornmed generally axially of the

cyl i ndr It ilkwsteated aepogionent. gentary portiensrlad piectimely wing|agpipstserface 33Q of peafer

mai ntai ned in sealing contact with the peripheral portion of the wafer,
wher eby 2& dgkorigertalr distance depigaates @f 235h e Thig Maping eetionsashists dol remeying pet/orng
solution within the el ectroplating apparatus. As in the previous

enbodi nent, the peripheral seal nenber 936 is configured for rel easable
retention generally within the annular contact ring 934. To this end, the
annul ar seal nenber 936 includes a gentinuous annul ar retention projection
952 which is releaseably retained within a continuous annul ar recess 934
defined by the annul ar contact ring 934. This arrangenent pronptes
efficient assenbly of the seal nmenber and contact ring. ROTOR CONTACT
CONNECTI ON ASSEMBLY In many instances) it nay be desirable to have a given
reactor assenbly 20 function to execute a wi de range of electroplating

reci pes. Execution of a wide range of electroplating and el ectrol ess
plating recipes nmay be difficult, however, if the process designer is
limted to using a single contact assenbly construction. Further, the

pl ating contacts used in a given contact assenbly construction nust be
frequently inspected and, sonetines, replaced. This is often difficult to
do in existing electroplating reactor tools, frequently involving numerous
operations to renove andlor.inspect the contact assenbly. The present

i nventor has recognized this problem and has addressed it by providing a

o Y P 1 L -




-41 p 3 J AN 2f1 03~ WD 00/0307Z PCTNS99/ 15847 attached and detached from

the ot her conponents of the rotor assenbly 75. Further, a gi v¢ méﬁﬁij
assenbly type can be replaced with the sane contact assenbly ?p t

re calibration or readjustnent of the system To be viable for operation in
a manufacturing environment, such a nechani sm shoul d acconplish several

functions including: 1. Provide secure, fail-safe nechani cal %tt%chment of

the cont act"Q¥EMBiy to other portions of the rotor assef$¥”2provi de

el ectrical interconnection between the contacts of the contact assenbly and
a source of electroplating power; 3. Provide a seal at the electrical

I nterconnect interface to protect against the processing environnent (e.g.,
wet chem cal environnent); 4. Provide a sealed path for purge the asked to

e O et 38 s ¥ Sl ARS8 kol B0l RO B "
mechani SPERUETRERLERFRETEP Sl st B Fn TPt AT Yertasy city. only ¢ hose
POrL om0 e BT ET A i RGO el R AL L 0o
;Bgﬁhg%&gm%&J tggtongayabsesc%nnrglc%d ZOSB. g)au}lcetz)? pgl%l grgiass,esgchogs aaéo{u%g(c)) nig%gc%. menber

As shown in FIGURE 8, purge ports 240 open to second annular groove 125 which, in turn,

operates as a manifold to distribute the purging gas to all of the flexure channels 130 as shown in

FIGURE 6. The purging gas then proceeds through each of the flexure channels 130 and slots

165 to substantially surround the entire contact portions 150 of flexures 90. In addition to

purging the area surrounding contact portions 150, the purge gas cooperates with the upturned lip

205 of outer body member 100 to effect a barrier to the electroplating solution. Further

circulation of the purge gas is facilitated by an annular channel 250 formed between a portion of

the exterior wall of wafer guide 115 and a portion of the interior wall of contact mount member

110.

As shown in FIGURE:s 4, 5 and 10, contact mount member 110 is provided with one or

more threaded apertures 255 that are dimensioned to accommodate a corresponding connection

plug 260. With reference to FIGUREs 5 and 10, connection plugs 260 provide electroplating

power to the contact assembly 85 and, preferably, are each formed from platinized titanium. Ina

preferred form of plugs 260, each plug 260 includes a body 265 having a centrally disposed bore

hole 270. A first flange 275 is disposed at an upper portion of body 265 and a second flange 280
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0 3 JAN 2p03 WO 00l 03072 PCT/ US99/ 15847 renovabl e contact assenbly 1210.
Preferably, the renpvable contact assenbly 1210 is constructed qu gbﬂﬂ
the manners set forth above. The illustrated enbodi nent) howeve?Y) m a
continuous ring contact, such as shown in FIGURE 26. The rotor base nenber
1205 is prwden@ly annular in shape to match the shape pfrndsbeiss@nm conduct or
wafer 25. A pair of latching nmechanisns 121 S are di sposed at opposite
sides of the rotor base nenber 1205. Each of the |atching nechanisnms 1215

i ncl udes an aperture 1220 di sposed through an upper portion thereof that is
di rensioned to receive a corresponding electrically conductive shaft 1225

t hat extends downward fromthe renovabl e contact assenbly 1210. The

r enov ablsalisposetl atd lowsentizinyof Bddy 465. ahtbnemied axtensiba 288 predeeds ddvenwand frofbadRE 28.

To secure the renovabl e contact assenbly 1210 to the rotor base nenber
1205, acentrpepatiar ofaflange 280 el sbwed witk airéaded bore holei27€. shaflowerlsdgtacevdft h t he
correspondi ng apertures 1220 of the latching nmechanisns 1215. Wth the
shafts flzige 280 digevdd abuts dohippersaiiaverof cinteet mp@it fleMberllr § &S inkhaselthsmeailye

contact assenbly 1210 toward the rotor base nmenber 1205 so that the shafts
1225 engp@ecledifical ednhedipn tdtebgwager t ures 1220. Once the renovabl e cont act
assenbly 1210 is placed on the rotor base nenber 1205) |atch arns 1230 are

pi vot ed abouAlt@uplafieédreioftacty DG ard Zetmed & diftadte donipoienty! theg hap bejoined 24@ Of the
| atch arnms 1230 engage the shaft portions 124S of the conductive shafts

1235 whiheanoMBC4siah aftégral astpiblyi g this €hayoveNathple| B6 Gpbidiag pbitivhs 1I508R
portions 1247. This downward pressure secures the renovabl e contact

assenbl Yexhid Qo190 by Rtjbined &5 Bnd TRIBERF by 43web O gatbfibl, 20632/ \a@if}}ed 3072
PC TNS99115847 1205. Additionally) as wl F be explained in firrthe~ detail

bel ow, tifahfune 68 eHfRP formesal d sepdrite Fiaee StliE@hdr@ite Rfrmad with @ flekGral fr¥m a
conductive path between electrically conductive portions of the rotor base

assenbl ¥indi2 BRcabndtbtel. eTIRO U nRHkdrABmEPRY BEhed Hefwebh 81 6OME ActurdsserRl v 1210.

It is through this path that the electroplating contacts of the contact

assembl y ﬂe@@&n%&lé‘c’c%ﬂﬂ RRurk ColtREL IFYLexBRPR a H@Wb%fﬁla%wayp&"\ﬁéd Rupply.
FI GURES 30A and 30B illustrate further details of the |atchi'ng nechani sns

1215 anghid har 68 € hikuferdohicts Qs Upt ﬁé&gresé%ﬁifaét? inltazﬁlgstﬁﬁedi dbibdinteah Gehile @2CH

| at chi ng nechani sm 1215 is conprised of a |atch body 1250 havi'ng aperture

1220) _agdghERepbihadd? iissPRS6H o seéonaihxgtoﬁthe mggggwgg,it@eeﬁ&%ﬂ,ﬁar m

pi vot "post 1255, and a safety latch 1260 secur or

; | ; ; . i . h body 1250
pi vota 1§rﬁx,ﬁ9@%mee%e ﬂlu?@gt&t%ﬁog%%gtggbt hnpgfﬁ&pt R aésllj;g,t%séé@}gc ody

may al so have a purge port 270 ere con | ow of

purging fl ui o > | : e C act
assenbl y 121%%%@?ﬁ’g%%@%@%ﬁ%ﬁg‘gﬁ%ﬁéﬁﬁﬂ ott%%mgééast%heasf@g}ﬁge

porti Onﬁes@}ibédhfbo%) %dﬁ'l%qia}’e‘a igrﬁ{sbm%%i E&.%ﬁﬁ?é%ﬁ/g\ in HEUREM £ contact

cross-sectional Vviews : ustrating opelratlon o) at chi ng” fechani sns )
1215. I : 124 I i

Shaf ’g%srst‘*.”%‘!?%ﬁ?i@q'gf“t ?‘eéﬁﬁqmﬁiﬁg‘ﬁg&f%%@ﬁ*{ﬁﬁ Ry b ?%ii‘%l%oti g
rotat ed h01,P 39 30Rad: Q@setﬁﬁg 8s Bfﬁé@i%g%éz-g'?&sg?&&ﬁ Oghﬁaﬁ%bﬁg c%FtaI:t e latc

arm 12387Cans agal nst surtace ety t untr Tt mates

Wit h ch@%@srrtélrvﬂs%ﬁgm r%%xtepceh lﬂﬁln @%lgmgg{?%&&@e s %nmcﬁgﬁ wg,%m;ﬁgste&%@”“ﬂ

1 290 in ing relations atch arm 1230 1 s secured agaln

i nadver %g,ryxcéf)it Hat @ co‘mdp%nemsoof%owa%grggly ¥6 ROLE3062 sufrix.
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PCT/ US991 15847 novenent that woul d otherw se rel ease renovabl e contact
assenbly 1210 from secure engagenent with the rotor base nenbeﬂéhbéﬂ?.

FI GURES 32A - 32D are cross-sectional views of the rotor base fﬂ&%
and renovabl e contact assenbly 1210 in an engaged state. As can be seen in
t hese crosg; l..onal views, the electrically conductiv 122S

i ncl ude a g@ﬁ@@%?ﬁy di sposed bore 1295 that receives a gg?@%@g%%ding

el ectrically conductive quick-connect pin 1300. It is through this
engagenent that an electrically conductive path is established between the
rotor base nenber 1205 and the renpvabl e contact assenbly 121 0. As al so
apparent fromthese cross-sectional views, the |lower, interior portion of

each | atch ammhil &Rbodimédt USi@Sreferdné (oFIOORE 15 anueh Body dlRbek 160 ik Hratpred to
engage the flange portions 1247 of the shafts 1225. "Channel 1305 cans

agai Nst o1 beSRHR thiterial Usr’ e CfkeOthat e clebBRBMG RH-ddn@iSivd 26hd ik CchPhickify t he.
shafts 1225 agai nst surface 1310 which, in furn, effects a seal wth Oing

1275. R%.ggatmme HeLadplafihg ehvitbimem! it dufer Bb&HREmbety 0Bt % m%?vidédﬂ@iﬂ{ ot or

assenbly I ncl udes an actuation arrangenent whereby t er or other

wor kpi e j i iR b i e
101 KDY a8 a8 RO RIONSHo VA e OSSO s N BUERn) 1 s

ed 1ntoelectrical contact: wth the contact

0 o deail Hliod e O s SEhagaln 39300 o8¢ sdmie y%:& GO A0 eagsg{slt gpvenent

of a backing ne t owar e contact asse in a

per pendi t | { t q#g% 1 . j . of
vari ous ”%&h‘g@ﬁ&%ﬁ%@? &‘{ehlzbf gicggr%é:g@gcr%%b a%%e%@gﬁﬂg%é&;ﬁgégxg%w 70 of
the reacgto . As illustrated, the stationary assenbly 70 of the
reactorqﬁgéﬁggggvﬁgrudes a notor assenbly 1315 that cooperates with shaft

1360 of rot o%ﬁacso%gcnp %(’ﬁ“é’]r’y sggoé%ringg&g%)%#ég?&@cl udngls(?%g %nﬁ??h@ltlr#dﬁgnu' ar

housi ng asse Yy, Inc I‘'ng rotor base e i ng
ronber 10 By eCe baic) ACaGR Ol R3RE el BB O s 0 S
125 7o vl ehne By e aine & A Y Fenh aRpp P o B sl o e
dot i nes TP HCreBto ASTRRa i FoFeh BRb Inate? B8 HLegt SamBRL PR 0y "o *
Fobot | ¢ CRYARLEPer 1SR Tt R e e et RS PR e Peers 150

e wor UpPHELEEEY Bin DE RS SRR AT 388 aitgY e aainn e DAt R R honber
he. conti 30 oF 1 A ERdR I Amis, B G Pl ERo RS RETAB A0 1310 olat | ve
bi ascs tho bAEERG HoMbEre PR Pl Hobe Seied SruRebRBiny Seciish = GHEHE one
actuator for novi t he backi ng.nmenber in . opposition tQ ths spring.. In the

i |1 ust r SLEPHOBHE 3¢ h ffing Ap P P%Hmhlrl?%née‘?é‘ﬁ‘fe’?enﬁqrﬂ%é b 2avertiest i on

ring 1335 ich is -46
g transvmon portion l4§b, and a contact portion 150b. The contact portions 150b protrude through

respective ones of the plurality of slots 165b.

Integration of the foregoing components to form the contact assembly 85b, as well as the
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0 3 JAN 2003 WO 001 03072 PCT/US99115847 operatively connected with the

backi ng menber 1310, and which is biased by a plurality of springsf) 3ngiN 2003
noved in opposition to the springs by a plurality of actuators. Wth
particular reference to FIGURE 33, actuation ring 1335 is operatively
connected to the backing nenber 1310 by a plurality (three) of shafts 1340.
The act uatW@M ¥ Rg, in turn, is biased toward the housiffd"B&¥EfBIy by three
conpression coil springs 1345 which are each held captive between the
actuation ring and a respective retainer cap 1350. Each retainer cap 1350

is held in fixed relationship with respect to the housing assenbly by a
respective retai ner shaft 135S. By this arrangenent, the action of the

bi asi ng_sprin 134 rges,,t he actyation ring 1335 i.n { rection toward
Che. ho QierRgon 8w qimast e, opesCand i S wi Pl gesit e FICHREf ey 3 Mg
shafts 1340 to urge the backing nenber 1335 in a direction toward the

cont act ﬂl&m"%ﬂﬁ’ ﬁ’ﬁé’?’iﬁ‘ﬁ‘f F%HPW‘?%“%%@FF#]@S?}B@?Y ABF QUtss &PAY MERbSTr upt ed
couplin | ange 1365, Actuation of th ctuation ring 1335 is effected by
an act ugqqq’on Aysipted, contagt ’(‘?‘ngﬁjl@ a'E‘ﬁ@“‘%’t Bedyomember a0 fsfige 20) whi ch
can be sel ectiyvely coupled and uncouypl ed fromthe actuation ring 1335. 1'he
actuat i Blﬂmﬁﬁu?fl ﬁﬁé"‘%%‘ﬁg’bf“ﬁc? &E§c&ﬂé& #t 130bs | Each dlexyye iongmber dincludes @8t can be
i nterengaged with coupling flange 1365 of the actuation ring 1335 by

i mi t edURvErdlY eytending partionT20h abis defiied oo epgh sidgiby chamisrredmempers 80b thatt uat i on
ring 1335 of the rotor assenbly 75 can_be coupled tq, and uncoupled from
the act extenddadiglly qutyvarg fromrthe wnerbedy memberdd 8h.y Theschamred W“@Ffstmgb p&act or
head 30. Wth reference again to FI GJRES 33 and 34, actuation coupling 1370
i s nmovatisignsdiobe gngaged yposs periiend 8 of thaoyter hodememberi196p brrughgsammg py a
plurality of pneumatic actuators 1380 -47 0 3 JAN 2003 WO 00/03072

PCTI US93rtipn svhorepy, posgmosion Ak ¢latps thy coptashmeuntdnenbes § Lib, sansverse pgsyes pl at e
1381 (see FIGURE 1 é of the __ st.ati.onarﬁ assenbly 70. Each actuator 1380 is
oper at i Vbyf Seres 30k gndanrpylar FifTeping ting i 39Pd agsinst 1 letprally Tatepdingporierp EOPi ve
l'inear drive nenber 138S, each of which extends generally through the upper
pl at e 3efitheputerhedy mgmberndPY. Repeading gn the manial from svhichtkecaiiter dodyswembes t he

f oregoi ng nmechani cal conponents from other portions of the reactor assenbly
20. A f H0bis formed, domaxobefigsirablestoiinaluders notalt 228b imathe ontep bodytreenhep d@lbstong
environment (here, a wet chem cal electroplating environnent).

Addi t i ofesilitaje theleqmemiai Action ef th aogspertion &1 Wrovpr the erpporimopd ehamfieresd niembelse

reactor 20, the foregoi ng conponents can be adversely affected by the

pr ocess i 6andnif desiredvaesilientids farmatiantof theomter baslyandmber 100blydieh wafer 25 sargedy 1390
is disposed to surround the foregoing conponents. The bell ows assenbly 1390
conpr i sio epetativé wlationshirowith tBOBYerabrcentast atsembiydde from Tef | on, having a first
end thereof secured at 1400 and a second end thereof secured at 14U5. Such
secur ement i Gptivnaliye r adr-eactivp lganeich evniiegengeat e usel tuipirgathe Aetureerinthetsi ght |

t ongue- and- groove sealing arrangenent. The convol utes 1410 of the bell ows
menber 9@odndithechackisidé ofgwalert2iat Tochis efd, theevdier@idad il mayebeligd-GdedRviGLite 34
illustrates the disposition of the reactor head 30 in a condition in which
it may ecwmept pugeparksp24fbdhat\stive ¢o Plo@dREBIGB Gmrhinictiombes purginglgasposnt i on  of
the reactor head in a condition in which it is ready to process the

wor kpi eemulan mahidold ¢ 28t and, therafror Shro@ptetha flexume cfambbns 18 @tast rto leman@dlywi | | be
appreciated fromthe above description. Loadi ng of workpiece 25 into the
rot or aswembd womseti mortidns eli0b.dThe pirge lzes thenhoflovess Heorigh yopenings §6ftetalktey - 48
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13 JAN 2003 WD 001 03072 PCT/ US99I1 1584? upwardly facing orientation, such as
illustrated in FIGURE 2 with the processing head in a conditior) §hgaN 2083
FI GURE 34. Workpiece 25 is noved transversely through the opening 325
defined by the rotor assenbly 75 to a position wherein the workpiece is
positioned in spaced rel ati onship generally above supports 330. A robotic
arm 415 | V@R 20wer ed (with cl earance opening 325 accdmARHy such
novenent)) whereby the workpiece is positioned upon the supports 330. The
robotic ann 41 S can then be withdrawmm fromw thin the rotor assenbly 75.
The wor kpi ece 25 is now noved perpendicularly to the first direction in
which it was noved into the rotor assenbly. Such novenent is effected by
novenent of backi ng nenber 1310 ner.al l.y toward ntact agsenbly 1210. It
o or CoRPSaLHEr 8F (i PR BT 26 SR JOP e OG0 SENCoPRGIBRFR L on o
bi asi ng_springs |345 which are inferpgsed betweep the inner housing 1320
and thesgcgr'i"f’\%“'ﬁfs é‘f‘ga“i%ilf 5P a't“ﬁ’e°{)§tekﬁﬁ‘§mrré?f’6aé’?s 0p, and *Ibr‘?ug“,"kﬁ%t Btli'}éfrs 1380
are operated . to allo (f;on' int mgvenent of the actuator coupling 1370 and
t he act%?&’c"iﬂ“d\"it?fd"af%’\é\‘lé ?54‘8%”9?%55‘%%)?‘1"}{@%“’%4 to bias and urge the backing
menber 310 toward contact /1210. In_the preferred forn) the connection

bet ween act UBtaPeration. f semigondnctor yeaferi 23 js dEkncreaingthe Hexuse gentacts) Wbosder mi t s
some "float". That is, the actuation r.ing and backi ng nember are not

rigi di yihpiod fase) 23 ofdhe seqieppductoryaler)Sds sfaledpegingt dbry@riingtand cesespertinges t he
common tendency of the pneumatic actuators | 380 to nove at slightl

di f f er epartiemefethe outerrhody msmber; 198b.t When daiven i thisonanner, pach fleyure contags 90 is
substantial uniformcontact with the electroplating contacts of the -49 0
3 JAN 2d¢i@n\a0rqtigab distrpcermincygizong distanca 248k ABis appyegpent 1gusgh itheeflewirs di ng
excessive stressing of the workpiece, or binding of the actuation

mechani entactaii0h ta Wipe againshthe side z&bqu the spmicendycios alse?s thprebyassistingjinteenber 310
and the contact assenbly 210, Iift and rotate apparatus 80 of FIGURE 2

r ot at esremwalr@ar@tr@ratih!eaé foroexample) sopf fayer exddas @5 dheolikerrad enhancing lestispler at i ve
rel ationship with reactor bow 35 so that the surface of the workpiece is
pl aced eamtasbbetameen thiet fexpteecontaets H0b and thdrsemicondiotey waftru2§.oTheiamwunt ohe

meni scus of the plating solution) within the reactor vessel. Depending on
t he par déflegticarand|biastcambd alteradgs p fensties off the radiak widshiof the ammaar Istifferdwef nirlg t 0
insure that any gas which accunul ates on the surface of the workpiece is
perm tt 82Dbt A leeget deflaction Sambeused\trascoimgdaje latge ananufaftadeg wlerdnke vaviatikg ece may
be di sposed at an acute angle, such as on the order of two degrees from
hor i zonwailg stili plovidissgppropert alectrival eamtdchee well 3 lsealigg |ofi ttheoconitast isemblya®S or
vessel. This facilitates venting of gas fromthe surface of the workpiece
duri ng ugeinspthasémigonducioewafer®s. t he wor kpi ece, and associ at ed backi ng and
contact nenbers, are rotated during processing. Circulation of plating

sol uti on wi tithe ¢rhisdinzant dbicontachassefbly, 8 Shsthe hxdalt foice applied ta tha semisorpasteed

t hrough the workpi ece and the plating solution, effects the desired

el ect r oplafet iy dixfided bestea thie fyrer requiret] nedeflactftizcfiexode coltacta®iy daditient eequired

to energize the seal. This provides a load path that is independent of the structure, which
contains the seal thereby isolating deflection of the contacts from dependency on the deflection

of the O-ring 105 to form the seal.
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The actuation of the backing nenber 1310 is desirably effecteddﬁ 3 ﬁiqﬁle
| inear notion, thus facilitating precise positioning of the wo é' AN 2
uniformty of contact with the contacts of the contact assenbly 1210. The

i sol ati on of the noving conmponents using a bellows -50 0 3 JAN 2003 WO
00/ 03072 Pgll, 15847 seal arrangenent further incre tegrity of
t he electrgﬁéyggp ating process A nunber of features- aﬁgﬁﬁ%Qg?ngnt
reactor facilitate efficient and cost-effective el ectroplating of
wor kpi eces such as sem conductor wafers. By use of a contact assenbly
havi ng substantially continuous contact in the formof a |arge nunber of
seal ed, conpliant discrete contact regions) a high nunber of plating
contacts are provided while mnim zing the required nunber of conponents.
The actuation of the backing nenber 310 is desirably effected by a sinple

li near notiopgrt BVAIEAENG ¢ONTRGTIHSSEMIS IRGSI Li oni ng of the workpi ece, and
uniformty of contact with the contact ring. The isolation of the noving

conponent s uautaaatﬁe%hthavaﬁseﬁﬁﬁé s i ARESEER T gfn%wcong 6 LN eg@se S‘aﬁgﬁg' ntegrity

of the electroplating process. t enance |gurat|o are

ly f, t t act mbl y 1210.
Far t hor )t et EhEes, B SR, Bt e el WA A O S SR B e | o of

he ContcRaRERDl ‘*3%%"%5 {Pobdify StAuEnaloh %?fﬁ?% Flectabtin MRERAR oo
ower t fs ec t he referr r sion of the
Berl pheq‘m?‘ag’{ag {)sr%gt&g%tlgk{e v&f)@éﬁ :E}(I:thg?h?%nﬁ% fe" g i¥ 8ﬁ ¥ H’IF“ fe.qg.

contact ol o sendt RSPl 16Awf§g{p§gg%hggg'¢%?ggn te‘gwldUp of

plated nateri a nto ectrlca Pso

Y1 oTIoGRR 18R %%%%ﬁ%%@@f@%@eﬁm‘% HedRerRend PO ¢ Saa7
ol ect rorite £0ffn £ bubilika il BE G %h?%‘n%“é&sr a6 Gmen gy BT S as
compr i sa BF' °§“€£tac A eaS%é?' pruseir i ch&%aS 55 o a@e%?e'r balerin n
citocti P aPakiBsy 52? it 5 AEE %sesﬁ%ﬁﬁo?@ﬁ os’a%af@é BeE ?«'m?%'t PR cces.
Lram;f% %{m%'n?.ﬂ pr?}e gcf tot Qs' a "Bcllwmcsgggd con%‘te"‘ an?lfthcte Qﬁ’erﬁ? ]::gnrtaclt Sésserln%ltyel(rj!tov\ll tha

which it is placed will be referred to as a "Bellville ring contact assembly".

The embodiment of Belleville ring contact 610 illustrated in FIGUREs 16A and 16B

includes 72 contact members 655 and is preferably in formed from platinized titanium. The

contact members 655 may be formed by cutting arcuate sections 657 into the interior diameter of

a platinized titanjum ring. A predetermined number of the contact members 658 have a greater

length than the remaining contact members 655 to, for example, accommodate certain flat-sided

wafers.
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The el ectroless plating reactor bow 35b is that portion of the reactor
assenbly 20b that contains electroless plating solution, and tifa8 gANegmg
the solution against a generally downwardly facing surface of the workpiece
25b to be plated. To this end, electroless plating solution S is introduced
into the reactor bow 35b. The solution S flows fron1t§§£ﬁ§£ﬁ£a¥ bowl 35b,
over a weM2PP%* i nside wall 36b of the bow, into a | r-overtl ow channel
40b of the reactor assenbly 20. The solution S exits the channel 406

t hrough an outlet nozzle 41. The outlet nozzle 41b is connected by a
conduit 42b to an outlet valve block 43b which can direct the solution S

t hrough one or two outl et passages 44b. An exhaust passage 45b directs

gases to anAe%.ggeg%be%ﬁlﬁe%f%@ellL\%? ﬁg%&%ﬁ%h@fb is il é%tg nnt F -R}Lﬁgyd i ng.

Sol uti on can rawn he over er-an ecte ally for

recirculatign ck. actor . . El ol ess pl gt i sol.ution flows
From g0y A iesedf BYRIhA7 SERE o8 ifisRL WEaRRE Bt hen

t hr ough 0 peni Shh.qf the.reactor baow . _.Th ol.uti ons -52 0
33 AN oS GRGORE TBR 058 /88 5 itk ol PR Rkt 82 bRl B e of ¢ ne
waf er 25. PCI/ US99I 47 The reactqr .head. 3 of the reactor. 20b is

prefer BVVd%‘hgT ‘?ﬁc‘)}gge FiRce gneé“%r?ﬂmfg?’ E'Hfsh‘ét’“iﬂc%g‘tefl’%f)’isaésig A &&ctor 20
of FIGURE 1 .and is co ised of a stationary.assenbly 70b.and a rotor
assenbl p‘??ﬂ.‘RF?d’t ﬁqg?eaggi'f‘?bw ent s°°55(5’ﬁ1“‘fsgﬁFB‘&FefpéecFe%ﬁé'ig{)eﬂ‘%an BH Y the
wafer 25 or |ike rkpi ece osition the wafer in a prQcess-si own

o1 ont ABFORCUS F o RBVRECATBR sBRansassiaclien fo5= lsalbedrncss O RES

wor kpi ece dur | ocessing. The reactor head 30b is typically mounted on a
lift/r 0‘16; @%ak)ﬁf‘gé'tée &85 awh iﬁ“%&‘ﬁ‘ﬁcbﬁ?lg?fg‘!‘?}“r‘ﬁflﬁeh’f%d e8dt®r head
30 from.a vay dl y-faci ng di spositi see FIGURE 2)) in which it receives
t he \/vap]gFH‘E"gP%?‘;’ﬁ‘? & g, cop Chasﬂ%(}ﬁwgl%ésf Qi PRIt REFBYIcRt Emings YrBewn i n
FIGQURE 3.5, .in which thewﬁgrface of the wafer to be plated is positioned
downwarRfllsville, ripg sentast 6Hhel thismbodiment s dixtured, iy plece; a ¢omplere clagmiprentisd
effector) is,typicaLLX ﬁgﬁlo ed for placing the wafer 25 in position on the
rot or SHYEHE|iy notgpquired. o Ratherthe cnigsy may be farmed andinstabledoin sepments therebbt or
assenbly. Unlike electroplating reactor 20, electroless plating reactor 20b
does nconablisgdndependent controksensipgfcthe electiiqabpraparticsobtheseamentssr 25. As such, a
wor kpi ece support is used in lieu of an electrical contact assenbly 85. To
this end, tWKelisgorryodimest ef pBellvillering centagt gpssmplyds Blastrated gracraBiyret §084mi on as
any of the contact assenblies described above, except that the conductive
st r uct up FEGURES 18-20hAs dllusgpisd.rthe ceiach psspmbly 680 famprises arqonductive sertacht her
conductive netal ) are constructed froma dielectric material that is

conpat i Beust gempertGs, aBadivillegingsontags 6A0nA diddertricnvalerguideingd 15 sandrangyiek pi ece

hol ders preferably include provisions for providing a flow of an inert -53
0 3 JANodpommpgs 601 (Be priercTnusn portiga3d of|thy Belivileamgpontarti 18 drotndes o t he

peripheral regions and backside of the wafer. As particularly illustrated
i n Fl GURESidzthat fig engaged ithin eoteho§ 1o if dheccopdyictive bagesirg65y In many respects,

the Belleville ring contact assembly of this embodiment is similar in construction with the
flexure contact assembly 85 described above. For that reason, the functionality of many of the

structures of the contact assembly 600 will be apparent and will not be repeated here.
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2085 may be generally conprised of several discrete conponents. An outer
ring 2095 is formed froma plastic material or the |ike that |sﬂ3 JAN 2003
el ectrically non-conductive and is formed froma nmaterial that is
chemically conpatible with the electroless plating environment. The outer
ring 209S may, for exanple, be conposed of PVDF. Wen the workpiece that is
to be pl atWBO¥®OR cjrcul ar semi conductor wafer, the out®TY¥HY3%095, as
wel | as the other portions of the workpiece hol der assenbly 2085, are
formed as annul ar conponents that, when joined together, forma bounded
central open region 2093 that exposes the surface of the sem conductor
wafer that is to be plated. The outer ring 2095 is provided with a radially
extending e avi ng an Li ue d regi.on.2095h whi.ch forns an
annul ar |nsrlg‘§%Na Lyfg’fw GBS WHi B?‘B\ﬁ %&lact’éﬁméﬁﬂﬁll ‘éil:“ﬁ’s"é’&“el enent
2098. The seal el e ‘fghem veI adheLed or . nol.ded or ot hertv\rn

2Lt achoop) THBSS A0F qutoctied 500 » Heelh ees PIESELP LT HERFLV Matrehen frep iy |

bel ow) the seal enent, 2098 seal s .agai n t the face 2025a, of _t he

oo contHFEETIE Chame mHEH G, SR T DA TS GRS Sh S ER ipre BYPY BRfFent
withint actor ow 35 fr n at,i n behlndthe fer surface 25a
which i Q"‘?"ﬁa B o b‘:“v"(l’i’égéﬂgﬁi“gg li‘@'éﬂ ripg %arﬁrf%?’ga&ﬂnyp'@ﬂ pigsed of
AFLAS el astoner. The outer ring 2095 % 'rounds a base ring 2100 which has a
| ar ge b&&?‘“ﬁb?'taﬁﬁheﬂﬁeyafﬁddmhcﬁ laggr ofPlatiMde groove 2100b and an out si de
groove 2100c. The base ri n? preferably -54 0 3 JAN 2003 WD 001 03072
PCT/ US99/ 1598 wafprsyids ding %tsaiﬂmlés%edsfp & withipythe interigedipmeter 9fdha G018y s
connected to a collar_portion 2100d which extends toward the inside surface
2096. Tmouggnember 6 thf?r guidorng 815 has sebstantigllyrteg samerstractyre gs pofes guides et ai ner
ring 2102 preferably conposed of polypropylene) is |located within the base
ring 21063 anphid Sp é@sangférabﬁmg cmglqnﬁeﬁwé@cta@s% liesr§5agd Bpreppetivelza, a
com cal | y extending wall 2102b) and an outside rib 2102c which intents into
t he i nsiPeréergitpshewafengdering 6 1B§§®SMH@“MGUFH%@C%5%OI§UE§\I@HW¢§ daht eri ng
fl ange 2102a, and bel ow the seal elenent 2098 is a "Belleville" spring
2104. ThegaBes 4 egrraspanding rannigar ot 634 of dhre qondustive hase ring £98 te abovy theewafer v
rectangul ar in cross-section, and forned having a shall ow frustoconi cal
shape. ﬁhléespgﬂﬁganﬂﬂwavomsctmwtmmWé%e‘OBs@ttm Bt ai ner ring 2102 and can
be slightly pre-loaded (slightly flattened) by the retainer ring 2102

agai nst the Ehmbutglmnmenﬂl@eé?ﬁ %qbld@mn vpstapdiog) pprtion $AB 2 Hansvantespatdorannul ar
notch 2104a, and an inside annul ar notch 2104b. The spring 2104 is

pr ef er al6RS; acmm@bembibn pbrion 632 afd\w furthamieanseersegiostions?23 2126 exterdstrhdighded i nt o
t hreaded hol es 2226 dianetrically oriented across the workpi ece hol di ng
assenbl wn@ G@Ginagndt awppethed tipd/30hdntarsed Hip 730 25556 inThgnisg af hagri@ 20 %hd ncl ude
t ool engagenent shoul ders 2227 for tightening the shafts 2225 into the base
ri ng 106lectRypidting atvtisonmemtrvidsh dtcagagepthe serfee 86the sidé atiwerkpiegs! 2rthdtiis beingf
passages for providing a purging gas to the peripheral regions of the wafer
radi al | preesssed. i lothedflustrated smbddimeént theeng2g@g@ntdwtwess the 1ip 730 drid\th2 QB Brce\oY

001 03072 PC TNS99I 15847 well as to the back side of the wafer 25. To this
end, as workpiest Raisabl onty fbdBaiiEd sekd thahid fotingd tolpeotent the Helvidle sog patact AO085

i ncl udes an annul ar channel 2137 that is in fluid communication with a
purge port (b aieh |posdimate elt) cantrdtsedSHeaft thy Belevillentng comach 1@ isvprefekablyd. A
plurality of slots 2139 are forned in the interstitial region between the
out er r iparged 026 anneritfluel, babeas nitnogen2Zh6) Ovitich qopperatesewith lip T80co effert b bartrieon

bet ween the annul ar channel 2137 and regi on 2141 proxi mate the peri pheral
edge regions of the wafer 25. Together, seal nenber 2098 and the flow of
purgi ng gas assist in formng a barrier between the el ectroplating
environnment and the peripheral regigfs and backside of wafer 25. Further
distribution of the purging gas is affected through an annul ar channel 2143
formed between the exterior of retainer ring 2102 and base ring 2100.
During | oading of the wafer 25 into the workpi ece hol di ng assenbly 2085,
the wafer 25 progresses upwardly in the direction Y 1 to the position shown
in FIGURE 40. The wafer is radially guided or centered by the conically
shaped wal |l 2102b to its position shown in FIGURE 40. In the position shown
in FIGQURE 40, the wafer 25 engages the inside annular notch 2104b of the
spring 2104. By action of a backing nenber 310, described above, the wafer
25 is pressed upwardly) acting to flex the spring 2104 into the position
shown in FI GURE 41.




The flexing or flattening of the spring 2104, as shown in FI GURE 41, causes
the wafer 25 to be partially received within the notch 2104b, alﬂdgtyﬁNléaaa
2100e to be received in the outside notch 2104a. The wafer face 25a is
pressed agai nst the seal elenment 2098 which is in turn held in place by the
annul ar inside surface 2096 of the outer ring 2095. When the backing

mer aber 319008@3072 0 3 JAN 2003 WO 001 03072 PCT/ US991 158R¢TAS 18448 ased) t he
spring 2104, under influence of its own resilient spring energy, wll
return to its configuration showmn in FIGURE 40 and partially push the wafer
25 in the direction Y2. Fromthe position shown in Fl GURE 40 absent the
force exerted by the backing nenber 310, the wafer 25 will proceed by

gravity_ support on the retracting backing nenper 310 al ong the direction
N T e R P e AR R A

FI GURES 42 apd 43. /As illustrated, workpiece s,uprort 2085b i s substantially
si mi | ar CeETOREHIRG CRYTONUEH ) §}5 Pastisylarly shawnggtfosthom FIGURER 4P and 20) the gyler er |
three notable differences. First, a separate seal element 2098 is not

enpl oye8oPnMERPL &nifgd icRpIAT. mouRt memberopidepre spargd Ayunpng prother ée farm ehnul ar
extension 2146 that termnates in_an upturned |ip 2149 that engages surface
25a of duar codty Hac ol anpierfeMbn 76 s Pravidedawith an inertfluids peh migmitegesr 25
fromthe wafer holder 2085b by providing a biasing force in the direction
of the H¥Feusll ore \OR&OTHBEES HMW%GW@%%@?@'&@GHOW orerbae6Qfaf The 25, As
aresult, Helleville ring menber 2104 is not enployed in this enbodi nent.

Fi nal | ypurged pefis /78 0p¢n 49 they apnularcayity, §6 3 svhich-fupcsions #5e3 mpnifold widigtibutotaas a
limt menber that sets the limts to which wafer 25 nmay be noved into
engagenthstinest gas apetdhe prsiphsy obthg spntactigescablyo dd sivar nimberof skatsesiichras B GURES
42 and 43, |ike wafer holder 2085, also includes a plurality of flow

channel 386, gprrespendinedo ithei nymber of £optaet ghampersS5 a@ mevidedandSutns passdages that
simlarities between wafer hol der 2085 and wafer hol der 2085b, simlar

st r uct urate the inert fyid| feomn the annular pavity 765 toftks arerqroximmte comtadt membais 685.nent  of

waf er hol der 2085b. -57 0 3 JAN 2003 WD 001 03072 PCT/ US99/ 15847 PURCGE GAS
SUPPLY TO CONGABEs ANDwngiA0BER ilg®EeBhe Bsw\Wienpuging dluid incthiscantbadimeassfnbl i es
or wor kpi ece hol ders descri bed above include a fluid comuni cati on network
t hat pr Bellddsrisg pontagt asgerglly., Asldstrated by tarroge nhe purgangestentees pugppore®?of rom a
source exterior to the contact assenbly or workpi ece hol der. Figures 44-46
i |1 ustr adeis clisgributedraboutithe cifviupferenve bf the hésermnbly G0mmithincmhilancavity %63.kTheay be
supplied with a purging gas. Wth reference to Figures 44 and 45, the rotor
assenbl ypurg&d ganyhedndlows thwbajhcslond 780 and belowdhecloweenid ofi tormaet sloam Iedmier 605ube 710
having an inlet at 720 that receives the purging gas and communi cates it to
one or totheapapyeinper Balvillz Sodtia 61 0r At this ppins de gas Auwsmatsebstdntialpesurmotae) al

regi ons of the workpi ece holder or contact assenbly, shown here as assenbly
85a. | ntiehmeniatt mehbext 655 emd) didiher mbay @roteath @above(the periphexy $fothe wagdh tb Ithe d
comuni cation. The tube 710 extends through the holl owed center of drive
shaft 36&ksidelthetvefr The purging gaf maynlsdyproceed ittooughfan dninle chiwaitl 7126R héttly i S

proxi mate the workpi ece hol der or contact assenbly to at | east one purge
port  72%he(cbmact pougememiscr §0@idnig: ineret df thetdomplidrt wall FainedlatahdieBdtion | N t he
alternative, the fluid conmunication path represented here by tube 7 10 may
conpr i sef wafer guidemige6 15hAdditdrmlly, hint gaa filowl dbotrdntact tkbefsvéss @gbperesi withsol i d
body portions of the rotor assenbly 75. For exanple, as noted above, the
pur ge gapturmey lip @36 efifyat & batrieki at &ip 7BY thahprovels efechialatiigaslui®pfrem pedcesllingre shaf t
360 as opposed to an internedi ate tube. Depending on the particul ar

i npl enrentation of the rotor assenbly 75, conmunication of the purging gas
may then proceed to the purge port through a correspondi ng tube or through
a hol I ow channel formed in a substagyially solid body menber



-58 0 3 JAN 2Q03 WD 001 03072 PCTI US99115847 t hat spans therﬁbegﬁﬁfg
Commruni cation of the pwging gas frompwe port 725 to the iso at g@a)ns
of the correspondi ng workpi ece hol der or contact assenbly is illustrated in
Figwe 46. As shown, pwge port 725 opens to a purge passageway 735 that is
di sposed through an outer housing of the rotor assenbl pwge
passagema?”qg%gﬁﬁens to an inlet port 740 of the mnrkp%g%gmﬁg ar or
contact assenbly (such inlet ports are also illustrated in the enbodi nents
of the workpi ece holders and contact assenblies described above) . From
such inlet ports) the pwge gas flows through the particul ar hol der or
contact assenbly in the manner descri bed above. | NTEGRATED PLATI NG TOCOL
FIGURESmé%m%PrRugh 49 are top plan views of integrated processing tools,
shown genera‘%y‘at 1450, 1455, and 1500 that may incorporate el ectrol ess

pl ating rea rs and el ectropl ati reactors as a conbjnation for. plating
on a micr oelc\g@?‘rao‘ﬁl g %ﬁ\?b?@%@‘,&%ﬁl}%ﬁ ur&éa&g SEREEOT ﬁatu‘?:'?nlg © faTat .assﬁf‘?)lg essi ng
tool s 1450 _.and 1455 are each based an.tool platfor deve] oped by Sem t ool ,
o, © of RS Zhife T SRBEPE e PR oS R Ao Rtk B0l 40
is sold under the trademark LT-210 rocessin ool platformof the
ool 14885 Sty o mae Hecoppfimbe 65 Sofispartattelial e Sty ¢ oo)
1500 is_sold under,.the tradenprk EQULNOXTM. The npringipal, .difference

bet vveenwf’% ‘ef'-‘ogﬁdg“%%o‘tm 9@??%3'5 Pﬁ%ﬂé‘%‘%ﬂﬁﬂpﬂ'{’%ﬁ@r‘@a@r s Bechanical - The

pl atform on which toql 1455 is. based has_a .snal.ler footprint than the -59

0 3 JANIEBESNNDANIE 3ty - Bt Qe gotv eﬁ?ﬁ&t@g isplaiss i olier pesipheyang | s
based. Additiopally) the glatf?rn1vn 38} h.tool 1450 is based is

modul ar P& plgthreRPTipiece 2a s IWellea? th Beyillepdngncagfact GO o coutartiigith 881 s 1450)
4155, and, 1500 are conputer progranmable to inplenment user entered

pr ocessPAEBIiBRSs. Each of the processing tools 114S, 1455, and 1500

i ncl ude an inpput/outpyt section 1460, a processing. section 1465, and one or
mor e robot s ARrder emhodimaghela Bellygleming CP’HE‘“ £5EmELY ivshewn ganssallyal 800 aSng a

| i near track. The robot. 1470 for the tool 1500 is centrally nounted and

r ot at esFY RSS2 i this smbedteRut sepatets karrier msmber@P0b H%C'BP%Q%’SE} WgStsect i on
1465. Each i nput/output section 1460 is adapted to hold a plurality of

wor kpi el respsetls, Bellvillensingopontact assemply SO8b is spbgantially simitas dielpille cing
cassettes. Processing section 1465 includes a plurality of processing

st at i ongonagty assembly 680 @bqyse hacerdiglys similan prinngpenipeieassemitly €80 ars Ighelsdesses on
the sem conductor wafers. The robots 1470 are used to transfer individual
waf er s Pith thersame Fferrise asmbers s spenedy 90 abqwe, iexgsnt the thpimilareeomporentsa0 to t he
processing stations 1475, as well as between the processing stations 1475.
One or AwemblppOGHaclydeacd3 syl st ati ons 1475 can be configured as

el ectroless plating reactor 1475a such as heretofore described, and one or
more of the &' putiearlygillustested Jn FIGHREDR, barie gamber 28b dnededes aplransyersg
assenblies, 1475b such as the electroplating reactor described above. Far
exanpl esectierc A3Z5 an peglest sectiens 61y and @nsiptwrsd lpnaf2b 4 S5ansesrse seetiend 632bhafee

el ectrol ess plating reactors, three electroplating reactors and one or nore
pr e- wet barriersraemben 62Qnis dispasedh sy annpa arsgseayg 7?/‘575@mosed1rh@emtéer\hedy member st ation

is preferably one of the type available from-60
625b. Annular groove 720b is defined at its lower end by a transverse extending flange 710b

having an angled wall 685b that contacts the barrier member 620b at the end of transverse

-33.



0 3 JAN 2003 WO 001 03072 PCTI LI S99115847 Semitool, Inc. It will now be
recogni zed that a wide variation of processing station configqggighﬁ M be
used in each of the individual processing tools 450) 455, and 500 to
execute electroless plating and el ectropl ati ng processes. As such, the
foregoing confiqurations are nerely illustrative of the Latians that may
be used.  PYRIHREIETHOD USI NG ELECTROLESS PLATI NG AND Et%%%ll NG
According to a nethod of the present invention, workpieces, such as

sem conductors wafers) having first been processed to have a seed |ayer
applied thereon, are electrolessly plated and then el ectropl ated. The
nmethod is schematically described in FIGJRE SO. A barrier layer is first

l'i ed . ' . ' |
appt € s&ﬁ},r?@s byat%{?;ﬁisg@é %ecp&c@onsgg?ﬁcﬁxpgss%gm%ég%rﬁﬁéﬂ}e%epﬂ{ & - ayer

can be applie processes. see hen apﬁ red (step

2) OntO6%(@38l?r%@%%%&e{@é?%meﬂ-m&tﬁ? X:p%ger?fiﬁafe%g‘f erably a Cu seed | ayer

applied rocesses. he"séed | ayer is applied, the
wor kpi ece ¢ be pl aced..in_an el r.ol ess .pl at i reactor as descri bed

bol ow. An ol HKE RsPRRy Oaﬁsﬁ“g’b‘ﬁa@ﬁ{’ i PR S B bt AopraRt s

wor kpi ece i.s exp the plating bath to.plate a_.conductive |ayer,

pref er aﬁ?efftkggﬁe?ﬁg%??@oﬂlu?&méﬁn% 1anng dn g‘g‘h%&h?Veofﬁ%/B‘Fg’ing BN as a
bl anket to.the extent .that smal] and,hj spect ratio vial and nches
orelt 11 piided frouh Beahe fhe SofFict s Snbuy b, ARNGReed i bodimaties it
conpletely filled. By terninatin he el ectrql ess plating at this point, a
Shor t er 4 SAERERRBLTERbT AL AP RS E ARV RES S O 3 JAN 2008 VIO
001 03072 PCTNS99115847 achi ev rkpi.ece havi t he electrol essly
Lt e condubihratRdgaritiais CPRE e EEHE By hoat o tat Bals e

pl ating react and transferred to ap el ect | ati reactor. wherein a
further c%‘??&éﬁ({bl R?‘ét“idég?@io}‘d ﬁFMP&B‘F?E‘&gﬁ@érWE“ %HB&?%’Q"‘EV&O“EH‘RQC 25is

el ectrol essly plated con&uctive | ayer, (step 4). Ihe el ectropl ati ng process
has a hMEBTe iR SPRAEFRENG VIR conast H%%‘“%l&é&@htﬂé’ weikpicpg2y HFt Glakes qoplack o £ | |
the larger trenches and vias. The el ectroless plating recipe can be a known
reci pe Hilheconememlesyo35y. Asche werkgieer is rasd fuithsh the cantack mambers 6335 on i n
the article by V.M Dubin, et al.) or as _describe in US. Patents

5, 500, 3Aeflectand effeatively vapeshesuige ofjyorkpiere 35 untl theqyorkpiere 25 fuprassedrgaiastei n by
reference. Further) the foregoing processing sequence can be carried out in
any of thsebargigs|member §3qb: Jhisgmpchapeabiongagement, 2dong Withgheoflew pb purgingagasons may
be made to the foregoing systemw thout departing fromthe basic teachings
t her eof effpgtively isglptas e qufes pesipheryand hagkside pbibe wedipieae 3T a3 welbiasithe Belbditeant i al
detail wth reference to one or nore specific enbodi nents, those of skil
in the amscwmcréw&%gmozl@cweelwwﬁmy be made thereto without

departing fromthe scope and spirit of the invention as set forth in the
appended cl| afspether embodiment of a Bellville ring contact assembly is shown generally at 600c of

FIGURE 24. This embodiment is substantially similar to contact assembly 600b and, as such,
similar reference generals are used to designate similar parts, except that the components of
contact assembly 600c¢ include a “c” suffix.

The principal difference between contact assembly 600c and 600b can best be understood
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A cross-sectional view of a still further embodiment of a Bellville ring contact assembly

is a shown generally at 600d of FIGURE 25. In this embodiment, an O-ring 740 is disposed in a
corresponding notch 745 of the outer body member 625d to form a sealing arrangement against
the surface of workpiece 25 when the workpiece is urged against the contacts 655d Bellville ring
contact 610d. The O-ring 740d is dimensioned to protrude beyond lip 730d of the outer body
member 625d. Lip 730d of the outer body member 625d thereby assists in backing-up the O-ring
seal.

Bellville ring contact assembly 600d, unlike the other contact assemblies described
above, does not necessarily include a wafer guide ring. Rather, assembly 600d illustrates the use
of one or more securements 750 that are used to fasten the various components to one another
and the interior wall of contact mount member 605d is slanted to provide the wafer guide

surface.
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SY~I1d |~ Eooz Ndr ~ o 0 3 JAN 2003 the primacy support strUﬁbgée LﬁL
di sposed radially interior of the outer body nenber and is for fd 2803
conductive material. 6. A reactor as clained in claim®6 wherein the
plurality of contacts are in the formof a Belleville ring contact having a
conmon portlon di sposed in a notch at an interior facemﬁélggﬁngh;nary
support stVOIRYE 7. A reactor as claimed in claim6 ¥ e reactor
further conprises a barrier having a radially transverse portion projecting
inwardly fromthe primcy support structure and into the open region, the
ban -ier having a lip radially inward of contact ends of the cantilevered
spring contacts, wherein the lip is configured to contact the workpiece in
a manner that effectively isolates the plurality of contacts fromthe

el ectropl ating solution and wherein the ban-ier conprises an el astoneric

seal nenber *Q% body nenber', the elastoneric sea
menber engag ﬂlggghe surface @gﬁ“ﬁ‘(‘a wor kpi ece. 8. A reactor as clained in
claim1 wher sse ttach o t he reac or. sing at
east one | AR AERRA NG RN srdodim e bl Re soriacs Hgmﬁ
further conprisin ocessin cl udi ng the caontact assenb t he
pr ocessﬁﬁg"ﬁg’z‘i’ﬂm' ng’lahgﬁf‘ﬂﬁ“c& t%fﬁ?ﬂﬁgg’é Bﬁeé‘ﬁra%ﬁ? eqt ingluges ‘SSPW’BH °°‘Et » r ot or
portion carrying the contact assenbly. 10. A reactor as clained in claim9
wher ei n Wi ig provided inyhe £ommy 9f @%%m%r pembeffs g B3¢ ot meuntisgen thior t i on
by at |east one | atching nechanism 11. A reactor as clainmed in claim9 and
f ur t her rafemgssembln gf theirdeckiopigting apnaratusn dWhilel the\aanglac eantact ning i dlubtzased ng
menber and/or the contact assenbly being noved rel ative to one anot her by
t he dri esbeing hiaculasrin befigueation, inwvill e anderstoadithagths aandaragraitazt ving kai sce
processing state, the workpiece being urged against the plurality of
cont act aowtirdute o oérHipuratiss.emahyarimylat hsealbmemberg 83 b girovided e operakivd ece
processing state. 12. An integrated tool for plating mcroelectronic
wor kpi eafscig@diowits thtdann@fr contact ring, and as will be further described, cooperates with

the contact ring to provide continuous sealing of a peripheral region of the workpiece which

is positioned in electrically-conductive contact with the annular contact ring.

The annular contact ring 834 includes a mounting portion 838 by which the contact

ring is mounted for rotation on the rotor assembly of the electroplating apparatus. The

contact ring is also electrically joined with suitable circuitry provided in the rotor assembly,

whereby the contact ring is electrically joined in the circuitry of the electroplating apparatus

for creating the necessary electrical potential at the surface of the wafer 25 (the cathode) for

effecting electroplating. The annular contact ring further includes a depending support

portion 840, and an annular contact portion 842 which extends inwardly of the mounting
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0 3 JAN 2003 a first processing chanber configured to plate a single

wor kpi ece separately from ot her workpi eces during an el ectrol esp ylﬁmgﬁ@e
cycle, the first processing chanber being an el ectrol ess processing C r
that uses an el ectroless plating process; a second processing chanber

confi gur edywdhewidbat e the single workpi ece separately framatshersssaor kpi eces
during an electl-oplating cycle after the elech' oless plating cycle, the
second processi ng chanber being an el ech' opl ati ng chanber that uses an

el ectropl ati ng process; and a robotic transfer nechani sm programred to
transfer a workpiece to the first processing chanber for electroless

pl ati ng thereof and, in a subsequent operation, transferring the workpiece
to the pegAR3IPr Aheahular cneded portibn 842 Hefiries @pdentray upWardBofacing Tonthit
integrated tool as clainmed in claim 12 wherein the second processing

chamber sG@i0R 943 SfhictRis’ Qipagdd byP el warents GlERLblkIR ckeRfcal dondddt BétReéd el ati ng
solution; an anode in the reactor bowl at a location to contact the

el ect roeb@aét%rgs&h%& Q8d Byd SRS Wall, NEAAchiRthiIBed ubl MARinufts oMLY

configured to releasably hold the single mcroel ectronic workpiece

separ at  fr r [ £CESy: I i e

ol at, vaoyish B2 B I R 8P E0viab Mt SRGhisE IR, BRNEARES ¢ |
having a plurality of

the el ech'.opl ating .sol utian d the nt act senb] v

cont act §°‘&tﬁ‘$’if‘\" Lfrpgﬂpﬁ%‘%cr BAPD Qe ?S%%?tlg%}%ﬁcé?r TaGev 4“3/‘?‘?1% surface of the

wor kpi ece and nove transversel cross the supface of the workpiece as the
wor kpi oo o Tu8 GG SRSt o kad T RBTOY 1FonEBReR S BPBG a BT ac
claimed in claim 13 wherein the plurality of contacts are in the form of

di scr et &vOFkRISEG2a 9N theconleqt King and ity pasacipise seah membss. nkhe coptaet ringhreieraiifer ei n
the plurality of contacts are in the formof a Belleville ring contact. 16.
An i nt edtchdes|an pvardly facing qepis guidespefpon 885 famgniding theevorkpings intoi gegtereds | ow
pat h di sposed in the contact assenbly for' providing a purging gas to the
pl ur al i {iye.ofoncantricyaelatienshiptwith the copthesrrirlg andpesasiatadhsealmernpére ckhe @®bic 99

pa. | n~guoa | auu>; ya puoaas >; ya~nn ut_m qgai ul puoaas ~ pu>, "uoTysod fool
> w aanuiiadurface 835 adtsias an adgiyd lead-ag(peeferallly aqgled bptawe almmt R alapreesgadi sat d >

gitnn wau >-ai~l isnd a "aatta.tad>= isag ayi mpantaaa.t st a3l;tls iSai~
aga uauns degretsfrorp veriasl) axx thie cdRfattariiey ifker [ARaietat 16 preeRBlytpasitiop tie@atidt | 3~0s
asa~ aq~ antaaaa of pam~yuoa a.ttti.tadi; isag >, suit wsnrr>~aaw ~uyai uj

ayi ucatgplmeid of RNAErkpiece @ thieChdhiked rdindtdd~(i\eQ derBhrel thhtJdrkpiecefistay Si @ aj aa
of al g~aado ~I gwassu ~uyai ~T >;
concentric as possible on the contact ring). This is important for minimizing the overlap of
the contact and its associated seal onto the surface of the workpiece, which can be quite
valuable if it comprises a semiconductor wafer.
The annular seal member 836 of the present construction is positioned in operative

association with the annular contact ring 834, whereby a peripheral region of the wafer 25 is

sealed from electroplating solution in the electroplating apparatus. The wafer 25 can be held
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sectional configuration. In particular, the seal member 836 includes a generally cylindrical

mounting portion 848 which fits generally about support portion 840 of annular contact ring

34, and may include a skirt portion 49 which fits generally about mounting portion 38 of the

contact ring. The seal member further includes a generally inwardly extending, resiliently

deformable seal lip 850, with the mounting portion 838 of the seal lip 850 together providing

the portion of the seal member having a J-shaped cross-sectional configuration. As

illustrated in FIGURE 26, the annular seal lip 850 initially projects beyond the contact

portion 842 of the annular contact ring in a direction toward the wafer 25 or other workpiece.

As a result, the deformable seal lip is resiliently biased into continuous sealing engagement

with the peripheral region of the wafer when the wafer is positioned in electrically-

conductive contact with the contact portion of the contact ring.

In the embodiment of the present invention illustrated in FIGURE 26, the annular seal
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t he contact Thstahnmembpr B3eE profesably sdleaseublynierdinedt in gobitidn ton thb ansulapor t
menber and the contacts conprise fingers projecting fromthe arcuate
segment contfot rﬂi?fsmpnraﬂﬁé &iid, aff lesst BhdTietehtivd) BroRictiod R Hrév@dddasht oneYoT tiggehlur t her

conprises a Bellville ring, and the contacts are cantil evered spring

fingers pphfYersidd dddtabiiRY, Hitd e’ @MRridfehe seal member and contact ring defining at least
one recess for releaseably retaining the retention projection. In the illustrated embodiment,
the seal member 836 is provided with a continuous, annular retention projection 852, which
fits within an annular recess 854 defined by annular contact ring 834. The polymeric or
elastomeric material from which the seal member 836 is preferably formed promotes
convenient assembly of the seal member onto the contact ring by disposition of the

projection 852 in the recess 854.

FIGURE 27 illustrates an annular contact ring 934 embodying the principles of the
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Bellville ring. 27. The apparatus of clains 23-26 wherein the contacts
project radially inwardly along a radius of the open region defiﬂéh\ﬂulﬂﬂﬁ
support nenber. 28. The apparatus of clains 23-26 wherein the contacts
project inwardly at an angle to a radius of the open region defined by the
support ne 9. The apparatus of clains 23-26 wher ej d assenbly
conpri ses gggpg?%bnary assenbly and a rotor assenbly cohgpggﬁggﬁfhe
stationary assenbly, and wherein the contact assenbly is cai-~-ied by the
rotor assenbly. 30. The apparatus of clainms 23-26, further conprising a
flow path configured to direct a flow of purge gas to the contacts at the
peri pheral edge of the workpiece. 31. The apparatus of clainms 23-26,
further kA S s | AaVi [ ; r SQ: [

| cct PRESR RN, Siciling § bthnitbof o3 A dplikidd ARDUE oo iU

proj ecting I nward e su I ~=I aving a lip

o0 L B AR oA F MU Sl
e e o LA bRl oS tabe ™ '
o b B e R o oS e S A

p

or.rawoasi;[a un pug ..ragwaw ~roddns auk ~mu-ap ~ut.r ar~~ o~ pagau~~ Sr
~Cpoq . Pesogiated periphessl pealy member, designated, 93fp dnclydingraeal kip that sngages- thenar ar [ nn
s urrela~o sn~ua~ddn ar[Z '9 ~aaardxronn ar[a 30 uor~rod [nrar[duad a

~. r oddn&vokpiese outavardly frdiierthan-inwardly of) dlzg associpted gnnwlar ¢aatast ring.[ ~ o~ aaadsaa
r[~~-nn ~jp.r~nnui ~j[~i p~.r ~ClIniaua~ ~suaj ~n ~utpua~xa ~poq .ra~no

pWaa[ ai p ar ~Fhe annular seal member 934 has a generally J-shaped cross-sectional configuration,

and includes a generally cylindrical mounting portion 948, and a resiliently deformable
annular seal lip '950 which extends radially inwardly of the mounting portion. As in the
previous embodiment, the deformable seal lip 950 initially projects beyond the contact
portion 942 in a direction toward the wafer 25, so that the seal lip 950 is resiliently biased
into continuous engagement with the peripheral region of the wafer when the wafer is
positioned in electrically-conductive contact with the contact portion 942 of the contact ring
934. In this embodiment, the seal ring 950 has an inside dimension (i.e., inside diameter)
greater than the inside dimension (i.e., inside diameter) of the annular contact portion 942.

By this arrangement, the annular contact portion engages the workpiece radially inwardly of
the seal lip. Attendant to positioning of the wafer 25 in electrically-conductive contact with

the annular contact portion 942, the deformable seal lip 950 of the peripheral seal member is
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ROTOR CONTACT CONNECTION ASSEMBLY

In many instances, it may be desirable to have a given reactor assembly 20 function to
execute a wide range of electroplating recipes. Execution of a wide range of electroplating and
electroless plating recipes may be difficult, however, if the process designer is limited to using a
single contact assembly construction. Further, the plating contacts used in a given contact
assembly construction must be frequently inspected and, sometimes, replaced. This is often
difficult to do in existing electroplating reactor tools, frequently involving numerous operations
to remove and/or.inspect the contact assembly. The present inventor has recognized this problem

and has addressed it by providing a mechanism by which the contact assembly 85 is readily
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attached and detached from the other components of the rotor assembly 75. Further, a given
contact assembly type can be replaced with the same contact assembly type without re-
calibration or readjustment of the system.

To be viable for operation in a manufacturing environment, such a mechanism should
accomplish several functions including:

1. Provide secure, fail-safe mechanical attachment of the contact assembly to other

portions of the rotor assembly;

2. Provide electrical interconnection between the contacts of the contact assembly and a

source of electroplating power;

3. Provide a seal at the electrical interconnect interface to protect against the processing

environment (e.g., wet chemical environment);

4. Provide a sealed path for purge the asked to the contact assembly; and

5. Minimize use of tools or fasteners which can be lost, misplaced, or used in a manner

that damages the electroplating equipment.

FIGURES 28 and 29 illustrate one embodiment of a quick-attach mechanism that meets
the foregoing rc'quircments. For simplicity, only those portions of the rotor assembly 75
necessary to understanding the various aspects of the quick-attach mechanism are illustrated in
these figures.

As illustrated, the rotor assembly 75 may be comprised of a rotor base member 205 and a
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removable contact assembly 1210. Preferably, the removable contact assembly 1210 is
constructed in one of the manners set forth above. The illustrated embodiment, however,
employs a continuous ring contact, such as shown in FIGURE 26.

The rotor base member 1205 is preferably annular in shape to match the shape of the
semiconductor wgfer 25. A pair of latching mechanisms 1215 are disposed at opposite sides of
the rotor base member 1205. Each of the latching mechanisms 1215 includes an aperture 1220
disposed through an upper portion thereof that is dimensioned to receive a corresponding
electrically conductive shaft 1225 that extends downward from the removable contact assembly
1210.

The removable contact assembly 210 is shown in a detached state in FIGURE 28. To
secure the removable contact assembly 1210 to the rotor base member 1205, an operator aligns
the electrically conductive shafts 1225 with the corresponding apertures 1220 of the latching
mechanisms 1215. With the shafts 1225 aligned in this manner, the operator urges the
removable contact assembly 1210 toward the rotor base member 1205 so that the shafts 1225
engage the corresponding apertures 1220. Once the removable contact assembly 1210 is placed
on the rotor base member 12035, latch arms 1230 are pivoted about a latch arm axis 1235 so that
latch arm channels 1240 of the latch arms 1230 engage the shaft portions 1245 of the conductive
shafts 1235 while concurrently applying a downward pressure against flange portions 1247. This

downward pressure secures the removable contact assembly 1210 with the rotor base member
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movement that would otherwise release removable contact assembly 1210 from secure
engagement with the rotor base member 1205.

FIGURES 32A — 32D are cross-sectional views of the rotor base member 1205 and
removable contact assembly 1210 in an engaged state. As can be seen in these cross-sectional
views, the electrically conductive shafts 1225 include a centrally disposed bore 1295 that
receives a corresponding electrically conductive quick-connect pin 1300. It is through this
engagement that an electrically conductive path is established between the rotor base member
1205 and the removable contact assembly 1210.

As also apparent from these cross-sectional views, the lower, interior portion of each
latch arm 1230 includes a corresponding channel 305 that is shaped to engage the flange portions
1247 of the shafts 1225. Channel 1305 cams against corresponding surfaces of the flange
portions 1247 to drive the shafts 1225 against surface 1310 which, in turn, effects a seal with O-

ring 1275.

ROTOR CONTACT DRIVE
As illustrated in FIGURES 33 and 34, the rotor assembly 75 includes an actuation
arrangement whereby the wafer or other workpiece 25 is received in the rotor assembly by

movement in a first direction, and is thereafter urged intoelectrical contact with the contact
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assembly contact by movement of a backing member 1310 toward the contact assembly, in a
direction perpendicular to the first direction. FIGURE 35 is an exploded view of various
components of the rotor assembly 75 and stationary assembly 70 of the reactor head 30.

As illustrated, the stationary assembly 70 of the reactor head 30 includes a motor
assembly 1315 that cooperates with shaft 1360 of rotor assembly 75. Rotor assembly 75 includes
a generally annular housing assembly, including rotor base member 1205 and an inner housing
1320. As described above, the contact assembly is secured to rotor base member 1205. By this
arrangement, the housing assembly and the contact assembly 1210 together define an opening
1325 through which the workpiece 125 is transversely movable, in a first direction, for
positioning the workpiece in the rotor assembly 175. The rotor base member 1205 preferably
defines a clearance opening for the robotic arm as well as a plurality of workpiece supports 1330
upon which the workpiece is positioned by the robotic arm after the workpiece is moved
transversely into .the rotor assembly by movement through opening 1325. The supports 1330
thus support the workpiece 25 between the contact assembly 1210 and the backing member 1310
before the backing member engages the workpiece and urges it against the contact ring.

Reciprocal movement of the backing member 1310 relative to the contact assembly 1210
is effected by at least one spring which biases the backing member toward the contact assembly,

and at least one actuator for moving the backing member in opposition to the spring. In the

illustrated embodiment, the actuation arrangement includes an actuation ring 1335 which is

-46-



10948 () -y! 109%4& ()- 109%4& ()-.#////////bC 10!L! 9- 10%& ()- s

109 ()-9%0% ()-3 10H 10H 10H9y/! 109%4& ()-9-!10%& ()-/r0011~1110 B4vAY 2003
10'L 10 10 101 4109 ()-s, 109& ()-s& 109& ()-s !109%& ()-s!109& ()-11111
23dEYNC 10! L 9 ! 109& ()-1 3109& ()-f 109%& ()-!S109& ()- 109%& ()- % 109%& ()-
367777788 Neosbed L 10 10 103 109& ()- f/!10%& ()- - ! 19eRugspniédr

109& ()- 9! 109& () - F88*888699dEYNC 10! L 10%1& () - 10%1& () -

| 10%7& () - F! 10%m& () - 910%& ()-$10%m& ()-9:;\;; <u<aBYNC

operatively connected with the backing member 1310, and which is biased by a plurality of
springs, and moved in opposition to the springs by a plurality of actuators.

With particular reference to FIGURE 33, actuation ring 1335 is operatively connected to
the backing member 1310 by a plurality (three) of shafts 1340. The actuation ring, in turn, is
biased toward the housing assembly by three compression coil springs 1345 which are each held
captive between the actuation ring and a respective retainer cap 1350. Each retainer cap 1350 is
held in fixed relationship with respect to the housing assembly by a respective retainer shaft
1355. By this arrangement, the action of the biasing springs 1345 urges the actuation ring 1335
in a direction toward the housing, with the action of the biasing springs thus acting through
shafts 1340 to urge the backing member 1335 in a direction toward the contact assembly 1210.

Actuation ring 1335 includes an inner, interrupted coupling flange 1365. Actuation of the
actuation ring 1335 is effected by an actuation coupling 3170 (FIGURE 34) of the stationary
assembly 70, which can be selectively coupled and uncoupled from the actuation ring 1335. The
actuation coupliné 1370 includes a pair of flange portions 1375 that can be interengaged with
coupling flange 1365 of the actuation ring 1335 by limited relative rotation therebetween. By this
arrangement, the actuation ring 1335 of the rotor assembly 75 can be coupled to, and uncoupled
from, the actuation coupling 1370 of the stationary assembly 70 of the reactor head 30.

With reference again to FIGUREs 33 and 34, actuation coupling 1370 is movable in a

direction in opposition to the biasing springs 1345 by a plurality of pneumatic actuators 1380
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mechanical components from other portions of the reactor assembly 20. A failure to do so will

To

result in contamination of the processing environment (here, a wet chemical electroplating
environment). Additionally, depending on the particular process implc_mented in the reactor 20,
the foregoing components can be adversely affected by the processing environment.

To effect such isolation, a bellows assembly 1390 is disposed to surround the foregoing
components. The bellows assembly 1390 comprises a bellows member 395, preferably made
from Teflon, having a first end thereof secured at 1400 and a second end thereof secured at 1405.
Such securement is preferably implemented using the illustrated liquid-tight, tongue-and-groove
sealing arrangement. The convolutes 1410 of the bellows member 1395 flex during actuation of
the backing plate 1310.

FIGURE 34 illustrates the disposition of the reactor head 30 in a condition in which it
may accept a workpiece, while FIGURES 33 illustrates the disposition of the reactor head in a
condition in which it is ready to process the workpiece in the reactor bowl 35.

Operation of the reactor head 30 will be appreciated from the above description. Loading

of workpiece 25 into the rotor assembly 75 is effected with the rotor assembly in a generally

-48-



1 10948 () - 310%4& ()- T10%4& ()- 10%4&' ()- $S10%& () - 3L\ LLL- M2MBMANGMIYNCY
$10% 10H 10H 10H 03 JAN 2003

41 109%4& () - S10%4& () - 310948 () - 910%4& () - 310%4& () - SMBM MVMMOJEYNCO s10%
110% & () - @10% & () - @0% & ()-f10% & ()-@0% & ()-5$10% & () -

OO{ RROS5S6S7S8SAYNCO s10% 10° 100 10" 31 10% & ()-/!10% 10% & () -
110% & () Y8482 () - 8SFSaSV[ VYYYaB7C KetdonSsen

10: s3mL0% & ()-S! 10% & ()-!y! 109 ()-y! 10% & ()-310% & ()-$@0% & () - YYYYYY
CZpZZmN S&310%V& () - S109v& ()-! 109K ()- ST109%VE () - Ff

10%VE' () - Y0%VE ()-G 10: 10: Z-\\\ U] ]] dEmMV S&310%M

UL0%VE ()-# 109V ()-& s! 10%& ()-S

SLONE (1o J) ? A L) }&&EOW& (M&?&ﬁﬂﬁ%ﬁ? With the processing head in a
riove ?"}‘2"“ 389&2’"(%’ hﬁ‘fé@é‘é’z ?‘?A‘”‘h”%l@%ﬁ{}?v @%8%%’5%33%@%1‘6 P ( )-m 105
igg&}%@g@/’gﬁgw &gggéy,ma&;é-g%gg T LA
GO & () AI0N & (1S Lkekskely oA A o o
opening 325 accommodating such movement), whereby the workpiece is positioned upon the
supports 330. The robotic arm 415 can then be withdrawn from within the rotor assembly 75.
The workpiece 25 is now moved perpendicularly to the first direction in which it was
moved into the rotor assembly. Such movement is effected by movement of backing member
1310 generally toward contact assembly 1210. It is presently preferred that pneumatic actuators
1380 act in opposition to biasing springs 1345 which are interposed between the inner housing
1320 and the spring plate 1311 of the backing member 1310. Thus, actuators 1380 are operated
to allow conjoint movement of the actuator coupling 1370 and the actuator ring 1335 to permit
springs 1345 to bias and urge the backing member 310 toward contact 1210,
In the preferred form, the connection between actuation ring 1335 and backing member
1310 by shafts 1340 permits some "float". That is, the actuation ring and backing member are not
rigidly joined to éach other. This preferred arrangement accommodates the common tendency of

the pneumatic actuators 1380 to move at slightly different speeds, thus assuring that the

workpiece is urged into substantial uniform contact with the electroplating contacts of the
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contact assembly 210 while avoiding excessive stressing of the workpiece, or binding of the -

actuation mechanism.

With the workpiece 25 firmly held between the backing member 310 and the contact

assembly 210, lift and rotate apparatus 80 of FIGURE 2 rotates the reactor head 30 and lowers

the reactor head into a cooperative relationship with reactor bowl 35 so that the surface of the

workpiece is placed in contact with the surface of the plating solution (i.e., the meniscus of the

plating solution) within the reactor vessel.

Depending on the particular electroplating process implemented, it may be useful to

insure that any gas which accumulates on the surface of the workpiece is permitted to vent and

escape. Accordingly, the surface of the workpiece may be disposed at an acute angle, such as on

the order of two degrees from horizontal, with respect to the surface of the solution in the reactor

vessel. This facilitates venting of gas from the surface of the workpiece during the plating

process as the workpiece, and associated backing and contact members, are rotated during

processing. Circulation of plating solution within the reactor bowl 35, as electrical current is

passed through the workpiece and the plating solution, effects the desired electroplating of a

metal layer on the surface of the workpiece.

The actuation of the backing member 1310 is desirably effected by a simple linear

motion, thus facilitating precise positioning of the workpiece, and uniformity of contact with the

contacts of the contact assembly 1210. The isolation of the moving components using a bellows
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VWIE: /' 143 arrangement further increases the integrity of the electroless plating process
A number of features” of the present reactor facilitate efficient and cost-effective
electroplating of workpieces such as semiconductor wafers. By use of a contact assembly having
substantially continuous contact in the form of a large number of sealed, compliant discrete
contact regions, a high number of plating contacts are provided while minimizing the required
number of components. The actuation of the backing member 310 is desirably effected by a
simple linear mo.tion, thus facilitating precise positioning of the workpiece, and uniformity of
contact with the contact ring. The isolation of the moving components using a bellows seal
arrangement further increases the integrity of the electroplating process.
Maintenance and configuration changes are easily facilitated through the use of a
detachable contact assembly 1210. Further, maintenance is also facilitated by the detachable
— configuration of the rotor assembly 75 from the stationary assembly 70 of the reactor head. The
contact assembly provides excellent distribution of electroplating power to the surface of the
workpiece, while the preferred provision of the peripheral seal protects the contacts from the
plating environment (e.g., contact with the plating solution), thereby desirably preventing build-

up of plated material onto the electrical contacts. The perimeter seal also desirably prevents

plating onto the peripheral portion of the workpiece.
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ELECTROLESS PLATING REACTOR

With reference to FIGURE 36, there is shown a reactor assembly 20b for electroless
plating on a microelectronic workpiece or workpiece, such as a semiconductor wafer 25.
Generally stated, the reactor assembly 20b is comprised of a reactor head or processing head 30b
and a corresponding reactor bowl 35b. This type of reactor assembly is particularly suited for
effecting electroless plating of semiconductor wafers or like workpieces, in which a pre-applied
thin-film seed layer of the wafer is plated with a blanket metallic layer.

The electroless plating reactor bowl 35b is that portion of the reactor assembly 20b that
contains electroless plating solution, and that directs the solution against a generally downwardly
facing surface of the workpiece 25b to be plated. To this end, electroless plating solution S is
introduced into the reactor bowl 35b. The solution S flows from the reactor bowl 35b, over a
weir-like inside \»./all 36b of the bowl, into a lower overflow channel 40b of the reactor assembly
20. The solution S exits the channel 40b through an outlet nozzle 41. The outlet nozzle 41b is
connected by a conduit 42b to an outlet valve block 43b which can direct the solution S through
one or two outlet passages 44b. An exhaust passage 45b directs gases to an exhaust nozzle 46b
for collection, treatment and/or recycling. Solution can be drawn from the overflow chamber and
collected, typically for recirculation back through the reactor.

Electroless plating solution flows from one or more inlet conduits 50b through a valve

block 54b and then through a bottom opening 55b of the reactor bowl 35b. The solutionS
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contacts the downwardly facing, process side of the wafer 25.

The reactor head 30b of the reactor 20b is preferably constructed in the same manner as
the electroplating reactor 20 of FIGURE 1 and is comprised of a stationary assembly 70b and a
rotor assembly 75b. Rotor assembly 75b is configured to receive and carry the wafer 25 or like
workpiece, position the wafer in a process-side down orientation within the reactor bowl 35b,
and to rotate or spin the workpiece during processing. The reactor head 30b is typically mounted
on a lift/rotate apparatus 80b, which is configured to rotate the reactor head 30 from an
upwardly-facing disposition (see FIGURE 2), in which it receives the wafer to be plated, to a
downwardly facing disposition, as shown in FIGURE 35, in which the surface of the wafer to be
plated is positioned downwardly in reactor bowl 35b. A robotic arm 415, including an end
effector, is typically employed for placing the wafer 25 in position on the rotor assembly 75b,

~ and for removing the plated wafer from the rotor assembly.

Unlike el'ectroplating reactor 20, electroless plating reactor 20b does not conduct
electrical power to the surface of wafer 25. As such, a workpiece support is used in lieu of an
electrical contact assembly 85. To this end, the workpiece support may be constructed in the
same fashion as any of the contact assemblies described above, except that the conductive
structures (i.e., t.hosc constructed of platinized titanium or and other conductive metal) are
constructed from a dielectric material that is compatible with the electroplating environment. As

above, such workpiece holders preferably include provisions for providing a flow of an inert
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fluid, such as nitrogen, to the peripheral regions and backside of the wafer.

As particularly illustrated in FIGURES 37 through 41, the workpiece holder assembly
2085 may be generally comprised of several discrete components. An outer ring 2095 is formed
from a plastic material or the like that is electrically non-conductive and is formed from a
material that is chemically compatible with the electroless plating environment. The outer ring
2095 may, for example, be composed of PVDF. When the workpiece that is to be plated is a
circular semiconductor wafer, the outer ring 2095, as well as the other portions of the workpiece
holder assembly 2085, are formed as annular components that, when joined together, form a
bounded central open region 2093 that exposes the surface of the semiconductor wafer that is to
be plated.

The outer ring 2095 is ;Srovided with a radially extending end wall 95a having an oblique

" end region 2095b which forms an annular inside surface 2096 onto which is provided an annular

seal element 2098. The seal element is adhesively adhered or molded or otherwise attached to the
inside surface. As will be explained in further detail below, the seal element 2098 seals against
the face 2025a of the semiconductor wafer 25 to assist in preventing the plating environment
within the reactor bowl 35 from penetrating behind the wafer surface 25a which is to be plated.
The annular sea) element is preferably composed of AFLAS elastomer.

The outer ring 2095 surrounds a base ring 2100 which has a large body portion 2100a

providing an inside groove 2100b and an outside groove 2100c. The base ring is preferably
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composed of stainless steel. The large body portion is connected to a collar portion 2100d which
extends toward the inside surface 2096. The collar portion 2100d is turned inyvardly ata lip 100e.
A retainer ring 2102, preferably composed of polypropylene, is located within the base ring
2100. The retainer ring 2102 includes a centering flange 2102a, a conically extending wall
2102b, and an outside rib 2102c which interfits into the inside groove 2100b of the base ring
2100.

Located above the centering flange 2102a, and below the seal element 2098 is a
"Belleville" spring 2104. The Belleville spring is annular in overall shape and generally
rectangular in cross-section, and formed having a shallow frustoconical shape. The spring 2104
is held in place by the retainer ring 2102 and can be slightly pre-loaded (slightly flattened) by the
retainer ring 2102 against the seal element 2098, The spring 2104 includes an outside annular
notch 2104a, and an inside annular notch 2104b. The spring 2104 is preferably composed of
plastic.

Two connector shafts 2225 are threaded into threaded holes 2226 diametrically oriented
across the workpiece holding assembly 2085, and formed into the base ring 2100. The shafts
2225 include tool engagement shoulders 2227 for tightening the shafts 2225 into the base ring
100.

Preferably, workpiece support 2085 includes a plurality of passages for providing a

purging gas to the peripheral regions of the wafer radially exterior of the seal element 2098 as
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well as to the back side of the wafer 25. To this end, as illustrated in FIGURES 40 and 41, the
workpiece support 2085 includes an annular channel 2137 that is in fluid communication with a
purge port (not illustrated) and effectively functions as a manifold. A plurality of slots 2139 are
formed in the interstitial region between the outer ring 2095 and the base ring 2100 to provide
fluid communication between the annular channel 2137 and region 2141 proximate the
peripheral edge regions of the wafer 25. Together, seal member 2098 and the flow of purging
gas assist in forming a barrier between the electroplating environment and the peripheral regions
and bacléside of wafer 25. Further distribution of the purging gas is affected through an annular
channel 2143 formed between the exterior of retainer ring 2102 and base ring 2100.

During loading of the wafer 25 into the workpiece holding assembly 2085, the wafer 25
progresses upwardly in the direction Y1 to the position shown in FIGURE 40. The wafer is
radially guided or centered by the conically shaped wall 2102b to its position shown in FIGURE
40. In the position shown in FIGURE 40, the wafer 25 engages the inside annular notch 2104b of
the spring 2104. By action of a backing member 310, described above, the wafer 25 is pressed
upwardly, acting to flex the spring 2104 into the position shown in FIGURE 41.

The flexing or flattening of the spring 2104, as shown in FIGURE 41, causes the wafer
25 to be partially received within the notch 2104b, and the lip 2100e to be received in the outside
notch 2104a. The wafer face 25a is pressed against the seal element 2098 which is in turn held in

place by the annular inside surface 2096 of the outer ring 2095. When the backing member 310
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is released, the spring 2104, under influence of its own resilient spring energy, will retumn to its
configuration shown in FIGURE 40 and partially push the wafer 25 in the direction Y2. From the
position shown in FIGURE 40 absent the force exerted by the backing member 310, the wafer 25
will proceed by gravity supported on the retracting backing member 310 along the direction Y2.

A further embodiment of a workpiece holder is illustrated at 2085b of FIGURES 42 and
43, As illustmted, workpiece support 2085b is substantially similar to workpiece support 2085
of FIGURES 37-41. There are, however, three notable differences. First, a separate seal element
2098 is not employed in this embodiment. Rather, outer ring 2095b includes an annular
extension 2146 that terminates in an upturned lip 2149 that engages surface 25a of wafer 25.
Second, upturncci lip 2149 assists in removing wafer 25 from the wafer holder 2085b by
providing a biasing force in the direction of the arrow X when backing member 310 is
disengaged from the wafer 25. As a result, Belleville ring member 2104 is not employed in this
embodiment. Finally, an annular lip 2151 is provided on retainer ring 2102b to as a limit
member that sets the limits to which wafer 25 may be moved into engagement with wafer holder
2085b.

The embodiment illustrated in FIGURES 42 and 43, like wafer holder 2085,also includes
a plurality of flow channels for the provision of a purging gas. Given the substantial similarities
between wafer holder 2085 and wafer holder 2085b, similar structures are labeled with similar

reference news in the embodiment of wafer holder 2085b.
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PURGE GAS SUPPLY TO CONTACT AND HOLDER ASSEMBLIES

When any of the contact assemblies or workpiece holders described above include a fluid
communication network that provides a purging gas, such as nitrogen, it must be supplied from a
source exterior to the contact assembly or workpiece holder. Figures 44-46 illustrate one manner
in which such a fluid communication network may be supplied with a purging gas.

With reference to Figures 44 and 45, the rotor assembly 75 may be provided with a fluid
communication channel or tube 710 having an inlet at 720 that receives the purging gas and
commur;jcates it to one or more purge ports 725 that are disposed proximate the peripheral
regions of the workpiece holder or contact assembly, shown here as assembly 85a. In the
illustrated embodiment, a tube 710 is used for such fluid communication. The tube 710 extends
through the hollo.wcd center of drive shaft 360 and then proceeds from the region of drive shaft
360 that is proximate the workpiece holder or contact assembly to at least one purge port 725
(two purge ports being used in the illustrated embodiment). In the alternative, the fluid
communication path represented here by tube 7 10 may comprise one or more channels that are
formed as hollow regions in solid body portions of the rotor assembly 75. For example, as noted
above, the purge gas may be supplied directly through a hollowed region of drive shaft 360 as
opposed to an intermediate tube. Depending on the particular implementation of the rotor

assembly 75, communication of the purging gas may then proceed to the purge port through a

corresponding tube or through a hollow channel formed in a substantially solid body member
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that spans therebetween.

Communication of the purging gas from purge port 725 to the isolated regions of the
corresponding workpiece holder or contact assembly is illustrated in Figure 46. As shown, purge
port 725 opens to a purge passageway 735 that is disposed through an outer housing of the rotor
assembly 75. The purge passageway 735 opens to an inlet port 740 of the workpiece holder or
contact assembly (such inlet ports are also illustrated in the embodiments of the workpiece
holders and contact assemblies described above) . From such inlet ports, the purge gas flows

through the particular holder or contact assembly in the manner described above.

INTEGRATED PLATING TOOL

FIGURES 47 through 49 are top plan views of integrated processing tools, shown
generally at 1450, 1455, and 1500 that may incorporate electroless plating reactors and
electroplating reactors as a combination for plating on a microelectronic workpiece, such as a
semiconductor wafer. Processing tools 1450 and 1455 are each based on too! platforms
developed by Semitool, Inc., of Kalispell, Montana. The processing tool platform of the tool 450
is sold under the trademark LT-210™, the processing tool platform of the tool 1455 is sold under
the trademark LT-210C™, and the processing tool 1500 is sold under the trademark
EQUINOX™ . The principal difference between the tools 1450, 1455 is in the footprints

required for each. The platform on which tool 1455 is based has a smaller foatprint than the
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platform on which tool 1455 is based. Additionaily, the platform on which tool 1450 is based is
modularized and may be readily expanded. Each of the processing tools 1450, 4155, and 1500
are computer programmable to implement user entered processing recipes.

Each of the processing tools 1145, 1455, and 1500 include an input/output section 1460,
a processing section 1465, and one or more robots 1470. The robots 1470 for the tools 1450,
1455 move along a linear track. The robot 1470 for the tool 1500 is centrally mounted and
rotates to access the input/output section 1460 and the processing section 1465. Each
input/output section 1460 is adapted to hold a plurality of workpieces, such as semiconductor
wafers, in one or more workpiece cassettes. Processing section 1465 includes a plurality of
processing stations 1475 that are used to perform one or more fabrication processes on the
semiconductor wafers, The robots 1470 are used to transfer individual wafers from the
workpiece cassettes at the input/output section 1460 to the processing stations 1475, as well as
between the processing stations 1475.

One or more of the processing stations 1475 can be configured as electroless plating
reactor 1475a such as heretofore described, and one or more of the processing stations can be
configured as electroplating assemblies, 1475b such as the electroplating reactor described
above. For example, each of the processing tools 1450 and 1455 may include three electroless
plating reactors, three electroplating reactors and one or more pre-wet/rinse station or other

processing vessel. The pre-wet/rinse station is preferably one of the type available from
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Semitool, Inc. It will now be recognized tﬁat a wide variation of processing station
configurations may be used in each of the individual processing tools 450, 455, and 500 to
execute electroless plating and electroplating processes. As such, the foregoing configurations
are merely illustrative of the variations that may be used.

PLATING METHOD USING ELECTROLESS PLATING

AND ELECTROPLATING

According to a method of the present invention, workpieces, such as semiconductors
wafers, having first been processed to have a seed layer applied thereon, are electrolessly plated
and then electroplated. The method is schematically described in FIGURE 50.

A barrier layer is first applied (step 1) to features on a surface of a workpiece. The barrier
layer can be applied by PVD or CVD processes. A seed layer is then applied (step 2) onto the
barrier layer. The seed layer is preferably a Cu seed layer applied by a PVD or CVD processes.
After the seed layer is applied, the workpiece can be placed in an electroless plating reactor as
described below. An electroless plating bath is provided in the reactor and the workpiece is
exposed to the plating bath to plate a conductive layer, preferably copper, thereon (step 3). The
conductive layer is applied as a blanket to the extent that small and high aspect ratio vias and
trenches are filled, but not to the extent that large vias and trenches are completely filled. By

terminating the electroless plating at this point, a shorter time period in the overall process can be
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achieved. The workpiece having the electrolessly plated conductive layer thereon is then
removed from the electroless plating reactor and transferred to an electroplating reactor wherein
a further conductive layer, preferably copper is applied over the electrolessly plated conductive
layer (step 4). The electroplating process has a higher deposition rate and has adequate filling
conformality to fill the larger trenches and vias.

The electroless plating recipe can be a known recipe such as disclosed in the background
section of this application in the article by V.M. Dubin, et al., or as describe in U.S. Patents
5,500,315; 5,310,580; 5,389,496; or 5,139,818, all incorporated herein by reference. Further, the
foregoing processing sequence can be carried out in any of the tools illustrated in FIGURESs 47 -
49

Numerous modifications may be made to the foregoing system without departing from
the basic teachings thereof. Although the present invention has been described in substantial
detail with reference to one or more specific embodiments, those of skill in the art will recognize
that changes may be made thereto without departing from the scope and spirit of the invention as

set forth in the appended claims.
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1. A reactor for plating a metal onto a surface of a workpiece comprising;
a reactor bowl configured to contain an electroplating solution;
an anode disposed in the reactor bowl at a location to contact the electroplating
solution; and
a contact assembly spaced from the anode within the reactor bowl, the contact
assembly including —
a primary support structure having an inner wall defining an open region
sized larger than the workpiece, and
a contact system having a plurality of cantilevered spring contacts
extending at least generally radially inwardly with respect to the inner wall to a location in
the open region, the cantilevered spring contacts having a base end at least proximate to the
primary support structure and a contact end in the open region, wherein the cantilevered
spring contacts flex as a workpiece engages the contact ends and moves through the open

region causing the contact ends to move transversely across a front surface of the workpiece.

2. A reactor as claimed in claim 1 wherein the plurality of cantilevered

spring contacts are in the form of discrete flexures.

3. A reactor as claimed in claim 1 wherein the plurality of cantilevered

spring contacts are in the form of a Belleville ring contact.

4. A reactor as claimed in claim 1 and further comprising a flow path
disposed in the contact assembly for providing a purging gas to the plurality of contacts and

the peripheral edge of the workpiece.

5. A reactor as claimed in claim 1 wherein the contact assembly comprises:

an outer body member formed from a dielectric material;
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the primary support structure is disposed radially interior of the outer body

member and is formed from a conductive material.

6. A reactor as claimed in claim 6 wherein the plurality of contacts are in
the form of a Belleville ring contact having a common portion disposed in a notch at an

interior face of the primary support structure.

7. A reactor as claimed in claim 6 wherein the reactor further comprises a
barrier having a radially transverse portion projecting inwardly from the primary support
structure and into the open region, the barrier having a lip radially inward of contact ends of
the cantilevered spring contacts, wherein the lip is configured to contact the workpiece in a
manner that effectively isolates the plurality of contacts from the electroplating solution and
wherein the barrier comprises an elastomeric seal member supported by the outer body

member, the elastomeric seal member engaging the surface of the workpiece.

8. A reactor as claimed in claim 1 wherein the contact assembly is attached

to the reactor using at least one latching mechanism.

9. A reactor as claimed in claim 1 and further comprising a processing
head including the contact assembly, the processing head including a stator portion and a

rotor portion, the rotor portion carrying the contact assembly.

10. A reactor as claimed in claim 9 wherein the contact assembly is

detachably connected to the rotor portion by at least one latching mechanism.

11. A reactor as claimed in claim 9 and further comprising a backing
member and a drive mechanism, the backing member and/or the contact assembly being
moved relative to one another by the drive mechanism between a workpiece loading state and
a workpiece processing state, the workpiece being urged against the plurality of contacts of

the contact assembly by the backing member in the workpiece processing state.

12.  An integrated tool for plating microelectronic workpieces comprising:
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from other workpieces during an electroless plating cycle, the first processing chamber being
an electroless processing chamber that uses an electroless plating process;

a second processing chamber configured to plate the single workpiece
separately from other workpieces during an electroplating cycle after the electroless plating
cycle, the second processing chamber being an electroplating chamber that uses an
electroplating process; and

a robotic transfer mechanism programmed to transfer a workpiece to the first
processing chamber for electroless plating thereof and, in a subsequent operation,

transferring the workpiece to the second processing chamber for electroplating thereof.

13.  Anintegrated tool as claimed in claim 12 wherein the second processing
chamber comprises:

a reactor bowl configured to contain an electroplating solution;

an anode in the reactor bowl at a location to contact the electroplating solution;

a processing head having a contact assembly configured to releasably hold the
single microelectronic workpiece separately from other workpieces, the processing head
being moveable relative to the reactor bowl to position the microelectronic workpiece in the
electroplating solution, and the contact assembly having a plurality of contacts configured to
contract a peripheral edge of the surface of the workpiece and move transversely across the

surface of the workpiece as the workpiece is brought into contact therewith.

14.  An integrated tool as claimed in claim 13 wherein the plurality of

contacts are in the form of discrete flexures.

15. An integrated tool as claimed in claim 13 wherein the plurality of

contacts are in the form of a Belleville ring contact.

16.  An integrated tool as claimed in claim 12 and further comprising a flow
path disposed in the contact assembly for providing a purging gas to the plurality of contacts

and the peripheral edge of the workpiece.
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comprising:

a reactor bowl configured to contain an electroless plating solution;

a workpiece holder assembly within the reactor bowl, the workpiece holder
assembly including a workpiece support member disposed to contact a peripheral edge of the
surface of the workpiece, and a barrier disposed interior of the workpiece support member
and including a member disposed to engage the surface of the workpiece to effectively

isolate the peripheral edge of the workpiece from the electroless plating solution.

18. A reactor as claimed in claim 17 wherein the workpiece support member

is in the form of discrete flexures.

19. A reactor as claimed in claim 17 wherein the workpiece support member

is in the form of a Belleville ring.

20. A reactor as claimed in claim 17 and further comprising a flow path
disposed in the workpiece support assembly for providing a purging gas to the peripheral

edge of the workpiece.

21. A processing head for use in a reactor for plating a workpiece, the
apparatus comprising;

a housing;

a contact assembly comprising a primary support structure having an inner wall
defining an open region sized larger than the workpiece, a contact system having a plurality
of contacts positioned around the inner wall, and at least first and second shafts projecting
from the primary support structure; and

a latching assembly operable to releasably attach the contact assembly to the
housing, wherein the latching mechanism has a first aperture configured to receive the first
shaft, a second aperture configured to receive the second shaft when the first shaft is received
in the first aperture, a first latch arm with a first channel configured to hold the first shaft in

the first aperture in a lock position, and a second latch arm with a second channel configured
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a housing;

a workpiece support assembly comprising a primary support structure having
an inner wall defining an open region sized larger than the workpiece and at least first and
second shafts projecting from the primary support structure; and

a latching assembly operable to releasably attach the workpiece support
assembly to the housing, wherein the latching mechanism has a first aperture configured to
receive the first shaft, a second aperture configured to receive the second shaft when the first
shaft is received in the first aperture, a first latch arm with a first channel configured to hold
the first shaft in the first aperture in a lock position, and a second latch arm with a second
channel configured to hold the second shaft in the second aperture in the lock position,
wherein the first and second latch arms are moveable from the lock position to a release
position in which the first and second shafts can be removed from the first and second

apertures, respectively.

23.  An apparatus for use in plating a metal onto a surface of a workpiece
comprising:

a head assembly; and

a contact assembly carried by the head assembly, the contact assembly
including a support member having an inner wall defining an open region sized larger than
the workpiece and a contact system having a plurality of cantilevered contacts extending at
least generally radially inwardly with respect to the inner wall to a location in the open

region, wherein the cantilevered contacts flex as a workpiece engages the contact ends.

24.  The apparatus of claim 23 wherein the contacts of the contact system

comprise discrete flexures.
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25.  The apparatus of claim 23 wherein the contact system comprises an
arcuate segment attached to the support member and the contacts comprise fingers projecting

from the arcuate segment.

26.  The apparatus of claim 23 wherein the contact system further comprises
a Bellville ring, and the contacts are cantilevered spring fingers projecting inwardly from the

Bellville ring.

27.  The apparatus of claims 23-26 wherein the contacts project radially

inwardly along a radius of the open region defined by the support member.

28.  The apparatus of claims 23-26 wherein the contacts project inwardly at

an angle to a radius of the open region defined by the support member.

29.  The apparatus of claims 23-26 wherein the head assembly comprises a
stationary assembly and a rotor assembly coupled to the stationary assembly, and wherein

the contact assembly is carried by the rotor assembly.

30. The apparatus of claims 23-26, further comprising a flow path
configured to direct a flow of purge gas to the contacts at the peripheral edge of the

workpiece.

31.  The apparatus of claims 23-26, further comprising a barrier having a
radially transverse portion projecting inwardly from the support member, the barrier having a
lip radially inward of contact ends of the contacts, wherein the lip is configured to contact a
peripheral portion of the workpiece in a manner that effectively isolates the plurality of

contacts from the electroplating solution.

32.  The apparatus of claim 31 wherein:

the support member comprises a conductive ring; and
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the barrier comprises a dielectric outer body attached to the conductive ring
defining the support member, and the lip of the barrier comprises an elastomeric seal member
carried by the outer body, the elastomeric seal member being configured to engage the

workpiece.

33.  The apparatus of claims 23-26, further comprising a backing member
coupled to the head assembly, the backing member and/or the contact assembly being
moveable relative to each other between a loading state in which a workpiece can be inserted
between the backing member and the contacts, and a processing state in which the workpiece

is pressed against the contacts.

34.  The apparatus of claims 23-26, further comprising a latching mechanism
coupling the contact assembly to the head assembly, the latching mechanism having a latch
arm configured to move between a first position in which it engages the contact assembly

and a second position in which it disengages the contact assembly.

35.  An apparatus for use in plating a metal onto a surface of a workpiece
comprising;

a head assembly; and

a workpiece holder assembly carried by the head assembly, the workpiece
holder assembly including a support member having an inner wall defining an open region
sized larger than the workpiece and a dielectric outer body coupled to the support member,
the dielectric outer body extending at least generally radially inwardly with respect to the

inner wall to a location in the open region to support a peripheral portion of the workpiece.

36.  The apparatus of claim 35 wherein:
the support member comprises a ring;

the dielectric outer body is attached to the ring defining the support member;

and
an elastomeric seal member is attached to the outer body to engage the

peripheral portion of the workpiece.
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37.  The apparatus of claims 35-36, further comprising a backing member
coupled to the head assembly, the backing member and/or the workpiece holder assembly
being moveable relative to each other between a loading state in which a workpiece can be
inserted between the backing member and the outer body, and a processing state in which the

workpiece is pressed against the outer body.

38.  The apparatus of claims 35-36, further comprising a latching mechanism
coupling the workpiece holder assembly to the head assembly, the latching mechanism
having a latch arm configured to move between a first position in which it engages the
workpiece holder assembly and a second position in which it disengages the workpiece

holder assembly.
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