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BACKGROUND OF THE INVENTION

1. Field:
[0002] This invention relates generally to semiconductor processing apparatus and methods, and

more particularly to electropolishing and/or electroplating apparatus and methods for
N electropolishing and/or electroplating conductive layers on semiconductor devices.
(: 2. Description of the Related Art:
[0003] Semiconductor devices are manufactured or fabricated on semiconductor wafers using a
number of different processing steps to create transistor and interconnection elements. To
electrically connect transistor terminals associated with the semiconductor wafer, conductive (e.g.,

metal) trenches, vias, and the like are formed in dielectric materials as part of the semiconductor

device. The trenches and vias couple electrical signals and power between 'rtrangistors, internal
circuit of the semiconductor devices, and circuits external to the semiconductor device.

[0004] In forming the interconnection elements the semiconductor wafer may undergo, for
example, masking, etching, and deposition processes to form the desired electronic circuitry of the.
semiconductor devices. In particular, multiple masking and etching steps can be performed to form
a pattern of recessed areas in a dielectric layer on a semiconductor wafer that serve as trenches and

vias for the interconnections. A deposition process may then be performed to deposit a metal layer
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over the sem conductor wafer thereby depositing netal -both in the trenches
and vias and also on the non-recessed areas of the sem cogﬁz é&)r waf er .
i sol at e t heoiepwemmmonnecti ons, such as patterned trenches B<006 he
nmet al deposited on the non-recessed areas of the sem conductor wafer is
removed. [00051 Conventional nethods of renoving the netal film deposited on
the non-regRrs &R dnt&RSHO waf&ﬂ%ﬁer&ﬂy@i’eﬁd&ft ik ﬁle{aﬂﬁ(&lﬂ mOcHe eS8 %QMH%EQBn wRf er
include, for exanple, chemcal néchanical polishing (CWP). CMP nethods are
wi dely knoWm-raprssed gweas 9fithe ssmicondictos Walie t korisqlatelthe intgreenpections, sush agpattepiednar | ze
the metal {g¥eLs 4 ikl helohia) UERREAGR 1R YdcBSeddibdd drhif s&ﬂi@oﬂo‘ﬁ&@xs@ﬁgr igreas of
the dielectric layer to forminterconnection |ines. 100061 CMP net hods,
however, n#&pokeve del eterious effects on the underlying seni conduct or
structure RB6SUS Boflentidlfil hhédslof fhbv Rk RATHER ABC hOGRA Ak dEl or FOT
exanpl e, I'nt erconnecti on geonetri és nove 13 mcrons and e ow,
there can @xrdislectsiclayerym th¢ $erre¢oadwr‘~b€,eme1@de fw@xmzdhahizmiaﬂ npphﬁpé:alti es of the
conducti ve
typi cal da &}s@%@%{e&d&ogggﬁs ggeﬁg{i—g%gﬁr?s anc Qﬁo lﬁg\%ljﬁ)ﬁ%& 4“0@31“ 899 ow k
di el ect ri cpolish b piaytrli:;ﬁeﬂw metsl lnyrawitbinghet tentes mid \tldme’vmﬁgﬂildmdasmﬂ am@q)cpfehe
Consequent lhf\él’e éi@?a ér?) %lin\{ﬁle%oﬁ{te&%n eSmechani cal force applied on the
dielectric P 23R copper rn-a process, anong ot her things, can cause
stress rel {0a6] déﬂ\ﬁbmsthoxh hdvevsremiax:hmdddételious tifertst anrtke dridadyingxemimgeductor
del am nati gn,  dishi gbft i fti .SCra r the like
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BRIEF SUMMARY OF THE INVENTION

[0008] One aspect of the present invention relates to an exemplary apparatus and method for

electropolishing and/or electroplating a conductive film on a wafer. The exemplary apparatus
includes various processing modules such as cleaning modules, processing modules, alignment
modules, as well as various apparatus for carrying out the processes of theE-i;f—cerrence modules such
as robotics, end effectors, liquid delivery systems, and the like.

[0009]  Another aspect of the present invention includes various apparatus and processing
methods. One exemplary apparatus includes a cleaning module having a wafer edge clean
assembly to remove metal residue on the bevel or outer portion of a major surface of a wafer. The
edge cleaning apparatus includes a nozzle head configured to supply a liquid and a gas to a major

surface of the wafer. The nozzle supplies the liquid in a region adjacent an outer edge of the major
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WO 03/087436 surface of the wafer, and supplies the gas radially inward
relative to the location the liquid is supplied. Ditecting the gas to the
wafer surface at a location radially inward of the |ocation thé 8€Tq'mﬂ&i is
suppl i ed n¥P P3E8GBe the potential of the liquid flowing radially inward on
the wafer to a netal layer fornmed thereon. [0010] The present invention is
better understood upon consideration of the detailed description belowin
conj unct i orsurpdelof theavaer crodsenpliesrthe ghs sadiatly snveandireddtisg rosthe BEAtIEF HOHBGRISPTI ON OF

THE DRAW N 1 ' [ 0] [cat n, e 211 . conduct or. processi ng
assenbly t %Pgl%g'yékgﬁhg (tahtf g[aéo!o %S‘{%agg} rsglg%f?lats féga[r@}' g{dyaélszﬁé)flar?%%ﬂgﬁ léQanoP{he
sem conductlgpidaasuppbed hf0tdRice Fie goteial bf thisliquad Bewiag radindly inwaed endhegafanto a

exenplary e r transferring sem conductor wafers; [0013] Fig. 3
illustrat esrgl%alg%}fgﬁﬁ)%ﬂ%edv&fn% fan exenplary end effector; [0014] Figs. 4A and 4B

illustrate [f0Hh ahlt pesostsa®etidn iobater Midem®od hipartorsidangioabthe delaikf] dectiption

[ 0015] Fi g'bevail Icgstr te\sv.tﬁlthgl an vi ew of an_ exgrrﬁl ary end effector; [0016]
Fig. 6 illuStyal&SVEBPAN Y MERF SFPaR SN IPe A &t ef fector; [0017] Fig. 7
illustrates a plan vi ew of BRIBMFHRURIPYIORNOF #HFGoR AWINGP0018] Fig. 8
illustrate ide. vjew of an exenplary vacuum cup; [001 Fig. 9A

11 st 1 at odOBHT excBinel 5o B8 o R e SR T o ine o s st By B bsed 10020
Fig. 9B il lelstromillisisand/dp @lettraplatd sain@ohdictoy Wwefrspf a cl eani ng chanber nodul e;

[ 0021] Fig. illustrates an exploded view of cleaning chanpber nodule with
details of leﬁ?@ém#ﬁ-%&%ﬁé@fﬁ%@%@? ngfHEXempRR i Y T top view

and si de visewicohduwtor @¥Rmpl ary edge clean assenbly; [0023] Figs. 11A -1111
illustrate various. views of an exenplary nozzle head included as a part of
S

a hevel cl d4h3ds {lustragg 2 plan wjey of 4p exemplary eudedctal expl oded vi ew of an

exenpl ary qbemak P uAHE ABRIsrktD flabl BRCLr&8-sedbiBhdl vitlyvs Bf & RBAPIAG ehl SRR
nodul e; [002@@9 ﬁn 13 illustrates an expl oded view of a cl eani ng chanber
Rk

wi ndow i ncllf} o Hpgtss dglan vieaipian exewplareend effegfons] Fig. 14 illustrates

an_ expl odedomigew Pl /MG RARIH iR BlenpRidpaId dRebided [0 a cl eaning
chanber nodule; [O 27&55;?24% 5 illustrates an exenplary nethod for
@

det er mi ni ndWbpeFigp] pisp viewpfpe pxemplasy endelieRion [ 0028] Fi gs. 16A- 16C

and 17A- 17Godds) USkizas MuS@RIsRE VieWd 8f e chBRR) Nulh egesses; [0029] Fig. 18
illustrates an exgl”oded view of an exenplary process chanber assenbly; 3
[0019] ig. 9A illustrates an exemplary cleaning chamber module with a dome cover;

[0020] Fig. 9B illustrates a partial interior view of a cleaning chamber module; ‘
[0021] Fig. 9C illustrates an exploded view of cleaning chamber module with details of cleaning
nozzles; '
o [0022]  Figs. 10A and 10B illustrate a top view and side view of an exemplary edge clean

assembly;
[0023]  Figs. 11A — 11H illustrate various views of an exemplary nozzle head included as a part

C of a bevel clean assembly;
[0024]  Fig. 12 illustrates an exploded view of an exemplary chuck motor assembly included as
part of a cleaning chamber module;
[0025]  Fig. 13 illustrates an exploded view of a cleaning chamber window included in a cleaning
chamber module; | -
[0026] Fig. 14 illustrates an exploded view of an exemplary optical sensor included in a cleaning
chamber module;
[0027] Fig. 15 illustrates an exemplary method for determining proper placement of a wafer in a
chuck;
[0028] Figs. 16A-16C and 17A-17C illustrate exemplary wafer cleaning processes;

[0029]  Fig. 18 illustrates an exploded view of an exemplary process chamber assembly;
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01 OCT 2005 WO 03/087436 100301 Fig. 19 illustrates an expl oded view of an
exenpl ary process drive system which nmay be includéd.in trﬁ p@@g%%
chanber as&lgq'g}og“%'rbodi ed in Fig. 18; [00311 Fig. 20 illustr Ie

exenpl ary nozzl'e Wwth an energy enhancenent elenent; [0032] Fig. 21
illustrates an expl oded view of an exenplary el ectropl ati ng appar at us;
[00331 Fig. 22 illustrates an expl oded view of the exenplary plating shower
head assent®03§0] sKigat? illwstFitey.an 24ploded OBW S Fi exenDBry priocrss dianteasgstem, vénghl oddd vi ew
of an exe . I 300 fers; [00351 Fig. 24
illustrat g}sﬁkg?\%elggﬁ%ﬁgss\%ﬁ%ﬁgggﬁﬁ&@%ﬁ%&ﬁﬂg':}1 ing shower head for 200 nm
waf ers; [0[981 FiFigs20 Mstr2BED ekdmpddry avzslewdthi apiegergy enbgnasfettieienshipwer head
shown in Fj 22. - : 7 [.9S: A and 26Billustrate top view and
crose- sect |05 “Haf Bt CpodedBien 30 % BRSuFE b crel i ebaditick. '

[ 00381 Fi g[0025gC iFigd. 2% illuatraes aa expladks veeaifitlerratmplagwlatihg siiowexisap bseblgensor
shown in \I;}ggsh.z Aﬁ%\d 26B; and 100391 Fig. 27 illustrates an exenplary view
of a softwlle pan& “for a leveling tool. DETAI LED DESCRI PTI ON [0040] In
order to pf[oes4]de Fig. odilmstrdiddran eghloded di2msif ain etetplf platigy showadieid fon¥@hmon, the
followng description sets forth nunerous specific details, such as
specific rrﬁ'f‘%s'r als, paranmeters, and the like. It should be recognized,
however, t [Bst h@igles dhispitésn ekloded viewif @ eeshpiiy platingBhb@ér Hemi fon2dhemscope

of the present invention, but is instead provided to enable a better

descri pti off?5f t he exenplary enbodinents. 1. Exenplary El ectropolishing

and/ or El eggoselp! @FidsntsAAaseiiabiste {200k MievA of tHeShovas Bettsh&dn fnh@ed. pyepd;i on
i ncl udes an_exemnpl ary el ectraqpolishing and/or electroplating assenbly for

processi nglWehh cdPetutabrndeBdNustrate a toprdevend ise sechipnak pisw o4 e emplary ,
processi ngRBithg@bol BRI Watsedkug@nduct or wafers may include a nodule for stor(rﬁg
wafers, two or nore vertically stacked processing nodules for, _. -
el ect r opol 1P g ¥igh 6Galustrateya Gpsssectiopal yiewaf an pesmplasy sepsor shawnda Higs?6dodul e,
and a robobnd ¥E: bh@n end effector or the like) for transferring the wafer.
The apparatus may be divided into two or nore sections characterized by
separat e f (HR&ks. Fig 27 gJlsiastey anepemplapy giewiof 3 sefrwsre pagkfong fersling &okeen t he

nodul e for storing the wafer, the processing nodule, and the cleaning

nodul e to performa desired process on the wafer. Additionally, various

ot her nodul es and features may bPETABIBRRESERETHON processing of

sem conducigysopafifbRieAd phévide aore BERAEN BfdErstaftdife &f R FreeBCRvention, the following

description sets forth numerous specific details, such as specific materials, parameters, and the like.
It should be recognized, however, that the description is not intended as a limitation on the scope of
the present invention, but is instead provided to enable a better description of the exemplary

embodiments.

1. Exemplary Electropolishing and/or Electroplating Assembly: ( 3
[0041] A first aspect of the invention includes an exemplary electropolishing and/or
electroplating assembly for processing semiconductor wafers. In one example, an apparatus for
processing one or more semiconductor wafers may include a module for storing wafers, two or
more vertically stacked processing modules for electropolishing the waferd_g_r_tigqtroplatin g the
wafer, a cleaning module, and a robot (with an end effector or the like) for'rtraﬁ.sferring the wafer.
The apparatus may be divided into two or more sections characterized by separate frames. In
general the robot transfers the wafer between the module for storing the wafer, the processing
module, and the cleaning module to perform a desired process on the wafer. Additionally, various
other modules and features may be included for the processing of semiconductor wafers as will be

described.



WO 03/087436 [0042] Fig. 1 illustrates an expl oded view of an exenplary

el ectropol i shing and/or el ectropl ating assenbly 100:. In th? $n§¥§
assenbly 100 lncludes a mai nframe (backend, "BE") 108 and ront

(factory i MO AP ") 132; however, the assenbly 100 may be divided into
fewer or nore sectlons 100431 The BE 108 may include an electrical chassis
assenbly 102, cleaning drain/process exhaust 104, cleaning nodul e assenbly
106, AC coH0#3| é‘%éngus;ratm@l exploged viewdef mpe:pryplyy@ﬂe@mpo(hsm anfifopeleirpplatiumnt r ol

system ( G:gser&ﬂlf} 110(p IAGES Sxatl] é)‘?e' the ]agsgmslng ﬁlcﬁg Q Jlgﬁalﬁé’@g&(gﬁ?é %l?& }8ana

cabi net exhaust” 120, process fan filters 1

cont ai nnmenfrontframe foMOTYaW@If@&uEI”é 13% bawesien seznbbal 0028y bprdm@é ntnfsvet @
assenbl y 1§Beshﬁ9ﬁ41 The FI 132 may include a wafer pre-aligner 134, front
panel s 136 f t tower 138, robot frame assenbly 140, robot controller
142, emer g&ﬂé@/] meldih iBﬁeIOanfay( 1O ab glettoenl dhpdsis fsseprttly tﬁienliemgng duii/piioesds pod

( FOUP) 146e\1§{?s‘i’ 16@'&1‘3;1'1111& [%{)%d‘f@{i_s% @@%1%8@‘%&@? %@Bﬂy 114, u{?&éh\pe sé’;?t% gched

into two sections
sections t @Y lﬂZ,@smtmwstsﬁmGC& Hl4ypraceds drein rléé,smmmrbhxekbutga ssppteesorsntw a

si ngl e uni un o g 2 cl ude
r obot asse#ﬁrmf pﬂmes 2? qmd{§§31ﬁéiq ﬁ&ﬁ?Pm ?25M% ﬁaﬁrobot
controller cdndaiinmermyredm&pfocéssmsdaladssemlbly mut of the FI 132 during transit

or i vi delVFE o 19| BaR RN e Halme 134 FheRls e GrEatt e

mai nt enanc&amamsdemﬂslg 140, kkéhot ddxEr4Kck 148 esbetivyintacking of f IEMBOUEtchA464, Fyit dpagihgide
one or nore.. dry end effector 148 transfers a
waf@r 150 FW ﬁf géwg)g%fPﬁgMa%@guPﬁlg%e waf er pre-aligner 134. The wafer
pr e-al i gne[ooasgs aolss@nﬂy YOu R4y bb&!établw‘d@metvtm@cmk iR thecH 18T bu@lrthelFO1082t r i eves
nsfers it to the ocess. o Ie ass 130. It shaould be

t he waf er d. tra

r ecogni 2edHTAEE & S195S flF TSP PASF B AP El “ef%&‘ﬁg‘%a%i@ént%Slﬁ%lﬁé?lt

met hods anﬂﬁdﬁﬁ?@relahe {oe&%}neﬁﬁlmnmryqqes»sma?ﬁu Iue]guas mbisyelﬂb?.ﬁmwy efCifdRr one
or nore racks O C sni.n |1 es or | or

el ectropl al#hy°H é‘rﬁ% ?re‘égfacyfir?ho fqnﬁal?%"??eﬁmgtich%m ‘Eﬁ @%Pt\r'% GIF 497 ng
assenbl i esd@ing@afsiit sraed rBdintBehnasS SR AN RE As’iémﬁl?}(O(bﬁaﬁﬂ]@&KﬁQbélxﬁ&hlaﬁaéd|df to
reduce the  footprint of the process nodul e assenbly 130. The cleanlng

modul e ass @SS MQERrioUTSePtiRnS ERfssistin rpsPsting cleaing, ga randdbeikes 107 for

cl eani ng WafoRé)s. ARisHdwinl Big. 1CFOBRI1AGmMENRBREE or¥RF HoRSpodd B5F sidBidg WaFers.t @sé<ed
vertically. After wafer ﬁ has been processed for electro ollshlng

“el ectropl afiiyr?@d ehfecior 4% tr@ﬁ&rseaf Valer 0 fromony pasfths Rodsdy e welsppied I%bl-’tf‘r eani ng

~chanber DGR RifdOpfe-aligley 1304 A6t 1B bddR tﬁee&étleﬁa/@f%cmfm rekRFesithORMAE] Bani ng
“chanber 107 and returns wafer 150 to its pod in FOUP 146. Gbneralli t he
&t

"dry" end EpisEEtipto thepopess medite aisapbly £30: |IbihP'1‘1‘6 b?\/ﬁc@gﬂlzfﬂ@af Pates 159meyb&t ur ni ng

to a pod i gafshd/RdIdfveciPmolif1Byldnr Rle@BdY 4 d6hi@gber nmodul e 107. The "wet"end
effector 149 iIs %hnerally used to retrieve wafer 150 after processing

begause waf®A71150 heaspcessmedule asserbly 180 may inglidgenss s9rgygeks|of glegtiopefishing
retvieval  ofiIRE B $eintRiSs, Wr bBcdopBitiBiss@itfieSfolt SRLiRY waters 131. The

electropolishing assemblies or electroplating assemblies 131 may be stacked vertically to reduce the
footprint of the process module assembly 130. The cleaning module assembly 106 can include
racks of cleaning chamber modules 107 for cleaning wafers. Similarly, cleaning chamber modules
107 may be stacked vertically. After wafer 150 has been processed for electropolishing or
electroplating, the wet end effector 149 transfers wafer 150 to the cleaning chamber module 107.
Dry end effector 148 retrieves wafer 150 from cleaning chamber 107 and returns wafer 150 to its
pod in FOUP 146. Generally, the “dry” end effector 148 is used when retrieving wafer 150 from
and returning to a pod in FOUP 146, or from the cleaning chamber module 107. The “wet” end
effector 149 is generally used to retrieve wafer 150 after processing because wafer 150 may have

residue from the processing. Limiting the retrieval of processed wafers with the wet end effector



0 7 OCT 2006 WD 03/087436 149 will reduce the potential for Zoaﬁ

contam nation between dry end effector 148 and wet end effe r Ilgmﬁﬁnd t he
waf ers t hayohapstiss and transfer within assenbly 100. [0048] An exenplary

el ectropol i shing assenbly that may be used in conjunction with assenbly 100
is described in PCT Patent Application No. PCT/US02/ 36567, entitled

AveRs, 11 e i TNl St ek dl e et TR e

by ref er encffeckned 9 md tﬁ@@ﬂf@qstm hsrlrdbwndltnansﬁ?erg\qtlﬂn asgentbly 10i ty of the el ect rical

equi pment | ou { arth | ar el ectrj.cal chas

assenbl y 1B 4g‘nd xem lfilploﬁle%gspl %%)P%/PS ﬁt ma}_y%{% uierlaﬂn anerhe i w&gs ar e

aI so | ocat QQD is ldesichbaedBEPEw&’ateﬂtOQ@ﬂ]:athhNoLIEQH/mm/Mm |enﬁtladdﬂ,mmmP§DLllS}ﬂm for
wat er ,

corrp05| tioff gepen %éﬁggﬁ?‘%cﬁ%f%ﬁ@éﬁ§9@ﬁﬁ%§%@§ﬁsn§y gtrj?/elsn

i ncl uded i Noa@ﬁterrm 320(1:0@Aucﬁhﬂn%ra.t&dlmrmynt&b@(bylrerfﬁbmaemar| ous control

val ves, sensgrs, an I|nes to n and._noni.t.or v f various
cheni cal s &N b fl gl oW F‘%é‘ %ﬁﬁ’ ieﬁ?”é%l C§E|‘B‘Bf“3ésshc9|“ %‘ %@n‘ﬂ&t he
process | i garticulirtyQin dlmlcprmss&sstemaly 102 and AC cpitRLSSEHIPTL0. erhawsubt ¥ndlB6).
Liquid filt 24 i.ncluded in the supply lines to filter the

process Ilﬁsduééfe(fﬁrsgx?cﬁteab% gg‘ﬂﬁe process nodul e assenbly 130. After

waf er 150 igospy ocmsum 112 Ren inPlu@CRESly llhé%lfd)rd)lwé?eandR/ﬁﬁd’ﬂl@dhdnﬁ&aq)aﬁdlﬂﬂ process
tank 122 thyrou rocess drain 116. Any gases arfgotentl al ly harnful

gases, froﬁleﬁﬁr e ui ﬁdﬂmhén%vgm|°9ma°§61°aﬁapeeq’hg%&n the Pariear @pelicaionsnd 106

may be ex hgm&@ﬁgmﬂﬂﬁﬂiﬂclﬂﬂﬁﬁﬁéerﬁm%lQMStl"hé-@és 1ThRaF hISAREING VAFiBlsTHoRESICESS
exhaust 104 can also be used to release DI water or gas fromthe cl eani n@'\)

modul e ass @Ay seiss: andpRiinerde centihtnpdimopster dediygy %vaug'é*cfheraw? e pfldsy as
general | y poes3pntpunips atesubde shpiestes 1puniplthelta id el B8 procésd ank 123 @Y

unit 152 tgﬁprgw de fil teuféeedS l%:tlﬁeesanS ﬁﬁpu p ell% c u0052 Tﬁe BE f08 may al so
i ncl ude | i dAcessawdilgiassambly 189- alquwééﬂtarﬁd%@@bbf‘em@w@am ﬁhﬁéw@ly(alrné%ﬂo fitogthe The
l'iquid contgj gﬁldtbéﬁ}’e it gdes foAhe céé§ﬁ5<!”le ds&nﬁﬁﬁﬁﬂotﬁf@f‘w%teﬁbll%éeg&m thée
process tank eaks in the supply |ines. The | i qui d contai nment tray
126 may furPFQ?é’iS hiqwémaée denined inothe process fink) debroupleprreess draia 146 upnwgases, e.g.,

cont ai NMeNt,oRAh@Aly hadhGBsds i ﬂacésﬁ%&ulé 559&}1@*'% hd cleiRe hbdle éEe%xblﬁidﬁeady
i nsul ated by exteérnal tubing. 53] The su I nes, punps and sur e

suppr essor naybg exhapgied @rough prepess ‘1?21411“ 194 dibe Clg@m@gﬂf sipdpracess exhayst 194can

doubl e Contlﬁmg?aéas@bﬁ@«at&&ﬁ giBord ﬁﬁ%fe@xluh%mbﬂﬁé éégé?ntf@i(ﬁr Rk §ab'irf°e§é>§a£@912d 0
acid and corrosion. [0 E 108, FI and robot franme assenbl can
be made of cg®bg wpé@gelszeseéﬂs °ep¢r@1f>errrast§mynmc§ro£d@ B §85 Fh 33 reaydnedyde @ fan r obot
assenbl y 1#%1 t‘i§i‘to ?OVM gfgdcﬁlaﬁlmﬁﬁmmft ainless steel, or the like. If

robot asse inclu f'um num or ot her materials susceptible to

corrosi on, [9(??@] sIhefPﬁ:wsaﬁa}'taﬂﬁ@ igludeiliquiccgsrinment Fantas apé denddanopeirmenicreroat ed
with Tefl Oggﬁrﬁﬂgqéﬁd &gtafnﬂ}emt Ei‘i{i cart HaGR3¢h1 u‘?@és? Qfa[n%bx‘?lﬂw ﬁrﬁﬁ@bﬂ&&sﬂéﬂi&' e

assenbly 1 can ess st eel ( \
122, or leaks in the supply lines. The liquid containment tray 126 may further include leak sensors \__/

¢ to detect leaks. The double containment area 128 can contain leaks from supply lines that are
already insulated by external tubing.
[0053]  The supply lines, pumps and surge suppressors 118, liquid filters 124, liquid containment
tray 126, and double containment area 128 may generally include materials resistant to acid and
corrosion.
[0054] BE 108, FI 132, and robot frame assembly 140 can be made of stainless steel, preferably
grade 316 stainless steel. The robot assembly 147 can be made of aluminum, stainless steel, or the
like. If robot assembly 147 includes aluminum or other materials susceptible to corrosion, the
surface of the aluminum portions may be anodized and coated with Teflon or the like to protect
thém from corrosion. Cleaning module assembly 106 can be made of stainless steel, plastic, PVC,

PVDF, polyurethane, Teflon, and the like, preferably grade 316 stainiéss steel. GCS 114 and liquid
6



PVDF, pol yurethane, Teflon, and the like, preferably grade 316 stainl ess
steel . GCS 114 and liquid:.6 0 7 OCT 2006 WD 03/087436 cont ai nbdnOCTr 2685126
can be nade of plastic materials, preferably non-fl anmabl e pl astics. Process
tank 122 c¥ff H@Pf’fﬁﬁe of plastics such as PVC, PVDF, Teflon, and the |ike,
preferably PVDF. It should be recogni zed, however, that other suitable
materials or coatings for use in BE 108 and/or FI 132 are contenpl at ed.
[0055] An enﬂaiptnamtyraprIM:msbemue of Bastic mptahﬁls,fp’rafgabiy nel-8atmayé plbdting Bocess

sem conduc fer n P 146.
The pod, o&an 00 et“ﬁa%g OPE{[F St‘lcsssugggspp\gc %v{/lg ?\cl)%t {lgs r&%ﬁﬁ%?? 151\21‘%1'1: cess
therein to smlﬂdkbearemh&ed \Wotviavee nicht eﬂhémtta:bﬂe xihét&lald:eﬁtaoitmgsﬁ)enmly BEA B8 amiist Rir y
end effectﬁé 148 ttra f&r waf er 150 to wafer pre-aligner 134 to align wafer
150 for 68§s°|°?16mpﬁ&e er wafer pre-aligner 134 aligns wafer 150, robot
assenbl y 140?0$] CkAin enemplireprodésOdfor Elearopvlishig opélect@dpiagied seindcbnthistdr@vatdne wet

end effect 149, and, transfer Q ect r.opal i shi.n .

ol ect 1 opl PG NUSEE Preing wters Pagda FHGE 36 GLypods Faporin e Jod s opened o

el ectropol laa@w AgboDassEhiRg 1470&Ee%§ the@inftb QR 8 Svafes \x@tﬁ@’ﬁﬂ Rt 140 RbotsSaibhl 7147
pi cks up waf 15 % usugg t_ end e{fect and noves the waf er

i nto cl eani®f ‘é’r‘?& tor s e_’LW‘? er Jq0;ta watepred lg%Fﬁll toghgrealer 19 feronp| et ed,

dry end eff teé%[ 1A8tepwsfelspraahamf B34 25 vaie 150, rat0% hREab IV EpicksSY wadgH 58 O the
pod in FQU or retrieval 0057] I n_anot her exenpl ar rocess including

mul tiple mélrogr‘ga ferpre-akigner Hi4disiog weéamf@ﬁ%wo?ndt@p & Palsr 43 tg assenbl i es,

t he exenpl %Idtr@foﬂﬁﬁ@or@%é&é;}mﬁdaé’s@ﬂm lgliyorBﬁ)c&QiBJg' ed to a first wafer as
Si nultaneousq%}mm ar steps are ap to a second wafer, a.third wafer,

(; [ 0058]L0 |o®§eréleﬁﬁ5~%9ﬁemh§luag o mi@tylgmewq qomppistederobpt BEMOI4Gr eat er
det bel ks A WHRHEHD byl BeSTER LR effebibe 4ol Qia%dvéﬂheg/aﬁnf#&@aeaﬁingeﬁarn%} ating
appar at us has been descrl é W th respect to certain enbodi nents, exanpl es,
and appl i carqdgled 07, Aftgriths clepaing prrsessnt completadodiy cakeliqcton 148 pigksaip yafer dpand
various ”D‘i’ﬂaﬁéf&@%fépfsmgk&hﬁé‘&ﬁ%n P‘éﬁPti% RAGrikaf hout departing fromthe

i nvention. End Effector Seal [0059] In one aspect of a sem conductor
assenbl y, ei?DSEkerﬁplamtber@ﬁ@n@wecqc@ﬁs ingBidinganulitplaefersiepd mulipkerelecepsbistinged. End
ef fectors ring
e or s, o A L b bR AP B BBl o iRt
processi ng Slmldlawm?lmglmllgt mr&g@ applird te & eecpidowaterpmthird oviferaetyy end ef f ect or
according t e tﬂ&{ and
transfer a[g)oes‘3 contgp)g?%r war dtp&*#%%gamoww‘%& : gg%:atéérﬁeéﬁﬁéﬂi I nc ﬂded
within a sém @emdlametbactrpmble@ssand@rabsﬁeqmnyg am@m&ba%bestpéqsmbeé adlthyesmttoobot
assenbly of; T L, abl e
a nore securxgalﬁgrﬁtd % ébgaén congia é}%ircatlorﬂg %ﬂs%gr%ceé@%gd& ggﬁﬁ%d?%ﬂﬁng%tﬁa@
transfer t heriousfmedifivatians and chasges Ingy Anohadeavvittmt departing from thdsventiert. i on. [ 0060]

Fig. 2 illustrates an exenplary robot assenbly for transferring
sem conduct or waf®rs g4 Brector Seal
(: [0059] In one aspect of a semiconductor aésembly, an exemplary end effector apparatus and

method are described. End effectors are commonly used in wafer fabrication processes for
transferring wafers, for example, from one processing module to another for further processing,
cleaning, storage, and the like. An exemplary end effector according to one embodiment includes a
vacuum cup seal to securely hold and transfer a semiconductor wafer. Thwplary end effector
may be included within a semiconductor processing assembly, and more specifically, a robot
assembly of a semiconductor assembly. The exemplary end effector may enable a more secure hold
of a semiconductor wafer surface and in turn may transfer the wafer more accurately and reliably to
its destination.

[0060] Fig. 2 illustrates an exemplary robot assembly for transferring semiconductor wafers in a

processing assembly. Robot assembly includes exemplary end effector 206 associated with the

robot for picking up and transferring wafer 216. End effector 206 creates a vacuum on the
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processing assenbly. Robot assenbly includes exenplary end effector 206
associated with the robot for picking up and transferring vihif eBC P 12805 End
ef fect or dQPusakeates a vacuumon the 7 0 7 OCT 2006 WD 03/087436 undersi de
of end effector 206 to secure wafer 216 thereto for transfers from one

nodul e to another. End effector 206 may place or rel ease wafer 216 by

el i m nat i nghdtBiRe YAMU MR 206 ) RARE Rafet DB thd?ét6 S HalsfSY EBmidAB molil1€tof AbHE:. OF
gravity overcones the seal and wafer 216 is rel eased fromend effector 206.
Addi t i onal ¥d effestar 206may pliee duelespyvalrs RS hRdimiradiag Sleqacuym eranesasipatheni t h a

rel ativel ypregikhdlthd? R FSHE 6 kR obi6onRd e sl ABMvafeP2 180 f1da018 oA Sl 216
thereto against vibratjon, acceleration during transfer, and the |iKke.

[0061] Fi getfegtor 206y dyddisiorallyorid eSpeter 296 maw helféélmndﬁrylde Alvaier B roth azglatively
greater d e§xﬁ’dlller r@s§ur§ BaWheleRvirdntndnt tg hol8 Bfd v@aferQ(i'& Bered M ainSt VIR EA cd1Gabny aCUUM

source contr ol e by vacuum valve 322 and with a pressured nitrogen source
cont r ol | eddusipgipasiesgpad thedke.e 320. Wien vacuum valve 322 is turned ON, the

vaouum oup 6Y' ¢ BN Bk pnE i, B an Sy PR ARE o i el Bk I 10
[ sI t ur ned BiER, ambeffector 3pancanpled to BP@uurh souregrenmiiol @by eavdunefvhlegtilirang@ﬁt_hw I
rel ease mﬁ%&%@g@%&%m %%%&Hgﬁ Ay %{?%r SYatlv 207 SRR Qgcugé Jfﬂg szaﬁ %mé’éf‘dﬂ?' d

cup 302. that an a

absol ut e vﬁueuamumsomcﬁt is ccmnls:drt@dtd effattbicd06 and wﬂbddnmedlemﬁswnevammhedmp\sﬁz to the
processing, envi fIC n to hold a Leur e

o avi vy, ha SRR bbb iR iR AR PR Mo Bt BP0

sufficientis tﬁuedt(bié,repd gﬁez:tcmBh@wﬂl x'eham wmfetral)@ﬁmn vﬁamnmemaﬁm athapressm'e ig he i ke
may be used to |ntt .odgcgo gas and increase the pressure when releasing a )
wafer. [O00ESTAKf BTSSP Y% ve 320 may be left ON when a wafer is not being—
hel d or trgoestler Eteﬂodld)bq:mfdgetooqbﬁtmteincabmwﬂd{emfabm’lﬁvQm:tuumd:i bt adqdirddh eather, lae

f t t d f 306
by et nt o FEREY PIFE GG e e BB AR LT e ol pE st grer 220 '

envir Onﬁenhgthsegauﬂyevxmﬁdﬂsmcmuwn@ﬂﬂg todhafer, bﬁkﬂﬁé]lké:is gafficiény. @ﬂﬂheﬁ%as other
illustrate a i

ew and cros ectiqnal view of one a end
b oot or - atian Righekan o BreriteEr Ohe e tay Do Rt RIS B B e PEGVE 405,
cut out pokheBRasipth wifero reduce wei ght of end effect or) vacuum passage
412, and s 416 (for ach nt robo or the nd .ef f ector
106" moy i DI XpSoetn P ST RrdN oihet £ 8%hep s Bt brith i bimteratd p i s
st eel , al uphritles and/af prevint &id ﬂﬂ&hdlﬂcelmhﬁén&rlngedoaﬁmﬁ‘zﬁp 302 astid asuunppigsaghe | i ke.

[ 0065] As shown in F| 4A, a vacuum source renpyves s t hr ough
vacuum pas é”é‘&@e ‘!!L g“%‘ﬁ'é?‘t"ﬁﬁ“@m&ill? RrESSULe BeRr Bherepierdh D ugRunding near t he

di stal end emflroe[ﬂ@{,t9&&@9&@[11114%1““}{@@3021 passage 412 may be fornmed integral
or-within end effect 406 (as shown) .or throu e passage |ocated
ad) acent 1 QUG Egeth %'ﬁa‘ustetega Pla%‘ﬂew el 5 Jeriowt Slprcacee BFMBRY @'t ect or
406. [ 006 Gffecrirube, WhithuRAudesR R burk 865 4D SmiNhRRAHaE 404, @RI006403) cMaGJéidRRseage
412 a vafe r(toegi?xcl:et \!ve?ght (cj>f end effector), vacuum passage 412, and screws 416 (for attachment to a robot (\ )

or the like). End effector 406 may include any suitable material in its construction, such as stainless

steel, aluminum, various alloys or metals, ceramics, plastics, and the like.

[0065] As shown in Figs. 3 and 4A, a vacuum source removes gas through vacuum passage 412

and aperture 414 located on a major side and near the distal end of end effectar,406. Vacuum

passage 412 may be formed integral or within end effector 406 (as shown) or through a separate

passage located adjacent to end effector 406, e.g., on the opposite surface of end effector 406.

[0066] With the vacuum or reduced pressure created in vacuum passage 412 a wafer positioned

adjacent end effector 406 is pulled or forced compliant against the vacuum cup 402 to create a

temporary seal between the opposing major surface of the wafer and the vacuum cup 402 of end

effector 406. Vacuum cup 402 may have any suitable shape such as elliptical, elongated circle,

square, and the like. Vacuum cup 402 fits over the rim of a mushroont cap 404 and extends above
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adj acent end effector 406 is pulled or forced conpliant against the vacuum
cup 402 to create a tenporary seal between the opposing maj §r7 @@mg@m

the wafer and the vacuum cup 402 of end effector 406. Vacuum cup 4

have any WM ¥487/+#%shape such as elliptical, elongated circle, square, and
the Iike. Vacuum cup 402 fits over the rimof a nmushroom cap 404 and extends
above 8 0 7 OCT 2005 WO 03/087436 the surface of end effector 406. Vacuum
cup 402 maife priErtefend affedtes 4P n¥rcuunichp ¢@2rmavuipgiade anglastomep silicen subkep| og other

material thahblk Ha@aneHAkd g)énériu%etalb% Rlofh ';‘HR{ !o%ﬂgatetaocelﬁ?]&%%eﬂ“}itﬁm{'e@ry seal
with a wafer w thout causing damage to the wafer such as scratching or

cracki ng. VoowTaunge dameagn q the Prigasuclas scraBingpr sghirHw groove 405 is formed

across t hejggsahr aQuhvdin FI4A OUpl NGLIRAS DG 408 lm}rﬁedoafcmtsme YRAGHURA cp- 9., O
pr event the waf er 416 from plugging aperture 414. The groove 405 separates

the top pl #4donoincreasigthrdipldefihes@quing ea., toprevral the piafes H s ironr pluggishapertnyy gr oove
405 may al 30 Bfe LROIEMH5ISpatut & RISp &Qﬁ f%hﬁﬂ%om%gﬂ#?dﬁmoﬁ#v{) ﬁéheelrc ?ﬂé“er

sui t abl e shape 0 I nprove sucti onand vacuum'o ector 406 and reduce
t he pot ent shallow gooeayF may @lsd ba fdmerhas alveesotrrin shapé. sgleed CIrNtmhotd)crrsuwp shépt may

be made OUf, ifbrofe ﬁl'cﬁan: 40 vg&tu rdf @'Jld &&ct%pg%eafnfi ?&ﬁ% the Pg}e?tﬁlyfég e&ﬁﬁ@&@h{)rﬁe

pl astic. In ohe exa room cap 4
di st al endbecmfunehbc@ﬂf Mltsmoom@sp Q(BiemyFExegnadd,BMofslamhlat haterids:s erkdeeffqetble‘w& S

pul I ed by SR gsurmt%gyg.pégéogréfne@%rgplglmqspusxtn cg 4&9‘3'&1 Y stun lar%e tag tcﬁgtalentf Saand

t he mushroom cap PR 6% AT 085T SRE BT EW D
vacuum cupoftendtifertoy 4be(sea i L dsucinthairas thexverfliapylled byl vatiie cup402 thswaawn i n

Fig. 8 thew cuum ¢u caV|t orned on one surface of an
lle? tﬁe%dléﬁlgﬁ‘% ég] %’1“8 Melole |%Jr1 818 and si dewal | 820 slanted

ef f ect Bt
geﬁ;r ally [0&68]an§ige8 alusmglae;msmyaon/ae\y obetvavaemn cOp ﬂlaﬁnajel@nm&miedemndi ng on
nor e

t he partlcul ar, a referaply between 5

o Dbl v aPRY B8RO s o B e TR S8 BREuD B e B B5Re sl oot
above t he suhiesfan eid dffeetoemdt efyfidiidera botlorh oo Bl 8 ardtsidewall 829r stanced gexedrallyd t h

a wafer. W.th additi.onal reference 4A, .. 4B nd end .effector 406
T e oot o AR fray ey B GRER 01 0 ez deending i Bty BRP BRI eage of
si dewal | Sﬁ@fe&ﬁlygﬁﬁ)vebISS ehicB50Nde@iéks, ﬁﬁdlqmra fﬁfdr&b’lja'#{blé%(l 4 1mit$l&00@bgréd§€$idﬁﬁalwm
passage 410. The .vacuu 0 waf er. 416 t he va uum
O oatod | MEHETELH § B et Do s EEIOLE bF S FRGAE A s et o
ahs u; fici entvaterwith adalmdﬁallﬁafeﬁm]gb taFkg@Jdl alg, inars; end)e::ffe%f arl66v41]§l16e géﬁﬁinec:] sutcllnan

t he orce aVvl on.the wafer r er romthe 0

e o ooy B g W Yorteh ot (ol e s of vl a2 3 Bl A R AP Wl ough
Vﬁcuum pasﬁﬁﬁlgl:l ?ﬁ@a@ﬂﬂ ﬁaﬁ;ﬁgwgg aﬁefdgw@cwztvml ipGIC ArRiRtfoRd MfEr ﬂsegwrvecum[ng Bla g]
t he aperture SucC t hat the 0] 1.Ng orc over.cone ravjty,

Fig. 5 ill¢rettedipghe cavifyof yaqrpmgup 02, he mEﬁSSUé&@ﬁ%qeanBﬁEFa@ﬁf%fa’%W fjswéto End

ef fect or 5@Gintain d HéMdikpHoRY oh Walfek 916 Sedtdt tifinhd BFcelo@gratigt onthe Whils . ToJelefsd, and
4B except that end effector 506 _includes three apertur es 514 .and %Hr ee

ztium cup¥aistd16 i theshald of cad effacior 4A¢y) sped- itregrsor Bisikphyadns infrgiceded i n
ous  POfkdub® Pu@h phsIfze A0l aRf thRGEIPipeRHE 41u@>n§ashsagle9&s§uh@wmﬁﬁ the Aperueh

par ticular 414 such that the holding force is overcome by gravity.

[0069] Fig. 5 illustrates a plan view of another exemplary end effector 506. End effector 506
illustrated in Fig, 5 is similar to that of Figs. 3, 4A, and 4B except that end effector 506 includes
three apertures 514 and three vacuum cups 502. The apertures 514 and vacuum.-cups 502 may be
located in various positions on the end effector 506, depending on the design and particular
application of the end effector 506. Further, the shape of an end effector may include any suitable
shape, such as horseshoe, rectangular, circular, pronged including one or more prongs, and the like.
[0070]  Fig. 6 illustrates a plan view of another exemplary end effector 606. End effector 606 is
similar to that of Figs. 4A and 4B except that end effector 606 has a plurality of vacuum cups 602,

in this instance five vacuum cups 602, each including an elongated (i.e., not circular) mushroom

caps 604. Further, end effector 606 includes a common vacuum passage positioned adjacent the
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application of the end effector 506. Further, the shape of an end effector
may i nclude any suitable shape, such as horseshoe, rectangul at, circular,
pronged including one or nore prongs, and the like. [0070] Ffféj oeT 2008

il lustrates wopian view of another exenplary end effector 606. End effector
606 is simlar to that of Figs. 4A and 4B except that end effector 606 has
a plurality of vacuumcups 602, in this instance five vacuum cups 602, each
i ncl udi ng #peraatoslgat eghokdd.te Fig. ROVhich ihclided vdcutii phrsaea brafiched afaddor datti t her , end
ef fector 606 |ncI ude comoDn vacuum passage positioned adjacent the 9 0 7
OCT 2' Q WPH%F o+ %@pertures 614 as opposed to Fig. 5, which includes
vacuum pas@pepgs Bi‘ga‘nﬂhﬁfhte%ﬂqﬂa{n vi& ofexnbthier exepplifend effetor W06 Thi énd ¢fR0i62) Fi Q.

7 illustr an. v, ot her | ary end effector 70 The end

Stiector HGer B ER G fo B M A erdTiieat D e ViR HR BBt ¢ hat
one vacuunplﬁxuptywzpemleb UOESerdin. Waslug dubyopéfm@efam@&sﬁé;ﬁd liked idréeshodaudum
cup 702 of this anpl e, . is shaped | ike a horseshoe, wth simlar

functi onal Wtﬂw"&éar RGAPALS s vagsmaaR 4Phand farludes seyeralg! %Pte%gla%hé@ﬂww%m caps
704, whi cahla}[ge§1|,rma}@rthetlgusq1mmrgd§§umom caps 604. [0072] Although the

exenpl ary end effector seals have been described with respect to certain
exanpl es” alf7dpphiteeneh diesxemplaniepd effrgton pgiirhayit bopmdaspried vtk irgspestito ssrtaine ar t
that vari opgmpRehdd a%amda%e it A PheCBRER %o B sRfled AR M thil Qilioud BRI f r om
the invention. For exanple, various nethods of creating a vacuumwthin the
vacuum cupanghcBangesynanis reads avitheutepartingdropythe dnysntionh Epr expraplesyarigng methods of
configurat ;085 vaac\ﬁ%%mhﬁﬂgsacﬁm cﬁB’é@E&%ﬁhﬁ&&ﬁas%ll% @ﬁioﬁs &ﬁé'sha £4hgP! Cki ng
and transferri ng a wafer. (\ Met hod "‘and Appar at us Wafer C eaning
[0073) In mﬁég‘eﬁmpwayumemtambmusarwaeeﬁ&m@te@eal a@glemﬂflsg andmra@f@ﬁpg ary

waf er cleapilflg nethod and apparatus are described. The exenplary wafer ( )
cl eani ng nethod and apparatus, may clean a wafer of debris or particles
before an el ectropolishing or electroplating process as well as clean the
waf er of processiyg shing or electroplating
processing step. IHIT" Meggg%pfgﬁﬁ@g?ﬁgﬁg@g%@ opol i shing process the edge or
outer regi B978f  {thenerengraplary asresiod a sfmicéndusterf assemblyofn evemplafyerafediaanings t he
"bevel reg " e , . way

thi s copporoad mibteiris 1P eEaRRZ nd BB sl dn e Bk BEMR bRrEbE e

damagi ng t bleantawaferrpf tetirisloapaticlesi beforéan qlwtrepolnslay arelegfropldtimgpedicess as Whlbaef or e,

in one asp . . . I ve
ot al ooy i B SRRt o B ol RS AR RA, L BB 1, 1RR
appar at us iemﬂpledwranciembehshmg@roccmtheg;dgeefd outer sgippbf/thamlajoqslirfacmfdhawg“as to
a major surf «wafer . e edge
[ egi ]0 n an dli Sf%ﬁ:pferrgggc? ehse e bevel {egf%le) R{; g%l&cle oép%p%mdﬁé it g%eéu![aggkoe éel'pa“;ap 9
potenti al dfis ctobper kesqlue ﬁ‘orhlthmumy rerganilaadl tlgani thmafelr \mthmlhdanmgmgthettmn k&l myeral
film [0074 ate vario

cl eaning ¢ A nt)%?ﬂ & wa er %{ﬁ olgleg Ih Ong aspecta ckgn \Agm%dulgmc@%e%rzml gciyc_leaﬁ c

t he exenpl assymbiy E&areinge métalrrtmdumd tHesmuternyr edge portion of a wafer. The edge cleaning

apparatus includes a nozzle head configured to supply a liquid and a gas to a major surface of the &f}
wafer. The nozzle supplies the liquid in the edge region and supplies the gas at the inner edge of
the edge to reduce the potential of the liquid flowing radially inward on the wafer to the metal film.
[0074]  Figs. 9A —9C illustrate various views of an exemplary cleaning chamber module for
cleaning a wafer. As shown in Figs. 9A — 9C, the exemplary cleaning chambesmodule may
include a dome cover 902, cleaning chamber window 904, cylinder cover 906, leak sensor 908, drip
pan drain line 910, base block 912, drip pan clamp 914, drip pan 916, bottom chamber 918, cutout
for chuck motor assembly wiring 920, two DI water nozzles 922 (backside) and 926 (top), two
nitrogen nozzles 924 (backside) and 928 (top), edge clean assembly 930, optical sensor 932, nozzle
for wafer front side chemical 934, chuck 936, drain plate 938, top chamber 940, exhaust and drain
tube 942, nitrogen line 944, edge clean cover 946, nozzle for wafer backside chemical 948, and
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i nclude a donme cover 902, cleaning chanber w ndow 904, cylinder cover 906,

| eak sensor 908, drip pan drain |line 910, base bl ock 912, d%i-]pgmn Farrp
914, drip pan 916, bottom chanber 918, cutout for chuck not e

Wi ring 920VOPHBFTHES wat er nozzl es 922 (backsi de) and 926 (top), two nitrogen
nozzl es 924 (backside) and 928 (top), edge clean assenbly 930, optical
sensor 932, nozzle for wafer front side chem cal 934, chuck 936, drain

pl ate 938, chuskmomsatsembky £80. Jaadditian todhrpng pedals for thsmicald34, neleanpgahambene 044,
edge cl eaneemetanSfGudetag d} Bok @bz RS chhieksi de chemical 948, and 10 0 7 OCT
2006 WO 113/ 087436 chuck notor assenbly 950. In addition to the one nozzle
for chenmi cHl07¥34, %febﬁoéwﬁape%%%mthmﬁmné chagpber Rt fd eHaeo P03 gobelikozzl es
for cheni cqfien wafP961 lsmtaﬁ{me%%bmxﬁnta@cemae bmrmnlcﬂuckbsa ?dr%%féhrﬂgg %fb&@;)er by

an end effector 903 or the |like. We 901 i s determ ned in an
accept abl ethsgBrakimiorssseahly o0 gmprotaty chaclcﬁ3é and Wafep? aeanad thetais p@n@r@v@uhntmr

assenbl y 95 nﬁ?d? sﬁx@éc@st S\ %%Qh@él@3@@ﬁde&afgr%l QFeQHthng:] g r&éﬁoﬁ s eeg of

per pendl cul ar t he maj or surfaces of the wafer g

901 are rogkmut Hypay the DIOYW neales B2land §R6 canisupply Spamp DTt‘M@eIDD ﬂ\ﬁmreqnd noz z I es

922 and 92 I faces
@ac‘ﬁﬁ%s}p%%s Y §/Hete§’(ﬁs ﬁ Iﬁ waY@Eﬁlr eaghﬁe &?’9 \Ag‘?gfer ﬂg? Ar&i ﬂleg&il

of wafer 901. . wat er can ow past t t owar
wal | of théthePle@mmambﬁim&alarﬂdomldhmdralhﬂ)b@ﬁgﬂ%tah‘émﬁrtm exhohshersl @B tubad i nt o

the exhausp,Ang, dhaldind BPSarefiin n%,er% AR CE 908 SnEdn WO ior IS QMPEED day I Y

waf er 901, increase speed to
2, 000 r pm incfea@0ke ropbion Fheed ﬂmZtQOO(glam, meQz)Irpm Q‘Relmangbn%&lqsam a3 8 caupel y

streans of t;%gys?rgﬁﬁ's ekt %%E offd sglf’ilaﬁ)llet %a%%? }hettc()énn%xg%aé gﬂg%i?raﬁ)%?(g I%EB%];_ warf er

90%to fur from
[ 0076] AfteamomDéwa@ﬂftonmhe\/taIsmu&idnaa«suﬂedfwefelrSwﬂd t he chuck not or assenbly 950

I's st Qppedg) t7€| 1%%9 i%é& n as%eémndydneg’ dgﬁw &\uckmggor?soemsblﬁggdqxsftgr ﬁegqge

cl eani ng. P aRs ‘assenbl y
930, which edmyleama:dsemiﬂy B80 glﬂibemtotpmbmmm%dge tcizanif® 1Wigs. 164l a10Billustoate 4008,

bracket 1012 14, ta 1 nd 1 dj 1018,
DT aCKet L0 g 518 LB AL, S RTE LA SE Brn AR B 0P 1012
1026, ni tr adppter tddtleo&m%ketmm:drmmad alk Qb0 cytindbr \l\i)ﬁeadjdsm}ﬂe, scrvi10D]) dlownoz zl e

be atl ust etPSHP HED- RSO Bl ot Wb GPSIgEe SRR BT L0, ™

: adg| nﬁ or hezrmuieaitgllsd,apﬂ efipef lmSZ,'hﬂﬂ&gen]ihﬂle%iﬂm Jaad Mqamhndizhle 103§ Tk lmgfheiftlﬁ,gl ]
and the nitro 034cn int 0 t and t he
e B oy o8 e e ATy B BRGRES o eV 1B e Dt B o

- 11A - 11C by hdmﬁgrcﬁtr@n@h@rhdamrd@d 1008d The ghlpﬂ)etweem&xe i eater 961 snddie mnaepl ary

I 11 el ggR RS 5 1 e ) CRATEE avFE PaguroeRAlas Anpioered | O

ni t rogen gaﬁovsﬂaredgdweaeﬂyge of wafer 901. In an exenplary edge cl eaning
rofati

pr ocess, 1 peed of roxi mat e 500
~ pref éqﬂiﬂ J . -1 ﬁflﬁletr%? an- ﬁ@fz‘:frl@fr&%@“@aﬁa?ﬁ“g@ya %‘teF‘B'éﬂ?/‘l?Fge
1cal t ﬁeaqumm Aclullddwitieanedgédlean assembly. As shown in Figs. 11A — 11C, nitrogen nozzle

1034 produces a nitrogen curtain 1102 of nitrogen gas near the edge of wafer 901. In an exemplary
edge cleaning process, wafer 901 may rotate at a rotation speed of approximatel}; 50 ~ 500 rpm,
preferably at 200 rpm. Liquid nozzle 1036 supplies a stream of chemical to form a thin layer of
about 10 mm in width on the outer major surface of wafer 901 or edge area 1004. . The chemical
removes the metal layer or metal residue, but the chemical may accidéntally spread toward the
center of wafer 901, which may have deleterious effects on the metal layer. A variety of chemicals
can be used to etch the metal residue in edge area 1004. For instance, H;SO4 at 10% concentration
and H,0, at 20% concentration can be used to etch copper metal from edge area 1004. Also, for
increasing etch rates, the chemical solution can be heated to the range of 25°C to 80°C.

[0078]  To reduce the potential for the chemical spreading inward from the edge, nitrogen nozzle

1034 supplies or directs a stream of gas, e.g., nitrogen, to create nitfogéh curtain 1102 at the inside
11



about 10 mmin width on the outer major surface of wafer 901 or edge area
1004. The chem cal renoves the netal |ayer or netal resi dUﬁ, @ﬁ.{ &E@

chem cal gRY:Rgabdentally spread toward the center of wafe 6 Th may
have del eterious effects on the netal layer. A variety of chemcals can be
used to etch the netal residue in edge area 1004. For instance, H4S04 at 10%

concent rate'clgé‘ofﬂ?erégéé‘?rg%ooﬁﬁ ti;?e/?eﬁp %?i%&éi ?eldh&r{hé:ﬂg il %%leéxﬂxcﬁtfﬁo% s@ﬁé&ﬁ%

nmetal fromedge ar I ncreasl rat es em Eal
sol uti on dawartthe herdered walsr e Arfangige@fea 26/a is ole@®d ligh@oipgile 136 camisnpplyt he

potent i al lf fld ét'i?oﬂ}%i‘“f'a?e'rtosﬂfu%aa‘}lh)%?nﬁs@‘é’ﬁrﬂ% Jhel%i&ff?o?n %9@?901%{11 9% ozz! e

1034 suppl 1lesor directs a stream o rogen, to create nitrogen
curtain 11004 mdmtmaﬂmmmexaﬂplezmr@mﬂsad%u@ pTonaddlﬁonaéﬂgwaterfwashe edge

area 1004 ntl R er %d 8% es%{g ﬁquﬁer #@g%)&rpd%&g% glean Gﬂae to n(; g'a% o w%? from

spr eadi ng o ter rea T eaned,
| i quid noBdflle 1036 can supply liquid jet 1104 of DI water to d||ute and/ or

i ff 1 cal Addi t Iy,
e R bR e ARl et bl G S S R
may be perdhoaskrmﬂ anlnywafe]ismg doll edget dbean AGEMble 93@ 24 ghidelbRR Groincthe bdgableddigg t op and

backsi de of lﬁa LOO?Q] When t he edge cl eaning process is finished,
chuck not di°%HE %Té’r?ﬁ? ¥&can stop rotating chuck 936 and wafer 901, and

edge cl earqoofm@enmggc 1980 1aB Ml tritel @arbac el Sfanbiher xe@plagineailé R@d 10885Thd On to a
i ous Vvi ews. of anot her

rest position 0 [ 11D -11E_ il l uystr

exenpl ary %‘?Ellei“lﬁ lgﬁng a‘”ﬁf‘gmlaéi‘)a%loéﬂigﬁ ]alAgs11 ?E‘Beptitht?‘aP’ém%‘?“rﬁoF%{? to
that of Fi@34 hds ahbrizontal 6pa 0RhtexteRddd FIRLthOhEARY GRe RQZSIE] spﬁaoﬂﬁoﬂil @8y Sreate
hori zontal span 1034h_extended fromthe nozzle. The horizon an 1034

may cr eat et MEOF FyriginIPOL that mpns efegyely praveris,Themigalsdom s 9%#&%% QM e heni ca+f

from edge @%alhmowﬁﬁ tielciiter of WafeR 901 Orhe ABLELShehi@n @R MNofzonedl sphRf1634nHad. The
di st ance between the horizont al span 1034h and wafer 901 surface is

pr ef er abl yW3fer 304 él“faﬁ?@é’reé?fabébﬁ‘rtb%(@ﬁ&‘é EpProximaielyt ol om e mangnd e

preferably, r@ﬂgﬁg@)ﬁf,ﬁg}hﬁhﬁélﬂ Pmm [0081] Figs. 11F -11Gillustrate various
vi ews of anot her eer1F:) Hﬁs/ nozzl e head 1030. The exanple in Figs. 11F -11G
ﬁ

i s simlarl0p$Ut hEigs-d illuptratey aripyevigscaf grothes gkemplay Regeledsat HS0s §he  1034h

i's extendegdafbRm Bet.H1PLIEG 1§)§(m1M}Qo hﬁﬁ’\'ﬁf‘h of D) -Omll@éxc%ﬁl%aﬁ%zﬁl)@zon{ap%] Fig.
11H il lustrates andther exenplary nozzle head 10 he exanmple in Fig. 11H

is siml a*oﬁbl%eh@@deéﬁroﬂ% Sl@i the Jopeer porief thayeezlet has two i quid nozzl es

1036, one fopg2jCheiy £ak llﬁ&f&tesamﬁép%gerﬁ&ig Rz 081 1030 SeRAE@nB1e PR 131 FBY
provide inproved performance durin water rinse, for exanple. [0083]

Fig. 12 il $imdertethatof Kigselddnpl Ky gxceml@klt hextoe liguid aptles 1035 ongyiar chemjcaband
i ncl uded i g, or PR Er. Wefaal H&zﬁpﬂﬁff AloVide 111'115}0$e|a'p§rf@ri‘rﬁﬂ&l cﬁrmgbﬁﬁﬂ'at@pﬁﬂ%

assenbly 950 1 ncludes chuck 936, top  notor plate 1202, optical "sensor
1204, shaf for staswlee 1206, notor 1208, flag 1210 spacer 1212, centrifugal

bl ock shaf fooéﬁ 14F1 ?f‘fll(létlfa{égglln eﬂhg%y él%él@motgpgss&hw 9§02ti]1§ ‘may be included in the .
wafer cleaning apparatus. In this example, chuck motor assembly 950 includes chuck 936, top L,\
motor plate 1202, optical sensor 1204, shaft sleeve 1206, motor 1208, flag 1210, spacer 1212,
centrifugal block shaft 1214, centrifugal block 1216, and plug 1218.

[0084] With reference again to Figs. 9A, 9B and 10A, to place a wafer 901 on chuck 936 an end
effector 903 takes wafer 901 from a process chamber or the pre-aligner (seeFige1) and moves it to
the cleaning chamber module through the cleaning chamber window 904 for cleaning. Fig. 13
illustrates an exemplary cleaning chamber window 904 that includes inner plate 1302, outer plate
1304, bracket 1306, flow controller 1308, cylinder 1310, cylinder cover 906, and limit sensor 1312.
The end effector 903 loads wafer 901 in chuck 936. The cylinder 1310 can raise the outer plate_
1304 and close the cleaning chamber window 904 to begin a wafer cleaning process.

[0085]  Asshown in Fig. 12, exemplary chuck 936 includes base 1220 and three positioners

1222. Chuck 936 may be modified for 200mm wafer, 300 mm wafer, 6r any other wafer size.
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[0084] Wth reference again to Figs. 9A, 9B and 10A, to place a wafer 901 on
chuck 936 an end effector 903 takes wafer 901 froma proces Eﬁm r.or the
pre-aligner E@eed%) and noves it to the cleaning chanber di agh t he
cl eani ng cHAMEE 4 ndow 904 for cleaning. Fig. 13 illustrates an exenpl ary
cl eani ng chanber w ndow 904 that includes inner plate 1302, outer plate
1304, bracket 1306, flow controller 1308, cylinder 1310, cylinder cover 906,
and |imit o¥sdhe end effectorPid laadgiwalpr Wd imehudo 336, wales Ui pesitined inrthedhuchid3636.

The cyli nd%g thje:iﬂlge ﬁ(%ﬂlo'h@rk §20! hﬁlﬂ?llé}b? c@Jig%Lleto F OflA a@é fﬂégégfﬁsgi%% lcgl?‘ggtélg

chanber win 04 to begin a wafer c eani ng p ocess. shown 1n
Fig. 12, ex@msmmyow@rm%echudc?ﬁﬁdéfg Cb@kéhelezmuwafertmmmmg;spuqakmeﬂos 9321222.

Chuck 936 r er. waf er

ol e 15 ARl ety 5 plo SR AR GE S ono DR SR 187k oo, B85 BLAEh: s

901 in chuoﬂ@fﬁsm onhé ep sgdidceiof a positionerdi2d tlnerbetamewtl notdll o8 Bect backithefledtivee

posi ti oner 2 ' nce,aga n. t.o F sensqQr 932

can det ect Ssel{%ﬂre [2)'05| ft'ilgu(%%% 9 at?s he %gﬂfalmy ﬁan%%cconij nclc?'hce%pﬁth?rﬁlgre ?l?c&c}hei n

waf er posi tdustunéeri@m@pMameOBmdsreﬂecﬁs&?sensdr 93¥0dhangas, blwdﬁféramb mvdrrapceam tHeace of

waf er 901 as,shown ct 903 ti 901 on

the 1 op sup et oy b pithep Sty tysS3 90 e bSicemn o tp nd B Flest back

t o refl ect ipssitions8Rr222 orddP. InAse Shutple, ¥Bén wafexeatoess actdmeny@f)m@iewn t;buclam shange

accordingly urt her nor since the .dis e between

Jof T ect | ve tdhiEnposgisRes %%g@sref%eﬁtéwa.l% g by %enappfeamatgrf’; 1 e the

r ﬁf I Ecg is\él tcyl(ljdlmsyhroﬁﬁﬁgJSH&Név@r , WRER Wifet éoll\éi@izﬁ posiibhed sicma&gedlemuﬂi@tye%éa&n f

c uc nd the three sitioners not. In on a en waf er
-i s acchFeel %Ppwagw?%ﬁ@ 6@‘! grm&kla@éeva?%wfﬁ Ve ARSESTS %?ﬂ Whfarchucko 2,

t h 1 ef | ectopy istrtatir at Bl sfRREIVAIh AP CAXE VafePdOA t6 Break Zl’éld%)ﬂ/ﬂé tiganfifp@hafbidCk 1S

rotati ng. Hovvever “when wafer 901 is not positioned accurately, the

reflectivith dple. r ead  bet ween approximately 30 - 60% A m splaced wafer

m ght nove [gugk] OfALdem I 1641 8Ehs 61938 s shOWR inl Wio) 1Alaal hﬁﬁuﬁlud@hﬂﬁmglﬁﬁ)%dﬁo
whi ch may cause wafer to break inside of tRe cleaning chamber nodule.

[0086] An émwrrwgwainr?%eavves%ﬁ@b}%sl@ qes 1408 wifpn; oring 1410, pad belder fayec 14d2-ude a
fitting tubendfd®Be reccign';zreﬂ Bt &hér'sﬁiglbﬂeﬂo?ﬂczal Eéﬁfsclr?ﬁnﬁj' H@us%@fbs&ferrﬁﬂlggpo ol der

1408, viton o-rin 10, and 1412." It should be recognlzed
t hat ot her pgﬂilqnmﬂcﬁ a gysfar imiclagemtoshuck#3g. eothes expmpdesdenties] senser 92 e be

pOSi tioni nge rgice%M&toﬂl@al rs&lsglttbﬂﬁastuﬂa tﬁ@Hﬁﬁfeg@r@ wardt s@i8 s gﬁ%ﬁﬁﬁ@ &hisor, QY cal

~ sensor 932 l'aced by a non-optical sensor to neasure the surtface
of a wafer cgm@hseasoreacsv%w@nswya@émldﬁe eddy current sensor, acoustic

; . sensor, a“q JSI? (ﬁ?eveﬁp\Qﬁ%O-{Qro s‘g}ﬁﬂﬂ% o\ﬁ@Jf% uc%@% w ﬁl@}rﬁﬂbﬁl Hf I‘@ﬂtl% h@?J < chuck

- 956 bythe m)t on of relatively entr| ugal ftforces during vari
* ¢l eani ng pﬁem%lgéforsmrlasvﬁlod%? sltwgmyq,eb@esamdl asraedrying eyclednd dhe likp.sbhaki oner

1222 may i ri)%élﬁ'&l%r f‘ﬁ”ﬁ% 1ﬁc§&&g§|ce}ﬂhﬂ%€l bi(%l]c@Zléﬂﬁleg Hr?]ﬂllrzfl Bg)@ic 1 lﬂ%wll%& a Can

include a I ower eleme | eavier than t
por ti on, wHowdn elementifjor.cacveiglttithatds hdagier f(hantthc topwpgeionpilgcikis spradrtimatp tojthe V\h en

chugk 936 Ic%n&ﬂ%%zﬁtbiogg sl ﬁlﬁoﬁgﬂ %cl?%elgro%ﬁnggpa%taikOQ %Qedr b8 1,000 rpm or
higher, the centrifugal force will cause the weights in centrifugal blocks 1216 to rotate outward.
Consequently, the upper portion of centrifugal block 1216 moves inward to hold and secure wafer
901 to chuck 936. The weight, length, and the like of positioner 1222 and centrifugal block 1216
may be varied to change the speed at which the positioner 1222 moves to secuee-the wafer. When
the chuck motor assembly 950 decelerates or stops, centrifugal block 1216 will return to its upright
position due to reduced or zero centrifugal force. In order to secure the wafer, the chuck rotation
speed is set in the range of approximately 200 ~ 3,000 rpm, preferably at 2,000 rpm.
[0088] Figs. 16A-16C illustrate an exemplary backside wafer cleaning process and the wafer in
relation to positioners 1222 and wafer backside chemical 948. In an exemplary wafer backside
cleaning process, motor 1208 oscillates chuck 936 to face the nozzle for wafer backside chemical

948 such that the chemicals can be delivered to the backside of wafer 901 without splashing the
13



hi gher, the centrifugal force will cause the weights in centrifugal bl ocks
1216 to rotate outward. Consequently, the upper portion of centrifugal

bl ock 121&y@ey@ssdenward to hold and secure wafer 901 to chdk (g36200phe
wei ght, length, and the |i ke of positioner 1222 and centrifugal block 1216
may be varied to change the speed at which the positioner 1222 noves to
secur e- t hegwaf.en pW?ﬁJb t els | ops,
centri fuga \p%l ogr 1216 C{XAIP?Z (r:(glfég}rfcr?ﬁ?o |C?I§§:Eglrgz|%g osgég%g?ﬁa%ﬁr%uagﬁ?‘g& ?Izotjuced
or zero ceﬁhemlffadhgaﬂch theteresurfhee o mder 9910 whish mag causedefertssin thetstrectmhwid devitest i on
speed is s g t sat
2,000 rpm %8‘@%& @F‘rm ?E%afgsg&gﬁ%ﬁg?lr%? élagggg;g%?ogb%[/& cks tﬁﬁ&? Hi’z

cl eani ng pamb@s@ataﬁbbtwtﬁe apglesf aridn- B. rﬁedumlosnde thenpads may@nwsn ngf wafer SWdf er
backsi de c o ocess,
motor 1206 ey e Bnd £ F U ERPRARGY: MR PASETLAE b FRL YAl o
chem cal 91413&11@111&48heh:e&enht@eschemd'palnﬂuanaﬁadbEFxgellGAt-éﬁ@d to the backsi de of

waf er 901 u ashi 08.7436 e fer
posi ti oner luo%gg;rh&ﬁ}é m%HQWanegPy glbeﬁll%agg 4%& ?acb%%?‘%ﬁ‘éf’%af?ﬂﬁm?di% ash
onto and cleatihgtithd gan &k ththe eigd &fiF ~5100fsa@ads) preferdbBr inQ0 3scoidsi The clvaninpause
defects in the styuctures_.and devic r 901. The backsi de
cheni cal QR@C?Féyst{S fﬁ%"é‘?ﬁf%ﬁ%ﬁ'%8%%@@#‘?3&6%@%?%%%@5& 1222 and oscill ated
bet ween angdoes] l[lF@nmA-mc illubeatd @RSt d@m@h@rﬂaelashk@mcﬁwegpraasﬁrmaf ]gf waf er
oy oo BEER A e e e P! o SO o
Figs. 16A- l&ﬁnu&@@rg&ltea_mﬁi edsidechbmid Al o4y férpﬂgecbé’rtﬁﬁbﬁm BettonDBedwidnlpositiGren t he
backsi de of wafer. 901, and the cl eani n&tl me can _be in the range of 5 - (1

seconds, prederdppl Vhendireaed s padtionprd 223 Similargo Figs J68316C, Rogzkidacksidpeat ed' OQ
for each Oiaﬁ‘e‘rﬁlbdl 048 @y &éamaie&q lﬁahldethef;romi ks s‘h@é«n il BeD 1B MidsrC, as7aﬁuak7§36

illustrate another exerrp ary backsi de waf er cl_ eani nP Pprocess. Process
nc

i s sinmlar retafes eeypterflackwiss dacksjde ﬁh%?aé?%@“’e‘ Hay tpcthe wafpr %tﬁ@i@@eﬁberﬁwdf

chuck 936 'uﬁnedkﬂﬂth?MH%an Hf?éc@éd‘%&'th@'ﬂ&’ck’éﬁﬁ&&ﬁh&ﬁaf@xh&%ﬂ@é 948 is pul sed or
timed to be wee ositioners 1222 and "off v'\7nen di rected at

posi ti oner 40082b2 In apathgr a*anmbe f dean thegertiogof the Gackside plawafer 9t in coptesivatl 948

may oscCi | | ab&tidiey 1299 th&tr 1208 whll %ﬁ@é& -2 rOBtiHALH Y ehndl \Mglsa subficRnpRtk1 7C, as
chuck 936 ‘rotates counter-clockw se backsi de chem cal 948 directs liquid to
the waf er uptatiqnakaseslesation syghdhad wafer PG1 will displage Hem its prigingl gositiong Jherafors. r ect ed
to the bac leﬁélﬂi%alpaehm@d W&Ele r v@a?é?lbﬁ'ck%ae cl'gcgl%il-gftslc'an RAG dieporfyAdE, O

cl ean the portion of backsi de of wafer In contact with osi ti oner
1222, not orbaq!@@sowmr%'éﬂw hadcbeen m@p@twtmthlpom@hb?ﬂ@ befprertheyotatienal ci ent | evel

of rot ati gnak ﬁrre reﬁ?&é‘éﬁ etstf%e\%@s &Q&e wa%erﬂof@ﬁ%&r B&ﬁmm il

original posi t| on chem cal s d I vered nozzl e for wafer
backsi de ciseprlsiteangef Qla’r‘atfrré@mﬁetth?ecllgmc@lﬁ omthe badkide oy MtUe of wafer 901

that had b t f I
novenent . X?‘t;pe? Wg%%?(ﬁgcat e en ;ﬁlp{laé Qr%ﬁlea%%%%?’ B'ﬁg hgg %zlal IE dagh g{afepg?l er 901, DB
wat er nozzlretatiat ardtdtion spgep bfabont 3 apmw, thé DDvaterpnoarles B2 ranchglﬁ qah supplyestrearad s BD/

the backsi C!)?P? b @ e t%g alb%bé&g?c%jof w?'f %&ulﬁlﬁ‘&ug9 'tl"g'fe%ggthg 7 wateP#bm and

cl eani ng cycle
to dry wafer 901, the chuck rotation speed can be increased to 2,000 rpm, = 1,000 rpm. The

nitrogen nozzles 924 and 928 can then supply streams of nitrogen to the top and backside of wafer
901 to remove DI water film from the top and backside of wafer 901. = e
[0093] In light of the above description of exemplary apparatus and methods, exemplary
cleaning recipes or sequences may proceed as follows.
[0094] Initiate Cleaning:

a. Home chuck.

b.Open outer plate 1302.

c. Place wafer 901 on chuck 936.

d. Close outer plate 1302.
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rotating at a rotation speed of about 30 rpm the DI water nozzles 922 and
926 can supply streans ©of D water to the top and backsi de (p] O&F eili®o1

simul t aneously. To renove the DI water fromand to dry wafer 901, the chuck
rotation dYREUEHEK be increased to 2,000 rpm t 1,000 rpm The nitrogen
nozzl es 924 and 928 can then supply streans of nitrogen to the top and
backside of wafer 901 to renove DI water filmfromthe top and backsi de of
waf er 901. (099093 ranhsid Gleenieg: t he above description of exenplary apparatus

and net hod e roceed a
fol |l ows. 13094?9%%0?%%%%&(:% ean Q&eﬁ GﬂO%%%mSEgEE%W% 5g%npout er pl Zte 1302.

c. Place wafer B0 Pedalﬁerdﬂmﬁter%@ DI Water@ozale(ten) 924 togheafrent $id6 2f wafdgr W1.1 OCT 2606
WO 03/087436 [0 d of 10
[ 0D %kb oy ﬁ?@@p\%t&?x@% ‘top% 92 5%}63%11%{6%@3”%5019 %%In&tl Wapt% el O

to 100 rpm pref y at nozzl e
(top) 926 to tthWeaDO%rpdepmfer&iﬂbféﬁOOQ@m g Stop DI water from Dl water

| 92 huck 000
o pr ef or anl i DebUb e FEREERHAE L BRI BT R oyl BosBt %t op) 02s

to dry the top surSftqnetngenmaeranaeﬂapchuckr&ﬁtmm nitrogen stream and stop chuck
rotation. ﬂ)@? gdeg(el C.eaning: j. Mve the edge cleaning assenbly 930 from
its rest p |oﬁ cleanlng position by powering the air tube
cylinder 1016. K. I\Rmeallieeed‘gaéledmr%&lseﬁﬂ)lyim fioft iBslrest Posititad edde ck@fing p&aALRnr pm
preferably at 350 r“p ﬂ] el iver |dtr gn fromnitrogen nozzle 1034 through
ni trogen tube 1BRPWeEng fheajsiyhecylindst 6| eaning chenical fromliquid nozzle

1036 t hrough ack. notamfa@%atthmota%ﬁg;eea BE100BL58D ri) prdferabiglge3sanma, b4 | s
etched away, stop deljvering ed %}gg chemicals. n. Deliver DI water
(tm the Iiquid™ Bﬁlf@“&’(‘}gﬁgeﬂ‘?f’ 31?)Flr aitrogeubolB8. o After chenicals

d

nledge area 1004 M1$err&§§&ﬁnﬁ‘§ﬁkem1§dl%m@iqui@ﬁfo@ﬂe $0368R3ugh déldt%'l'm!@r
nitrogen from nltr%%en nozzl e 1034 through nltrogen tube 1028. . Stop chuck
)

rotati on and moW®e heaetal Ap g edgeEsml0)4 bstrhebaay: gor %vwg@ted&d%qat%n
100971 Backsi degifelngani ng: r. Mowve chuck 936 to backsi de cl eaning position,
i.e., the position where the distance "between the nozzle for wafer

backsi de cheni ciPebves Diwgter fiamhedicyid nogde103¢dkpughdplayater tubp2006.

o.After chemicals on edge area 1004 are rinsed away, stop DI water stream.
p-Deliver nitrogen from nitrogen nozzle 1034 through nitrogen tube 1028.
q.Stop chuck rotation and move edge cleaning assembly 930 back to the rest position.
[0097] - Backside Cleaning:
“r, Move chuck 936 to backside cleaning position, i.e., the position where the distance
“between the nozzle for wafer backside chemical 948 and the two adjacent positioners 1222
is equal. Motor 1208 starts to oscillate chuck 936 around the nozzle for wafer backside
chemical 948. The oscillation angle should be less than 45° + 5°. The nozzle for wafer
C, backside chemical 948 then delivers chemicals to the backside of wafer 901.
s. Repeat step r for the second and third sections of wafer 901. Alternatively, wafer 901
may be rotated continuously in one direction and backside chemical 948 is pulsed avoid
positioners 1222,
[0098]  Shift Turn Cleaning: ' R
t. To shift wafer 901 from its position by using high acceleration speed during a swift turn.
u.Repeat step s.
v.Repeat steps s through u for the second one-third of wafer 901.
w. Repeat steps s through u for the last one-third of wafer 901.
x.Deliver DI water through DI water nozzle (backside) 922 to the backside of wafer 901
and to the front side of wafer 901 through DI water nozzle (top) 926, with wafer rotating at

a rotation speed of about 50 rpm.
15



s equal . Motor 1208 starts to oscillate chuck 936 arqund the nozzle for

waf er backside chem cal 948. The oscillation angle should be | ess than 45
15. The nod# BikeizeWaf er backsi de chenical 948 then delive}§ g@Er@@g@I s to

t he backside of wafer 901. s. Repeat step r for the second and thir

sections of wafer 901. Alternatively, wafer 901 nmay be rotated continuously
I n one direction and backsi de chem cal 948 is pul sed avoid positioners
1222. [0098] Shstﬁomii?}lheregé‘affﬁlwgf:DltwateToqu@\'iefctwcgé%?t aggtptien PRed af abeyb 5099 on by
usi ng hi gh accel.e@oirnin, préragely 47, 000%pa, B¥ ddivirhitibgen 16-HoRPEGRH sidd £ bckside

V. Repeat steps s _through u for the second one-third of wafer 901. w Repeat
steps' s throughofiVesi9®he | ast one-third of wafer 901. x. Deliver DI water
through DI watep, W&hieer(gng?ﬁg&% Mﬁo%g@aH&thQﬁuéﬁ%K.SOE% e cl\é‘%%r%rch%r and to

the front side of wafer t hrough DI water nozzle (top) 926, wth wafer

rotating at a mondewi W by fevesing theaistplats 33¢4pwith cybindsapl 3). Gt afferta 993 widir 2006
y. Stop deliverigg %ckrug%e%oﬂnd"iﬁév@% id @9&?{5%16&%&‘8 58 fhof thofmf. 01 AL T O speed
=300 iy at 2, )

of about 1,000 rpm prefera 00 rp en deliver nitrogen
to both frd®99ki deheabeyelseqikndedlescribés one fxempBy recipe foBwefer dietringand fsnost r eam of

nitrogen a : [ '

over ng { ARems PR e ey BRbAGHEERR B BTNG wolh BECHaal

t hen pi ck wpthwdfeevar0saspents oftheepresantdnweatier Fooexamplest sconigexpoplary meripes hown) .
(00991 The . ribhes.aon enpl ary. reci for fer, cl eani ng
and is not 1&?@¥§%§§\8H§ gt%gseadtﬁ?%glf ?%quegcfﬁg(?é’og? J‘é’ u\lllézrltieoﬁsc'?e%fnflg Prr(l)\é\t%f’v%uorvrvé:' ﬁ%ds
to cl ean wafeps; tBfdfigh nfoaedgercttamag anditikhing Wigh stepa eitloronsgha s eednsand frytthecfrgmt esent

i nvention. For . e .second exenplary recipe includes follow ng steps
a through &lé)gv‘tg@%l{eﬁ%ﬂﬁé{%%%%g% initiate the cleaning process, foll owed(b%
Ly

steps | thr[00100] cAdatlier extylaty eaipe ingludantblibwing stepspthvduilngd as dpaibed abovotegh |
clean and dry the frant sid ith DI water and nitragen gas.. [.00100

Aot her exdlFG R cleadmeroRist ralfed by Bpita g g erdet P Bt SR B 86 ped
above to irdnd i loteah i batieRIBiwiY cREMICASSeps b Qirbugheth dian Sh@y the fidat adgRing f or
chom oal - S0t 8 RiPtegiey i Biousha R ebCod ek GO0 e B vt or
and ni t r ogefirgas gasaAddisibell, duémg B @&lﬁﬁild?'!clédhix@pﬁﬁ&smﬁwdir}mﬁm sllqipﬁk@ﬂodme tebt h
pr ocess, DIt AgOIE B fgpPirEte o amLot b epial el G AR B FEL: ¢ he
top surf aceadcbrdimoBNi siituld Beppr@itCiBbse URifel il e atGhdt REidd8 plosesed aff htemplated
Accordingly, it should be apparent to those skilled in the art that various

processes aAPECIRABIESHHPARAUEIOr Waiprs Rfith i e emrlanrepRsFRAPE eliefEr s wi th t he
exenpl ary ape@ipt ABhcapkltheapiaemss anfl H3H0dd for.cléinink MaBhs kave bedariddcabddswiand
met hods for cl eani ng wafers have been descrihed with . .
respect to certain embodiments, examples, and applications, it will be apparent to those skilled in
the art that various modifications and changes may be made without departing from the invention.
IV. Process Chamber

[00102] In another aspect of a semiconductor assembly, a processing chamber is included for ( .

electropolishing and/or electroplating semiconductor wafers. The exemplary processing chamber is
interchangeable with electropolishing apparatus and electroplating apparatus.

[00103] In one exemplary process, a wafer is rotated while a stream of process fluid is directed to
arelatively small portion of a major surface of the wafer. A nozzle or thelike-directing the stream
of fluid is translated along a linear direction parallel to the major surface of the wafer, e.g., from the
inner to outer radius of the wafer. To increase the uniformity of plating or polishing a metal layer
on the wafer, the rotation of the wafer may be varied to create a constant linear velocity of the wafer
surface with respect to the incident stream of fluid. Additionally, various exemplary methods for
determining a thin film profile and electropolishing or electroplating process are described.

[00104] Fig. 18 includes an exploded view of an exemplary process chamber assembly according

to one embodiment. Exemplary process chamber assembly can include dynamic shroud 1802,
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respect to certain enbodinents, exanples, and applications, it will be
apparent to those skilled in the art that various nodifications and changes
may be made without departing fromthe invention. W 'Procesd} ¢hdbb

[ 001021 | n R 836 ‘aspect of a sem conductor assenbly, a processing chanber
is included for electropolishing and/or electroplating sem conduct or

waf ers. The exenplary processing chanber is interchangeable with

el ect r opol inslhatig canﬂmrl&@@shmoelbmkﬂd@tmhmg shpfp 2808 tpdashduafAlIBBA, tibe 181

G oot oa « B B e et O B T e e R bron GRS it or *

nozzl e or t)i‘teesislckmhér 18204 malgfottmmzattfoeﬂa”plaﬁflsid endipdirtt deteansISas,edzad Kok a

l'i near dir [ an par | . tq the mj face of t fer, e.g., fromthe
inner to 03%4" S‘B%@Pﬁgh%i Ct‘ar?gbet}ﬁf“g?w 1%4’ ﬁ#@f’%‘g’s@a't‘h"éqghﬁﬁ? ﬁt‘tcg 1%#8 Mating or
pol i shi ng aindiadylihdty 840.on the wafer, the rot ation of the wafer may be
varied to create constant | i near veIOC|t he waf er _s_urfaevm'th

respect tolqH&); GEFRPIY chamhegsymay bgjuged € Eﬂﬁ]iyt"f 3:#931 qlsstropplishipg anded enpl ary

net hods f oklectlBhgI bt 46 dasctltudrgextdrtlmvﬁﬂﬁtgatceto%tbdu@doﬂghxtgmwet@hIwaergrsmo
electroplatlng process are descri bed. g§ 1041 Fig cl udes an expfoded

vi ew of an theRssEtipgtignfereectroplatitge pozg %Fyoaﬁ%ted’iaffglszﬁ’dméﬁél dittadnent .
Exenpl ary rap%ﬁ@s%r&mmﬁm@ﬁ@@msw ﬁlaaa elcBid Hﬂﬁnﬂ%ﬂ?@d&sc Aﬁt@ﬁlwlylﬁﬁg maylée
03/087436 0 OCT. 2006 nagnetic coupl er ft 1806, bracke

nount i ng sr@ﬂqcedw@laa c@ﬁﬁfé@%@%ﬁ#%@@nn&aﬂw&%mexe@nlamfenceptﬂayqulel4 bott om
chaber 1816l bithals 126108 63| pASIRGTE ABYS: LAASEAR0DS ARGDCESS
chamber 1822, nani ' ol 824, nozzle plate end point detector 1828,
nozzte bl o&PPARSIHS @MELECER@P@B@QHNGWMWQEONWN moon chanber
1838, gat eSEEH@bN Of@PﬁVI@E%‘?féﬁoﬁ%lﬁ?@% Ja%? .. PARHAR) ?I{e@zﬁ&mwry

chanbers e used equa or efectropoli |ng and
el ectropl aW@O%MéPH@BéTUﬁéﬂRMKIQP@WHWG MEdAd INGEBLORNECFEPNS hi ng

bl ook 1630 O nSMIMIUCTOR JBEPRES, kDERILBEY 4, 2006 hOA LEORUE ke BRore}BS 6
al so be usd@lnentuaneséb'etfbnewdtereghlﬁmg}hqzrr oempigry eAdctrepqtlaltmg/mdyslectrctp@ingray be
repl aced. Wi 8 SRNRSONCH LT Elin ALSRLEGALE LA SAPREE Uiy eXeTPl ary

concent ri cPEIFe ctro aratus i s . S. Patent No.
6, 395, 152, EEJECTRDBOLMNGDSSSHNHBL%MFKRWHOHS?GHL EIERU@QE(DEISHIHQBNETAL

Patont o CONDHIYE AR e o B T S A Ao e R | S e
| METAL LNTE _ Tt cEﬂH‘dhi 1@58],_5 fl999eﬂthB€thtHnuApghcdti;o:2000,
: Furt her, f i (| €s .

o enpeLPso O Sop d@ﬁ r kg D AR AR BT IR P B EREESHEE
gﬁégrll?bﬂig_:hm G ASS Y. AND I\/E(DNHBEI\lﬂco ECT RO]zg_l SI—SII ﬁlgﬁb%:lasl%ljgﬂl\gl?fg
LAYERS, fi Ped "E\A’f{ﬁﬁ'\?gﬁfﬁ ‘“E%T""%‘S%E‘YO’%%@CCBE’# Y- 6, 391, 166, entitled
PLAF NG APIRR61UFuAED, AFekkioblaryf dnt @dinDdetebton bl nietdds akeiREuribedigl UK Patead et

AppLLcatlon 1, 668 entitled METHODS AND APPARATUS FOR END-POINT DETECTION, filed on

September 10, 2002, and is hereby incorporated by reference in its entirety.

[00107] As shown in Fig. 19, the power drive system, which can be included in the process
chamber assembly, can include x-axis flag 1902, x-axis drive assembly 1904, coupling 1906, motor
1908, bracket for z-axis mount 1910, theta drive belt and pulley 1912, theta y-axis reflective sensor
1914, x-axis sensor 1916, theta mount 1918, z-axis universal ball joints 1920, z-drive table
assembly 1922, bracket for z-motion mount 1924, theta motor 1926, theta drive pulley 1928, chuck
assembly 1930, lid back cover assembly 1932, x-axis linear bearing 1934, y-axis adjustment thumb
screw 1936, z-axis plate 1938, top lid 1940, z-axis linear bearings 1942, shafts 1944, x-axis magnet
1946, magnetic disconnect plate 1948, y-axis stage 1950, magnets 1952, and bracket for maguet
mount 1954.
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No. PCT/ US99/ 15506, entitled METHODS AND APPARATUS FOR ELECTROPOLI SHI NG
METAL | NTERCONNECTI ONS ON SEM CONDEUCTOR DEVI CES, filed on §jg@€f 70351999,
all of whiwb oangshereby incorporated by reference in their entirety. [00106]
Further, an exenplary end-point detector and nethods are described in U S.
Patent No. 6,447,668 entitled METHODS AND APPARATUS FOR END- PO NT

DT Cphiobf rSRep RSBy RSBt e S A AR SRERES Y

system Wentifled METHE@DIAND AHPARATUS FORMHOCBENG ASaPOSITI@SBERDI y, can i ncl ude

b acket 1 SPICRRRUGRN BorECRR BRI AL o Ry APTaR 12, et s

reflecti VEELEJ’[R@PLAMOFXF}E(WI&@[BQES Hbon Se ﬁfnﬁemlﬂﬂm WX Batert Sévkd] So.
1922 racket f or

uni ver sal oints 1920 rive tabl enb
ot on. diiep o4 stz EGiors SbYS AT ESEH DR Ky B O
assenbly m@ICdNMJ@mKWIE@Es?EMNGE;%@TRQP@UIMNG\RND/@EMl ng 1934,

y-axi s adjustnment th axis plate top lid 1940, z-axis
| i near beaﬁlrwoféﬁ‘i 1N‘§ ﬁ)&ﬂ%ﬁ WPIQC% |f§edrm1d\4@1°h 7512@% an%)g%g%tw& Sefial onnect
pl ate 194&)9/856@55 %ntﬁIeQQET ﬁ%ﬁ?@m@iﬁm@%ﬁb POBITIOR@GG!  mount
1954. 17 7 GCT 2 WO 03/ 08743 001081 An exenpl ary chuck assenbly is
descri bed SWONDWT@%W%HEEEN@ NG4S ELTROBOLIS GAN@dOR/ETHGD AND
APPARATUS TSPl HESWO VORKE | NG

L ECTROPOL T R S ELECTRd@iﬁAL\E}?F\I W%%@%?IECESPA FF PR

Sept enber igcorpopaa in theg entpgtiesy referencglhemis. 09/ 800, 990, entitled METHODS AND

1 ecrropo PPN el e TEdbmetiar Phear e e RN e T, 1,

2001, and tanSatePeitteshuclSessandily N30 and@4185kg@ 651 810 trt ¢onfagrprivieTHQDE qAN@cthEtA

FOR HOLDI
R LD O T D SR o YR R R o oeh o1
2001, al | 181Bdw andptichl selsonand end prmmrqmciat 1828] ar otlleecampentrits sth sseisyrsitef er ence

herei n. 10(96% @%ﬁ%&tﬁ?ﬁ%m hani)eq 18 drt f;o% S?Sﬁh%\:@%on%l ?‘% gﬁ may(f)I ude a

dynam c shiou ARSI ared vm asse
spl ashguarwed 8t Qirther fearth@ughspr ocess |1 qui d or el ectrolyte ( . ) fI uid

the T oed s RODATH e S5 dhe B i Higs Bindno SR TinBu kel sl Risbinefito 2305"

ot her conpodedtive magehmamt pRRIOHG Tie chdﬁtammblyelaﬁ& cmmmdeeldagtﬁeamlmhmmr 1816

th h t 4. Addi t d f furth
O e pclechabihe 4SSk R0 o had 128 P b P e
magnet s 19%ndpérationpngeoichdnge pﬂoeesxing qapammd bt damnghgthﬁénamamhb prokat ériv3¢&dem The

chuck ass e&?xlu}{docg g‘om tf:li npr(r)Tcg\s/sechg'm er %ssemglyx otor‘i%é wil ro%te an internal screw in the x-

axis drive assembly 1904 counterclockwise to move forward along the x-direction. The same or

new process drive assembly may dock with the process chamber assembly in the same fashion. n
One example includes a safety measure such that if there is an object between the process drive Q/’
system and the chamber, or something preventing the x-axis drive assembly 1904 from moving

forward or backward, the magnets 1952 or 1946 will disengage from the x-axis disconnect plate

1948. The x-axis drive 1904 and motor 1908 will not be able to move the chuck assembly and top

lid further; at which point, the x-axis sensor 1916 will recognize the disengagesment of x-axis from

the rest of the process drive system and motor 1908 will power down.

[00111] During the installation or periodic maintenance of the exemplary apparatus, y-axis

adjustment thumb-screw 1936 can adjust the position of chuck assembly 1930 over the dynamic

shroud 1802 and nozzle plate 1826 along the y-direction.

[00112] With reference to both Figs. 18 and 19, when the exemplary process chamber is used ina

process application, the process drive system will be docked in the process chamber assembly by

connecting magnets 1952 on the process drive system to magnetic coupler 1804 on the process
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gliding on shafts 1944 through the x-axis linear bearing 193& Wien t he
exenpl ary apparatus is not in operation, e.g., to change pr &sUCh d’ﬁ{jﬁ
apparatus or during maintenance, the process drive system _can undock from
t he proce§¥08ﬂ3%gr assenbly. Mdtor 1908 will rotate an internal screwin
the x- axis drive assenbly 1904 countercl ockwi se to nove forward al ong the
x-direction. The sanme or new process drive assenbly nay dock with the
process chalmider assemehip| Windowt ¢yéindea h840fraisdsigats. ch@kel 8% &nmlhelf mooh cldeberd 836G f et y

e ohEldieth dpbyihbfe LidmBl ARIRCIsshIBER (D il AR Rorld Wit YR T

and the cha { prevent XIS drive asse 4 from
moving fo fmracprmllgmac(lsewhgd) ﬂtrdugh mlmgqhsnlw HasRwWok834.9%afenil 801 1dlos®|d greig ehufck om

the x- axi s sl36i9398Fk Bl AlGopd 88 o N8 e dnlplatgs 1904 and motor 1908 wi

not be able to K855 further; at which point,
the x-axis [(Kbélfs]orTO‘_r@q.VG CthIkIassemblygﬁS(tﬁomlﬁe lwhdsemgmgpmm toh pa(sat’amif@ from the

rest of t he ﬁ R %rr elecetrop}ﬁ% c%or DL Alive t%gpe af)sremk)h/qu\f {uﬁ%lltg nte(ggol}j#tat us,

Duri ng the® | ns mal it enance e €xe
y-axi s adpssahbignt IOWhlLImDZ-SXlS the]lQ%frmﬁmeaq; afshe 1-inds Inear Gehdmpsap420htitlke gap

ySairocti of PRI PoP ariit i e BRJST R oSt qinnan s

exenplary mr mQﬁﬁSandfp&lfhelﬁly 6 mms@kbrnanlvay, ipthe eeasplap pfdcésatlnambcr & hedmsrocess
drive syste docked n_the proc

will, serrb b onnect i ng
magnet s lgggltfﬂf? llaf’ lber’B?fB’s‘E Zdlf ‘V‘?/@g@fﬁsf@ﬁ@tlggﬁﬁ%ﬁ%‘ﬁr Rodojs)e Fé?te X%”é% OBHE? he
process 18tqp o®EEEZ%Q&Gmeameﬁal/oemaﬁnnh@gﬁlp%m&s&ezaﬂaf YSOI\AhBHlQWaQEﬁ:blpd%O 1840
ral ses gateq%guck#838 from hal f nmoon.chanber ﬂlﬁg to.create an opening in
chambe P 4P F8 ‘i‘é‘ﬁ%‘“‘%"&c pargtugis inthg rangs of approximafely é,-g Rl 3801 from
a K’ e- al i gpRferdthESmi. QAftet h fitd DRy dr D1 REBETDR T S00 MaxisTiidte 198870k nbSOdp i S
| oaded into chuck_ assenbly 1930 for an el ectropol.i S}hb’ g @ nd/or .

el ect r opl at KPR wggcor @eﬁw@qamacmv&pemé}s watr d§ nebplainghe | oad or

hone posi t [@114]0 Ta pRASH WALE 80D fthe eREMFIAFRPRRLdsTRAMREr MmATELD Ef)é}ﬂ’rloﬁltthé’\ﬂatedl he
nmotor in z-drive table assenbl% 1922 turns its internal aft assenbly t

| ower the £oPRKY afey 180Lunitpmlyrand incrementaipbiapplving fﬂecgaaakcwrﬁééﬁ dlsférapq%ggntlwz

until the @aRity ReUMRRR BE#eKs @ﬁﬁ@wmemb%@hea,@stp&fwereaﬂcmur%mcﬁlowc@ck 1830
is in the range of aProxwrae . and preferably 5 nm

Al t er nat i v@fogess figuid Hall kedbasssh ogrthe RS?%‘& @g@dc‘h%fﬁﬂ?élfi other yserdpfingd requiregetts opl at i ng,

the notor ldébeﬁalgg dnifﬁe b@rﬁ&xﬁar@?ﬁﬁgﬁﬂny UsS2i AR regsRents Prﬁglﬁ Irfélﬁdéthﬁ lnaﬂhs'er +938
fromthe top of the z-axis lIinear bearings 1942 until gap between waf er

1801 on ch&@kfcaéég%nvvaisaﬁ@uswfdarg?r@rﬁlaﬁlebﬁozwﬁ»@éFhlq‘flﬁnessef ﬁhe Cerpaidp¥erdPus i s

in the rang@naﬁror?tﬁ@ﬁ%fs”%ﬁl:éﬂyo v5afEPIngeQur€Hknt?t’f@mloE§ ﬁitoﬁﬁlé‘:ghﬁés Be MRKn&bter a
first metal |ayer is plated on wafer 1, z-axis plate 1938 nay nove up

i ncr ement alProfile of theceoppen alaties o & Bmalipg Qfd’@&is r Eheiprasyreypentswill hglpeenerd#oa f or

addi ti onal  plat }aBQtab[eQ%%JmJﬁ’deQﬁ’é dufnMai b bd 8&L.in %'8%01%1&@1@%&55\6 al] G6&nSS
chanber renoves cotgper fromthe plated copper wafer 1801 unlformy and

enent alsttyoinyomihe wafersg Tae dete pddhe resuliingantio tgble gregiefafmatad Hilm ghigkpesp profilfensi t y
foredi ffer Wch PR R nfdBiflell By WRF BLfint SRl uirehitd 6 BrRilaleHhe A filkilss 6117 T €Nt

and flow
the wafers, and the recipe for electrical current density and flow rate during a polishing process.

[00115] The electrical current density applied to wafer 1801 may vary depending on the type of
removals. For example, to remove a thick metal film on wafer 1801, a higher current will generally
be used. To remove a thin metal film a smaller current will generally be used-te-enable a more
controlled and precise removal process.

[00116] An exemplary process, or recipe, for electropolishing a wafer including a relatively thick
layer of metal will now be described. The exemplary recipe generally entails four or more steps of
processing. First, a removal of a large portion of the thick layer of the metal, e.g., copper, is
performed. Second, the end point detector 1828 measures the reflectivity of the remaining copper
layer to determine set-points for further polishing at a given location on wafer 1801. This process

recalculates the film thickness profile based on the reflectivity readingé. Third, the process removes
19



process liquid will be based on the profile of said wafer and other
user-defined requirenents depending on the particul ar appli @4t Q8. 2008
User - def i mealos/esgaser enent s mi ght i nclude the nunber of runs for |arge
renoval s, the use of larger or smaller nozzles, or thickness of the copper
| ayers to remain on the wafers. Typically, a wafer measurenment netrol ogy

tool  neasUfpsivdii it ﬁy&kaﬁﬁécoppérqﬁ ide6ra@ice Wi 1GORREhetR ilth 1NGneR MRihg of

?oﬁ]%i
waf ers. The measurenents will help generate a current ratio e that” can
i ncl ude t hthe engd padrideieetor 28 gepsarey thedeflagtivityeof sy dopper Hyjerp taodetesming if \’ﬁif‘gllﬁ@n

set-point pn bEct,}xepo\f@-fe@rtétheI&?redjﬁﬁcﬁnég%(ﬂd?%gffﬁé ufﬁe'tmgj ﬁ@%@m@?&% esth

metal filmthicknes rofil can further nodi y us defl ned

r equi r ementepeatiesd gl wafent88l !Smllﬁhﬁéfol thexdesires thiclesssangfor profite. waf er s, and t he
reci pe for t R

ectpe. O [RRL S L GH-:ASRRLI Bpst AL AW LAk &6 ARG
vary depenuaiuelgeoppertphating yperembvedrfemow afes1 80Ec.g. cin dlrephitia] r¢rpoviakbproaess, melpmsexk

metal fil O EhtidR %r rﬂb%.l%%a efdct rTé)Pané pr%gésg %p%rel\ﬁncFﬁtang el@a%ro’ﬁ‘lﬂ#ysug’?c% of t%e wafer &bl e

renove a thin nme USE

a more corgplakd wdh eoppen Tde Bbﬁrqpbtmg/pxbcqss cnnemﬂude[a()ﬂ:ﬂibﬂ]of Yavergingthp |V61It2§ge for
process,

Phi ek ay e B RE e R AL RR b P2 R e LB LGRS a1
entails f ?Ufthé)hkemitrﬁe)&hl@]a@/ eddctroflsiting @pSdratgs anbintestiod iedescited/alU.S.fPatend Ms.ge
portion o

er of,.the t e.g., copper, is perforned.
Second, g’ggﬁhég]cd'ie!ﬁf’reﬁé’t’s@é?rgﬂmfgﬁéa?‘ﬁ.ﬁéﬂﬂ}‘es the reflectivity of the
r enai ni ng gmpuqr Exbxaylefyﬂr@ceﬁke{eerpm ne set-points for further polishing at a
gi ven | ocat n fer 180 S _proces ecal cul at e fil hlckne
o of 11 o badieR Tof v ¢ apicxe Bvgr phropbadn ngter 140 s e 1374 08es hhoves 150 )
J 07 CCT 2006assviﬁblsz)lmtoﬁmsﬁtarneh@w %ﬁic;ty Eﬂhacﬁ@y@.ﬂl’sénm 19%@@%@{;; théx-
accordance with fhe new met filmthickn t he end poi nt

det ect or 1828 NQE%‘&P%ST‘W@Z%%F‘I”@E%I‘? ‘?)P‘E‘S;lség may "E%B‘ﬁ&ffss rw%wswaﬁf% 150k ¥ani ne i f

wafer 1801 has chpent Al s atie Ed?atioh Spdde sf thed nlofdra ks b&ﬂﬁél@tﬁonﬂb fheichi@ent The
third and fourth processes may repeated unti] wafer 1801 is polished to

the desired thi GRISEYEandfglingar ‘Frvélfq“it@ce pioteting chuek g%%%%hbdl%é FBederticabd,

however, that i tuddheratiothaPRi Ibeihg Qﬁm@&waféfaa& EHtaRo IBE BASH S8k mb@DAITUCh
copper pI ating was renoved from wafer 1801, _g} in the initial renoval
g

process, the pr&ugmess profledndwen- defiged; reuirgments SRRIFY FRCIRS GAhoBtROEsliher ei n

certain areas ORyfBlafteh@aRef tiedsEbetRiar anarn%w linBarREBLi§Gt, %&hmaﬁ%ﬁ%n th&he
el ectropl ating process can include a nethod of reversi n% t he voltage for
¥

the nozzle in theeangayal ef tagagchugomsephinl1%Bos Jiht3 Esipe cay bedpthst speadonlated winguch
as QuSO4 + HASOfe ﬂ'ela'Q:urr@ﬁt rétf&e‘méi llﬁér vd%htﬁbﬁﬁgés@'aﬁveesji@% hRREAhd SHRICICRBIEY US

and nmethod is described U. S. Patent 66 cited previously and
i ncor por at ed herlﬁmbacfw!!qwﬂB@éwppl@ﬁg'ﬂwidb@g%omem pe: Step 1. In order to

renmove |ay ?%% 0 fEng PP Hetédr Mﬁﬁeaﬁtﬁ&:‘the lteh&fti@lt{mf &)Bpe]‘ al%féd SRERL Qfswaffm%bl Gs

assenbly 1 In a constant linear velocity as th uck assembly 1930 m)(e§
al ong the x- theta motor 1926 rotates chuck assembly 1930 again in a constant linear velocny as the

chuck assembly moves back and forth along the x-direction. The present example records
the reflectivity of wafer 1801 and the corresponding linear distance of the chuck assembly,
at a user defined intervals. The present example extrapolates the new data into part of the
metal film thickness profile. R

Step 3. Repeat Step 1 except the current flow will be adjusted based upon the reflectivity of end
point detector 1828 to wafer 1801 at a given wafer location of linear distance. A smaller
nozzle in nozzle block 1830 can be used to achieve a more controlled polishing of the
copper plated surface.

Step 4. Repeat Step 2. If the new reflectivity measurements from the end point detector 1828 are

larger than a pre-set value, repeat Step 3.
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direction. The nozzle in nozzle block 1830 may direct process liquid to
wafer 1801 at a constant flow rate. The rotation speed of t@gtﬁcﬁp@& 1926
can be in relation to the current density and the |inear trave i nce of
rotating cWOMR8ESenbly 1930. The electrical current ratio that is being
applied to wafer 1801 can al so be based on the netal film thickness profile
and user-defined requirenents. The exenplary reci pe can continuously

ext rapol at 00189 dduringrkeidmyipblishbgtpreesses, ainctk awenbly 183 maseeadtatey irthe each
dat a poi nt fﬁfbv}irbethrel I""r‘]’?‘%{ travel of rotating chuck assenbly 1930. The recipe
can be further ‘recal culated usi ng the new current ratio and |inear

vel ocity. pPe@Ce]ssl)dComsanidystrerlonivmsdd he chuck assenbly 1930 back to the
start position along the x-direction. Step 2: End point detector 1828
measures the refgectivity of copper plated surface of wafer 1801, as 4{heta
notor 1926 rotates ZRuck assenbly 1930 again in a constant |inear veloCity
as the chuck assenbly. es back and forth along the x-direction. The
present exanpl e 1 &% §g‘%}tﬁﬂ8mr“ h’é@?‘?e\hef‘xﬁe%f‘oz\ﬁﬁﬁé‘?w DF"%hd t he

correspondi ng | ig)ead codlbisidtagi@e of the chuck assenbly, at a user defined
intervals. The present exanple extrapol ates the new data into part of the
metal fil mthickhéstbe ptasonispeedSt ep 3. Repeat Step 1 except the current flow

vt er 1801 028 g pRRC Patol A2 Ren S lalah PET el alib oo o 1 o

in nozzl e lkkpededBIollavan be used to achieve a nore controlled polishing of
the copper plated surface. Step 4. Repeat Step 2. If the newreflectivity
measurenments frogn.the G@nd poi nt detector 1828 are |larger than a pre-(%et
val ke, repeat Step Z(r20CQ) 7 OCT 2000 WO 03/087436 _- [001191 During
exéupl ary polishing processes, chuck assenbly 1930 may be rotated in the
fol | owi ng three n¥besC: jsaopagint bt a@ordinginthel particwlar appiraiys and applitetion. C, 2i t R

(D) V\hereg%(ﬁzkgn%kgonggﬁgré&ggﬁpgﬁxﬁ&&pce bet ween nozzl e and wafer center, Cr

is a const Is ther on speed. [00121] In practical control,
R=0O gives infinigag,otational speed; therefore, equation (1) can be (3)
expressed as follows: C, (2) 2t(R+tC,) Wiere C2 is a constant set according
to the particul arWhgp&s sstarsngand se pp brocess resipe.

[00123] 3) Constant centrifugal force mode:

2
% = C, = Centrifugal force )

Where, V is the linear velocity, R is the horizontal distance between nozzle and wafer

center;iand C, is a constant set according to the particular apparatus and application.
[00124] Equation (4) can be rewritten by using V = $-2nR

C = iE | - ©

Again, R=0 gives infinite rotational speed, 8 , in practical, formula (5) can be written as:

,9__‘/_—2—4__ 6)

T mJR+C,

Where Cs is a constant set according to the particular apparatus and application.

[00125] Horizontal direction or x-direction movement of chuck can be written as:
= C6
2nR

Where R is the speed of chuck assembly 1930 in x-direction and R=0 gives infinite R,in

R Q)

practical, formula (7) can be written as:
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[ 001221 2) Constant rotation speed node: 9 = C3 (3) \Were C3 is a constant
set by process recipe. [001231 3) Constant centrifugal: for§qd @6de?llgvz ¢4 =
Centrifugalo bhnseese(4) Were, Vis the linear velocity, Ris the horizontal
di stance between nozzle and wafer center; and C4 is a constant set
according to the particul ar apparatus and application. [001241 Equation (4)
can be rewitten by usjng V= 9.27rR 27 9 = G (5) Again, R=0 gives
infinite rotatiqgr@L_&Efe_eﬂ., $, in practical, fornula (5) can be vvrity( n as:
9 =C4 (6) 21t R 2€6RWEsHhe C5 is a constant set according to the part’icul ar
apparatus and application. [001251 Horizontal direction or x-direction
movenent of chutMberedn ircopsiant e acogadinglp theparticplaruppiretue ai dpplicatien- speed of
chuck assenbly 1930 in x-direction and R=0 gives infinite R, in practical,
formul a (7)00&%d BéthowahtRigsnlSeand 19 shayv #proETs FOGGystENDINOFi¢iBthe 8igickoasserfbl2 1930 R+
C7) (8) LS .84 t.ant [ t rt r at us
and appl i capy S alohe B U AR, £ BBt B56RE IR ghihg oAb B RRR3E B
system i n béthtie chirk asdembly 183%awdinoyzld 986 1826mae moat dm thive-diredion deptending on t
shoul d be cogni.zed that during a process the nozzle plate 1826 or both

t he chuck glg g’% 'fl"illrafglépﬁg%]hd nozzl e plate 1826 can nove along the x-direction
dependi ng {0127 h&ig) 20 tlioows hidexeaipidry natle 3054 th0da3 b ideluged dGhsdxomplapiprécessTpl ary

nozzl e 2054 that may.be.included in exenpl ar rocess cha senbl y.
The exenpl SRS HRENS o Brentirs nle A0S R TR AR sihoBiedb il ored RTEH0 FRar ™ ma
be att achee¢hapbe aclidor ﬁﬁ%ﬂabﬁcﬂ@%ﬁh;ﬂéﬂ tb thetdezl\ 54| Fheéhdncebst cRETBRMGEI0801
energy unit 2080 enhance t agi. |,on _of elect yte fluid 2081 at the
motal 111 isoe s beaeiats o Favrens o1 ADYyr e st EF AP mbrEr B ur  ace
fi ni shi ng, hiaAe pdlichingtnite, tefd taddce FiRisNg apk@uaptyary nozzl e 2054 the energy -

: . . . ()
enhancenent_ener unit 2080 includes an ultrasonic or npgnasoni -
transducer iooé%séc%@m@mﬂam refzéeé&b“ﬁﬁ@erﬁwieﬁlweeﬂrqnb?ﬂeavdl@ltgﬂﬁ’e‘ﬂcls%@en of

ultrasonic or magnasonic transducer. Electrolyte fluid 2081 may be input from side inlet 5200 of
nozzle 2054. The frequency of an ultrasonic transducer may be in the range of 15 kHz to 100 Mega
Hz to agitate the fluid. Ultrasonic transducer can be made of ferroelectric ceramics such as barium
titanate (LiTaOs3), lead titanate, lead zirconate, and the like. The power of an ultrasonic transducer
may be in the range of 0.01 to 1 W/cm®.

[00129] In another example, the energy enhancement energy unit 2080 may include a laser. For
the similar purpose as described above, a laser can be irradiated on the metal surface during an
electropolishing process. The laser may be, e.g., a solid state laser such as ruby laser, Nd-glass
laser, or Nd:YAG (yttrium aluminum garnet, Y3Al;0;,) laser, gas laser such as He-Ne laser, CO2
laser, HF laser, or the like. The average power of the laser may be in the range of 1 watt to 100

watt/cm® for continuous mode. In another example, the laser can be operated in pulse mode. The

.
i
—

e

pulse mode laser power can be much higher than the average mode power as will be recognized by
those skilled in the art.
[00130] The laser may also detect film thickness of the metal film on wafer 1004. In this

example, a laser directed to the metal film stimulates ultrasonic waves on metal film. The metal

film 2004 thickness may be measured through the detected ultrasonic wave'rdufi_ng an
electropolishing process. The thickness of metal film 2004 may be used to control the polishing
rate by changing the current, the nozzle speed in the radius direction, and the like.

[00131] In another example, the energy enhancement energy unit 2080 may include an infrared
light source to anneal the metal film 2004 during a polishing process. The infrared light source can
provide additional options to control surface temperature of the metal film during polishing. The

power of the infrared source may be in the range of 1w to 100 w/cm?. - An infrared source may also
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nozzl e 2054. The frequency of an ultrasonic transducer nmay be in the range
of 15 kHz to 100 Mega Hz to agitate the fluid. Utrasonic transducer can be
made of ferroelectric ceramcs such as barium titanate (LifTRQ3)T Josgd
titanate, %algl(%iébgonate, and the like. The power of an ultrasonic
transducer  may bé'in the range of 0.01 to 1 WcnR. [00129] In anot her
exanpl e, the energy enhancenent energy unit 2080 may include a | aser. For
the simlar purpose as described above, a |aser can be irradiated on the

met al sur f Peasedup pHgalabe metplddndypeg 2 rtlishigs proewse Jde grpffesitead stryetiye e vers. ., a
sol i d st at @mp@esf fof BGimiing HOYoppaSiRlercoMNd eI RRS-mik38&T perBfmdiEe MG Xl fy i um

al um num galrnhet, \?3A150 2’)‘g| asog‘rp,. gaersco[ ager sugr:nﬁé.]gtz He-Ne 1 aesz(iar, Cl)lg{tyl aser,
HF | aser, diecausethp fquperaiieis aacta g deieminingthe piain sizgged strigiprae thametildayeange of
| vatt to 18 ed\@hdot CaHTalsh BE uGaRd HALte Y SufRIR mpl R ARG Rt PERRRL 4&%54}}9@?“
can be operated in pul se node. The pulse rmge | aser power can be muc

hi gher tharPreee¥. aver age node power as will be recogni zed by those skilled
in the art.odQ91L30]; d s I il ' e hoaet al
{1 m on v S5Th08: ey pAS Rl SaIFhaGhilg dRh AR TR ki) T

st i mul at es Niértitorsgthe temperatises @Howseddgstfientsrof thEHenpeettat durfiig apoligiing prbdeskwitls s
may be nea . et ect. lLtr ni.c wav yring an

el ectropol ﬁ’gﬁ/ﬁ%dﬁ%%rgd;%ts]gg B %ég %hﬁigé%?tgggurga?%@fér X}%itﬁeml 004 may be used to
control thd0§idB] shiangherresdingld)yhecheny entgndehrencaenge nhif 2080enaydzctide aspgeetici n t he

radius dir |.0 and the like. [00131 t.her e | e, the ener.
enh :aﬁ ce rrie n'ﬁ{%@r{% Edé“ﬁs @ﬁ P?llsg'ﬁg IﬁurFFéli[/er & Pﬁlféh@hmappﬂ?%%&%%?m%% rl'goéust‘@/tgﬁ neal
the metal fpolishirddrterdalléwigfotingredsed bonngl htigedishinglia profflé of theindzklghthistonr ce

can provide additional options . .tp control surface tenper re of the tal
rm ot ngpae e mean Y reBTas Pk ity bl o fetiRGe G 65t spREt T ange
of/ wto 18ﬁ)ﬂw’dﬁg@on sfblécﬁblly&rfﬁﬂv, $9.We|6‘ﬁbfaﬂiﬁbécgdnﬁtﬁ thedidet&l ﬁle Gﬁfacaoﬁ&xagﬂ&)and .
03/ 087436 used to anneal, the petal filmduyri a polishing process.. The
grain size® H‘C§la1g’EFé’tSHPeé°°é‘P‘é°t?féP{'/TE”Y‘%8P$“§h?r thegi oy e s tﬂ@’%?tﬁéndgf@b‘ﬁé‘?e

i nt er conneghaghdtRGleld>- M grati on perfornmance and resistivity. Because the
tenperature i s a f%gr:)tor in determning the grain size and structure of the
metal | ayerd013fl F fiorldybe gecogntest that gheramergy paiiress suph s vigavislet Xarapmipauave

t enper at ur gogtest 4@ A3 |mag lalsBbél el RerRaRe ke 3 Brehan & TGR SRetrdpBihi3dlprodBss as
infrared sensor_may al so be used to determne the tenperature of netal film
2004. anigFEFF‘ilhgieiqﬁ'ée‘ic?é’ﬁ’b%rat ures all ows adjustments of the tenperature
during a pqbeissj NAItHLAF@S sxefiplddy chasTbYs ﬂ&iulé@%ﬁ@%r@é%ss%@H£\fé%eﬁp&§&ibe@@ﬁﬁ'9' ng the
current density, and the |iké. T00133] In another exanple, the ene.rg(%/_
enhancenentresperd Fefiprigin embotimentirgyamnies, ndeppliortionst will berapparent fothpssstidled ine

pol i shing Gy Ar&fit veilous RRaIRRNs bid Harddi0fhaflbe R ARG depAHiRfbh B8R ntion.
Focusi ng the *polishing current allows for increased control of the

pol i shing rate pr¥fi [Hecgppleting Anpeiatus andifrioedss i s i ncreasingly inportant for
relativel y.[b(ﬁ%@f lﬂ'aﬂéﬁ?ér%fpe&% %Qﬁicor{ﬁﬂ@to%%ﬁﬁ)}, fn %15@40?1&&%’:1 Grafl Bl Alefshis! N
the direction of electrolyte ow, I.e., vertica I Tect to the netal

fil C\ sur f adecludad foagleetroplatitig semiconductor wafers. In a plating apparatus and process it is generally

desired for process fluid to be distributed evenly over the surface of the wafer to plate a metal film
of uniform thickness. In one exemplary process a shower head for plating apparatus is described
that includes a filter block that impedes an immediate stream of electrolyte fluid and distributes the
process fluid more uniformly through a channel of the shower head prior to emerging from the
shower head. Distributing the fluid through the channel more uniformly leads-to equal or nearly
equal flow rates of electrolyte fluid from each orifice of the shower head assembly to increase the
uniformity of the plating process.

[00137] Fig. 21 illustrates an exploded view of an exemplary electroplating apparatus for plating
semiconductor wafers 2102. The electroplating apparatus can include half-moon chamber 2104,
stationary shroud 2106, plating shower head assembly 2108, exhaust 2110, liquid inlets 2112,
electrolyte fit through 2114, liquid fit through 2116, chamber tray 2118, bottom chamber window

2120, bottom chamber 2122, procéss chamber 2124, chamber window 2126, top lid assembly 2130,
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el ectric magnet, superconductor coil driving nmagnet or the |like may be used
to create and focus the magnetic field. [00134] It shoul dffeQCEc2libi zed
t hat ot herwénsmgmicour ces such as ultraviolet, X-ray, mcrowave sources,
and the |like may al so be used to enhance the performance of an
el ectropol i shing process as generally described above. [00135] Although the
exenpl ary GHATRE: (IRAISE RBHRANLIFAS NSS! HRSRILRAG Sy fPECt tO
certain enbodi ments, “exanpl es, and applications, it wl e apparent to
t hose ski | fungtionally sifydlargp thetekernplarsi to poligsassembiyf previeusbriiscngsed widarthekeading be nade
wi t hout deppi Ll n8hfiHRm t L& ' '

ggfis ? B e sthﬁ](}ﬁqg':shg)?d 2406 c'él/e%ﬁlg QRERLIR g@?ﬂ%ﬁ&ﬂ} éé&%re%&

Process [001 n anot her aspe a sem conductor as

el ect r opl atlepaplgp framasplashingrt ofisthdedddmber duping the dliecirdpiating hralcspinaint prio¢ass; for
sem conducteQE[mp\{\éaf ers. In a plating apparatus and process it is generally
desired for process fluid to be distributed evenly over the surface of the

waf er to pléx1d8]a Asshain miHign21pWafenr?102 istvddhd mkntbs slectioplabmeapparetapthasugh palbcess

a shower head f.or .pl.ating,a ratus i.s scri,he t hat . i.ncludes a.fLlt.er

Bl ook T hat T iinpBL A R ERRRE AP of @ FEREHY 1ol A8 oS R iRt 2l bt o
the process lid assethbiy180 will fooenivafei 1102 aglpositioh the welfer aove e 1S \whiting) stasvepr i Or
to energing from hower head. Distributing the fluid tht h .t.he.
Channel o dead 08 B G Ry odesr o Plitnieh Bt e ey AGPSOT 1 vt o
fl !J} d frompe@@rhf ﬁ@whil‘lé e gé}fbel'\i?dénM%?IngmgﬁlaE@ﬁﬁgiM;elﬁfaskéiﬂﬂﬁm id inQ ranlged .
uniformty t he ati [ ocess ig. i |.lustrates an expl ode
view of an 08%%9-53 1@*!3%1‘585%@?%5@%&@%9% gy 1o 4 3sgnbly 2430 avspi dies or

waf ers 2103vafebh€026dn@aditionl 2kinle saRRandh Seok@lRydr AjosiEien May be pRRAndERARRES

2104, statj.onary shroud 2106, plating shower head assenbly 2108, exhaust@

2110, | i quithickenlaierot sopper is depogite o8 her&fri ¢ t hr ough 2114, liquid fit throu

2116, chamgg13by akedphds clRpbpIRMGREERRE andistifieiées &b Abscribitih €19, Phariagy, 2122,
process chanber 2124 nmber wi ndow 2126 assenbly 2130, 23 WO

h lid
03/ 087436 .37\ 56 entiiod PLATENG APPARSH US AN YIEHOD, feken Fowey 5299, 8824, and
shafts 2 13Q‘ate;l;fljz?péhiizgioﬁ%moyogizmozae\bﬁ% PLIAYIRE APARATE ANDMETHODNed

exenpl ary top assenbléﬁpreV|ously di scussed under the headin "Process
Ar

Chanber . " TRersH b 28Harid GAr Ratent Appigationferial Ny 89RT- 241, enviled Pl hown) to
prevent el gl ICAlb ME FROBSHLAG RPfI 1@fzdofﬂ,qh&é}ai¥é[><%3tfg§]romgicm%

el ectroplating and spin dry process, for = exanple. As shown in Fig.
21, wafer 2n@pporated hszeeieley reterence-he el ectropl ati ng apparat us through hal f

moon chanb@pe 204k Ozzt'h‘l%n%\@{ &l BUQ%?&L £ R mﬂ @v[?g?lh&d%%égxbl HoptrLe
copper on aé?erPZfDZ,l top |Jﬂgsse ) y02;361 P?%Fomer waf-er 510% ané
posi tion t hatingprocesabhoaver krad pespmbly 2p0Emasnigeludromiar chanaelding S2@ndloyenixad. | n
one_exermpl 3Ly 4GRSl nalidbhd gl z$ Lok REAL oL AYRS VRS b BlnfERAbLLON | S
per f or med mﬁgfe the gap Betmeen ﬁg?er éloé an Blgf%ng sﬁowefm e asgenbly
2108 is i n wadsanufeguredforafrstropl@ing 3Afmmowalbond 20Qmm waferanpegivelye Fabisy without 2
rm Top i dzgﬁ%ﬁ&&?f‘e}é s%rglglg rg{:ﬁﬁce ! 3%@ mny @It rch%ﬂigl%-\ilv%'}3apgitﬁ 1hd Q% mﬁl SH8; L RanRel ™
and a second layer deposrtion nay be perforne ere a (Y

ring 2402, and the 300 mm shower head top 2304 with the 200 mm shower head top 2404. Thus, .~

shower head 2006 can be used for both 300 mm and 200 mm wafers. With reference to Fig. 24, as

the size of wafer decreases from 300 mm to 200 mm, the shower head top 2404 may include fewer

rings and the outer channel ring 2402 may be smaller in diameter. It should be recognized,

however, that the exemplary shower head may be configured for any size afes:

[00141] Fig. 25A illustrates an exploded view of an exemplary shower head. As shown in Fig.

25A, shower head 2206 may include electrode rings 2502, nuts 2504, electrode connectors 2506,

electrode outer connectors 2508, small inlet flare fittings 2510, inlet flare fittings 2512, plate filter

blocks 2514, shower head base 2516, filter spacers 2518, and plate filter rings 2520. Each electrode

ring 2502 is fitted on top of a matching plate filter ring 2520 and locked into place on the shower

head base 2516 by fastening the electrode of electrode ring 2502 with nuts 2504, electrode

connector 2506 and electrode outer connector 2508. Each electrode is attached with an electrode
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t hi cker | ayer of copper is deposited on the wafer. C [00139] Exenplary

el ectropl ati ng processes and sequences are described jn U.rﬂS Eﬁe tU No.
6, 391, 166, entitled PLATI NG APPARATUS AND METHOD, filed o ia rib 5.5, 1999,

U.S. Pat enVOABIBT%ti on Serial No. 09/83 7,902, entitled PLATI NG APPARATUS
AND METHOD, filed on April 18, 2001, and U. S. Patent Application Serial No.
09/ 837,911, entitled PLATING APPARATUS AND METHOD, filed on April 18, 2001,
t he egt2 ir leloﬁlﬂanmmtts elettroubd iol(itl’e)rd cﬂ)lcii)ﬁectdr as&s}ia@@h@trﬂd thlelzﬂa.i Ble&tyode ﬁhﬁzm@% bd ,gbﬂilbm]
Fig. i strates an ex ed view of an_exe ary shower head asse

7198 for oo BRI I e0s BLoBn b A HES h GG 5o 050 ARG Tt or
channel ri rspowetéad 5302816 Wikt dtve chaihe B 26 4lecbighe FOOMEImM MRAEard Z@gs $51@%nd 23 and

24 illustrate expl.oded views exenpl ary shower heads configured for
el ectropl ataff%bs nlﬁ[ffﬁrﬁéiﬁlggsgﬁ& 200 nm waf er respectively. For use with

200 mm waf qoei42f | APluythérapdndit Fid DSA 300hIeNaRUtEHie 2913 RAEe 1highdhaAIwittit T at he
200 mm outer channel ring 2402, and the 30Q mm shower head top 2304 with

the 200 mmCEHBGIER shaven head base2526 anpibsinlet Sayp fittinsheanaot be fstes ap ths sameRAFitoB

both 300 mgg ANd o2 Orifdl WabBkrSo fAleh heliREETa8 B dsQo EloWver Kéhd bRAS 2516 Rdd e of
waf er decreases from 300 mMmto 200 nm the shower head top 2404 may I ncl ude

fewer ri ng¥emnéistringe gigttension aaghyeightte he rings pverpgtheyemahinl¢t dlareifisting 28k erer . | t
shoul d be rgcaUN 1 r
configured 11?lor an%tag% %Seﬁ\%g? gﬁosTbg%{f}&lﬁz?g. gSIA&Ft?GpﬁJ;@%togE&gﬁh%ﬁ%ﬁt%ged Vi ew

of an exemnsiraleynot Brywayfonhilted bloplss 25hémrSiimtlarrtp gnlet flagAitting 250 releieedd ring QB2 ity
i ncl ud I i ya )
I ncl ude el eGlr ?ﬂ@ﬁﬁér?ﬁg gggp%glb@gﬁse é%%fienﬁ@%?&ﬁn%'@n ﬁm?%%?ﬁa%ro%%%?ﬁe with

el ectrode outer connec are ttings I nlet
flﬁ—e fittiemers oBiglectnoflemties.fil ter bl ocks 2514, shower head base 2516,
filkt

er spa : T g o E | ect ing 2502
s titted Qnap e s e in hloEd vy BEE bRt R ROl B9 1200
on t he showsi4 jomed tbgbtherbyXditHspayers 248 énfony atlipeid dloediach desenbly shidcdnrebmrode ng

2502 with nut 4. el ectrode . connector. 2506 and el ect rode guter connector
2508, " Each sl Bt Suf BUgeR agS R Sihus dFs SRR E RS SlfueiR?

03/ 087436 oahlbep&itdbed sboeé simivenitad base @51 6cwitinacinlet fla250@ing 3512 vondathi and Benger 21.
El ectrode ri.ng, 2502..ca e de, of ant,i rosi v tal.s al | such as
ol ati num (EARPIR EAPied ST Preer e Lot Sren) (et poeiisRiradiipdace
2516 w | | haifiees@Sanwith & nireow gleetie nthy tentdrlobwdch brifieel. IWidi referedcendw totbothdligs?512
and from Il iplet flar ittings 2510. [00142] As ther seen in Fig.
S8, i nBR 4 a9 5 el G oo SRl s BLRe o g A b e SRR shiyer, O
[ R shower headibaezs f625611ﬁn| e € fored bgﬂmeén Ifliltaﬁﬂerfrintgg&lg:ﬁldclﬁﬁ‘bwf bmbeﬁl& amvfen on

t he sane pqsi{ion or all 7-. 10-rings. I n order asten the inlet
flare fi ttﬁﬁ@ib% Rroinbie R arih ek oskor s o mn&?é#-ff“ Lol e

tensi oln anﬁrMEigllfb_tceht_@r &ftRe H1atd Gfter BEOCR2F1404b30d thé [t nd B dadtributelirtiroligtiotd thg 2510
or Inlet are f1tfin

on an opposhieh étsfth%?lgctt‘l%g'%ez@ﬁﬁ? gf’eg ?’(pﬁﬁs) %hr;glléﬁ!f\#ef%if’f’g‘%’ 1?'1% E"’é& ?l%‘i% Bgﬁrég Ogg%k‘tf&? ned

Si f'tl- ar to Jnithétly bddrefnfthd diddrdembs 25@ ahb EREIYE NGid pRBEs thé d1&ctrode ring 2502,
and flows uniformly to the surface of wafer 2102 through apertures 2524 in nozzle head 2004.
[00144] Fig. 25C illustrates the relationship between orifices 2522 and the nozzle head’s
apertures 2524 on the bottom of shower head 2006. As shown in Fig. 25C and Fig. 22, the shower
head top 2004 is stacked over shower head 2006 such that the apertures 2524 are positioned in
between two orifices 2522. This staggered positioning allows the flow oﬁglecgolytev discussed in
above to flow more uniformly through each recess on the liquid block flow assembly. As
illustrated in the top view of the shower head in Fig. 25D, the apertures 2524 are disposed around
the outer ring on shower head top 2204 (or 2304 or 2404). These apertures 2524, also inside of the
enclosing rings on the shower head top 2204, may be formed in any shape, such as circle,
elongated, and the like depending on the particular application. With reference to Fig. 24, apertures

2524 may be formed in an elongated circular shape created by forming three round holes.
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over plate filter ring 2520 such that the el ectrode is positioned on the
other half of the circle with every other electrode ring. [00143é Fi 25B
i |l ustrat ewoan3/oexps oded view of a plate filter ring 2520 and [b?aﬁ Tfm&ﬁ er
bl ock 2514 joined together by filter spacers 2518 to forma liquid flow
bl ock assenbly, with an electrode ring 2502 fitting over the liquid flow

bl ock asse e lary,. liqud. flaw bl oc seml i Ll be,. itioned
above shov@rtl)llﬁselay%é)g%e(&gtgf@e%l%ckgain‘glmfrlﬁt gflreﬁnﬁ}g‘g S Rasl n‘a%ﬁ'ﬂ%ﬁBl eedé'gﬁﬁ'and
center of tleagh op¢ atmeort apdridres bdove khe phokdnivy dfttheainletfare figing x36sifgnot shown) .
Each plate filter. rin 0 h orjfices 2522 W th narr pepture in the
center of élggﬁ?p%rgl?[%al < es.tr%%\%'toﬁof%cg?@%é%m@ﬁ?t?%e %‘(g?lhel'Fﬁﬂ%e. elecg'\é\il(%dﬁ PYBB,  as

t he |i qui d fione bt khedgmetiaésyuraofkigfrolglecan bodi€fichlt mgconbOR Waing theafuiifegy t 0
shower heﬁi E%sﬁe %5116, a channel is forrr@ig e{)ween PI te fi llt er. ring 2520
and the boPloSHPSFmAADEHSHRlATY appatusIRyPro F Pty eutreh Qfieleetiplye fermsigti n £ r om
inl et flar @efdsiibn,R@,,268pér, bddaBseqlRCHiited bstie25I4 WARMhMMdL the ininedilte Birdant dfe Cent er
of the plate fil te{pedbl ock 2514 above the inlet and_be distributed throughout
the channélectrobge pacdistribute the plogteolyts thrqyehqu the channely Distiibytipg the eleptrplyte

el ectrol yt enrbhgdhbutftheQiiamiel aiRfvs Oduaf draRarBddal vbidinkO6distasRe tb 88w RBut dFeaddl ect r ode
rings 2502. The el ect rogy e fluid gasses the el ectrode ring 2502 and fl ows
1

t
uni forn y ©B1EAS23 0p platedilisr ring2529. Asghowp frlgaRP Eaplestioliteeonss out af gleptengs| e head

2004. [ 00L4@d drhtor2 24081 thicusi thaliRsvel Miad bRL 25160 Bl MGt WREDs20! thid £8Fd2522
and the nozzle head's apertUres 2524 on the bottom of shower head 2006. As

shown i n Fitkg sidesof elastiods ripg 2592 andiflows leuhed the apertidiest25@4 o g weshesd wpl28eH- over
shower hea . j Lk i t t wo
gg%?%hél%b%ﬁ tﬂé‘Eerg@E & @fv&’r{e%zgﬁg{%@s ﬁ£s%eﬁg§éfs%x‘ib%9 %F 'réclﬁe folcbk G _

orifices 2 Thi's stagger ositionin ows t ow oel ec#ol yte
di scussed_ iombodiovis examl¢soewdrepplisatinnisfiowikiby apiaranutsithesskillediodssarghatvhrousi qli
bl ock fl ow | it . i . -he shower head in
Fig. 25D, t“ﬁ"z‘ﬁ%g@r“ ﬁ}@l%&bﬂgééﬁ%@%gl&tﬁ garl{lolt?ﬁféydlt é%ﬁ%‘%r’ ring on shower
head top 2204 (orVRR304 Wiethad am)Appihts dordpeslingVeder2524, al so i nside of the
encl osi ng rj 0 r..head top 220 for.ned in any shape,
such as ci r[l():(ﬂg?] eﬁcé%gng ggn%éaﬁ%spgﬁ%’ea Tﬁlﬁoéi a&é%"é’h@l r?lgg rolﬁ‘%thﬁ‘égf)ezglr‘ qn% t%rrwa?er

appl i cat i onelatwettda pretessiegmeditlosueh gs anlkctreppishing @slecRafldingappaosus dfen@dlly,n an

el ongated cir.cul ar _shape.cteat ed Qr m.n hree round holes, 25
03/ 087436 cS’h}‘%&9?652‘%%Qvafeéﬁiszl‘%i‘”\ﬂ?‘?ﬂ%g‘ﬁtwapﬁ’ fe L VEIEF ol R PADETALAE S £ are
fitting 25hferaygedahilygaraliel o atlevel sptfecedi b potdsying thunthegbr tosie Farexample, alipeng ur es
above the oxifm.ty of the inlet flare fitti .. C i ng di sproportionate
di st ri but i GRS BHCdR Hie BrOseS g PR RGeS B RS e oR i n Rl P PP s
flowi ng fr{oom46neFigeRbAtnd 24Bshbiv@h extnipiey kuwlmg @dol 266ahat @lay be used o feasure
difficult tp control. i he liquid.flow. bl ock assenbly, the exenpl ary
Cppar st us By REbRbar vt i s il b Gleiuf ks RSRENE pberbibey £
deposi ti on,préceshing chaRer As HRoausEig26A and 248, eie 18lelifKapparhths gédetally fgeides t he
i mredi at e st ream of | ectrol yte and di stri bute the el rol yte throughout
Lo chanme! eveingioniagf s e dlacima et o hogaentgatm 64 it 2t one
Sgggl or lnqaoiztfy] lema;lempmry_ g?glb @fdeAf}i&ﬁtiﬁ UlS_{Pﬁf:ﬁthI(i g,gwés,mfsptmﬁiaa METHOD I cel )
on plate filter rin . shown in Fig. ctrolyt nes. out

of el ect  ochND ARPARATEISRRIE BPLDRIG AN HoST NN SENE DRI R OB KRGS g
plate filt epyuRINWELZEEPROPOERHAIG UWAD/OR ELECTROPLATING OF THE WORKPIECES, filed

on September 7, 1999, and U.S. Patent No. 6,495,007, entitled METHODS AND APPARATUS

FOR HOLDING AND POSITIONING SEMICONDUCTOR WORKPIECES-DURING

ELECTROPOLISHING AND/OR ELECTROPLATING OF THE WORKPIECES, filed on March

7, 2001, both of which are incorporated in their entireties by reference herein.

[00150] With reference to Figs. 26A and 26B, chuck 2616 holds wafer 2602 during a

semiconductor electropolishing and/or electroplating process. In order to provide for a more
uniform process of the electropolishing and/or electroplating process, wafer 2602 is positioned

parallel or nearly paraliel to processing chamber 2630, and in particular with the plating head or
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the sides of electrode ring 2502 and flows out of the apertures 2524 on
shower head top 2004. [001461 Although the exenplary shower head apparatus
has been described with respect to certain enbodinents, exafyl
applicatiofg, osids7k! | be apparent to those skilled in the art that various (
) nodificatl ons and changes may be made w t hout departing fromthe
invention. VI. Method and Apparatus for Leveling Wafer [00147] According to
anot her aspect, a nethod and apparatus for |eveling a sem conductor wafer
rel ative t®oHshinedeedesi(nj shaydw PELhS grokesaiss @npa@rtécwwg@g togh68d mgy be positioned

el ect ropl atyimg, fPRBEAL Hambg%@warafwde redsed AlRREFF 0 vArdasey it is desired
that the wafer be | eveled such t the major surface of the wafer is

general |y f8#all dievelingdoql 2604 mas»urwlad?ethrm seasqss 206 ad pryresraive sigorl linesi612.For
| | th
exanpli e, a W?éﬁtlﬂglmgt {061 264 £'pldctl HHE&& RLACRIE LOnER 91%{ f’éo%j f&%h‘?@tﬁﬁ%tg e

uniformty o ol 1 shi ng or pl ati ng processes. A and 26B
show an ex émhmtyoll%% Isigna) 110@64612 Gowugitensordfioe) used: Ctoontmaastqrﬂ@ confnel

parallelis qgsqgm i\@lfft\lqrog@pa%hl\ﬁ/lnﬁe@dl %Xe%gpmejd ORSnl’(l: J u ac!eaotfth\é ahg ZE% ALP gr%gncgm ng t he

appar at us, own 1 n
| evel i ng a@pw ﬁmmsorg@he/lsmnlzﬁu scbudetsd toltlaa/\etfemoz opetal Bﬁﬁ4Asgermuﬂd606 ne 2610,

ool ar . SRl e Bl RS Elmilarp R el e 295 e ghpiding
NETHOD ANI6P(PIBARM}LHS ROy DbMNG BN sBERT4. ONI NG SEM CONDUCTOR WORKPI ECES

DURI NG ELE CL AND/ OR ELECT. AT] NG THE WORKPI ECES, led on
Sept enber W%bg*d?% alfy, & shewp gﬁﬁ%ﬁ?ﬁ %,véir@g f‘t?gg““é?ﬁﬂ gl R@Pﬁé&@sﬁww
APPARATUS i faehstikhg 1&1@%{&[{&&6&5}&@%@ chbrdd 2aTBIRAICGREPO NAERK RbA2(eY IR IRISNG

ELECTRODOJ SHI.NG D) OR E KPI ECES, filed on March 7,
bot h PSTILigHME Ve’al’rn%t‘iohggﬁ’ﬁ‘i“éﬁ othé‘FeF ireties by reference

r in. [ 0QdcB3) Wik. tzsceﬁ@tr@tes:@crbg sEd:tQ)ﬁal vidofal dxetkiffary 6dhere686 1€nbw hess waf er

2602 during a sent conduct or el ect ropol i shing_and/or el ectroplatin rocess.
gad 36kt

I'n order tdnhdsdrider 2089, sg Sﬁ‘6W§261§nP‘f‘6ﬁ*JPﬁ“ﬁ?lﬁé coatact srEevet @22t 30d pH1 362 ng

and/ or el e@ig[@nt@tzbms@me@&ﬁm s%fne!m@ﬁ%gh%orﬁéb%k&rév@m H#lepdd28l pipr nearly
parallel to processing chanber 2630, and particular with the gl ating head

or 26 0 7 @dmpstyenid62@endmip d62an bEB’IaiiesQflﬂt?@alsrﬂfz'lﬂPbé"sS"Ghé%St%ﬂéiﬁ/ﬂeelo tapipg,

processi ngtmq}g&d Level ing tool 2604 may be positioned wthin the
process chanber O to provide increased alignnent of the wafer 2602.
[00151] LeV@15tly Inene e@@el@rymsyceism@r nersuningrtbealicamerios paraliybisw of welst 2693 ondi ng

signal i “géla&’o%]tg Wa@s@ tdo‘if\éﬁtxdk%lé ?éé%/egﬁétﬁ&at’dslevml%ﬁgl %ﬂﬂﬁﬁtxl%‘b‘ﬁhé@%@ and

the wafer 2602 |s g down to signal I'ines 2612
(t hrough s@nsot@ns@ts@ép eantpgis diee @oﬁwtatetaudﬂcet@WZWnﬂh@Pon@ymrmht@@M

through a tQifimetali hit &tudEQ%g%glir%%ﬁ‘ oulé fi ?&%lgfanh @&&W%ﬁ{emzﬁs@? amf‘ gr ound

l'i ne, 2610 ° rom contro syste onnec he wat’er 26072 e
| ayer. As geovidss s sigB0® copoeltsastem R6id. (The rontret ybtempts d@termune@thetdmtascecﬁmpl et ed

bet ween h‘?hestﬁ-[k%%f @8%%%%519&'9050%90@6?&'{5%4 an% poﬁt‘i;énoat t@%on@)/ofl%ﬁe dGaasur ed by

controller
C‘ : [00155] Chuck 2616 continues its descent until the second sensor 2606, and the third sensor 2606

contact the surface of wafer 2602. Corresponding distances for both sensor contacts are taken and
the measurement process ends.

[00156] As shown in Fig. 27, the exemplary process may include a software interface, which
displays the measured distance in the moment of contact for each sensor 2606. The interface can
also display the location of sensors 2606. The smaller in the difference between a maximum and
minimum distance of the measured distances the closer the wafer 2602 is to being aligned or in a
parallel relationship. The data can be used to make adjustment to chuck 2616 and consequently,
position of wafer 2602. After the adjustment is made, the measurement cycle can be repeated until
the difference between the maximum and minimum of the measured distances is within design

specification such as = 0.001 inch or the like depending on the particular application.
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[00152] Additionally, as shown in Fig. 26B, |leveling tool 2604 may include
supports 2608 for use in neasuring the parallelismof wafer 2602 in chuck
2616 and t\wWe @@kisshi ng nozzles as well as position the |ev@lf QfTt 28806 2604
near the surface of wafer 2602. [00153] Fig. 26Cillustrates a ,
cross-sectional view of an exenplary sensor 2606. Sensor 2606 can include
hol der 2626, set screws 2618, pin_adjustnment 2620, contact screw 2622, and
pi n 2624. 0&5ghapithqualthe gyemnlasy wafkpaiigpmantmsthodn antsysigmeshave besngrscebeth st
SCrew 262Zespelht6l@rtad@aPodiRehts, cRdthplsd mrhtpr)l?c@a&)s, el B pp26ddo §3R sRifledRde of

netal s or allogé, such as_stainless stee titanju tantal um .or gol d.
[00154] | rihesbthabvarpnsanadifisaions aad ghapsesmax by made Wihoubdepating iipm die ipepten el i sm

of waf er 2[@9%8%2%6&'0@&&&4%& @es&rﬂﬁioigf)%ﬁé% deORls, m@ﬂH@far@l@%§etﬂ§§ eI tovar d

| evel i ng tool 04 until the pin 2624 of one ofsensors 2606 contacts the

conduct i vells@pfegsenplary gambedimergoand isppns intendediiobe dmtze tawill g appareatiothasal

circuit t R E | I i rol system
2614, and @E‘FES‘.F‘?%%‘?E‘&?}“S%“S %“gaggaﬁ?g’%?“dg%g%ﬂ? l’zvglrilﬁﬁ%%g’ec? gﬂ‘? P %Fé}lréyst em 2614
det er mi nesinvéptionfiast poygllef Fasramfie therdifgrend exemipdane plegtopplishing and eledtmgplati®s 16 t o
the pin's L : Ch . 1 [: 61
cont | nues SPE-tel abie iofPTRberthe LlRa R ATk gl OAREN SRS,
2606 cont datdctoryendsthie Fileomaydke uswiftegettR6D 2. singlerpresponstinbly «instydbaosd sémratdhpt h
sensor contacts are. taken an the surenpent process ,ends. 156

shown i n_FegisE bR g B RS TRATE FRTRY nPRATSE® AR ek PR S e,

whi ch  di siakayisn iskiefined &g titeagpaiat ddime andshbiié nofbedintited by the desariptioh heremac h
sensor 2606. The interface can also display the |ocation of sensors 2606.
The snaller in the difference bets a maxi num and ni ni num di stance of the,
nmeasured di stances the closer the wafer 2602 is to being aligned or in a (v)
paral l el relationship. The data can be used to make adjustnent to chuck 2616
and consequently, position of wafer 2602. After the adjustnent is nade, the
measur enent cycle can be repeated until the difference between the nmaxi num
and m ni mum of the neasured distances is within design specification such
as t 0.001 inch or the |ike depending on the particular application. 27 WO
03/087436 0 T OCT 2006 [00157] Although the exenplary wafer alignment

nmet hods and systens have been described with respect to certain

enbodi nments, exanples, and applications, it will be apparent to those
skilled in the art that various nodifications and changes may be nade

wi t hout departing fromthe invention. [00158] The above detail ed
description of various devices, nethods, and systens is provided to
illustrate exenplary enbodi nents and is not intended to be limting. It wll
be apparent to those skilled in the art that numerous nodifications and
variations within the scope of the present inventions are possible. For
exanple, the different exenplary el ectropolishing and el ectropl ating

devi ces, such as the cleaning chanber, the optical sensors, the liquid
delivery system end-point detectors, and the |ike nmay be used together in
a single process assenbly or may be used separately to enhance )
el ectropol i shing and/or electroplating systenms and nethods. Accordingly, the
present .
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invention is defined by the appended cl ainms and should not be |imted by the
description herein. r .? 28 WD 03/087436 0 7 OCT 2006 CLAIMS 1. An
apparatus for processing one or nore sem conductor wafers, §qnBCIs?208§: a
modul e for Y@ 8¥98%¢p6a wafer; a plurality of vertically stacked processing
nmodul es for at |east one of electropolishing the wafer and electroplating
the wafer; a cleaning nodule; and a robot for transferring the wafer between
the nodule for storing, the processingdmguse, and the cleaning nodule,
wherein the apparatus is divided into at | east two sections characterized by
separ at e f landsappantusfpreresesineang or @presemicandictor wafetsegoniprigingidi ng a
pre-align I 9 kgn the wafer prior to processing. 3. The
apparatusnggkgﬁg%#f%?&ﬁﬁg%g?h t he robot includes one or nore end effectors
for pi cki ng phwmality efrvartichlly stioked priocessing medules forTit deastppeapfatlestropsilisihgtherwater
wherein the r i .by rolling or sliding out fromone of the at
| east two sec%@g%g#a%&ﬁgﬁéﬂggghratus of claim1, wherein the robot includes,
a first endcetfiezmodulé;andtransferring the wafer to the processi ng nodul es,
and a secqn d, ef f.ect o ranst.erri he wafer fromthe.processing
modul os. - 64 HREREEEFER e bl SRR R EM O fonlf B mipo 8Tk e B 4G RS er
system f or dedléaumpinogufey ocess |iquid to the processing nodules. 7. The
apparatus of claimb6g, ,wherein.the li.quid delivery system.ingcludes a.surge
Ppressor o ThErebeReaLe sy ParioRR RN SR ROt GRSt e
includes a: roller to nodulate a flowrate of the process liquid. 9. The
apparatus qf c¢laim®, rein.the |iquid deljvery s em |.s housed in a
cont ai nment- t he\PPParaips o 'Fﬁaémép%‘g'l%{t"ﬂfé“ g acnrsfﬁfemenm@iﬁ ® abwﬂsﬁﬁéwmgo
i ncludes an exbaskuig t 0 renove gases fromthe processing nodules. 29 WO
03/Q87436 0 7, OCT 2006 11. A nethod for at |east one of electropolishing
and el ectroplating a sem conductor wafer in a process assenbly, conprising:
transferring PhepaRitud 6 cBind 1 OWheReiR tHélratot Intluds chb BEHBR Rl SRR OHpIIBRLEMS
with a first end effector; electropolishing or electroplating the wafer in
the processi iaffeagede waltinsferring the wafer fromthe processing nodule to
a cleaning nodule with a second end

4. The apparatus of claim 1, wherein the robot is removable by rolling or sliding out from one of

the at least two sections.
5. The apparatus of claim 1, wherein the robot includes,
a first end effector for transferring the wafer to the processing modules, and

a second end effector for transferring the wafer from the processing modules.

C 6. The apparatus of claim 1, further including a liquid delivery system for delivering process

liquid to the processing modules.
7. The apparatus of claim 6, wherein the liquid delivery system includes a surge suppressor.

8. The apparatus of claim 6, wherein the liquid delivery system includes aeentroller to modulate a

flow rate of the process liquid.
9. The apparatus of claim 6, wherein the liquid delivery system is housed in a containment tray.

10. The apparatus of claim 1, wherein the apparatus includes an exhaust to remove gases from the

processing modules.

29



effectdr; ‘and cl eani ng t'vhe.Wafer i'n the cl eaning nodul e, \A/n'érei[n t'he -procesS'v
assenbly is divided into at | east two sections characterized by separate

frames. 1240RRsfi8E hod of claim 11, further wherein transf t waf er
i ncl udes @iong%a robot and wherein the robot is configur egj?oﬁ@f ﬁ&ﬁ roll

~out of the process assenbly. 13. The net hod of cl ai m 11, further incl ud| ng

delivering li ct{]t th rocessin rTDduI rou supp line, wherein a
surge s upprlés 6‘?3 ﬁeégé’fl‘é ‘5\? °tl‘ﬁ18“%ﬂ'8 Shaale ‘ﬁ’é‘g afﬁ‘““"?’?fé“ﬁ%‘f’#ﬁd“ 8f claim
11, further i p}@bdgglaseanmgrmmpﬂgngases fromthe processing nodul e through an
ex haust system

transferring a wafer to one of a plurality of stacked processing modules with a first end effector;

electropolishing or electroplating the wafer in the processing module;

transferring the wafer from the processing module to a cleaning module with a second end

effector; and

cleaning the wafer in the cleaning module, wherein the process assembly is divided into at least

‘two sections characterized by separate frames.

12. The method of claim 11, further wherein transferring the wafer includes using a robot and

wherein the robot is configured to slide or roll out of the process assembly.

13. The method of claim 11, further including delivering liquid to the processing module through a

supply line, wherein a surge suppressor is associated with the supply line.

14. The method of claim 11, further including removing gases from the processing module through

an exhaust system.
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