WD 03/ 042433 PCT/ US02/ 36567 ELECTROPOLI SHI NG ASSEMBLY AND METHODS FOR
ELECTROPOLI SHI NG CONDUCTI VE LAYERS CROSS- REFERENCE TO RELATED APPLI CATI ONS
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entitled METHOD ARDESPRARCIISHESR ASSBYBIPOANHMISNOPAFCR LM ON
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i ncorporated herein Wﬁ%@?@ﬁ@ﬁn‘éﬁm@%? ENTION 1. Field:
[0002] This invention relates generally to sem conduct or processi ng
apparatus, and mraaggéﬁgéarlﬁgtﬁa%ﬁg%éﬁ%&ibg AN aratus for
electropollshlng co ces. 2.
Description of the Related Art [ 0003] Sem conduct or devices are

manuf actured or fabricated on sem conductor wafers using a nunber of
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et chi ngpyapdHeposi tion processes to formthe desired electronic CI rcuitry
of the sem conductor devices. In particular, nultiple masking and etching

steps can be perforned to forma pattern of recessed areas in a dielectric

| ayer on a sem conduct or g@%ﬁRMDW’fﬁE‘aﬁl\;’ﬁﬁTﬁﬁgs and vias for the

i nterconnections. A depo
1. Field:

[0002] This invention relates generally to semiconductor processing apparatus, and
more particularly to electropolishing apparatus for electropolishing 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 transistors, internal circuit of the semiconductor devices, and circuits

external to the semiconductor device.

[0004] n 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



1 WD 03/042433 PCT/ US02/ 36567 process may then be perfornmed to deposit a
netal |ayer over the sem conductor wafer thereby depositing netal both in
t he trencwe3msmd3yi as and al so on the non-recessed areas @®CT/USh®36567

sem conductor wafer. To isolate the interconnections, such as patterned
trenches and vias, the petal deposited on the non-recessed areas of the
seni condieesss max it besperiompedie. doposibs meted hapen ovesthe semieonsystopvafesnovi ng t he

metal fi | t < |.el ic |layer on
The. ser'Casir sk lal i B0 wpRAREARELAL ERF R of BE S efSied Sratt
pol i shi rthe ¢sahdedpnduchd? wafeh Aibsisalate the edryormgetibrssuchas patterteeinehey andndust ry
to polish and pl rize the netal layer wwthin the trenches and vias wth
the non-¥@% g?gl@%@ﬁ&‘é’a§ﬁ@romh%nwéqcsw§ pEeap gf the sewicoBduptorvalpcls seraeradon

lines. [0006] In a CWP process, a wafer assenbly is positioned on a CVWP pad
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assenbl y,agai nst the . pad. pad, and t he substrate assenbly are
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referred to as polishing "slurry, is dispensed on the CMP pad to facilitate
t he pol ivékh thg nomrecesend; aseds of thsi dielestric {ayst traform intersomnastiontinesor asi ve and i s
chemcally reactive to selectively renove fromthe wafer the unwanted

mat eri al r exampl.&; I@?fgr . [ her,materi al s,
for exa O?éeé,i a die 3§Wﬁ‘;§?§é?i al. 156%%6}?1%@%%%%?&%\%@/1&@ e@gg} have
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because of the rel ativelg strong nechani cal forces _involved. For exanple,
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conductive materials, for exanple copper and t ms used I n
t ypi cal adsenedy ercempyedrgsinstzand rélativé toginamnethet Whileyapphyjng/theuforts topokisi ow k

dielectrl Ll m b reater thap 10 arders. of .magni tude | ower, .t han that
of co_ppeaF1 _8p _ %%egﬁéﬁﬁ%‘f% Q?ﬁlbe ‘?’%t%ﬁtg\%%}n% F?}Hﬁo%ﬁgﬁ%?ﬂ?%? togag p@ Shé%l i ed on
t he di elshgty, iscdifpensed Githe CMIPBAd 1o acilifhPthR G g, Wisﬁfﬂ@%[urbm ngs, can
typically contains an abrasive and is chemically reactive to selectively remove from the
wafer the unwanted material, for example, a metal layer, more rapidly than other materials,

for example, a dielectric material.

[0007] CMP methods, however, can have several deleterious effects on the
underlying semiconductor structure because of the relatively strong mechanical forces
involved. For example, as interconnection geometries move to 0.13 microns and below,
there can exist a large difference between the mechanical properties of the conductive
materials, for example copper and the low k films used in typical damascene processes.
For instance, the Young Modulus of a low k dielectric film may be greater than 10 orders
of magnitude lower than that of copper. Consequently, the relatively strong mechanical
force applied on the dielectric films and copper in a CMP process, among other things, can
cause stress related defects on the semiconductor structure that include delamination,

dishing, erosion, film lifting, scratching, or the like.



cause stress related defects on the sem conductor structure that include
del am nation, dishing, erosion, filmlifting, scratching, or the like. 2
WO 03/ 042%0833PQs3JS02/ 36567 [ 0008] New processi ng techni qres/sny3dsher ef or e
desired. For exanple a netal |ayer nay be renoved or etched froma wafer
using an el ectropolishing process. In general, in an electropolishing
process [0M8]port i Alewprachssingiteemiquss bre thotefarhdesiied. Fonexaude suntetdl tayan

el ectr ol tebfl_ui da‘?ol uttféocf and an. el ectri(i harﬁﬁgis t hen ? glie to the
waf er. THESE TESNET PT SRS LT A WaR iR SRS ing pros sy %finﬁ & from
the waf ei.clddRbEHisBARYesOre I sMNMENT lvakdr O BOBblighed ienAGRRAGHHRhA ah he

present invention, an exenpl aril apparatus and nmethod are provided for
ec

el ect r optactelyiBuigd sebitignent aa electrie chares e pppladdo shesyvplenr Theappar at us

i ncl ude . [ ] i r for rotating the
waf er c%ﬁgﬁlﬁ@%ﬂeﬁ@g% éépi’g‘f\?e:}‘g%%gg’% £ %Oﬁfgelgs%l ?%%g’fn?@‘%v@ﬁ% waf er, and a shroud
positioned around the edge of the wafer. One exenplary nethod of

el ectropolishing a conductive filmon a wafer includes rotating a wafer
chuck with sufficient sERRIEFSICMMARY @F d¢1H INYENTIONI d i nci dent upon the
wafer flows on the surface of the wafer towards the edge of the wafer.

0010] T tod ti i bet t d t ood i d ti f th
tetai | edVOMRSCr T D IpaRS BRIeGHTE tHE BRI ARt RO ARG A 8w ngs
and cl aia@proBide& ol diERpBRHRY £bontidkrieNW HEP w831 UnefkemplalyippafhnlsB are

cross-sectional and top views respectively of an exenplary 'sem conduct or

pr ocessiinjudgs gavafeuchuck doilwildigs & veiroaactjaorer ratpting the @aferchucknd | E are

B A T )

a seni cahglwafer Onp egaBplaryapphodofidectidpolidlingh gondlictise Al bAISvag&Ct i onal vi ew

of exenmpl %rg nozzl es of a_sem conductor process apparatus; 3 .
includes rotating a wafer chuck with sufficient speed such that electrolyte fluid incident

upon the wafer flows on the surface of the wafer towards the edge of the wafer.

[0010] The present invention is better understood upon consideration of the detailed

description below in conjunction with the accompanying drawings and claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figs. 1A and 1B are cross-sectional and top views respectively of an

exemplary semiconductor processing apparatus including a shroud;

[0012] Figs. 1C, 1D, and 1E are cross-sectional views of exemplary nozzles of a

- semiconductor processing apparatus;

[0013] Fig. 2 is a cross-sectional view of exemplary nozzles of a semiconductor

process apparatus,

[0014] Fig. 3 is a cross-sectional view of exemplary nozzles of a semiconductor

process apparatus;



WO 03/ 042433 PCT/ US02/ 36567 [0015] Fig. 4 is a cross-sectional view of
exenpl ary nozzles and a block of a sem conductor process apparatus; [0016]
Figs. S5A wbroogh3bH il | ustrate cross-sectional views of va&cCrase2/sssenpl ary
nozzl e shapes and configurations; [0017] Figs. 6A and 6B illustrate
cross-sectional and top views of an exenplary nozzle structure; [0018]
Figs. 6Q00¥¥ough &lgi4 iswstrosstsectianpl vicw\wd es¢mplary nerglesnadpblxck ofiezz| es

structures; 5?80%9 Fi%.s 7 illustrates a cross-sectional view of an
exenpl aryoLoRfy ﬁ%ﬂ@f PR EWESsi ng apparatus including a conducti ve
menber; [0020] Figs. 8A and 8B illustrate cross-sectional views of an

exenpl ar sem conduct or processing apparatus, i ncluding a conductive

nmenber ; [ﬁ@tﬁil} Fi Flig8GA threnghSat illystegic esops-sreaianalivisivodl VAHOWSKEBIDEHRY waf er
chuck as I [ ' . conductive menber; [0022] Figs. 9A and 9B
iIIustréﬁgﬂgﬁ%igggé%?&%ﬂ%¥£¥§%M5 of exenpl ary sem conductor processing
apparatus including a conductive nenber; [0023] Figs. 10A and | OB
illustrate cross-sectional_ views of exenplary sem condugtor processing
appar at U893 ¢ udi jes e anloB isege pross-sectioneland e piews ph e sxemmigy4] Fi gs.
11A andé%}%eghhaﬁﬁgate a top view and cross-sectional view of an exenplary
sem conductor procéssing apparatus; [0025] Fig. 12 illustrates a
cross-sectional view of an exenplary sem conductor processing apparatus; 4
WO 03/ 0424 PCT/ US02/ 36567 [ Q Figs. 13A-13E.illustrate an exenpl ary

U eorr od BTN e SBert: Drogenit nkistie o yiEns o Hiiios e SnBRY 1EBss Y] B g6
14A and dJfBulds! ustrate cross-sectional- views of exenplary multiple rotary
nozzl e assenbli es;

[0019] Fig. 7 illustrates a cross-sectional view of an exemplary semiconductor

. processing apparatus including a conductive member;

[0020] Figs. 8A and 8B illustrate cross-sectional views of an exemplary

semiconductor processing apparatus including a conductive member;

[0021] Fig. 8C illustrates an exploded view of an exemplary wafer chuck assembly

including a conductive member;

[0022] Figs. 9A and 9B illustrate cross-sectional views of exemplary semiconductor

processing apparatus including a conductive member;

[0023] Figs. 10A and 10B illustrate cross-sectional views of exemplary

semiconductor processing apparatus including one and two optical sensors respectively;

[0024] Figs. 11A and 11B illustrate a top view and cross-sectional view of an

exemplary semiconductor processing apparatus;

[0025] Fig. 12 illustrates a cross-sectional view of an exemplary semiconductor

processing apparatus;



[0028] Fig. 14C illustrates an exenplary process for el ectropolishing a
conductive layer on a wafer; [0029] Fig. 15 illustrates a cross-sectional
vi ew of awoaB@exsdpol i shing chanmber with an exenpl ary nulpCirfise2/sdseear |y
novabl e nozzl e assenbly; and [0030] Figs. 16A-16E illustrate exenplary
views of an el ectropolishing apparatus wth a linearly novabl e and
multiple rotary nozzl es. DETAILED DESCRI PTION [0031] In order to provide a
nore th h undeg: i ' Kele |.l.owW ng

descri pilOhls.; o PR BRGNS ShobE R bR AKRIbbHhuge 438l wifitd

mat er i almultipavtnebasemblyand the |ike. It should be recogni zed, however,

that the description is not intended as a limtation on the scope of the
present invention, but is instead provided to enable a better description
of the | ary i StARl; = I, i Shi
Apparatﬁg??POOSS]q@?ggéﬁﬁﬁhgﬁghgggg#ﬁ#ﬁgféggg&gV%?Egg%gégﬁgghgphgﬁﬁ top

vi ew of ratarereartd assgmbliest er el ect ropol i shing apparatus that may be used to
polish wafer 1004. Broadly speaking, the exenplary el ectropolishing
apparatus operates by directing a streamof electrolyte fluid towards a
metal fijhoagn a Wigrlwilimﬁ&ﬁﬂé&h{éﬂ&yﬁf@é&efok @méﬁﬂdﬁqn%gcamc%é er. The
el ectric charge and electrolyte fluid cause netal 1ons inThe netal filmto
di ssol vdayes onagvater;ectrol yte fluid. The current density of the electrolyte
fluid and concentration of metal ions in the electrolyte fluid determ ne,
at least in part, the rate of polishing. Thus, by 5 WO 03/042433

PCT/ USOZ0GBH67 corfigol 3 iligtrdtéen @ugs-otionhe Mt ¥f ant diectidbeidhind! chambsPlvithi on
concentrations, and_the like, the electropolishing apparatus nay precisely
pol i sh rABexeMplayn piltiple Hpealy movablemozals aswmatly; andf ers. [ 0034] As shown in
Fig. 1A the electropolishing apparatus may include chuck 1002, actuator
1000, and polishing receptacle 1008. Polishing receptacle 1008 can be
formed f[p@30lany neiigs.ildlA-BbRdiustraattgmplayuliared andedt@polishinyt apparaaes d and

corrosion,, such as .
V\rflfth a ﬂnearf%f movable and multiple rotary nozzles.

DETAILED DESCRIPTION

[0031] In order to provide a more thorough understanding of the present invention,
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.

[0032] I. Exemplary Electropolishing Apparatus:

1

[0033] Figs. 1A and 1B illustrate a cross-sectional and top view of an exemplary
wafer electropolishing apparatus that may be used to polish wafer 1004. Broadly speaking,
the exemplary electropolishing apparatus operates by directing a stream of electrolyte fluid
towards a metal film on a wafer while an electric charge is applied to the wafer. The
electric charge and electrolyte fluid cause metal ions in the metal film to dissolve in the
electrolyte fluid. The current density of the electrolyte fluid and concentration of metal

ions in the electrolyte fluid determine, at least in part, the rate of polishing. Thus, by

5



pol ytetrafl uoroet hyl ene (commercially known as TEFLON), Pol yVinyl Chloride
(PVQ), PolyVinylindene Fluoride (PVDF), Polypropylene, and the |ike.

Pr ef er ablwp opokisshi ng receptacle 1008 can be forned frompPRVDIS02/8d565houl d
be recogni zed, however, that polishing receptacle 1008 can be formed of

di fferent erials depending on the a§Pljcati on. £_0035] As shown in Fig.

| A, el ecorgPiing the elrgent gawsityhe plesthe s solysioni consenyations atst the like,be8 t hr ough

nozzl es & Qnoldh gﬁgg{ P (a1 =TT | I 2 S
el ectrolyte P?ui dggla 8 ftg%rpna-}gﬁrg%ltsr ng%lge}gﬁetﬁ? réss&{e%p\g’o%%gﬁgoﬁlggweturn

val ve 10%afetso pass filter 1018. Pass filter may include Liquid Mass Flow
Controllers (LMFCs) that can control the anbunt and rate of electrolyte

fluid 1 elivergd to nozzl 01 1012, ..and 1014. Additjopally, pass
filter %ﬁﬁ%ﬂc an fi ?g}o%@%ﬁ%ahﬁ%g??t{?ﬁoﬁfﬂ@% PRAIAtEs mF‘YJPW&LEfG:?gu‘FIﬁ or der
to reduck®ORN@neABUIT00AndGRlikEAE febicle 188 C PHlishi ' l'i shing
receptacle 1008 through nozzfﬁ%s ;%1((:), 1012, (l)érjm%%iéﬂg%%e ?&%"‘B% degr ade
the el edermpbiromifnygnaterial elestically tislgtetnad reasixtantité acid end comosidu, sudhasner

Fromcl Ao @A EnklRTL Rl AOpBS oR Y S RRBEIC R sur s abi
r enoves RudyVingligdenkedigeidet(PRDFR Folipropfénd, an@BRutke Pleferlbly! foRhALS. |t

shoul d be rec gﬁi&ted, however, that various filtering systens could be
used deﬁs?f‘@ﬁ?ge 938 bg dprmed drom PYRS. i1k shaudthbe meagnizesh hdweverghathough
filteringicont AB-PARS 008 SarflV i\ ter 18 can be omtted
fromth V\lﬁf eé po?‘?glh?r?gggsse@%ét?ﬁpgigfen{e&@ggﬁdla!:sa gnss f’bg]%] El ectrol yte
fluid 1@@Blicdioni ncl ude any conveni ent el ectropolishing fluid, such as
phosphoric acid, and the like. Preferably, electrolyte fluid 1038 incl udes

t hoph i i d_.(H3PO i ti op betweep about 60
oer cont 0l gt ASSHNED He- 48, et By TR G han o inpp B er ool y
about  7GeqptaRM008)h\aEE hbzz1E 1D, 00/1042413% 1097/ WRG2 %éﬁzrlﬁ%%&q} R%l ly,

£ 0 P

electrolyte fluid 1038 preferably i ncl udes glycol at about ercent
by wei grapswlecolykellpid % éem dlenttolie Ayidwesavoiad o7 HeRO®teoivdlvad 024 ¢p about

1 perce \ I I . of-.t he, aci 'f}@fﬁ%\’e’ t he
concent ?’tgﬁ %llrt]éf gpgg-gggn%éfgr%e{ fn%g ?ﬂcﬂ?&e I\ﬁﬁul%%ass FloweCongroﬁQrs ( S) tliqat can
control the amount and rate of electrolyte fluid 1038 delivered to nozzles 1010, 1012, and

1014. Additionally, pass filter 1018 can filter contaminants from electrblyte fluid 1038 in
order to reduce the amount of contaminants that could possibly enter polishing receptacle
1008 through nozzles 1010, 1012, or 1014 and possibly degrade the electropolishing
process or clog the LMFCs if used. In this manner, contaminants are prevented from
entering polishing receptacle 1008 and/or from clogging the LMFCs. In the present
example, pass filter 1018 suitably removes particles larger than about 0.05 to about 0.1
micrometers. It should be recognized, however, that various filtering systems could be
used depending on the particular application. Additionally, although filtering contaminants
is advantageous, pass filter 1018 can be omitted from the wafer polishing assembly in some

applications.

[0036] Electrolyte fluid 1038 can include any convenient electropolishing fluid,
such as phosphoric acid, and the like. Preferably, electrolyte fluid 1038 includes
orthophosphoric acid (H3POy4) having a concentratiori between about 60 percent by weight
and about 85 percent by weight, and more preferably about 76 percent by weight.



of electrolyte fluid 1038 can vary depending on the particul ar application.
[ 00371 Punp 1020 can include any suitable hydraulic punp, such as a
centrifugab o3puxaps a di aphragm punp, a bell ow punp, and t RE€TIUSkE36567
Additionally, punp 1020 can be resistant to acid, corrosion, and

cont am nat |.on. t hough one punp 1020 .is shown, it should be recognized
that any® %@@Iofleﬁ&%ﬁ@ %&’@cﬁf?@r% fsByles glyeoleat abent 40 te 40 gersentdye punp

m ght b # o ?r%]wg : ; e Y,

el ectr oﬁ?‘%{gﬁ?ﬁ}?&h %%g% ngaa%ﬁ Fugw n?t(%ll%?)qzl;lgﬁ?%ﬁ%gnen&% ggwei ﬁ%@%‘tt hr ough

nozzl es al@hidumleR] (agaimst weight ofithdanid). FoweviEQ2he toncetirmtioappd cempositien For
exanple, electrolyte fluid 1038 can., be pmintaiped at a pressure within

el ect rolcﬁfFLecf%P[}??‘ElﬁP‘?slé)ﬁgGW vary fgpe %geqqq%ip%xcy{}rﬁmgwa%%p| y lines between
electrolyte fluid reservoir 1070 and nozzles 1010, 1012, and 1014 can be
mai nt ai MegsAt a prmgsy'l620 AREddd MyGeitsHe h&&%hﬁ&?mﬁﬂ%u@l?é‘é’@éﬁn%g&iﬁss flow

controll'er, which is further preferably reSistant to acid, corroSion, and
cont ani i, A diskbaaen peiab) abellowRmenp ehd ther likee | Audstitiapially epuiipul (20k@8deat  set
flow rat nozzl es. 1010 012. and 1014, Additionally,. LM-Cs, may

sui t abl yrg%“é‘ 10 A6, g"cr{orsg ny?‘édl‘fqnﬁalrﬁmi% éﬁhcmggwnfgtugg 18%% dsbf’}VBn]ﬁt e to the
Cross- shotld®e redopnizedl theady R Y puhPd 20208shid Bd dsedFObr Sxeaiplt,@ 1 f nozzle
1012 is larger in dianeter than nozzle 1014, then it m ght be advant ageous

for LMFESParaepumpeighepebted Spiaach nprale 401h381 Zand 1944 abeditionadly, r ?t e E) Io
| e af- i
Cont 1 qurtaeol G Rl 038 SRERbw G Rt Bk SRBOLEA00S el dhef LA CABIZ Y s

liters padl0ilhuwithoarnshngD]020tiessmpeapplidativhe Kiependplegeleorolyte floRzA)38 @hzes,
di st anc bet ween the nozzl e and th fer, and the like. [00391 Fluid
F eser voite TEMBHeAL f BISHEF W) Yerolvifdsid isxaRaind 070, g hatebo e / heat er

1034, angdpalyliaEPBEtiett BlesfdIR uidRRedv6% 1090 biPhd M 101 1089RREA0YS Barl!

electrolyte fluid 1038 within fluid reservoir 1070. Further, one or nore
el ect r odbegnaig@aBedmhy ptessureicl uded in reservoir 1070 and coupl ed to power
supply 1030. Applying electric charges to el ectrodes 1028 renoves netal

ions fr e el egty flui.d 1038 thereby 7. WO 03/ 042433 . PCT/ LUS02/ 36567

adj usti ﬂgwféﬂe met }Mfgég%olﬁgfedﬁe?nﬁ Fon e%lfent:ﬁrlgsc,stqoﬂ ?/cf Oﬁf’ru Wg‘l%%“%fﬁ

opposi t réefbabheresiBiinti® acid, corrosion, and contamination. Additionally, LMFCs deliver
electrolyte fluid 1038 at set flow rates to nozzles 1010, 1012, and 1014. Additionally,

LMFCs may suitably deliver electrolyte fluid 1038 at flow rates proportionate to the cross- -
section area of nozzles 1010, 1012, and 1014. For example, if nozzle 1012 is larger in
diameter than nozzle 1014, then it might be advantageous for LMFCs to deliver electrolyte
fluid 1038 at a greater flow rate to nozzle 1012. In the present exemplary embodiment,
LMFCs are preferably configured to deliver electrolyte fluid 1038 at a flow rate between
0.5 liters per minute and 40 liters per minute depending on the nozzle sizes, distance

between the nozzle and the wafer, and the like.

[0039] Fluid reservoir 1070 may further include a heat exchanger 1036,
cooler/heater 1034, and a temperature sensor 1032 for controlling the temperature of
electrolyte fluid 1038 within fluid reservoir 1070. Further, one or more electrodes 1028
may be included in reservoir 1070 and coupled to power supply 1030. Applying electric

charges to electrodes 1028 removes metal ions from the electrolyte fluid 1038 thereby



applied to el ectrode 1028 to add netal ions to electrolyte fluid 1038.

[ 0040] The exenpl ary wafer polisher assenbly further includes el ectrodes

di sposed weaislina3nozzl es 1012 and 1014. As will be descri ped/isn2/sisent er
detail bel ow, although the present exenplary enbodi nent includes two
nozzles with two el ectrodes therein, any nunber of nozzles and el ectrodes
per nozzdfustinggiehaétal @webnehtrgichedfalectiobne flul, 1038y Abeopposiecthatge ragnies al |

i ncreasing _the surface area of the electrodes within a nozzle increases the
current 2@8H wlwdﬁﬂe2%r0ea&fiﬁ%@|mw%ecﬁrsf e Huidol¥384 he profile of the
stream of electrolyte fluid 1038. [0041]] As shown in Figs. 1D and I|E,

nozzl es and I a 85@],@ ,

El ectro 265) 056 an 1(3% 0 %aﬁe%?ﬁgéelﬁgﬁéerg%ect ri glgpﬁigé&c%%ﬁ%gﬁg%ﬁ%%eri al ,
such as witlppenzzlet Hil2l wslleM edb wilThe dcﬂcubeci hegreatdi dedail beto, Elthouglatde: Ti N,

| ead, plat d th 42] Dur hi ,
Some’ of IRTREHEEAILIATS FEDOG O PR e MR Ut oo g B Rt dRE 2004
may  accuyiliRt 6f Aok Alsenl re&é@édeé?&%&&ﬂ: +6her fésve%f breBt@r thd@ 656, iRRbd N

greater detail below, the nmetal accunul ation or plating é@be removed in a
depl at i rvgeqbr b!c@gsral,ﬂmrew@wﬁbb surfaghercacifdle ¢1©@tecsle&wbmem@zz ocrgases diear ged

P oet  ontteRnnsRas i SitupRupPaE 3RE aRRES e bRtk of e et plefiroliiener

)

t he net guighetged on el ectrodes 1056 and 1060 may be renoved, i.e.
deplated. Alternatively, electrodes 1056 and 1060 can be suitably repl aced
at any ropriate time., For example, electrodes 1056 and 1060 coul d be

repl acec[0 Ker pr%%@ﬁ’Y‘H@Fé&gobp apdd Ennozales 10[1%@14@]101%%18%316%%3 t he
metal | ay8p aH&‘X 60 L4 gppﬁéctrd%%ﬁbﬁzﬂﬂi br(r)gt()g#éy 1%91udé%gyléiéé?ﬁ$ pr()' i shing

process, Sone o t’he “copp ions fromt | ayer ng po I"shed
m gr at e coodwitingtnaipdiaf mchlasecdrppexjetsmﬂl%@twhd‘ aladéion (Td), Titeomvax €T1), BANSCt r odes

1056 and.. i.ncl ude , electrodes 1056 and 1060 may di ssol ve during
i e pipntd il dhP | i

t he dep cone deforned. Therefore, in sonme exanples, it
is desirable that el ectrodes 1056 and 1060 include materials that are

oL el kgl s e sk Srospassen,wiKgmAgeD
out of metal layer on wafer 1604 may accurgulgteI or;luqu:c?rrodgs ?OS%Z%(T 1%60 s will be
described in greater detail below, the metal accumulation or plating may be removed in a
deplating process. For example, when electrodes 1056 and 1060 are charged positively and
wafer 1002 is charged negatively, wafer 1004 is electroplated rather than electropolished.
In this and similar manners, the metal plated on electrodes 1056 and 1060 may be removed,
i.e., deplated. Alternatively, electrodes 1056 and 1060 can be suitably replaced at any
appropriate time. For example, electrodes 1056 and 1060 could be replaced after

processing about 100 wafers.

[0043] In some examples, the metal layer may include copper. Accordingly, during
the electropolishing process, some of the copper ions from the metal layer being polished
migrate to electroplate electrodes 1056 and 1060. If, however, electrodes 1056 and 1060
include copper, electrodes 1056 and 1060 may dissolve during the deplating process and
become deformed. Therefore, in some examples, it is desirable that electrodes 1056 and
1060 include materials that are resistant to being dissolved during the deplating process.

For example, electrodes 1056 and 1060 may include platinum or platinum alloys.



WO 03/ 042433 PCT/ US02/ 36567 Alternatively, electrodes 1056 and 1060 may
include titaniumsuitably coated with a |ayer of platinum for exanple,

wi th a t hwolmesasdf about 50 microns to about 400 m cronsPCTOG4A43656T t he
present exenpl ary apparatus, wafer chuck 1002 suitably holds and positions
waf er 1004 within or above receptacle 1008. Mre particularly, wafer 1004

is suitAahéniathesy,elenedesODEoahd €060@Ha exfcld&ltﬁam&&lsaltatﬂyldo:it@dlémnradawrt hin
shroud 1006. Shroud 1006 nay opti ona be included around wafer 1004 to
prevent alatimm dorsrampls withiadhigkn es\ﬁnolfﬁ P SQawieranp taiabiont 4P@micspnsdet aj |

bel ow. [0045] After wafer 1004 is suitably positioned within polishing

t 008, b
I L TRt G el S s S L
power swit;oni(wwer 1804 evithat onebbye ra’mpteclt: Haes. oMere potiedarby pifer 108¢ ive used
t h . t rodes. 1056, and f t
char god SHAPE PSRBT PR IS IEIE0 81 F1 WS, BEAEAAE UM Bec iDL, HBuBand
1060 wi t1yjoB W@tﬁaﬁ?g@nﬁﬂﬂeé—%ﬁn@%ﬁrh@@%éﬁ@&t@fxlaﬂﬁﬁféndjﬂg

electrical circuit 1s fornmed. Mre particul ectrodes 1§56 and 1060
are el ecwill keedasgribgdan geetter detadbelowiegat i ve el ectric potential in conparison
to wafer 1004. In response to th| s negative electric potential at

el ectro 056 an 0 rate a waf e into

el ectr o?@?‘eﬁfl ui d ‘%8%‘8 hus elf 818?@@&9 5 eﬁ %?hs%%ie e@i?@#olt%é polarity
of the déotodes 105 atrﬂ\/l%eefbeléw\tﬁll@ aigell By po®Bs M. aaighapf er 1004,

t hus el ect I’O{)| ati n% waf er 1004. [0046] Ad(bj,| ti ons‘ﬁsF)E’r as shown FWFl gs. 1A

and 1c ‘ﬁ%ffl‘z QW044ig elpetrically gleasead ) yerawes SupHis 194@ ébezae%/ anere thanrenedet ect or
1016. b
conti gurb oy sty Bl Ul BRI QBT RSe 9660 Bt wiBE T, Wy °30, 0°
can be mpfopgnateéjdchargdbaxﬂceﬂectrbbrte Audkioé 8 Sloofs bhh&enﬁh@éledtﬁ%es 1@ﬂ6| e;mlf er 1004.
End- t t .as ultrasonic
S TR R R I A
Eddy- curfogfta. ﬂﬁ@?@%a'imlﬁ% %fé@u&déﬁ%s@hﬁ&ﬁ@&d ¥k %leciric‘dll?cﬂa@% g@é ied by

i njection nozzle 1052 can act as a mediumthrou e end- point
det ect ornegatie aledtrie Pgﬁegﬁh%llllscfam@hmeamuwe@r flped. nhtrastpomd tenthily mga’uyss Usi ng

el ectrol e\fec?nc é(l?tg?tﬂ%% tﬁ)sdes 1&56“ Egldel 0%h dr'ngtgl 1Io(r)15 ngrg e awaysrlrcgrrm] fer 1685 cases

t he accuracy
into electrolyte fluid 1038, thus electropolishing wafer 1004. When the polarity of the

circuit is reversed, however, metal ions migrate toward wafer 1004, thus electroplating
wafer 1004.

[0046] Additionally, as shown in Figs. 1A and 1C, nozzle 1010 includes injection
nozzle 1052 and end-point detector 1016. During the electropolishing process, injection
nozzle 1052 can be configured to supply electrolyte fluid 1038 and end-point detector 1016
can be configured to detect the thickness of the metal layer on wafer 1004. End-point
detector 1016 can include various sensors, such as ultrasonic sensors, optical reflection
sensors, electromagnetic sensors such as Eddy-current sensors, and the like. Electrolyte
fluid 1038 supplied by injection nozzle 1052 can act as a medium through which the end-
point detector 1016 emits signals and measures the metal film thickness. Using electrolyte
fluid 1038 as a single medium to transmit signals increases the accuracy of the
measurements taken by end-point detector 1016 because electrolyte fluid 1038 provides a

single phase. In contrast, if injection nozzle 1052 does not provide electrolyte fluid 1038,



measurenents taken by end-point detector 1016 because electrolyte fluid
1038 provides a single phase. In contrast, if injection nozzle 1052 does
not proviwe odleass ol yte fluid 1038, 9 WO 03/ 042433 PCT/ USPRTABBEF656T SSi ons
and neasurenents from end-point detector may pass through various ot her
medi a, such as air and the |ike, before passing through electrolyte fluid

1038 t haiisstordRRdingshsueMeie fiom ﬂde‘ﬂébZdﬂ Bayl Pk tRbudtovations dthed. As wil |

ol ect  olyedasuh & 5 Q&Véa”ﬁk”%g% e e thiraeh elenEolin T 658 ik ecaptod

| ectrol speh e ap page IR he Y h
gcgﬁr ;ggq%fetr%oﬁ 'Bg nBQilQ{lo ?:é RUiIBE de hﬁa@@ 98wOR 1H£ﬁéda‘?edloio IS
shown having”an end-poin ? i6 any nu er OP nozzﬁes ving any

nunber @&remmmamctdetlemﬁf@l@ume feidusd thdt 0@ chafie dver tiermahadyn in Fi g.
| A, actyator 1000 can rqtate chuck 1002 and wafer . 1004 about the z-axis.
Fur t her ffreaseithe %‘H@caﬁgme@a@weﬁg megEiTReRy FHBbe akhrueh pReanek 1002 and
wafer 1 BRBG! 0% S0 PekGhavils ARbedJd4 renmain
stati onggéwﬂj%gfgtag%ng gﬁggﬁtglﬂlsm\@h zf?es 1(5)100 1012av %]%ylolé ecan nove

al ong t kadyoirdidetectoromay béiided. chuck 1002 and wafer 1004 renmmin stationary
along the x-direction. In yet other applications, actuator 1000 can nove

chuck 1 nd maf 04 .al ong.th direction il s 10 1012,
o o1 A0G A0 e e REIE Hig 4 peeor S0Pl R FE0S Faiater

el ect r oploat hs&taﬁeafaﬁisuemwmbe o bRnd ﬁﬂ)licﬁltlcﬁist SSddr N80 chi ilolve BRuckFor
exanpl e, nozzles 1010, 1012, and 1014 be positioned above wafer 1004,

such t haltOOalae«zl:m&ryltO@4 plong theixsdigeqtiont ehllemmrwl@ dmz,omldvdé)flé Femao4.
Additio i er tii 1010,
1012, agﬁh¥éTX 3grec %ﬁﬁ%a et‘$%€§ﬂg?¢luﬂg %thﬁgs er @ﬁéﬁﬂg?0049] For

addi t i ontitectirf; Gulfiki chnck HTozeme mfarhoom&mametmhmmwngsm rgliepipar dhyst see
U S. Patent Serial No. 6,395 152, entit I ed I\/ET S AND APPARATUS FOR
ELECTRG@@LquPP]N@tWEﬂF;&EmPWE@@GQNE@V HEOPEES, filed on
July 2. dR8%on, WHikthobslel 16107 BOIALAS 101 élEém%% alc)ﬁ%meb@aﬁéa@mﬁy reference.
FurthernDr ]}or addi tional’ di séussi ons of exenplary end-pol nt detectors,
see U. S Pat ent Application No. 6,447,688, entitled METHODS AND APPARATUS
FOR END-[PO&ASIIT Furthermore, the electroplating apparatus may be oriented in alternative

fashions. For example, nozzles 1010, 1012, and 1014 may be positioned above wafer
1004, such that electrolyte fluid is directed downward towards wafer 1004. Additionally,
wafer 1004 may be oriented vertically with nozzles 1010, 1012, and 1014 directing
electrolyte fluid towards wafer 1004.

[0049] For additional discussions of exemplary wafer electropolishing apparatus,
see U.S. Patent Serial No. 6,395,152, entitled METHODS AND APPARATUS FOR
ELECTROPOLISHING METAL INTERCONNECTIONS ON SEMICONDUCTOR
DEVICES, filed on July 2, 1999, which is incorporated in its entirety herein by reference.
Furthermore, for additional discussions of exemplary end-point detectors, see U.S. Patent
Application No. 6,447,688, entitled METHODS AND APPARATUS FOR END-POINT
DETECTION, filed on May 12, 2000, which is incorporated in its entirety herein by

reference.

[0050] II. Electrolyte Fluid Splash Protection

10



DETECTION, filed on May 12, 2000, which is incorporated in its entirety
herein by reference. [0050] II. Electrolyte Fluid Splash Protection 10 WD
03/ 042433wB@3hu382/ 36567 [ 0051] An exenpl ary el ectropol i sirCagsersdset

i ncludes rotating wafer 1004 while electrolyte fluid 1038 is directed to
the surface of wafer 1004. Wafer 1004 is rotated at a rate sufficient to
creat e de0dt]i f ugal Ahexamsadyleldctropolishingmiethed incbhdes totating wafet LOGH ARIES t 0
flow across. the surface._of fer 1004 toward the edge of wafer 1004.

Pref er atﬂliffrolﬂ%%@}d:@ﬁﬁ %@téﬁﬁpﬁ Surrss of Mgt 19%4-tW@96éd884 srotated ataf er 1004
befor e fralelsufittilfiQ0Thice cBpifRaPrortdt Y B6L i urface
of wafer 16504 tlhe fl uiggccan1 e porrevgﬁ%tec%ﬁéérlg%d?lg{%ﬁcﬁg r%%ﬁ? ﬁgg TtJ\/\]g‘lz’\gr

sur f ace aarwds thessunface ofjwiflel (urtewerdahe etlgeofi whfpt HI0M PreferbbBS thrreléctrobjtag a

ronever g ORSHEHs ungeiettyd wircinbf beli BERE R e dgbeding and

escape theflgRRRFdE U QFfal St 1008 the HLRAMI Y pRlvRRel Hort FalﬁﬂaguerS’xE the

Therefore, an exenplary el ectropolishing apparatus includes roud 1006
posi t i orfaderasusiane and digruptiothe streatn of nlestrokyte fhuid 1838 ot foemingquontintats has

been act u the centrif I rces fromsplashing wthin receptacle
1008 or Cé’g“%ldbBﬁ%le&@%t&%%‘é‘@élﬁﬁae@?%?%@§: %Mes%igg?vef lﬂg%ﬁ%m? Billustrate
shroud ¥MEobasflulitbeplatiowibinrhe fdeyatieand 004 eﬂledpgdmﬁg ot 8@pt 2 Shown in
Fig. A nozzle 1012 can sugplé% a stream of e?ectro yte fluid to the

2!

sur f ace SGramf electrolyse fluig. & re. ansaPmpkrelesiraolishingrmpparatas meludeod nor e
uni f or Mgy ouAaioBk %Q%n&fagoﬁ@o‘g%fi&ﬁ 1o HirBi T rrevieﬁt t%@‘l’igﬁid?h%tg{gg % fe fluid

1038 to OW across wafer 0 the éxposed ‘portion

wi t hout aatet apon by tixecentrifogal dbrgtefroml splashing wWithih récemanlé he0Sordsagin®f waf er
1004 into polishing receptacle 1008. Any electrolyte fluid that talls from
waf er 1(§5’J?5ﬁ?aptﬁﬁlre%90§ continuous colum of electrolyte fluid between

waf er 1004 and polishing receptacle 1008 nay cause over-polishing of wafer

1004 whqpes2]t he catipdmAl sdf1® MBstratd ¥oad 066 QfeuRraltd SBEARIWY RRRE. t O
uneven and unpredi ctable polishing rates of the netal [ayer. f0053]
Addi t i ol chuckalip2e |Ascshewh yr Bigt L AL dozzieal 01Ralah supply astresne of dledrolyte foid ashes
to the surface of wafer 1004. In order to polish a metal film on wafer 1004 more
uniformly, wafer 1004 can be rotated in a manner to cause electrolyte fluid 1038 to flow
across wafer 1004 to the exposed portion of chuck 1002 without allowing the electrolyte
fluid to fall from the surface of wafer 1004 into polishing receptacle 1008. Any electrolyte
fluid that falls from wafer 1004 and forms a continuous column of electrolyte fluid between
wafer 1004 and polishing receptacle 1008 may cause over-polishing of wafer 1004 where
the column is formed. The additional polishing may lead to uneven and unpredictable

polishing rates of the metal layer.

[0053] Additionally, any electrolyte fluid that falls from wafer 1004 or splashes
within receptacle 1008 can disturb the stream of electrolyte fluid supplied by nozzle 1012.
The shape, or more specifically the profile of the stream of electrolyte fluid 1038, in turn
affects the current density and the polishing rate of the electropolishing apparatus. It is
therefore desirable to have electrolyte fluid 1038 flow along the surface of wafer 1004
towards the edge of wafer 1004 and away from the stream of electrolyte fluid 1038 directed
at wafer 1004.
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wi thin receptacle 1008 can disturb the streamof electrolyte fluid supplied
by nozzle 1012. The shape, or nore specifically the profile of the stream
of el ect rwbhyB®4X4Bui d 1038, in turn affects the current deagiusy2/asart he
polishing rate of the electropolishing apparatus. It is therefore
desirable to have electrolyte fluid 1038 flow al ong the surface of wafer
1004 tqoes4]s the wuge 1004 vl R rolddéiat an hppiopyiate oMl b siSdet ading on
electrolyte fluid 1038 directed at wafer 1004. 11 WD 03/042433

PCT/ US02hasisemsity wdthe elggrobyte flgslused.fo sausedhe eleefralyte lyicofiyp agragsewater
rotatio e | ' ' : lwte fluid
used, t(r)]@ggz@g&tqﬁg%ezggtg#% ;7?20%ﬂﬁg@%&@éﬁgﬁlgﬁpﬁkﬁbé% towar ds the
edgedof hma]iignal.‘sﬁ% sgfoulékbetshﬁh ’&m’lpﬁﬁelbc’lﬁ'orytté ﬂiljliddfctj)BR hmglfloiaﬂﬂ;’i‘cl)ss'ﬁfﬂ‘elf gt i o ]Elal
speed shou .Su t hat e ectr te ui,d 1038 may ow across wafer
1004 mww?ﬁlangﬁﬁ@th? ket vaterA00d and £ 2 GRIHILRYS O8I Py a

continu LNt t S : id 1038.
In part ?g%lr%fg ‘Hﬁ g%lr S(Jgrve\:/eldlﬁ1 0’? Efee‘ét{r/(?lg\(’:@ oigllh?; b%? tn’[lfe{e ' elﬁ) Jer’ct?llﬁ 0 y%rgh%/fllg?c%,wtoﬁe
hi gher ttheecleetmtlyieffiigd) thabightrehatemrifugekatedleration needstlaforinstance, 863985%

phosphori.c acid, t centrifugal .accel erati on can be chosen above, about 1.5
ot of | S cBsC a5k it el Retpn G TR APAIRATH M PRS0 Jat ed

Wi thin aneaRe@pRiy AR&O, 490 mhPdiahkRP $raRS%s ittt RithinRtngLoBekt 160 000 rpm
or nore, and prefeerably, in a range of about 1,500 rpmio about 2,000 rpm
[ 0055] Tyistions-per-mimite (rpm) Blabout 2,000 vompiof inoss and piséerahly. ine rangefef@bowit t he
waf er llog)éloto gorbe y?'@@ngy polish wafer 1004. Wafer 1004 can be rotated
to create’a CONSYAERE “Centttf ugal acceleration on the incident electrolyte
fluid 1038 when nozzle 1012 is scanning different portions of wafer 1004.

For exanp0ss] t he cepticdllyygarzleaddeloen a4 ofil sandhe @tird surfaoe opthietwaiaal to the
radi al distance fromthe center  of the wafer and_the square of the

r ot at i onkl04 4 Eose uniferady selish wafer K904e PVafer Wldganhgretated dp arepts aqopsierly may
be decr . ' i §4u ' 2o 1004
near t ha aaasAAEIIAG) § 40ididtn Loy MALIEN RibRiACI2 L sHine

pol i shi ndjffeent patisnnefavafehid0d e fpe exapiploythe centifingal acteleratiomisshmbtly r adi us.

L 00561 1y Bl rRonal to teaais! EShic? Hord the ctnfer of e tPller B dhdsdiateTr e 0 ' N the

rotational speed. Therefore, the speed at which wafer 1004 is rotated may be decreased
when nozzle 1012 or 1014 is polishing portions of wafer 1004 near the edge of wafer 1004,
i.e., a large radius, and increased when polishing portions near the center of wafer 1004,

i.e., a small radius.

[0056] Typically, when electrolyte fluid is supplied to wafer 1004 in the manner
described above, electrolyte fluid may flow towards the edge of wafer 1004 and past the
edge of wafer 1004 toward the wall of polishing receptacle 1008. Without shroud 1006,
the electrolyte fluid 1038 may contact the wall of polishing receptacle 1008 and splash
within receptacle 1008 thereby disrupting the stream of electrolyte fluid 1038 or escape
from polishing receptacle 1008.

[0057] As illustrated in Figs. 1A and 1B, shroud 1006 may be placed around wafer
1004 and chuck 1002 to decrease or prevent the electrolyte fluid 1038 from splashing
within or escaping from polishing receptacle 1008. Furthermore, shroud 1006 can move

together in the x-direction with chuck 1002 and actuator 1000 during the polishing process.
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descri bed above, electrolyte fluid may fl ow towards the edge of wafer 1004
and past the edge of wafer 1004 toward the wall of polishing receptacle
1008. W twouws/oshsdud 1006, the electrolyte fluid 1038 napcrarsvastset he wal |
of polishing receptacle 1008 and splash w thin receptacle 1008 thereby

di srupting the streamof electrolyte fluid 1038 or escape from polishing

r ecept adh@antpobyr, $hoosi7]00Asan bé aitiched trctiuck FDOZ and/dk aghritdkB 006 vithied 1006 may
be pl aced_arou fer  .1004 uck 1002 to decrease or_ prevent the

el ectr ol%?czlaﬁc@]dﬁ%?tﬂ%ﬂ?n @gﬁgesﬁ?%gAltW?We}l%&POtg?ca&Haﬂi‘& th‘g‘om pol i shi ng

r ecept aglyaclk6figes the iddvemBsRoF shdti 1006 HRACHEa0 10@VAd atRERI1BH0 hﬁ e
S

x-direction with chuck 1002 and actuator 1000 during the poli ng process.
12 WO 03hdd986 peprrately2 Semig 7100 npsyralsoche ratatedsinunisdn 00 Oterwise béthat t ached
to chuck &%ng(%nd/ or actuator 1000 with a nechanical attachnment, joint,
and the PI e. Alternatively, another actuator that synchronizes the
novenment of shroud 1006 with chuck 1002 and actuator 1000 may drive shroud

1006 sefjed38lel y. Sirowt]D6QEn beYorededdn by stadletlapd) sudh K viRe, BbIygHMNI Se
with chug@:l]gl?z %%Oq?)gl Shroud 1006 can be forned in any suitabl'e shape,
such as 239 & fe Prpisraphiosiroud, Hi6rip shaped go desresse theisplashing ofithe xdmgolyte shaped
to decr gr$® 103tk i r ' r.it flows
from waf er 1%04 ané con%]g?lﬁ%aftg%elgp g%@{rlgﬁﬂﬁ(@%ﬁ %%%fo%%gﬁgg ?ﬁgﬁwm?lgcept acl e
1008. Thiecegtaolebdl0fe die ghpibdtweadenekd 062 andishrd®DE00Gaan be, fok exaByeRltke | n

the range of. about 1 to ,about 1 nd, preferably about 5 mMn
Addi t 1 ofgiaeyP Bet 0 a?f’?u‘?t Dy ﬂ?‘P PR e dtiPo Adgitamlly s akoval | of
shroud 10Bfs. ¢ANtHRQréR 60 n ol tHd 8dSRHANS Mroudods d bgrfgi%ﬁ]ecf' t@%%)‘éﬁ@%f_b

chuc : wever ,

el ectrolyte fluid from spl ashi ng above shroud 1006 or
t he crod8Lsacrderio prevent olye®Buidsfrorh apleshing atmys sinohé 11086 apetnick F062.

i nstanc ' .. of raQ 06,.i.e.,.the vertical_portion of the
L-s hape?_loc‘:%ér%gﬁéﬁéf %rggngg% chign %ftssﬁﬁoru%dlsolﬁ) gﬁ&‘g hayr rriqus ather shapes Eordpstange. thg e
Fur t her sidstvatiofl sHG06 1008y i.bgthcaRet@DpoHioR bf Mt -EiRpe, Hal bR ifSihSIth datdk nglggg

the like, Shroyd 1006 may al so_extend farther above or bel ow wafer
and chuéRaPedauchasACshansiandiths likeriFyrthem shroud 1006 may be tapered in or out to

diminish splashing and the like. Shroud 1006 may also extend farther above or below
wafer 1004 and chuck 1002 than is shown in Fig. 1A.

[0059] Shroud 1006 can be made from plastics, ceramics, and the like, or
anticorrosive metals or alloys such as Tantalum, Titanium, stainless steel in the 300 series,
and the like. Additionally, shroud 1006 can be coated with electrolyte fluid-resistant

materials such as Teflon, and the like.

[0060] It should be recognized, however, that the method of electropolishing
described does not require that electrolyte fluid 1038 flow past the edge of the wafer and be
incident upon shroud 1006. The problems of electrolyte fluid 1038 forming a continuous
column with the receptacle 1008 and splashing within or out of receptacle 1008 may be
decreased or prevented without electrolyte fluid flowing completely across wafer 1004.

For example, merely by rotating wafer 1004 such that electrolyte fluid flows along a
portion of the surface of wafer 1004 toward the edge of wafer 1004 before falling from

wafer 1004 may diminish or prevent the undesirable effects.

[0061] III. Reduction of Edge Over-Polishing
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[ 0059] Shroud 1006 can be nade from plastics, ceramcs, and the |ike, or
anticorrosive netals or alloys such as Tantalum Titanium stainless steel
in the 30009a0#m33 and the like. Additionally, shroud 10@€Tamn2/beseToat ed
with electrolyte fluid-resistant materials such as Teflon, and the |ike.
[0060] It should be recognized, however, that the method of

el ectrofobézhi ng Eeschebapectpaseloctopolishihg erctiiddtane lapparhb Yérgelidingl 1038
fl ow past the_edge of the wafer and be  incident upon shroud 1006. The

pr obl enoVeF-Peliting ) of mearthe pdges 058 Wabtris Aepctbedo nbviptiadlysa peicawhthgi t h t he

recepta s Wi fpd . ‘ . _ be
decreasgjgaggﬂgérea@gg?%glt%‘{aﬁgﬁ'g el ecr'[lﬁg 13}8?%&1{2}%%{2&%%%18%%%@& e a} across
waf er ldayer onartheazeap bfthe veafed. YAibylectpddet dongeotal o theléipé of uctafehahy
electrolyte fluid flo al ong.a ortion . of the surface of wafer 1004

t ovar d tIHEFCREJRS SR ity Gothim eetirelytedtui REArithesAze ieglen o6 vakely di ni ni sh
or pr ev " . “Hﬁ i .af. . [ . i ' . 4 .

Over - Poleijiaéstﬁfdril%l 13 \%\%ﬂe%%? %ﬁ%%%%f%g’/ Iﬁs%%%%%#‘?%%%% gl?ﬂnd%g?ll t her algglél t, an
el ect r opetei rehr thg edeeshnd theawafenpyp batreduckd by nbwbdungg podicarof plod ¢istenhg at or

near the, edges of fer is described. . Typically, a.portion of fhe netal
! negey B flannd Badiong? 5T St A Roaiife Skuptr slR A orhe e, ¢ o
of the AR at bAN&H 1Rbd8E BEhediA@S WHe duR@ndt@hsity nedP 1Rl Qptd AP azeBRECt €d toO
the edge of a wafer may increase the current enstxgcvmthl n"electrol yte

flui d nesljustedebyechyegingthe sandiictive memliee to varg shel aniavgt dhcuarent thet isabsatbed

pol i shi .general the.hi.gher current density and polishing rate
near thgﬁ%%gégo%t#oﬁn%tﬂ&%ré?ntrg%’sngetgra ﬁ%%rod absor bi ng a portion of the
current density through the electrolyte fluid with a conductive nenber
such as [8063]ng or Wik réfelenice fil BigeTl aatexemphepsippatituseadanéthod e shewafor The
current density near the edges nay also b dj usted by _ charging_the
conduct i%§ uciaggrge qvgt ‘rsk)mﬁh_eA %f’ﬁ?ﬁﬁh?tl %?Ct’@ift? ngd 1ORGds #eplisB S PBER 70¢her eby
cont rol 18 nbBAe G854, CWard 9064 Ifofafedchr A BAHCRS AR %Q?ﬁﬁorﬁﬁ\"égﬂirﬂ%&r ence,
to Fig. 7, an exenplary apparatus and mnet oél are sho or reducing edge
over poldfshictrglyteflsid 798 irntat cal pishal metel layaricd WI8W0A04. diyplcaliy if an waf er 7004
from goﬁﬁmﬁggﬁ@n}’l‘é‘&g 10 0 dadeor AR Fidathe Befl ol b Sl hedr hSld Q03! Speed to

wafer 7004 is polished by the thin layer of electrolyte fluid 7081 faster than the metal on

other areas of wafer 7004. Accordingly, the metal layer at or near the edge of wafer 7004

can become over polished.

[0064] Chuck 7002 includes a conductive member 7114 that can reduce the amount
of over-polishing at or near the edges of wafer 7004. For example, both wafer 7004 and
conductive member 7114 can be connected to power supply 7110 and charged such that a
portion of the polishing current in the thin layer of electrolyte fluid 7081 is absorbed by
conductive member 7114. By absorbing a portion of the polishing current, conductive
member 7114 can reduce the polishing rate of the metal layer at or near the edges of wafer

7004 and reduce or prevent the over-polishing.

[0065] Conductive member 7114 may include a single ring positioned near or at the
edge of wafer 7004. Alternatively conductive member may include two or more sections

that are arranged at or near the edge of wafer 7004. Conductive member 7114 can include
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of electrolyte fluid 7081 that can polish a netal |ayer on wafer 7004.
Typically, if an electrode is connected to the edge of wafer 7004 the

met al | aywo oaw42383 near the edge of wafer 7004 is polisheaCoyusohsssshin

| ayer of electrolyte fluid.7081 faster than the netal on other areas of
waf er 7004. Accordingly, the netal |ayer at or near the edge of wafer 7004
can beconetals\aallpyd sush et Tarfteléy TitGhinak siadflessisteel, ankdthedike paouielt asvsherenber

7114 that cgan.reduce .t he nt of qver-polishing at or near the edges of
waf er 760&.3“&#%%5%?%}“aﬁ@lﬁfmwwéﬂeﬁwhwe@awg@&hve nmenber 7114 can be
connected to power supply 7110 and charged such that a portion of the

pol i shi eoeE)r r ent  Fithel Qvrkl 700U INAS bdpostidRiel bOMES whidticHudOfpbaisfgabsor bed
by con(rj{ucfe?]ve menber 7114. By ab?{)rét;%gor?g a portion gféftcﬁ% pol fzsaﬁldng

cur r ent ,coagveiivetmeraber b hbas sipprvindig # dwesanple, pobosiimer thalike,afiayt he met al

| ayer at . f onafer 4 and redyce .or enf the

over - poIRogﬁlloﬁg?iff%’g@éﬁg%g%n&&#?rvcguﬁléKé Orﬁi‘ﬁe%vﬁ?m“ﬁlagb@lgﬁ gle ring
posi ti oreddnade mémiat 71 he Wedgehotk Y6U22nd d8ductitt bRt YR Maf alRduet | ve
menber y include two or. npre sections that are arranged at” or near the

edge of RiRfeh togsther orglasedde ihold walen 2004therebetaigen. nBha eemplarya@sabiy g3

PCT/ USO . l,S4; I . TLt ani s{.ai.nl ess

tecl . angerng RIS Bbnd S 8ich Aol 8 kiR 37 pif bl RudilS, o,
cont act ahizckh7@02xatdrhgictive mentber 0814 tdg8theshs well diasulatival BemBEE betyn be

posi ti oned bcgtween wagﬁ %@ka 7002 and _conductive nmenber 7114 as shown in
Fig. 7. eBfuciysmgmber 2114,k contacisonadete ohaes wakny700hosi t i on waf er 7004

adj acent wafer chuck 7002 or between wafer chuck 7002 and conductive

menber 7006l \af err gHyatkbe @RR <ol tﬁ@MH%ié%lgzx‘?faﬁg%%% t%%gﬁax%ﬁg?a )

brought together or closed to hold wafer 7C exenpl ary
assenbl Rlseapcludeether fsatards suchaethastishomarialFig [1dpbut tsye beahoragtedod der s or

positio |I OF | d.waf er _chuck, 7 and ., conduct i ve nper 7114
Foget her taary R sh@h B, el e SR Bl P 0 BT 98 b 14 and
cont act shevextenglarycppargs waivell ad O8dousffpé] ndzles Tateks] ah@tHéngd@r st ood that the
exenpl ary apparatus depicted in Fig. 7 may

[0068] Fig. 8A illustrates another exemplary electropolishing apparatus useful for
reducing the polishing rate near the edges of a wafer. A chuck 8002 with a conductive
member 8114 is illustrated that may reduce the amount of over-polishing at or near the
edges of wafer 8004. Fig. 8A is similar to Fig. 7 except that conductive member 8114 is
separated from wafer 8004 by a spacer element 8118. Spacer element 8118 includes, for
example, an o-ring. Spacer element 8118 may further be formed of a material that is
electrically insulative and further resistant to acid and corrosion, such as ceramic,
polytetrafluoroethylene (commercially known as TEFLON), PolyVinyl Chloride (PVO),
PolyVinylindene Fluoride (PVDF), Polypropylene, silicon rubber, Viton rubber, and the
like. Conductive member 8114 is coupled to power supply 8112, and a second conductive
member or electrode, such as spring member 8119 is coupled to power supply 8110. As
shown, current flowing through conductive member 8114 can be adjusted or controlled by
power supply 8112 in order to control the polishing rate of the metal layer at or near the
edge of wafer 8004. Generally, as the amount of current absorbed by bottom chuck 8114

increases, the polishing rate of the metal layer at or near the edge of wafer 8004 decreases.
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al so include other features such as those shown in Fig. I'A but have been
omtted to illustrate the specific exanple. For instance, shroud 1006
(Fig. AwoBp/omag3 be used with the exenplary apparatus a®CEaiS02/3S6vari ous
punps, nozzles, filters, and the like. [0068] Fig. 8A illustrates another
exenpl ary el ectropolishing apparatus useful for reducing the polishing

rate ned0069fe edgeBowdr sapmaBeL2 céh TIDKC BIG2 suply) aa 20 pdwet dupply menber 8114
is illustrated, that nay reduce the anount of over-polishing at or near the
edges ofSYRgtenized path maig polgskingpasysyisppply 84 15iagd the likee it ACROWEE SHRRIEL i ve

menber | Spacer
O ament BL oo BEDE RN B Shio ity ha WeoBv R BAEback ERE S ity 0
further Bhetfeanoredpokeraupply 8l i 2tart teadpearsted ef eatnsiantdurnent medé, atdovstamnd
further.%ﬁsista t to aciid and corrosi on, such as ceramn

00l yt ot rYHRE FORE R AQEbABRHHSE COTSEAn; WS AT COnPIART PRUALe AP RSIEINGh or i de
PVO) , ' . FLuard gles ORVDR): po’  cil i bber ,
( ), Rakwv &Hehf‘lql%a@lsi a@gl?éd chﬁlé'% %oﬁ%ﬁ ?Qﬁﬁﬂ%ﬁﬁlﬁe afd hic fubber

Viton rubber, and the | C 8114 1s coupled to power
suppl y 8wltage mode & applioth duringlie otliey portivemf dre mliskihg titmeo e wubdalses spring

nmb 8119 i | ed ) lLy 8110. hown t . flow
b ough ‘EBEC RO o SRy 5 B0 & Ele Gt oFTehy DR f e g
suppl y &bhdudtiveQhélEberls?14 ggﬁ f]?‘i’%e%ﬂ FoPHahipd) N FuftBdrea PhridtiEresBiod madyaxer at or

near the edge of wafer 8 . Generally, as the amount of current absorbed
by bot t dnslefedhetweanboth gerdugiesmember U4 andispring member 8119%e netal | ayer at
or near the edge of wafer 8004 decreases. 15 WO 03/042433 PCT/ US02/ 36567

[ 0069] suppl I |y
yncht or 8] ui tp SofhbEyAlBE: @ 8B YRaD Bk S PR OFRE Y o
power s uPgmitalume Anadlmosthinizssisteel parfdahedikel apweld as phwadondugtpleymatediyds.a f or war d
and bac rd power supply. urthernpre, power supply 8112 can be operated
at a co F COBTHRE {81;1%%%% de opgof BgEe §76 s Resitne b AERREL on of
const antyg BigeEMwABbdgpanst ant vol tage node, wherein a constant current
node is applied during a portion of the polishing time and a const ant

voltage node is applied during the other portion of the polishing tinme. One
coul d all8871]r epl ackhereferspvibis examplayy slec¢tzonglishing apparatusitee elettis charge her eby

applyin . N hay t conduct i ve er. 8114 ( See Fi g. for

ol o) P L0 9l 300F oot QRAY Flontier FTIEENe SbddertvSSenibe 517 oan
be independently controlled by power supplies 8110 and 8112 respectively. This allows for
greater control of the current density near the edge region of wafer 8004 to control and

reduce over-polishing of the edge region.

[0072] Fig. 8B illustrates an enlarged view of the configuration and connections
made with conductive member 8114 and wafer 8004 of Fig. 8A. In particular, conductive
member 8114 is charged by power supply 8112 and is spaced from wafer 8002 by spacer
element 8118. Wafer 8004 is charged separately by power supply 8110 that is coupled to
spring member 8119 positioned around the edge of wafer 8004. Spring member 8119
provides a charge to wafer 8004 that is more uniformly distributed around wafer 8004 than,
for example, several electrodes positioned around the edge of wafer 8004. An insulative
member 8121 may be positioned between conductive member 8114 and spring member
8119 when separate charges are applied to conductive member 8114 and spring member
8119. Spring member 8119 may be formed as a coil spring formed in a ring (see, e.g., Fig.

8C), however, other cross-sectional profiles, such as an elliptical cross-sectional profile are
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I ncl uded between both conductive nenber 8114 and spring nenber 8119. [0070]
Conductive nenber 8114 may simlarly include netals or alloys such as

Tant al umwOioBasmi48sn stai nl ess steel, and the |ike as wel | pa3/usbhsase?
conductive materials. Further, conductive nenber 8114 may include one or
nore sections positioned near or at the edge of wafer 8004. [0071]

Ther ef orpassibR. Fhirthe xenminber of keit kprigsimsibangedpgmhdingson the epHcatsn.i ¢

char ge pplied {)o th fer 8004 through spring nenber 8119 and conductive
menber SPHeIRgMbgSan ﬁ&@ﬁééﬁﬁ’m JUCEANVPREtEdecjcaly werdustipg materiab seeh and
8112 re - hvel j: OMBIni r _ density
near th?@gg%%ﬁ!%e%?egép %I?g %ﬂ%‘l’er 81%%51 a%lgm?g%{t%i OSP Hg%é&hbggﬁ%%\%%{sgg%i shi ng of
t he edgdorme afivorfoddiia}sifan. mB&idllor usateditvith aaorresibm repisthny ineateriad suchens
configuration negtio made wi th conductive nenber 8114 and wafer
8004 of Ri?tﬁlm%i[q&ﬁ%gﬁﬂ“‘éld&%ﬁger conductive nenber 8114 is charged by power
supply 8112 and is spaced fromwafer 8002 by spacer elenent 8118. Wifer
8004 is 8[00m19ed_ S PRy ey o DYoLt RRhYd Bk Perl Water BROF 21PLEHoWE: SPring
menber 8119 "positioned around the edge of wafer 8004. Spri ngI menber 8119
provi desupplyivan fe varedlf earyigg dle numaberiof coils ia spring membyr §11§t. rhighis ed ar ound
round, t he

waf er 8 t I I everal ect rodes positi.oned

edge of qvia ggqg%ﬁlﬁ&gﬁ\ﬁﬁ%gg%pg{efi\%/%waf rr§8§r n@ﬁ’ it %@Q%eéﬂ%glsgf}ﬁ% N ween
conduct ithe onRipaim&8drlet vaifel $1ovi Tor sxedmsie, foBd 16D-hltim k@ padfed en 6Rakiges are
applied to conductive nmenber 8114 and spring nenber 8119. Spring nenber
8119 nayfhsegegyingabadt ltoabput Wampegesis tyrieplly gpplied. fepnliguengspiing Fig.  8C),

however , f - ' fd . bAHAl

cr oss. s SREnBERISD A8 Bl Sh ARl T MR SRR M PRl Eleca e,

Fur t her ,elautrjc changxeto abbutdatolabspr I0ng#lirampebss peseshtabe pemdi ng on t he
application. Spring nenber can be forned from any convenient electrically

conduct i teri such as staipless ste Spr | steel, .titanium and
Che 1t kdOBIT! no' HesnsBiiereoanitrdu PaiSie hiihs wdh 0GLHHE s he phied o
nat er i albyne@ e eltirialofifictsO Fuftfer, 88 Seaiito ARLEhitablesHeN chirgeP! ati num
TiN, TaN, and the |ike. [0073] The nunber of contact points fornmed between

waf er 8GOAEMafeh8004gnastadvantageously be used.

[0075] When conductive member 8114 is separated from wafer 8004 by spacer
element 8118 shorting may result if spring member 8119 is exposed to the electrolyte fluid.
The shorting of spring member 8119 may reduce the uniformity of the polishing rate near
the edge portions of wafer 8004. Therefore, in one example, spacer element 8118 serves as
a seal to isolate spring member 8119 from the electrolyte fluid. Spacer element 8118 may
be formed of anti-corrosive material, such as Viton (fluorocarbon) rubber, silicone rubber,
and the like. Further, spacer element 8118 may have various shapes and configuration

depending on the particular application.

[0076] Fig. 8C illustrates an exploded view of an exemplary wafer chuck holder for
use with the exemplary electropolishing apparatus useful for reducing the polishing rate
near the edges of a wafer. The exemplary wafer chuck includes a body with a base section
8002 in an upper portion of the body and a conductive member 8114, where wafer 8004 is
held between base section 8002 and conductive member 8114 of the body. The wafer
chuck may further include a top holder (not shown) to clamp or otherwise hold wafer 8004

and the assembly together. In addition to the first conductive member 8114, the wafer
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supply can be varied by varying the nunber of coils in spring menber 8119.
In this manner, the electric charge applied to wafer 8004 nay be nore
evenly diwOroslou4esl around the outer perineter of wafer 8@0Z/USPwB6seXxanpl e,
for a 200-mIlineter wafer, an electric charge having about 1 to about 10
anperes is typically applied. Configuring spring nenber 8119 to create
appr oxi rahiuek heluded8 seond asiduetvdinemblet, BustedsaspriB Brenite e BTEH té Msply &l ectric
charge to about 1 to about 10 m |l i-anperes per contact,point.lh0074] I t

shoul d pdargede graiferS404.nbyropes examples. theavalar chuclowey furhier inclydejasuldar ged by
one or I L . : | | but e

ol cct ri aarigft S124 Bhd BlaceBLABL 1 B ir0EEd vARlerIREE SeckiBn 8D BET" L oors)
When cormundudtive nneiee 81 Bl intlidsd &ep dovedr drtionafitiveetioely. SOhbulilbespaamizedel enent

8118 shaqrti ; [t if i, 19 i d th
AR AN RGN AR L AL NN IR R
uni for mdnin@h, P exAfld, 30iNGHERESn Fie’%@ f. th iR iRAL& WRE PR Renitef §1193004.

Therefore, I n one exanple, spacer enent 8118 serves as” a seal to isolate
spring menited, BiiGtrodear thhdike neythedhgluded dsd stcorfpandnctblegnemberdd applyay  be
formed of anti-cgrrﬁghve material, such as Viton (fluorocarbon) rubber,

si |i conePPiEsdRater 890 he | ke. Further, spacer el enent 8118 nmay have

vari ous shapes and configuration depending on the particular application.

[0076] H0g77]8C i | | ushe pregsmt aRareyp] peiag nydntber 811%i8 disposadl tstiveskadafer chuck

hol der for use with the exenpl ary eIectyopo[ish%&gkapparatus useful for

r educi nd®Q0rand spacermggben Id 8. YEben pressurmiganplisd ta hajsk eonductive resabgsi8ddy waf er
huck i ngl : ' ' ' : i f th
oty andty SR oMok IG:, YRS AERLLN 10 KON AHBRE PR 00 O ace”

fsect iho n cﬁﬁfh'zt ?mlafefmﬁkée\élﬁgnmpb d?ur&éﬁ,épa]fter mb'mbéxcﬁms cB?ﬁ)rmfoeﬁWere]ﬁ Ih uck ][ray
urther In udge a t.0 e (6] (0] (0] a or o r'm se Q war er

8004 arfdPEHRVESTEHE §1 f%@%ﬂ{ Wl SR Pé?ﬁﬁ@%%eﬁ R PE BRI meber

8114, t hgoMRiRfrolfe H@d%ﬁ% gﬁgff@:g Rt B MIRER Pt BAME, 1inB hdtHss 8916 a&PNd

conductive menber, suc spring nmenber 8119, to apply a charge to wafer
8004. | reondnaivensanpher 8118 Halesiedder chuck may further include insul ator
menber 8121 and spacer nenber 8118 di sposed between base section 8002 and

[0078] Semiconductor wafers are typically substantially circular in shape.
Accordingly, the various components of the wafer chuck are depicted as having
substantially circular shapes. It should be recognized, however, that the various
components of the wafer chuck may include various shapes depending on the particular
application and/or shape of the wafer. For example, a semiconductor wafer may have a

truncated shape for which the components of the wafer chuck conform with.

[0079] Other exemplary configuration of a wafer chuck assembly for holding and
applying a charge to a wafer suitable in the apparatus and methods described can be found
in U.S. Patent Serial No. 6,248,222 entitled METHODS AND APPARATUS FOR
HOLDING AND POSITIONING SEMICONDUCTOR WORKPIECES DURING
ELECTROPOLISHING AND/OR ELECTROPLATING OF THE WORKPIECES, issued

on June 19, 2001, and incorporated herein by reference in its entirety.

[0080] Fig. 9A illustrates another exemplary electropolishing apparatus useful for
reducing the polishing rate near the edges of a wafer. In particular, wafer chuck 9002

includes conductive member 9114 that may reduce the amount of over-polishing at or near
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conductive nmenber 8114 included in a | ower portion of the body. It should
be recogni zed, however, that in sonme exanples spring nenber 8119 and
spacer nmewbes/o&uiB may be omtted, for exanple, as illustPcatusd2seaseFig. 7.
In an instance where spring nenber 8119 is onmtted, an electrode or the

| i ke may be included as a second conductive nenber to apply a charge to

vaf er 80684 eddRQF hfdr90dhes fsebet alwa NPl 9ASPEintibhr FEFRE8 ABddSpi Batdi Sposed
bet ween wafer 8004 and spacer nenber 8118. \Wen pressure is agfl ied to

hol d corf@udustive mesphes P14 meludgs an fnsylating sing 8hl B cangueting ringPtiong nember
8119 1 i nt ai no-al ical . cont f 004 Fig. 8B).
Pur ther oEhFid B R I B'S? Shal i i3 thn WM Bh- A0S iR g

waf er 8Qfidtetials budhrasplsded, cehaticy) and #etlikes Wohdgtifig Hae9134 £an inkhudemetals

el ectrol %ﬁ flui anP.provides el egtrjcal insulation between spring nenmber
8119 and% ShURHCE 29 Elatia e L agialugn, | iitagiug), stagnless stspl pndtheiliksn Gwadertingar er s
are typi ' ' I | - L3 arious
componer ® SR AR e sl 01 9 RAheh VEEOL SRRl DA S

ci r cul arlikeh djalekitionkatly sspacer dtldneent 8t b8y forzexdmpleywevaing drhld likd) eavbe plackal

t f th f h i ncl ri ous shapes dependi ng on the
par t1 cul TSR ongue 6 mesie o1 14 Rkt SO s SR g Bome
sem con %ﬁia@ﬁn%@x% PortiBRYofRAMEr F04tthans 8dRdctsd ﬁi?@u%lpénevg? ingdte LREGRIMENENt s of

the wafer chuck conformw th. [0079] O her exenplary configuration of a
waf er cHgsver aappdyBl 0. thnrthies lagipring arethbea ppihy likg (20t shewglemaypalso bairetudsdi t abl e

in the rat us. and t,hods descri d ca e fou in US Patent Seri al
No. 6, 23@%%“%1? ‘?‘%q’/ diy rk?épﬁé?ﬁ?e FC\E aﬂ %&%@" }5’6%1' E@%l NG AND POSI TI ONI NG
SEM CONDUCTOR WORKPI ECES DURI NG ELECTROPCOLI SHI NG ANDY OR ELECTROPLATI NG OF

THE WORHBOSIJES, i sEueestemphury byrdts o20IQ19A ahékwi fog @rspllat adoligbei N by
reference in jts entirety. [0080] Fig., 9A illustrates another exenplary

el ect r oFORUivE ratgsish Foslpd used suth gondpetive merplar 84 1 4-hEhis sllpwh thepppatatisiear t he
edges of I rd.l (o ' jve
e, PSS, BB 1 o MR R eI
03/ 0424 3@RETouBB2IV8 GisBiber 9114, compared to conductive member 8114 (Figs. 8A, 8B)

may allow for greater control of the current density in the edge region of wafer 8004.

Further, the configuration of Fig. 9A (and Fig. 7) may be advantageously used with those
of Figs. 7 and 8A through 8C.

[0082] Fig. 9B illustrates an enlarged view of another example of an
electropolishing apparatus. This example is similar to Fig. 9A, except that the conductive
member 9114 includes an insulative member 9121 formed on the lower portion of
conductive member 9114, i.e., the side opposite of wafer 9004. Further, the configuration
of the wafer assembly is such that metal layer 9005 on wafer 9004 is charged near the edge

through a conductive spacer element 9118.

[0083] Thus, as seen in Fig. 9B, as electrolyte fluid 9080 is directed near the edge
of wafer 9004 a portion of the current I; flows to the metal layer 9005 and a second portion
of the current I, flows to conductive member 9114. Insulative member 9121 formed on the
lower portion of conductive member 9114 serves to reduce current I, and increase current
I, flowing to the metal layer 9005. The relative thickness of insulative member 9121 and

conductive member 9114 may therefore be adjusted to adjust currents I; and I, accordingly.

19 ‘



t he edges of wafer 9004 as described above. Fig. 9Ais simlar to Fig. 8A
except that conductive nenber 9114 includes an insulating ring 9115 and a
conduct i ryoro3fage433L16 forned in insulating ring 9115. | nswcatisez34ssng 9115
can include non-corrosive insulting materials such as plastics, ceranics,
and the |ike. Conducting ring 9116 can include netals or alloys such as

Pl at i nunj0034nt al univ. Méthod fonElsdtipolistiise $FRgmenrd (Véthie dyieken a @oafguct i ng
ring 9116 may be connected to power supply 9110 through vari abl e resistor

9112 or i ke. Additionally, acer elenent 91 for exanple, an
o-ring ohﬁgﬁb | i ke mctal Igyer ?%%%H“gbéﬁﬁggﬁuﬁ SW@FéﬁénﬁﬁﬁﬂéPﬂgaém and waf er
9004 to élE&Yc%Bhslﬁﬁ@?x%éﬁs For &haﬂéﬁi ftﬁ&g‘ma?%&?rﬁ& bAdo dmsreoagéohﬁﬂu&% waf er
9004 that 1s connet roug ne or ectro to power supply

9110. Fureghas of me‘e\pon thy swefateof the wakie. Wihea thns@t:cwcb comg fragments obtheandtaic| uded
to nore unifor

di strib gl ect | th f 004.
[ Sota]  ThEeRiniseafs Ylesed B pLOE S o sty DR g el lifier Reroeigurdp of
conduct i %gh iRflcb kraditiohs ellb%%@%)%slhlihgcrﬁ&ﬂki&é Aryanm@tz%fﬁ%ﬁf}y JiNhshé&k! ows the

apparatus to be cheaper and consune | ess power urrng operation.
Furt her, fr@greelgfrﬂasepe@nséa@rzwcéhe elecieodes de n@td:herge\ﬂee fragrhentedme] layerspdmed t o

d nber 81 8A 8 f f th
Cur ot SRR, b, b b o iRt il A Slega e 1 11

conf i gur fhdrognted pdrtias c%hé ﬁi&dﬂ g@r at Ghffidaeht BRateshaBEieags aUBinlayes 0l Wi t h those
of Figs. 7 and 8A throug 082] Fig. 9B illustrates an enl arged view

of anot hdlecteolyabivid wry hﬁ forereé@rmbtbe rﬁiagmmgd apiens erdin cppfast withithst e i s
| d
houl 2{ Sl pind T8 tah 1oc bR Bhld e BRBRGR e HARIORAN 2 50

9114, i .fagméhel mirtiensap pewidcaopdlished.er 9004. Further, the configuration of
the wafer assenbly is such that netal |ayer 9005 on wafer 9004 is charged

Coan | hPYE oo, "R it BRI B Be BT LT TP A nel .
vaf er 90R4 cRarRSIE ldueiR efpotr@ﬁnggrdcem The fdomtfitsto? i 155%&4'115@%@%9005 and a

second portlon of t e curren | ows to conductive nenber 9114.
| nsul at | veanaeederordacateds al tirreeiligen of wafer || bi04rwhese an ehcmdedmthln@wme menmber

9114 ser nd.ipcrease cu I to the
metal | aé;iozl?]e@%b@ %%ﬁ I%ehl%\? ﬁ/leoI e% ‘gsr? etges %qmenrgs Of E\dh leay?‘rrelnlblgﬁ and
located at the edge of wafer 11004 or connected to these edges by metal, electric current
cannot be conducted through the fragments to an electrode at the edge of wafer 11004.
Thus, traditional polishing methods, such as submersing the wafer in a polishing bath, and

the like are generally ineffective in polishing these fragments.

[0087] Fragments of metal layer 11150 of the metal layer, for example, may include
the exposed portions of a barrier layer that remain on the non-trenched portions of a
semiconductor device after a copper layer is polished away. Further, fragments of metal
layer 11150 may be a result of uneven polishing or over-polishing in edge regions, for

example.

[0088] With reference to Fig. 11B an exemplary electropolishing apparatus is
illustrated for electropolishing fragments of metal layer 11150 on wafer 11004. The system
includes chuck 11002, actuator 11000, stationary nozzle 11054, and power supply 11110.
As stationary nozzle 11054 applies a stream of electrolyte fluid 11080 to wafer 11004,
actuator 11000 can rotate chuck 11002 such that electrolyte fluid 11080 flows across the
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conductive nmenber 9114 may therefore be adjusted to adjust currents Il and
12 accordingly. 19 1 WO 03/042433 PCT/ US02/ 36567 [0084] |V. Method for
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has beconme fragnented, for exanple, during a polishing process. The

cdges. of Muatler 1103 iR R BhEIRE b ERRRELER %l RN vl povier
suppl y ldfkllergeBdeciopelishing hssambiyndush af tiewhallepiond in kil 38 dof eliiple,|s0cat ed
nected to these edges by netal, electric
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subnersing the warer in a polishing bath, genera

i nef f ectefwendustivomestben gl tidalscribedgmesgisl to[thO@dhctionagfednt polishinpatal bd ayer
11150 of et al | ayer . ..f.or anple, may include the exposed portions of
a barri e%SEFSV;‘g%‘%%PQFmFIHg-&&ahe non-trenched portions of a

sem conductor device after a copper |ayer is polished away. Further,

f r agment[8090] net alFig|12yshows daSBer@ytchethat dag B ubedio ell’&@l‘é?&is}h%aig%ﬁhﬂg)for
over-polishing in eagge regi ons, for _exanple. [0088] Wih reference to Fig.

11B an EREAPPETPraTadet 2001 FighilAds dpdlar tathig Llgexcept that actuators 12180 and
12182 can move nozzle 12054 along the x-direction while actuator 12000 rotates chuck

12002 in a stationary location.

[0091] Although Figs. 11B and 12 show systems in which either the chuck or the
nozzle moves along the x-direction, it should be recognized that both the chuck and the

nozzle can be moved in varying directions depending on the particular application.
[0092] V. Metal Concentration Measurement and End Detection Control

[0093] One factor in achieving more consistent and acceptable polishing quality of
wafers in a mass production environment is controlling the concentration of metal in the
supply of electrolyte fluid used to polish the wafers. When the concentration of metal in
the supply of electrolyte fluid reaches a certain value, the electrolyte fluid can become very
active even when no current is applied. This may cause, for example, chemical etching or
corrosion of the wafers during the post-electropolishing process. Therefore, it is desirable
to monitor the concentration of metal in the electrolyte fluid during a process run and make

adjustments on a real-time basis as desired.
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Il lustrated for electropolishing fragnents of netal |ayer 11150 on wafer
11004. The system includes chuck 11002, actuator 11000, stationary nozzle
11054, amsopoime43supply 11110. As stationary nozzle 11052Cafpsb2/as6n stream
of electrolyte fluid 11080 to wafer 11004, actuator 11000 can rotate chuck
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such as thhepidnaéchraepitenistigs ohthBietgctrolvte ffuid changepetinga psftessudn, 1006 (Fig. 1)
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enbodi metaracPbf e RIGPbiny GeteBidithesksibhtbnfiescri bed in regard to the
reducti on of edge polishing may be used with the apparatus of Fig. 11B.

[ 0090] Fi 8 12 shows anot her systemthat can be used to el ectropolish
fragment Q0 net ditg) Hifederists g esemplorysysterm that may besuser o measurathei g, 11,

except t %Eerﬁ%{i?ﬁgﬁpﬁéta%ﬁg@ Q@Eyg%f %ig)cgng)fyeté ﬁ{giﬁl%bg&rkglé% E? ?I%gtgég‘t[e ?tufi)d-' g the

x-direction whi act uat or uck lonary
| ocat i oneesgrai®l]70AIFigh dighard ths 1ikd 1 The exeehplaty Systn SiydideREibenprobe T0102] t her
direction, it should be

the chuck or th noz nmoves .al on e_x-
recogni ztillfr Pﬂté"ta?ﬁ%’tsﬂr fé@‘lc?ﬂ?&l‘?ﬂﬁﬁﬁr ﬁﬂbg HQ’EEP@ e 4R10%andreactoml 0140 gam g
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be reflected by reflector 10100 back to fiber probe 10102 with a maximum light intensity.

For instance, fiber probe 10102 can be positioned to emit light in a direction perpendicular

to the surface of reflector 10102, as shown in Fig. 10A.

[0096] Additionally, the distance H between reflector 10100 and fiber probe 10102
may effect the accuracy of the measurement of the concentration of metal in the electrolyte
fluid. Accordingly, distance H can be chosen such that the intensity of light received by
optical sensor 10104 reaches a maximum value when the metal concentration reaches a
minimum concentration in the supply of electrolyte fluid 10038. It should be recognized
that other paths between a optical sensor 10104 and reflector 10100 may be chosen,
including a path with multiple paths and multiple reflections depending on the application
and desired path length. The fiber probe 10102 may also be placed exterior to the fluid
reservoir with a path traversing a portion of the electrolyte fluid 1038. Further, an optical
sensor positioned to detect a light intensity that is received by optical sensor 10104 may

replace reflector 10100.
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wafers in a mass production environnment is controlling the concentration of
metal in the supply of electrolyte fluid used to polish the wafers. Wen
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to measure the concentration of netal in a supply of electrolyte fluid
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The exemiiietat (Congeatration (W %les fi ber pr|ddshtiptepsity De¢dyer optical sensor

10104, Td-Teftector 10100 Fiber proge,;t0102andTeftector 1061006—Tan be
immersed in electrolyte fluid 10038, dnd fi ber probe 10102 can be
position@d with respect to reflector [IY00 in a manner that allows [jight

em tt edfrom-fibher nrnhn 10102 to  helrefl ected h\/ reflector—10100 hack to
fiber pr%ﬁe 10102 with a naX|nun1I|ght'Y%tenS|ty For instance, fiber
probe 10dR2 Tam be positioned toemnt 4JHL T a drrecttonm perpendicul ar
to the jsurface of reflector 10102, as |shown in Fig. 10A. [0096]
Addi ti on@éBly, the distance H between reijector 10100 and fiber probe 10102
may ef flec he S [
the el ect-Polyte Y6

[0099] This tabulated information can be stored in computer 101 05. Using the
tabulated information, the computer can automatically calculate the concentration of metal
in the electrolyte fluid based on the intensity of light detected by optical sensor 10104, by
using interpolation, rounding, or other approximation methods. Although certain values are
listed in the above table for Metal Concentration (wt %), any values can be used, and any

number of values can be used.

[00100] The color of light emitted by fiber probe 10102 can be chosen to increase
the sensitivity of the measurements detected by optical sensor 10104, In particular, the
color of light emitted by fiber probe 10102 can be different from the color of the metal ions
in the electrolyte fluid supply in order to increase the sensitivity to the particular metal ions.
For example, for copper ions in a supply of phosphoric acid, emitting red light provides a

higher sensitivity to copper ion concentration than emitting green light, and emitting green
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fluid. Accordingly, distance H can be chosen such that the intensity of
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color of the electrolyte f . I'n general, as the concent n of neta
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i e For .th t ' ' 1 g..10 h | at | hi

bt weon LRI (OCAh PR FoHto SRelzp e ot Lo e b eVl Hicecay
of |i ght fibRttROEleétyol $RTIUAE sufpR UWadef dolt£k idafiiell 6 Hleatrod¥818028dd 100ggt rol yte
fluid used with the systemas follows: Metal Concentration (w 9% Li ght

| nt ensi t jpebioay frowy thg sppply of glegiraysYaid 1 (038 begovdalimnod) eipkiredet 19829.at ed
i nformat mn% 1cat? g%r%%f) !(?1%4' ({}te%%qg%i)'t#g{ ﬁl%%ho% COH? élgﬁ%g%)lg ﬁ?sni;aﬁgy te?g) &

d
i nf ormati on, e uter can au y ca & concentration of
nmet al second pre-set value, computer 10105 can instruct power supply 10030 to stop applying

voltage to electrodes 10028 and 10029 in order to stop the removal of metal ions from the
supply of electrolyte fluid 10038. In this manner, the concentration of metal ions in the
supply of electrolyte fluid 10038 can be maintained between the first and second pre-set

values, for example, during an electropolishing process.

[00102] The concentration values of the metal ions in electrolyte fluid 10038 may -
also be used to aid end-point detector 1016 (Fig. 1A, 1B). End-point detector 1016 may be
used to determine the thickness of the metal layer on wafer 1004. The information may be
used by the electropolishing apparatus to determine when to continue or discontinue an
electropolishing process on a particular area of wafer 1004. It may also be used to
determine a suitable polishing rate. End-point detector 1016 may include various sensors,
such as ultrasonic sensors, optical sensors, electromagnetic sensors, and the like. Using the
electrolyte fluid 1038 as a medium to transmit signals and take measurements increases the
accuracy of the measurement because medium interfaces, for example, air to electrolyte
fluid 1038, do not have to be considered. If properties of the electrolyte fluid 1038 that
may affect the sensors change, however, the measurements may not be accurate over time.
Therefore, the end-point detector measurements may be improved by taking into

consideration the changing properties of electrolyte fluid 1038.
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in the electrolyte fluid based on the intensity of |ight detected by
optical sensor 10104, by wusing interpolation, rounding, or other
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fluid 10&c8aseale sensitivity of the measurements detected by optical sensor 10204. In this

instance, the color of light emitted by fiber probe 10202 can be chosen as the same color of
the metal ions in the electrolyte fluid supply in order to increase sensitivity to the bubbles
and decrease the sensitivity to the metal ions. For example, for copper in a supply of
phosphoric acid, emitting blue light provides a higher sensitivity to bubbles and lower
sensitivity to copper ions than emitting white light, and emitting white light provides a

higher sensitivity to bubbles and a lower sensitivity to copper ions than emitting red light.

[00105] Additionally, the intensity of red light from fiber probe 10102 will also be
reduced due to any bubbles in electrolyte fluid such that the measurement of copper ion
concentration will be inaccurate. The second optical sensor 10204, however, will indicate
the portion of the decrease in intensity due primarily to the bubbles and not the copper ion
concentration because the sensitivity of fiber probe 10202 was chosen to be insensitive to
the copper ion concentration. The decrease in intensity of the red light may therefore be
determined by considering the portion due to bubbles determined by the second optical
sensor 10204. Further, the end-point detector 1010 (Fig. 1A) will be able to retrieve the
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al so be used to aid end-point detector 1016 (Fig. |A 1B). End-point
detector 1016 may be wused to determ ne the thickness of the netal |ayer on
waf er 100wO0 0Fle4snf ormati on may be wused by the el ectropolPCIhisny3@ppar at us
to determi ne when to continue or discontinue an el ectropolishing process
on a particular area of wafer 1004. It may also be used to determ ne a

sui t abl gpfQl bishidististial 6f thEREkcRBIyM flEie et &imHRd0] 0TRY andeddkdacouddié OUS
Sensor s, such as ultrasonic Sensor s, Optl cal Ssensors, el ect rpnagnetl C

sensor s measwteménss pf the matel thigkness on ayagestlP@4 (fis- ¥4 )i Hhusosrgond opticA®nsnh t o

transm ignal s and rak e I t he
measur ehg%qzﬂg%lgﬁgegs%@g iagﬁ;#r?%féfﬁl?ogﬁg@;e’%nﬁl-g;&fng?gtg%ﬁog}l%gsl r&ﬁgﬁtgﬁaact?% olyte
fluid 1938 isioconeénthdiod nicasemeansi dered. | f properties of the electrol yte
fluid 1038 that may affect the sensors change, however, the neasurenents

may not be accurate_over tinme. Therefore, tk}@éend- oi nj det ﬁCt or

measur ef¥H08] ray Beghpﬁlﬁrhﬁ\fé%f’ﬂﬂze@éh@ﬁ@y nypber of SERSOERIPAY Pe RS AR MERSIGi ng
proper t lvgﬁcélﬁfp{&;@%s{]@tﬂé aeéﬂxﬂgfré e 8T}f62\f5r1\%)s gléyggﬂl%ﬁ,sl%r Btk cifiedl’
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to adjust an end- goi nt detector neasurenent. Fig. 1 OBis simlar to Fig.
1 OA exdglsetor magsux @@E%?R)‘f%‘ﬁﬁli al sensor 10204 and optical fiber 10202 are
i ncluded. Optical sensor 10104, optical fiber 10102 and reflector 10100
oper ate[q')(noq] si m hgr NoBMEonAsraesEr i bed in reference to Fig. 10A. The
second optical sensor 10204 and optical fiber 10202 al so operate simlar to
optical sensor 10104 and optical fiber 10102; however, optical sensor 10204
and opt i[0®108] { | be Actorors termetherapesictn esrpiay mathodandappatfis ottt he

el ectrol yt i F : i I : [FE=Yall E1I0CESS,
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ion concentration can be accurately determ ned. In the exanpl e of

det er m rolavedty wng sthalt heazhe toamprs prasiselyfcontrel i etactropglishing process.
Multiple nozzles are therefore advantageous for more precisely polishing different regions
of a wafer. However, because of the limited space within a clean room, for example, an
apparatus with multiple nozzles is desirably compact. An exemplary apparatus with a
number of nozzles configured on a rotating nozzle holder therefore allows for the use of

multiple nozzles in a compact space.

[00109] Figs. 13A, 13B, 13C, 13D, and 13E illustrate an exemplary electropolishing
assembly including a multiple rotary nozzle assembly. Figs. 13A through 13E are similar
to Figs. 1A through 1E, except for the addition of rotary nozzle 1012 with multiple nozzles
positioned adjacent optical end-point detector 1016, and Eddy-current thickness/end-point
detector 1009. As indicated by the arrow in Fig. 1A, rotary nozzle 2012 may rotate and
position different sized and/or shaped nozzles 1014 to direct a stream of electrolyte fluid
1038 to the wafer 1004. Thus, pump 1018 only directs electrolyte fluid 1038 to nozzle
1010 of the end detector 1016 and a single nozzle 1014, whereas in Fig. 1A electrolyte

fluid 1038 is directed to each individual nozzle used therein.
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to bubbles, des &5 MBAoHY nit6ns eﬁ%ﬁﬁnﬁﬂfckﬁ@sls oveihe RhtirkG7&ér mbykd her, the

end- point detector 1010 (Fig. 1A w be able to retrieve the 25V\D
03/ 04243&emédmzdt&ﬁwafapﬂ OQdaandan@l\nag:clqu§LODasn @honmt@ldere@tm white f | ui d

fromco er and ke acc AT eITe hi ckness
on waf eg%l‘l% © &ga\rﬂowA?g ﬁ&é‘l"’é“gc@%ﬁﬁ%gw 98¢ ePPrels@}g{g nE?rﬁwsfgi}'ﬁ{f?llncr ease
the accyp@e yit Sould® bouhdestesd -HReRér ﬁh@ttﬁtéhﬁutwasra@drd%f&ﬂirsowebxﬂmﬁzan%t al ion
concentrati on neasurenents. [00106] It should be recognized that any nunber

of sensetaionasy WeEerU984 t o measure various properties of the electrolyte
fluid. The various properties, for exanple, the optical properties and the

i ke, n be @1 poi nt det ect or
rreasurgﬁg(a ?s and ﬁtta??ﬁgzj?@?%?%%ﬂ\/\l%k% F&Ecégﬁ#e%%ﬁrg% ons ?06108]
Accor di dgpendingromt the porivpedtwalam 004 draplsdreingyetlisbet, drdmetabfilnathicknessrand

the like. For example, in areas where metal layer is thick a larger nozzle may be used, and

:1
(o)=a]

in areas where metal layer is thin a small nozzle may be used. Including numerous nozzles
of varying sizes and profiles within a simple compact electropolish assembly that may be

quickly and easily interchanged thus enhances the precision of the polishing.

[00112] With reference to Fig. 14A a cross-sectional view of an exemplary multiple
rotary nozzle holder 2012 is shown. Rotary nozzle holder 2012 holds nozzles 2014.
Driving means 2070 rotates the rotary nozzle 2012 through driving joint 2068 for
positioning a new nozzle to direct a stream of electrolyte fluid. An o-ring 2066 seals
driving joint 2068, for example. The driving means 2070 may be a stepper motor,
servomotor, pneumatic (compressed gas or liquid) driving rotation means, and the like.
Nozzles 2014 in rotary nozzle holder 2012 include electrodes 2056 that may be electrically
coupled to outside power supply 1040 (Fig. 13A) through electrical current feed-throughs
2062. Rotary nozzle holder 2012 rests on plate 2084, which is sealed with chamber 1008
by o-ring 2072 and bolt 2074.
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el ectropolishing a netal filmon a wafer includes using nmultiple sized
nozzles with different polishing rates. In general, a |large nozzle allows
for highewopolixbi ng rates of a netal film for exanpl e, PCofser/3656Dr med on
a wafer and a small nozzle produces |lower polishing rates. A |arge nozzle
can therefore be used as a rough polish of the netal |ayer followed by
using a[oﬁirﬁl]: t NOZR}L8,1b RolieF $0IR'ARS) BeShid SO Blastics bl «8/PaRt, POy TERTION,

process i pl e nozzl es are therefore advantageous for nore precisely
pol i shi pdymtbpylenenand thegiikenas coated avithe materipldhenis genasalbyainsdatiye apf@on; ni t ed

space within a.clean for exappl - .appar at. ne L. nozzl es
0" oo aBrec OYRsaRt 20K ey sipneEF S Ry eBRRE AP AR EAR 00
confi guggdiken a rotating nozzle holder therefore allows for the use of
mul ti pl e nozzles in a conpact space. [00109] Figs. 13A, 13B, 13C, 13D, and

13E illustrate an_exenplary el ectropolishing assepbly includin mul tiple
rotary W9ile assBigoryl4Gillpsiratesan exepilggl PIGREsY éegggggcgﬁsm%@,mg%@'}ln} A

t hrough .l E,_ e . L r -t i ple
ozl eo o FRRER07 ik 1S oBHEat: BBl PAET I MIAE] el Ml hickis
Eddy- cupfofily is tdetegdiiirasfoe larpplesty endefoduttdetecio@ 1909 Asnslattigiatheck-diyeatios ar r ow

in Fig. 1A t ] l e 2012 ¢ t at it] di ff t.sjzed
ol of st B oD Suroradas drsen b abots. ook 2 Aietal g b iione 1655 ¢ o
th f er.. . 1 3 . i @EI] | (F 1 . - . t
nogz\llv{(je1 ﬂlritba%dg’ o?htlﬁ¥ epn‘gggﬁel?i%% gﬁlﬁgg%aggg%d aé%({?lr?@ | e 1%%@3& %tlli)o h\%ﬁgg egs in

Fi g. | Aratd thetnoatly heldef RQiXimap B8rataediiorwse taddwepdishingiratd vging agmalozzl e used

oper at anegTAIAIROIRGhe Al chdh R ponstit 5 1oqt | e 1 A€ fkRings 0, ™

Det ect op,LOARCITRYs RER Gy bb GetbihiGkhBSSo6 4 ti¥lfg 8Rd-pbint ddtevtor009y for dur i ng,
and after an el ectropoli s%i ng process. |In _one exenpl ar end- poi nt

. i X y nmet hod,
det ect oexab@e, ansedds surrerf endtnoiidpiscton@ptipsl APt geteing oxghe ﬁ(ef iHaggbyer the

entire waf.er 1004 pr| . I shi ixng faf: eddy
current °B -rﬁﬁﬁaﬁ?n%&eglﬁhé%l%e%%%g{é%ﬁﬁ% Frqnlg%) holléglfhglg $ %%%}5 % ﬂeneﬁﬁgﬁgs ed to
cont r ol bé hgjusted ot tuned isbiodly 5 tepelishaliick fitrh decmtiopoatiathigives rajey pokistethil 004 by

controlling the current density and/gr. stream profile. The
film ?ocations at a low rate, and stgp the poﬁsh at zero gl]nflj thickness locations. The

polishing current may be tuned, for example, by using different nozzles 2014 and/or

varying the charge supplied by the power supply. In block 6, measurements of the
thickness profile are repeated, i.e., block 4. If the thickness of the metal layer reaches a
pre-set value the polishing process may be stopped. If, however, the thickness of the metal

has not reached a pre-set value, then block 5 may be repeated until a desired thickness is

reached.

[00115] It should be recognized that numerous modifications and variations may be
made to the process described with reference to Figure 14C. Further, numerous other

processes may be used in conjunction with the exemplary apparatus of Fig. 14A.

[00116] With reference to Fig. 14B, another exemplary multiple rotary nozzle
assembly is illustrated. The rotary nozzle assembly shown in Fig. 14B is similar to that
shown in Fig. 14A except that driving joint 2068 is replaced by magnetically coupled joints
2078 and 2082. An advantage of using magnetically coupled joints 2078 and 2082 is that

driving joint 2078 does not make a direct connection to nozzle holder 2012 and o-ring 2066
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di stance between the end-point detector 1009 and wafer 1004 is, for
exanple, in the range of about 5 to about 1000 m crons. The filmthickness
over the wotoemf er may be determ ned by rotating waf ePCI0®42/3656¢7 novi ng
chuck 1002 in a horizontal direction while sinultaneously allow ng the
end- poi nt detector 1009 to scan the entire surface of wafer 1004. It

shoul d e FindanshepBe oR@RY EThis febhiddes e Rissidle dtRliterRRGf dREREVR Ul PH3g oUl d
scan a stationary wafer 1004, QéOOlll] Rotary nozzle 2012 may_ then rotate

to sel edeakingibsquehdo doivinggond2008. dbshonll brjreseenirzas therefare thabyatiggfer 1004
that is hehog B, hgmlﬁ}ggj%ri&iﬁgéﬁﬁfz%s td Jo@arm?%}@géﬁa g)oséuhg like. For

exanpl e, T'n areas ayer nozzl e may be used,
and in areas where netal layer is thin a small nozzle may be used.
| ncl udi f@01iTirer ousWithazfeesmice of Figalyy angxanplery linedrlp mafviablesnuliiplhinnzze si npl e

conpact el egtropolish assenbl at be ui kI and easily . iqnterchanged
t hus ent?é?f’&géy iﬁﬁuﬁ%@f f %‘P 5@? &WP‘P]‘S %ZSQP%&@?H‘?W%%%‘PQ%@ to
Fig. 14%@ro€£r9§1%z§1€%!19691? Vi B t‘Bfou%H 18K QB "[Hat@ﬁé' Hd7P1e§ movOPs Mnéh?22| €

hol der 2012 15 shown. Rotary nozzl e hol der 5%12 hol ds nozzl es 2014
Driving m@mmssz)ﬁseddbaota‘somdhmoﬁlon alhe muktnilelig@t 2naviableunghzlel assvmbty j oi nt

2068 for. Sitl W to.di stream fluid.
A o 11 rinciBERstoelh 3084 ool 0 2 po 6 a5 F e R oSG BIBATDAE L e
2070 nay3obe r@spéét%BEVTE@We1noz§@§ 33ADE 1D, aﬂd@mﬁqh bé ﬁ&ﬁ%ﬁlﬁbﬂ&@ﬁa%as or
liquid) driving rotation neans, and the like. Nozzles 2014 in rotary

nozzl e Hbfferent mofites; fior Exaraple) differenidliameteseandhiherefery npy rapede diffezant y

coupl ed t I8 1Hé§4} e power supply 1040 (Fig. 13A) through electrical current
f eed- thrpoug 2. Rotary nozzle holder 2012 rests on plate 2084, which
I's sealed with chanber 1008 by o-ring 2072 and bolt 2074. 27 WD 03/042433
PCT/ USOZ0GBEB$ 7 [ 0Q4desiSd54) Ezn;ﬂlﬂeimﬂaﬂezqmmbldam ateatizoafal piraatibnds., ;4Cch as

P PV TorL e BELYR RANLETE SAE LK 0 SOBEd M ALl ol
of tant ajpdiard ful@B doRneRbA Wit PoWeShpblY $89 tRictgh cledfial fbRikddehs (not

shown). Electrolyte fluid 3080 is supplied to nozzles 3054, 3222, and 3226 through nozzle

holder 3180. As described with reference to Fig. 14C, different sized nozzles 3054, 3222,

and 3226 may be used interchangeably during an electropolishing process to remove a

metal film disposed on wafer 1004. In general, a large nozzle may be used to polish the

metal film at a higher polish rate when the metal film is thick, and a small nozzle may be

used to polish the metal film at a lower polish rate if the metal film is thin, or a small

amount of metal is desired to be removed.

[00119] Figs. 16A through 16E illustrate an exemplary electropolishing assembly
including a multiple rotary nozzle assembly. Figs. 16A through 16E are similar to Figs.
13A through 13E, except for the addition of a linear movable base 4180 and moving guide
4182 with rotary nozzles 4012 and 4014 mounted thereon.

[00120] In particular, rotary multiple nozzles 4014, optical end-point detector 4016,
and eddy current thickness/end-point detector 4060 are mounted on linearly movable base
4180. The linearly movable base member may be moved in a horizontal direction, i.e., X-
direction, along moving guide 4182. This assembly allows for multiple nozzles to be

included within a compact space.
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[00114] Figure 14C illustrates an exenplary process for electropolishing a
metal film froma wafer 1002 using the apparatus of Figure 14A. In block 1
t he met alwDioB/uxBs ckness profile is determ ned, for exanpCe&/Usby3end- poi nt
detector 1009 translating in the x-direction as the wafer 1004 is rotated
as descri bed above. In block 2, the netal filmcan be polished initially
with a @bﬂilr]po" NGrdcRr€ ab® bitFatfon! FHEEMOREIE So2 Q40140 SibiMrmg tidse hi gh
pol i shing ate the nozzle holder 2012 may be rotated to use a | ower

pol i shi shgwnah Figsslidigaml bk IHowewerz$taicRuassuch ap theartaging AfivEg Medes,i ni ti al

pol i shi .n, block 1 and/or blogk 2.the L) ) j ss profile
may be %g\fnégmuﬁeglegtﬁc I%‘FI?“W%ECE' %uggh%qdp%l:gﬁglgﬂee{}gecdt @?‘S‘%Bwe?‘}g EE exanpl e,
an eddy,aich eatiligtenReipitpdded. ector, optical end-point detector, or the

| i ke. Based on the remaining netal thickness profile determ ned in bl ock

4, the polishing current nma be adjusted or tuned in block 5 to polish

t hi ck fﬁmﬂllocat i YHs aNoﬂlﬁ\éQ}fﬁleqn&g&m%F‘?Ssh thin filmlocations at a | ow
rate, and stop the polish at zero filmthickness |ocations. The polishing
current be tu r [Welai Wl {ZAbBI2014 and/ or
varyi ng[dt@%s]char gggg‘ﬁg%ﬂ%it%gﬁﬁ‘fy{%aﬁ%e°§§\?§h’gﬁﬁg§( glfo‘%lésﬁ)rﬂt))li ock 6, r?gasur enent s
of the eledtioplisiiag pondled ie desceibed JRateh typical ¢lebtrepokisking pfocessenetdli ckness of

th tal | ) h -set | h | i shi b
o oedasiaeiin e setrae i e Beconm it O SRS 2R ABOST SRR ™ o
val ue, h{éﬁi‘gﬁg Sﬁgmi{ JTRERE: thE BEARDIMAS hbzzfe Wesby ettt thk BRPs ahd/or r eached.

[ 00115] e recogni zed that nunerous nodifications and variations
may be dinedien bftherstrepmorfedstrdysciliide Ghonging thefshppmeldhe sraapynay change

Furt her, nunerous .oth [ocesses | iy kan with the
excermpl alty SUBEEREE B e BOT A oD red s bR REE e M e
anot her cRrXe/Pligkikg ﬁg#)a{rhﬂ%ls.eTh@h@zrzlés ReF DealepRtalc obtiyaried, by dppbtingh eeversthe
rotary nozzle asse y shown in Fig. 14Bis simlar_to that shawn in Fig.
14A eXcapltagehathediozgieh that eause metab o5 do displyue Bepkyptoths, ﬁlé?ti“?%tﬁ PSR ed
joints 2078 and .20 | jap=Tolaico W : joints
2078 ang0 WHT%t enlglg tal @EV@’%%@?%?&%‘?@Z%%S no@%?&kﬁlag%g&qﬁ(&nnecti on
to nozzle holder 2012 and o-ring 2066 28 WD 03/ 042433 PCT/ US02/ 36567 of
Fig. 14f00124] be oiWilh edereflds agaimad Figss1Aeropgls $EpinetabGounarasieldaysr that
el ectrol yt ? fl u}rd 1038 . . . .
is'polished trom water 1004 becomes dissolved in electrolyte fluid 1038 and may result in

a portion of the dissolved metal becoming plated onto nozzle electrodes 1056 and/or 1060.

In order to remove the metal from nozzle electrodes 1056 and/or 1060, a reverse voltage
can be applied to nozzle electrodes 1056 and/or 1060. Either a DC or an AC power supply
can be used to apply the reverse voltage. In one exemplary process, a reverse voltage is
applied to dissolve the metal buildup into the electrolyte fluid. In another exemplary
process, a reverse voltage is applied to plate the metal buildup onto a disposable wafer. In

yet another example, a reverse voltage is applied to plate the metal buildup onto a block.

[00125] A. Dissolving Metal Buildup into Electrolyte fluid Using a DC Power
Supply
[00126] With reference to Fig. 1A, metal buildup on nozzle 1012 can be polished off

and dissolved into electrolyte fluid 1038 using a DC power supply. More particularly, lead
C can be connected to lead b and lead B can be connected to lead a, such that nozzle

electrode 1056 (Figs. 1B-1E) acts as an anode and nozzle electrode 1060 acts as a cathode.
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| eaki ng through to driving joint 2068. It should be recogni zed therefore
that various nethods of coupling driving joint 2068 to rotary nozzle 2012
are possiwbDe3/0§06317] Wth reference to Fig. 15, an exenplpemyusb?/sesar | y
novabl e multiple nozzle assenbly is illustrated. The nultiple linearly
novabl e nozzl e assenbly operates simlar to the rotary nozzle 2012 of

Fi gs. 1%chlarﬂélﬂﬁldlﬁﬁs%éﬁ%e%uﬁﬂm€a thr mmlegaom»u@d 1 0 43in lokd¥2 &S forfilini ON as
opposed to rotational notion. mul tiple |inear novabl e nozzl e assenbly
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di amet ep$thednétal disiobfedriftonadctiorydy fldid 1088 fnﬁiy&f&ome latedm@nmneesom[ 00118]

Nozzl es 3054, 3222, and 3226 are novable in a horlzontal direction, i.e.,

x- direction througg nozzl e hol der 3180 and novi ng U|de 182. Electrodes
3056, 338W27hnd ugh & apgearh et e RRSCESHMRIE MOPEMBF MSIb PR &P10 t hr ough

el ectri hs supplied
o nozzr oAb RS phi5 38 RokRE sy SRR of i B Bt rith BoaPIOI® (eser i bed
W th refransinedisscivéd @ eldotGlytel flhiideli08 Bt The zrm@hlmonc&ln&aﬁ&ﬁﬁzthe deamlytediwd 3226
may be used i nt er chapge d r|n an electro ol.i shj nove a
oy al 1 15 GrSpSSEADIRY HaFErPolgking Piae SR BIPAIAY AOT ol RIS~ ) 56 used
to poli %2 J&‘ehﬁxt %B%atfthé éﬁ&}op%llﬂhlgéﬁrdrﬂ@xll by @leﬁﬁkﬁllﬁfeﬁfﬂgﬁlﬁ%leﬁﬁé@és 10idbmis

thick, a a snhal nozzl e may used to polish t filmat a | ower
polis h rad 2014 andmtr’qytthd: clﬁenhmiry sf thi ﬁhctrdb'teeso'l;lmm 1038md hm thefarpamdipt i s

ool ey RRREORET nrlg 1ALk rp SRpbamRg e AR MRy TR

assenbl Yor Ekdple, oMnidi] ek mibEFbefemovedirbAy ndzeleriogs for eraA« dnld rn@éiﬂhoﬂ3 E,
except for the addi tion of a |inear novable base 4180 and nDV|ng QUIde

4182 wi tiptebtoatozzied M sesultineiin thegmajonty ofdhgmstpl ians being digsolyed pyio the

parti cul tiple nozzles 4014, optical end-point detector 4016,
and eddfﬁ§ﬁ?ﬁg ﬁﬁﬁﬁggéness/end poi nt detector 4060 are nounted on linearly
novabl e base 4180. The linearly novabl e base nenber may be noved in a
hori zont{@0128i r ect iWith cbntmuedxefexéhceem)tﬁigrﬂ,A ahc)pg)cmsvian e gaverted A11<$2£hatThi s

g;;ggb 'y e%ellllb?n ulf) on nglzjzllé |18LF isp ﬁs%eg ftt a(%ldbde fssol Veﬁ 1r¥c ?ecWoltyP fluid 1658 BS5 1ng

a DC power supply. More particularly, lead B can be connected to lead b and lead C can
be connected to lead a, such that nozzle electrode 1060 (Figs. 1B-1E) acts as an anode and
nozzle electrode 1056 acts as a cathode. Electrolyte fluid 1038 can be supplied through
nozzles 1012 and 1014 in order to form an electrical circuit that allows metal buildup on
nozzle 1014 to be removed from nozzle 1014 and dissolved into electrolyte fluid 1038.
Again, a portion of the metal dissolved into electrolyte fluid 1038 can become plated onto
nozzle 1012.

[00129] By repeating this process, i.e., reversing the voltage for each nozzle used in
the apparatus, the nozzles can be cleaned. In one exemplary process, the nozzles are
quickly cleaned by electropolishing successive wafers by first deplating nozzle 1012 and
plating nozzle 1014, followed by deplating nozzle 1014 and plating 1012. Both nozzles are
effectively cleaned because, as discussed, most of the metal is dissolved in the electrolyte

fluid 1038 as opposed to being plated to the opposing nozzle.
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29 WO 03/042433 PCT/ US02/ 36567 [00121] The structure and operation of the
mul tiple nozzles 4014 is simlar to those shown in Figs 14A and 14B,
however, wWOrgo$4ses such as the rotating driving neans, @CIXsey3§4se1 nt,

el ectrical current feed-through, and el ectrolyte feed-throughs have been
omtted for illustrative purposes. [00122] VII. Nozzle Sel f-d eaning

Processg (ﬁ0123]F @g%{rﬁf NehowPrvRNAERPIarP SR Tduraths OX 61 AMNY 1 Paad 86! f or

sel f-cl eanl el ectropol i shing nozzles is described. Durin a t ypi cal
el ectr ahmhzgakule’egm:gpme&s Morzks lQi|2de1\Qé@I arepositionsd @%atrlemlw rrandi d may

becone I at n.f he noz | e el t ct or
def or m ﬁﬁﬁﬁl H%lscﬁloi’vﬁ t(hg‘}‘f Qﬁ?@#‘?ng %%ﬁﬂaﬁﬁggermélnﬁml
di r ect i g Qkrolyi€ flald @Baitberivesh. eW‘héﬂ hﬁﬂesf 1012dind Th dh giepdaced elosdrapgetindr, t he

stream may chadnge the current denS|t)i of the strea and gonsequen Iy alter
t he polassshvwg in Bige 3othettive filw erpathpef dlegviohge 49 WIRE BHESD 1%lSay  be

depl ate ned e 41I1éas that

cause miiarAdeREatigtl 8 Al fud *ﬁ{q%ﬁﬂ&ev@%tfsgﬁﬁﬁféeﬁ%% BETon

exanpl egledthgal ¥Rt Wik, tﬁaﬁbﬁmcpéa@hgdqeteiﬁaemmmmm bml@psmmnvdllpa:oelss nht erial,

or the I|ike. [00124] Wth reference again igs. ,1A thrqu 1 met al

from a shetld be rggegnizedkal copse dist thepggmp ﬁ@o%%%?ﬂﬂ@ge%d@ol ved in

el ectro and may result in a portion of the dissolved netal
becom n%lx{oe[h%ﬁﬁb %%%ozzl e el ectrodes 1056 and/or 1060. In order to

renmove the nmetal fromnozzle electrodes 1056 and/or 1060, a reverse voltage
can be @PpBlled t oBncRiati Mett BriddiwsontoSéafaridtiog aTi6Bowe Suply a DC or an AC
power supply can be used to apply the reverse voltage. In one exenplary

bY Ocesswpi%# cvers af%&glﬁgﬂge.’f }n%gal ?Jﬁll(mps(ﬁplll&gle 1052 T8 8l aﬂhwjpﬁ into

the ele tefl exenp rocess, areve se voltage is
appl i edaﬂ&pl@ﬂeébﬁt&ﬂﬁfeﬂ@@ﬁ usintt 4 DAHoWr @u@lﬁamﬁ@@amwﬂxemmarwet anot her

exanple, a reverse voltage is applied to plate the bu
bl ock. px@gqszswqxep@rtwlﬂrgf kegd Kiesen be gappastad tPA%”EﬂI@T?@;?%{’ ‘iﬂ%a tﬁéu ng a

o DO 16X d’&’% I D haRk 1\%& Retd & £ERAGR afna bk Ale cbbwodio3k (bigs) upEPN nozzl e

acts as an anode. Electrolyte fluid 1038 can be supplied through nozzle 1012 to wafer 1004
in order to form an electrical circuit allowing metal buildup on nozzle 1012 to be plated
onto wafer 1004. Wafer 1004 can be discarded after the metal buildup on nozzle 1012 is

removed.

[00133] Similarly, with reference to Fig. 1A, metal buildup on nozzle 1014 can be
polished off and plated onto wafer 1004 using a DC power supply. More particularly, lead
A can be connected to lead b and lead C can be connected to lead a, such that wafer 1004
acts as a cathode and nozzle electrode 1060 (Figs. 1B-1E) acts as an anode. Electrolyte
fluid 1038 can be supplied through nozzle 1014 to wafer 1004 in order to form an electrical
circuit that allows metal buildup on nozzle 1014 to be plated onto wafer 1004. Nozzle
1012, or other nozzles in the electropolishing apparatus, may be cleaned in parallel or in
series with nozzle 1014. Wafer 1004 can be discarded after the metal buildup on nozzle

1014 is removed.

[00134] C. Plating Metal Buildup onto a Block Using a DC Power Supply
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and dissolved into electrolyte fluid 1038 using a DC power supply. Mre
particularly, lead C can be connected to lead b and | ead B can be

connect edwD®3loead3 a, such that nozzle el ectrode 1056 (Fi gPCTABOAES6ACtS as
an anode and nozzle el ectrode 1060 acts as a cathode. 30 WD 03/042433

PCT/ US02/ 36567 El ectrolyte fluid 1038 can be supplied through nozzles 1012

and 101&)0&9?1;”(1“ With fe@rBh@Ro FR). 8ChkiaCBhilduip! 057 onkRbxe e01 BéeMegalichéd056 and
1060 that allows netal buildup on nozzle 012 to be renoved from nozzle

1012 aneffaid phitadeahtp blaskd 082 tising 3 DS pawsrupplzgccordipgrie prrihereremplaryret al

di ssol ved i | £l uid | .
001571 BT RO B el eod i sen PR SonRE1a08 6T AUHAD O o St o

one  nogzlesd BIcR kidd 8Fock 1 08Padd @y hedthode@d Hojzae eleytrede 1056 aoltagbn r enoved
fromnozzle 1012 remains dissolved in electrolyte fluid 1038. The netal

concent aradeoFlsotrolyie flaid384Fig: b qanhesupnlosighraygh apzzds 4047 andpllowed to

el ectropol.i shin [ i . 3% by
et ont . SOt AR RBRET Btsk o B Eceicn ropl ncBER R TR ot o g
el ect r ogiggwihg ketaldildlp d4 namde AL tbpepheed betoibkickyl 082. Bluek dD8Z tarobeyt e

sol ution 1038. Thus, the_ apmpunt of n@é?l%pol i shed fromnozzle 1012 is

gr eat er disparded wgerdhe mestal brildppronnogrlg Q42 isyepyysd. o 1hen othepyise exanpl e, ten
nmet al i?&ﬁ/e lght be renoved from nozzle 1012 for every one metal ion
plated To nozzl'e 1014 resulting in the majority of the metal ions being

di ssolved into the electrolyte fluid 1038. {900_128] Wth continued

ref er enf186] Fi g. Sijladhevifirrefoeanse tabighé, metabbuiblypdQehon hezzle lddeganbui | dup

on nozz| e 4 i li,.shed o i ssol into el ectr . i.d 1038
oai no 7 b paliiediofr BEREE Syl blocR 1052 ERE MISC pb RO Bb RS NG Prficklatyd 175

lead b and ¢ eathdedmbeted® 16ATNAR 1851 DRah 88 @oRnecidab Idalid) suvhaEdtdleikect r ode
1060 (Fi 1B-1E) acts as an anode and nozzle electrode_ 1056, acts as a

cat hodel 8% aus aod ]gatbOdei andozdg gleetorenkdog dsts|as @B apedco Jgertrobes sbiss108812 and
1014 i : S Hes
'n 5_1%%.4?){%&1%&: S éﬁﬂﬁe@&%&%ﬁﬁh&z&aﬂf%‘ aix%%ﬂ%ﬁ%% ccﬁlltéc?ﬂﬁ)glg?b@i inQthdqypP on

nozzl e be r omnozz di ssol ve nto electrolyte
fluid 1836 an dgaiidal dircpidthat can aifowt Metahbhibdupdinasalledd14 it e glhtedontwl yt e f1 ui d

1038 can_becone plated onto nozzle 1012. [00129], By repeatjing this
pr ocess Plackd 082, g\‘f&kslioﬁé cihRe @&af(%‘é‘ea]f?%ﬁ“eééﬁtﬁ%]]ﬁ‘? an E?Q%ge mﬂpls
removed, or when otherwise convenient. Further, electrode 1056 and 1060 may be cleaned

in series or in parallel.
[00137] D. Removing Metal Buildup Using an AC Power Supply

[00138] In another exemplary nozzle cleaning process, an AC power supply, as
opposed to a DC power supply, may be used with any of the above configurations to
remove metal buildup from nozzles 1012 and 1014. In particular, an AC power supply is
used to dissolve the metal buildup into the electrolyte fluid, plate the metal buildup onto a

wafer to be discarded, or plate the metal buildup onto a block or other sacrificial material.

[00139] Removing metal buildup from the nozzles with an AC power supply
becomes more efficient as the concentration of the metal in the electrolyte fluid decreases.
Accordingly, the metal concentration can be typically in the range of about 0.1% to about
5% wt, and preferably less than about 0.5% wt during the removal process.

[00140] VIII. Nozzle Shapes
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t he apparatus, the nozzles can be cleaned. In one exenplary process, the
nozzl es are quickly cleaned by el ectropolishing successive wafers by first
depl at i ngwoezo4133.012 and plating nozzle 1014, foll owed IPgTdSpL/adS6Ng
nozzl e 1014 and plating 1012. Both nozzles are effectively cleaned
because, as discussed, nost of the nmetal is dissolved in the electrolyte

fluid 1 OPP Qs gy bOhb 8k dighIRy nsddirRerith 8eRABES nBEK1RQAZ B ousSha
03/ 0424?#1%?'/ US02/ 36567 [Ooéhg)oﬁlyﬁ gs. 2 and 3 show two exenpl ar yy@

conf i gumayibendvarftageonsly esiplayed. @n‘d‘ermtltapesmfmon@lea fer @amplvg dii siges,Nozzl es

a0 | owedPEGHeS SRR AROGEH T B The BRE RS Girikee plliiy PeikEuptohi’ o
el ectr Ohia%efahuaxﬂagdwé zti@&d/%@ndﬂ@ en tmiazdl@ﬁaﬂa?@ﬁcamd FOA dkadripte, ah a&ed

cl oser together, as shown in Flsg1 , the two filns or paths of electrolyte
fluid 108Bigt IByihagxereplaesieqitopglishing epparagpmay meluds iwp 61fff:r%15 sizédm a singl e

her cby taaRclde ipBings BRPHET Be ulf o ST Op@tnieref SR O bafirtOll L 1,

shoul d be recogni zed of course that the exenplary nethod may al so be
enpl oye@osdz2h norsiditicnally itigg6Azhamigh [SBDIJJ:aﬁt}athaxﬂhatekerng @mizzBei | dup onto

Waf er Using a DC Po Supp 0132 th reference t A, netal

bui | duph 6Yingléfﬂlgyfgggaﬁéﬁn%@“%ﬁﬂ%lﬁ&%‘?S aQﬁBI.?)P%ﬁ %@F 1004
using ag th§ RS ¥n @ GaR bhlln 8¢ tﬁ@p@ﬁ&t&ﬁﬁe aéam&@rﬂmd 6RESTom WY e
partlcular y, ead A can be connected to I'ead b and Iead B can be connected

to | eadnazzls,uhdﬁcurmnt dami@mnﬁﬁmﬂleatre&naﬁe]act@]b'wd&iadmd ﬂm)lzlid diigd. 64t rode 1056

Fi gs s an _anod ect lied
Cr oo o iaud 18 S5iBeRyfRn SR sant Etipinant shans gt B RuR AheoPRositRl | S5 ¢
al | owi NgndRh alectbsdd 5058, FigdSE AlreughOsiE? ilhRdtriR Hok Ak titheuttad ivaddr. BRO4ral VAT er
1004 can be discarded after the nmetal buildup on nozzle 1012 is renoved.

[ 00133] oStlmnoazlwonﬁgurhtwréfl@r’@m‘@v%elrzctgod 56mearthe ppeoing pl s tuRveEz | e 1014
b h |
K/gpe ;e)aF{éc%ui ﬁfgé)p FE &Q mpél%%n%@%%%%%@%ﬁ%%ﬁ%ﬁ % pﬁ'ead %ggpbg

connect ggbdude h gade amfsmt@ burtdn@tiensty e tht@G4am of electrolyte fluid. Fig. SH depicts a

nozzle including electrode 5056 and rod 5058 located near the center of the nozzle to

increase the surface area of the electrode and create a more uniform current density.

[00143] For each of the above-described nozzles, electrode 5056 can include a metal
or alloy such as Tantalum, Titanium, stainless steel, and the like. Additionally, insulator
5054 can include plastics such as PVC, PVD, Teflon, and the like, or ceramics such as

AL O3, Zr0,, Si0,, and the like. Accordingly, because metals and alloys are typically
easier to form into various shapes than plastics and ceramics, nozzles having electrodes
with curved or tapered shapes and insulators with straight shapes can be less expensive to
manufacture than other shapes. Furthermore, nozzles having only an electrode 5056, such
as those shown in Figs. 5F, 5G, and 5H, can have a simpler design and more surface area.
Additionally, the nozzle shown in Fig. 5H includes rod 5058 as part of electrode 5056,
which provides the electrode with more surface area and may distribute more uniformly the
electric potential across electrolyte fluid 1038 (Fig. 1A) flowing from the nozzle. A more
uniformly distributed electric potential leads to more uniform electropolishing of wafer
1004.
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acts as a cathode and nozzle el ectrode 1060 (Figs. 1B-1E) acts as an anode.
Electrolyte fluid 1038 can be supplied through nozzle 1014 to wafer 1004
in order wooBowaBsan el ectrical circuit that allows netal Poaiusdupssen nozzl e
1014 to be plated onto wafer 1004. Nozzle 1012, or other nozzles in the
el ectropol i shing apparatus, may be cleaned in parallel or in series with

nozzl e fydigq) Vaf GF%%Q@A 2R BB Dustiafes ahstaer @ehPlary RezAhalinDikhldiop 6054,n0zz| e
1014 is renoved. [00134] C. Plating Metal Buildup onto a Block Using a DC

Power Selpgtode3DSHnargizondea3e inper sustee 56867 Inepsasfure 3o nshideepistalo Fig.

4, met al ild 1057 0on zzl e 10. b |ighe ated onto
bl ock 16"8agf‘j)é'ssiu 233 ﬂfalﬁg\ﬂgﬁmg‘ﬁ%‘p%%h geégg"?%%’ ﬁrécp s I%Eb%ﬁggoé%@nﬁp%?y process.
Mor e pagihichit BOBY inch@RE nBltEASCIR@nels e chiethcieasd thadudaceragied efahle D can be

connected to lead b, such that block 1082 actszilﬁs a cat hodgef anld q, zzl e

el ect r oelecti@Boandean digrihwe theRlersric ppieptial gespsenegzls ofooanere vpitgrmlyy 188n pe
supplied_threu i rder to
form an™ &Y 8@ %(E%\{h%gslzéragl# ?&ﬁﬁ?%eﬁdflgp é\@&%&ﬁg&?{o&%o %%gép a OV\(I;) Ipng@rret al
bui | dupdiamer@of ke H2ER ahd theepapti@fiacipplicationl Bedferbb2the Blzeof eddh3H thain be

di scarded after the netal bui Ifd@?o on.nozzle 1012 is renpved, or when

ot her wi gkannglssgR he abgut opg et RO7ds f9melft h reference to Fig. 4, netal
bui | dup 1057 on nozzle 1014 can be polished off and plated onto bl ock 1082

usi ng a([jd@%ﬁpmf FHERhYneNRLE bP B rhied th Fhdidus crdBadctloneBihap&s, SRAREER®E t O
| ead a an ead D can be connected to |l ead b, such that block 1082 acts as

a cat hosleovemih Fige ABetoele Eor axdmpl® 6banuelsscan e squarndihsr-sieipsd stieight slots, ui d

1038 (Fi 1) can supplied through nozzl .al | 0 cont act
bl ock 16’@%] ir‘rlfiso?”&@?‘i)?qfﬁts’ ‘Jlggtﬁ\g“i?{’ E?réeé’??rfl@aa}ndctlﬁ? %g%ﬁn%ﬁgﬁtﬁéa%%@ﬂ%%w et al
bui I duppficHIRZ &lo8s-d&tidndl @hdiRs Bleahetmen Fips. 6B @6 L, iSchanilocin be@Binedkin be
di scarded after the netal buildup on nozzle 1014 is rﬁ ved, or when

ot her wi ey eionsreesitional shanes sushas adigngle. palyerosdlipssgandibolikey be cl eaned in
series or in parallel. [00137] D. Renoving Metal Buildup Using an AC Power

Supply [00146] The above detailed description is provided to illustrate exemplary
embodiments and is not intended to be limiting. It will be apparent to those skilled in the
art that numerous modifications and variations within the scope of the present invention are
possible. For example, the different exemplary electropolishing apparatuses, for example,
the shroud, the conductive member, the various nozzles, end-point detectors, and the like
may be used together in a single assembly or may be used separately to enhance a
conventional electropolishing apparatus. Accordingly, the present invention is defined by

the appended claims and should not be limited by the descrii)tion herein.
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[ 00138] I n another exenplary nozzle cleaning process, an AC power supply,
as opposed to a DC power supply, nmay be used with any of the above

confi gur awD®R®42463 renove netal buil dup from nozzl es 1012 PamdsaDisss7 | n
particular, an AC power supply is wused to dissolve the netal buildup into
the electrolyte fluid, plate the netal buildup onto a wafer to be

di scarded, or plate the netal buil dgpAIMS® a bl ock or other sacrificial
material. [00139] Renoving netal buildup fromthe_ nozzles with an AC power
supply  beconles Amnpartys fer epqtropelishies & Batantamisiig of the netal in the
electrolyte flu o ly, the netal concentration can be
typically in thg%ag%g%lﬁg??%ggldﬁ%%%ﬁ@%o about 5% w, and preferably |ess
t han about O. S‘me/acmiuﬂbrftgrbﬂaengthaMérqhudqess [00140] VII1. Nozzl e Shapes
33 WD 03/042433 PCT/ US02/[ 36567 014]1 of the exenpl ary enbodi nent s
descri bed, nozzPé@z@FcQ guserstostpgaRo Shﬁf}]e paterRpdnt ageously enpl oyed.

D fferent types f urfﬁxtg nt sizes, profiles,
cross-secti onal a% ape ﬁéxéed dfels gga%rog%%e 1 fferent poI i shing
characteristics and rray be advant ageously used depending on the particul ar

appl i cation. exanpl e, in Eig. .1 t he. exe

ot Tanor T s -odne aaaes of b Friirein hisintetis ORISR DBaOME D ¥efr012 ang
1014 that may benykedith SufficRel HRAChAISPedd JubB iR b sB84h bpaScRflyteahes 1004.
[00142] Additionally, Figs. 5A through 5H illustrate various exerrpl ary

nozzl es havi nglmldmp@tl}e\@&‘felsﬂfm’pﬁa@mth@mgeglfﬁmW@f% The shape of a
nozzl e, for exanple, the channel and the distal end, can change the
profile of the electrolyte fluid flowing fromthe nozzle the current
density withi3 The appdre@vOElaied BoVHepbitiee dlbctidlyte il flb@s pask the p@6f theA
through 5E illustrate various nozzl e _conf | gurations and shapes that include
i nsul at or 5054 WaRT aaqd ieingidentagen tgsdroud gs. 5F through 5H il lustrate

nozzl es without an insulator. Several of the nozzle configurations have a
curved el ectrode 5056 near the opening. The curved electrode 5056 prevents
an el ectri cal4.p&hk apparatus bﬁclpinpb,iwheré:in theheafel imir’rentbel facihg dowinehdthe produce

a nore uniformcurren e str am f | ectr.ol |Luid.. Fig. 5H
depicts a nozthéealni‘le%Elﬂ? %@E{]Wf)@@ Sé@@?%&ﬁ&%@& WS the

center of the nggﬁ@fatuglgﬁ&ﬁmﬁag@gftﬁgwag&e area of the el ectrode and
create a nore uniformcurrent densit

5. The apparatus of claim 1, wherein the actuator is configured to vary the rotation

of the chuck depending on the portion of the wafer that is being electropolished.

6. The apparatus of claim 5, wherein the actuator is configured to rotate the chuck

at a higher speed when electropolishing portions of the wafer near the center.

7. The apparatus of claim 1, wherein the wafer chuck is configured to translate in

relation to the nozzle.

8. The apparatus of claim 7, wherein the shroud is configured to move with the

wafer chuck in relation to the nozzle.

9. The apparatus of claim 7, wherein the shroud and the wafer chuck are

mechanically coupled to move together in relation to the nozzle.
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[ 00143] For each of the above-described nozzles, el ectrode 5056 can include
a netal or alloy such as Tantalum Titanium stainless steel, and the

| i ke. AdowoOioonad4By, insul ator 5054 can include plastics ParUSay3dWC, PVD,
Teflon, and the like, or ceram cs such as A1203, Zr02, Si02, and the like.
Accordi ngly, because netals and alloys are typically easier to forminto
various shapes than plastics and ceram cs, nozzles having electrodes wth
curved or tapered shapes and insulators with straight shapes can be |ess
expensi ve to l0rdherEearaius of plaim émhqrelgmﬁpwzlqﬂaﬁmfgew 0, MR rlatiolhyi ng

only an electroggﬂéQéﬁér%R@Q as those shown in Figs. 5F, 5G and 5H, can
have a sinpler design and nore surface area. Additionally, the nozzle

shown in Fig. 5H includes rod 5058 as part of electrode 5056, which
provides the eglectrode with npre surface area, and nma i.stribute re
uni forn y t hell- &P apPATetop of SAER & Wﬁj@?l&é%e @F@_&f’c lrsaa_owleﬁ?c}d thoyt imtq%oog? 1 A)
flowwng fromt h%?l%flﬁog?th% érﬁgggfthgrghﬁ&( my distributed electric potenti al

| eads to nore uni ect Ishing of wafer 1004. 34 WD 03/ 042433
PCT/ US02/ 36567 [00144] Figs. 6A and 6B illustrates another exenplary nozzle

havi ng i nsul ator,, 6054, el ectrode 6056,. and conduct.i ve i.nn structure
8086, 1 nner <l bt APt BT FAER douiea g o RS Rarg L SN S B
Titani um stai nkgssofsth€6huckand the like. Additionally, inner structure 6086

includes nultiple channels that can increase the surface area of the
el ectrode, and can distribute the electric potential across nozzle 6056

nore uni formy ~Jhe size of. the channel s_. hbn 4 he.k of y about 0.1
mm to about 15 e eefefSeltebn , FRAOREHEREE bf e SR & 1
particul ar appl skl Bdbs-seet@drer abl y, the size of each of the channels can
be about one tenth of the nozzle dianeter. [00145] The channels can be

formed in various cross-sectional shapes, such as those shown in Figs. 6B

to 61. F : ' : i ght slots,
0 or ﬁgg%@ gp%a{}g@%% Claftit 1, Whersifl ﬁde&%gsftgﬁ gﬂ?ﬁfg ig tlﬁl}(efé@d ght sl ots

ex
nmetal rods, wa t rectangul ar, honeyco I n addition,
al t hough particul ar cross-sectional shapes are shown in Figs. 6B to 61, the

channel's can fie o iied L0 of A 7 9RSoR %5 LaDAN SPERSoSHEeRR Botd bane!
below the chuck.

16. The apparatus of claim 1, wherein the shroud includes plastic or ceramic

material.

17. The apparatus of claim 1, wherein the shroud includes anticorrosive metals or

alloys.

18. The apparatus of claim 1, wherein the shroud is coated with an electrolyte fluid-

resistant material.

19. A method for electropolishing a semiconductor wafer, comprising the acts of:
electropolishing the wafer with a stream of electrolyte fluid;
rotating the wafer such that the electrolyte fluid incident upon the wafer flows
across the surface of the wafer towards the edge of the wafer; and

positioning a shroud adjacent the edge of the wafer.
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[ 00146] The above detail ed description is provided to illustrate exenplary
enbodi nents and is not intended to be limting. It wll be apparent to

t hose skiwbedo#n3z he art that nunmerous nodifications andPeanisar/sesns w t hin
the scope of the present invention are possible. For exanple, the

di fferent exenplary el ectropolishing apparatuses, for exanple, the shroud,
t he conductive nenber, the various nozzles, end-point detectors, and the

| i ke may be used together in a single assenmbly or ma){l be used separately
to enhance a20e$h¢/marq§1rf§“|cla@mel& whersin the wekerapiniated wath suificiangiraiefigpal t he

present inventi ' [ . ded, ' be
Pimted by the Soed s fertbiyee IO ABREARANE WKt BB U oD 2\ 5

1. An appar at uswhatsr vétteut leapia itlehiurfgcesofthé eraferconpri si ng: a wafer chuck for
hol ding the wafer; an actuator for rotating the wafer chuck; a nozzle
configured to electropolish the wafer; and a shroud positioned around the
edge of the f I f I el éﬂ&f(%é i's
configured t\(gﬁf g'glg%n%ﬂ% -Bgﬁv‘\:/ga?@?l%c ﬁrggl%gkﬁkgﬁlﬁ%%@gr@%g%gﬁ?on za)tsf(['?{eﬁed such
t hat a stream ofvaidread isiingidentfupon ¢he shrmviddent on the wafer flows towards the
edge of the wafer. 3. The apparatus of claim2, wherein the electrolyte
fluid fl ows past the edge of the wafer and is incident upon the shroud. 4.
The appar at u$0fThg hdiHBd%f BEI 18 RurfhBEinBRIBTg Va8yiak HRYolfioh 3¢ iB@hEGWN and the
stream of electrolyte fluid incident on the wafer flows to the edge of the
waf er before fdéepandipefandire porsios of theowafer thatie beiag electropolifhed. appar at us of
claim1, wherein the actuator is configured to vary the rotation of the
chuck depending on the portion of the wafer that is being el ectropolished.
6. The appar @3uThemeficl o haimVi2e fvherint the wadrigidited st £Righdrgpécddviien r ot at e
the chuck at a higher speed when el ectropolishing portions of the wafer
near the cent er elegtropriishing partiong of te waferinean theggaleei n t he wafer chuck is
configured to translate in

24. The method of claim 19, further including translating the wafer in relation to the

nozzle.

25. The method of claim 19, further including moving the shroud in relation to the

nozzle.

26. The method of claim 19, further including moving the shroud and the wafer

together in relation to the nozzle.

27. The method of claim 19, further including moving the nozzle in relation to the

wafer.

28. An apparatus for holding a wafer, comprising:
a body to support the wafer and expose one side of the wafer to a stream of
electrolyte fluid;
a first conductive member configured to apply a charge to the wafer; and
a second conductive member configured to be exposed to the stream of

electrolyte fluid.
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relation to the nozzle. 8. The apparatus of claim7, wherein the shroud is
configured to nove with the wafer chuck in relation to the nozzle. 9. The
appar at uswofo3osasin 7, wherein the shroud and the wafer cheCh/tsnE36567
mechani cally coupled to nove together in relation to the nozzle. 36 WO

03/ 042433 PCT/ US02/ 36567 10. The apparatus of claim1l, wherein the nozzle
is configured to nove in relation to the wafer chuck. 11. The apparatus of

claim1, wherein the shroud is positioned about 1 mMmto about 10 nm from
the edge of 2AeThheptaratapof chpim g&;p@ﬁmm@eiﬂsmoadmtme mgrebesivfugther shroud is

posi ti oned abo”%m?}%eﬁgsdf%%@i%qrf&g? ﬁ?%ﬁheg%]ﬁéaﬁ?fa%%agéﬁuﬂhe appar at us of

claim1, wherei ewa roudin an L- shape
cross-section. 14. The apparatus of claim1l, wherein the sidewall of the
shroud is tapered. 15. The_apparatus of claim 1, wherein the sidewall of
the shroud exPehHaapnsstas of claiget whetsin amelekiric thareepvanplisd e seopde| ai m 1,
wherein the Shr@&fﬁuki éfﬁgﬁl%expl astic or ceramc material. 17. The apparatus
of claim1, wherern e shroud includes anticorrosive netals or alloys.

18. The apparatus of claim1, wherein the shroud is coated with an

electrolyte flujid- resistapnt material., 19. A pethod for, el ectropolishing a
sem conduct oPlwd %?Ppaé%‘fﬁiﬁf"sl?lﬁb § et éec?ﬂf?cm%?}@(‘%er%ﬁ)‘fe‘i?%tgﬁée Ae waf er

with a stream of,&le6td Akdber ik b Qual t9iRE ERRubiNG YRR appHEdtotthdlvatdne

el ectrolyte fluid incident upon the wafer flows across'the surface of the
waf er towards the edge of the wafer; and positioning a shroud adjacent the

edge of the Vﬁf The apparatus of claim 28, wherein the second conductive member is a ring.

33. The apparatus of claim 28, wherein the second conductive member is positioned

near a perimeter of the wafer.

34. The apparatus of claim 28, wherein the second conductive member includes

metal.

35. The apparatus of claim 28, wherein the second conductive member is in contact

with the wafer.

36. The apparatus of claim 28, wherein an insulative member is positioned between

the wafer and the second conductive member.

37. The apparatus of claim 36, wherein the insulative member forms a seal between

the conductive member and the wafer.
38. The apparatus of claim 36, wherein the insulative member includes an o-ring.

39. The apparatus of claim 36, wherein the insulative member includes synthetic

rubber.
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37 WD 03/ 042433 PCT/ US02/ 36567 20. The nethod of claim 19, wherein the
wafer is rotated with sufficient rotational speed such that electrolyte
fluid i ncwoaat4msd t he wafer flows to the edge of the waf@CTWSVFE7 | eavi ng
the surface of the wafer. 21. The nmethod of claim 19, wherein the

el ectrolyte fluid flows past the edge of the wafer and is incident upon
the shroud. 2. TRbeppRath96f SlhinCh 8 ivhelddn tHeUirsh@ndusibleuérier nalclieng t he
rotation of the chuck depending on the portion of the wafer that is being
el ect r opol i shedsprig magbetet hod of claim 22, wherein the wafer is rotated
at a higher speed when el ectropolishing portions of the wafer near the
center. 24. The nmethod of claim 19, further including translating the wafer
in relation t#4d. Theappweatns ef claim 40, kehersih thedpahg ahember 19configurtd 6y contadt udi ng
noving the shroud in relation to the nozzle. 26. The nmethod of claim 19,
further includi AYOWEYPFHYetRECLHS B8t and the wafer together in relation to
the nozzle. 27. The nethod of claim 19, further including noving the nozzle
inrelation to the wafer. 28. An apparatus for holding a wafer,

conpri sing: &2bdtyapmarstuppdelhint #& wiefein thersgrieg posebeo relglesie sping he wafer to
a streamof electrolyte fluid; a first conductive nenber configured to
apply a charge to the wafer; and a second conductive nmenber configured to

be exposed t 3t e ahpRANY 6f clah £ twiRkalh ﬁaefégﬁhgméﬁ@oemcﬂfde%gﬂ@auy of _
PCT/ US02/ 36567 29. The apparatus of claim 28, wherein the first conductive

member is furt heeiledsprihpgaranged erovad thegiesimeteriof da waler.st r eam of el ectrol yte
fluid.

44. The apparatus of claim 40, wherein a second insulative member is inserted

between the spring member and the second conductive member.

45. The apparatus of claim 28, wherein one of the electrical charge applied by the
first conductive member and a electrical charge applied by the second

conductive member may be varied with respect to each other.

46. The apparatus of claim 28, further including a DC power supply configured to
apply the electrical charge.

47. The apparatus of claim 28, further including an AC power supply configured to
apply the electrical charge.

48. The apparatus of claim 28, wherein the second conductive member is positioned

within an insulative member.
49. The apparatus of claim 48, wherein the insulative member is a ring.

50. The apparatus of claim 28, further including at least one resistor to vary the
electric charge applied to the wafer or an electric charge applied to the second

conductive member.
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30. The apparatus of claim 28, wherein an electric charge is applied to the
second conductive nenber. 31. The apparatus of claim28, wherein the

el ectri c whasge4applied to the second conductive nmenber PSTRUSV2/BFORI toO

t he conductive charge applied to the wafer. 32. The apparatus of claim 28,
wherein the second conductive nmenber is a ring. 33. The apparatus of claim
28, wherein the second conductive nenber is positioned near a perineter of
the wafer. 34. The apparatus of claim 28, wherein the second conductive
menber i ncl udésTheppnaratusef claine28 syhgrein the sgeond| condyctiye mgreheahss athe second
conductive menbgr. 4. V'goaqﬁgg%%gr with the wafer. 36. The apparatus of claim

28, wherein an FRSul at 1 ve is positioned between the wafer and the

second conductive nmenber. 37. The apparatus of claim 36, wherein the
insul ative nenber forns a seal petween the conductive nber and fhe
wafer. 38. THé ﬁa%mfﬂgs 5&%5%\@8{6%@?% llf%ﬁlﬁatwfagmﬂgfer Feopbept on

| ncludes an O I 48 ofthe sBSHARRALAMI il bpbdESs AL N the [nsulative
menber includes synthetic rubber. 39 WO 03/042433 PCT/ US02/ 36567 40. The

apparatus of claim 28, wherein the first conductive nenber inlclues a
spring nmenber_.41. The aratus of. cl ai m 40 erein the spring nmenber is
confi gur ed té%é‘rﬂ’gg?d ?%ﬁlOiCﬁP%?S%lFP@FE}F Wer%élnﬁépgigcgﬁﬂﬁlsh*ﬂg appar at us
of claim40, whesRER, tdiBpiEdphg 1h8 abBGREr i ncludes a spring. 43. The apparatus
of claim 40, wherein the spring nenber includes a plurality of coiled

springs arranged dositiedingtresusiacs pfithewater in hstregan of cleamply®lidppar at us  of
ol aim 40, wherein o SecondOSULALLYE HEURRL it d BREL SonRShURE: P
spring nenber and cond conduet i ve nenber.
applying an electric charge to a second conductive member, wherein the
second conductive member is configured to draw a current from the electrolyte

fluid on the surface of the wafer.

54. The method of claim 53, wherein the second conductive member draws current

near the edge of the wafer to reduce the polishing rate.

55. The method of claim 53, wherein the wafer is rotated such that the electrolyte

fluid flows towards the edge of the wafer.

56. The method of claim 53, wherein the second conductive member is positioned

near the edge of the wafer.

57. The method of claim 53, wherein the second conductive member is a ring of

metal.

58. The method of claim 53, further including an insulative member positioned

between the wafer and the second conductive member.

59. The method of claim 53, wherein the conductive member is positioned adjacent

the wafer.
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45. The apparatus of claim 28, wherein one of the electrical charge applied
by the first conductive nenber and a el ectrical charge applied by the
second cwodMAOII43E nenber nmay be varied with respect to e&ch/usvhizase7 46. The
apparatus of claim 28, further including a DC power supply configured to
apply the electrical charge. 47. The apparatus of claim 28, further

i ncl udi ng an AC power supply configured to apply the electrical charge.

48. The apparatus of claim 28, wherein the second conductive, nenber is

posi tioned 6. fThe metiod ofslain 33 Eirtheninshudingpadiusting 9pp of theglechic dargem 48,

wherein the insul.ative nenber s _a;ring. : .3l m 28,
further incl ud?ﬂ%}legttoﬁléeag/fqgf)ﬁ%d &‘85}68 r%r hﬁ%@\ﬁgﬂ@&} %gﬂgge%é{c@?%u%‘gér ge
appl i ed to thepygir rélatid toehesthéd ¢ charge applied to the second
conductive nmenber. 40 WD 03/042433 PCT/ US02/ 36567 51. The apparatus of

claim 28, wherein the second conductive nenber has an insulative coating

| ayer. 52. The-appar - ChAl & gsoand HipsWhiRtiye nmenber is
posi ti oned O(ﬂl.@egeégé%ff@%g%%g@ﬁéﬁég%%t Eé\]/ce}ﬁrn%nberg)&%pog?te of the
wafer. 53. A nmpbhefsipply.hol di ng a sem conductor wafer during an

el ectropolishing process, conprising the acts of: positioning a surface of
the wafer in a streamof electrolyte fluid; applying an electric charge to

the wafer wigh rhelrhdifiba GAARMES], (helBhihRlclecifitihaARRlY ApliBAwRheGIACC char ge

to a second conductive ne rein the second conductive nenber is
configured to gwosver supply.rent fromthe electrolyte fluid on the surface of
the wafer. 54. The nethod of claim53, wherein the second conductive nenber
draws current near the edge of the wafer to reduce the polishing rate. 55.

Tlhe trfet IhO f' of3.ChRimR B oPISIEs WHRRiNEeREcdnEl doaliadtRe nsdmatier iasitidned
el ectrol yte

within an insulative member.
64. The method of claim 53, wherein the insulative member is a ring.

65. An apparatus for monitoring the end-point of an electropolishing process of a
metal layer formed on a wafer, comprising:
a nozzle configured to electropolish the metal layer;
an end-point detector disposed adjacent to said nozzle;
a reservoir containing an electrolyte fluid and coupled to said nozzle;
a fluid detector disposed in the reservoir, wherein
the fluid detector measures a property of the fluid, and
the end-point detector is configured to measure wafer properties taking into

consideration the measured property of the fluid.

66. The apparatus of claim 65, wherein said apparatus is further configured to end
the electropolishing process when a measured property of the wafer reaches a

target value.

67. The apparatus of claim 65, wherein the nozzle and the end-point detector are

configured to move together to electropolish discrete portions of the wafer.
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fluid flows towards the edge of the wafer. 56. The nmethod of claim53,
wherein the second conductive nenber is positioned near the edge of the
waf er. 57woOThe4298: hod of claim 53, wherein the second conaaiisvE3eseTber i s
aring of netal. 58. The nethod of claim53, further including an

i nsul ative nenber positioned between the wafer and the second conductive
menber. 59. The nethod of claim53, wherein the conductive nenber is

posi tioned adjacent the wafer. 41 WO 03/042433 PCT/ USQ2/ 36567 60. The

net hod of cl 8. MhEapphnatusiod claim 66 uihereindbly ReAzinig confégused asvestEia@tt | ¢ char ge

applied to the waf.er dt electri ed to the second
conductive memgEHe gﬂﬁ‘v eﬁ%t?ﬂ%atsgﬁeggweg%ﬁ#ﬁleﬁ%ét hod of claim 53,
wherein the electric charges are applied with a DC power supply. 62. The
met hod of claim53, wherein the electric charges are applied with an AC
pover suppl y69.6%he apparatistof ekt 05 cfugher somprigier awaler plau eﬁwﬁ%%ucti ve
menber is pOSitif%ﬁeet%F 'érhi n an insul ative nenber. 64. The nethod of claim
53, wherein thé°Prsurative nember is a ri ng. 65. An apparatus for
nonitoring the end-point of an el ectropolishing process of a netal |ayer
formed on a wafer, conprising: a nozzle cqonfigured to el ectropolish the
b%@@’df il

metal | ayer ; 70-drhecpaasssisod claamp &et whergind Clrapgasyss e e Ay 21 e a
reservoir contajni cigupl yte fluid and coupled to said nozzle; a
fluid detect oradggg%grsaggn?{n&t he T eser voi r, wherein the fluid detector
measures a property of the fluid, and
71. The apparatus of claim 70, further including electrodes immersed in the
electrolyte fluid configured to remove metal ions from the electrolyte fluid if the

metal ion concentration reaches a pre-set value.
72. The apparatus of claim 71, wherein if the metal ion concentration reaches a
second pre-set value the electrodes are configured to stop removing metal ions

from the electrolyte fluid.

73. The apparatus of claim 65, wherein the fluid detector includes an optical

detector.
74. The apparatus of claim 73, wherein the optical detector includes a red light.
75. The apparatus of claim 73, wherein the optical detector includes a white light.

76. The apparatus of claim 73, further including a reflector wherein the optical
detector reflects light from.

77. The apparatus of claim 65, wherein the end-point detector includes an optical

reflection detector.
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t he end-point detector is configured to neasure wafer properties taking
into consideration the neasured property of the fluid. 66. The apparatus
of cl ai m%b,038i n sai d apparatus is further confi guredPCo/usnz3esshe

el ectropol i shing process when a neasured property of the wafer reaches a
target value. 67. The apparatus of claim®65, wherein the nozzle and the

end- poi nt d aL.&stah Aedsofie
di screte poﬁs;egtr}llg 8?'51%“]5%% ierg%z‘gh%%ng%é//&%g%gwlﬁc%t%%&/ 36567 68S The

appar atus of cldaiemoB5, wherein the nozzle is configured as a stationary
nozzle and the wafer is translated relative to the nozzle. 69. The
apparatus of claim®65, further conprising a wafer chuck configured to

rotate the V\'?éqrhe agﬁaraﬁﬂ%f%ﬂ%atw&r% thé ahdip&iat dabesiheluddiant | ui d det ect or
measures a netal ioh concentration in the fluid. 71. The apparatus of

claim70, furt h@ctmmgu@thr@t@t@ct rodes imrersed in the electrolyte fluid
configured to renove netal ions fromthe electrolyte fluid if the netal
ion concentration reaches a pre-set value. 72. The apparatus of claim 71,

wherein if tge T'Iﬁta?baﬂaﬁi% JFRREA5] Rhérein theashpsinadetsaonindufesenstidyval ue t he
el ectrodes are con ured to stop removing netal ions fromthe electrolyte

fluid. 73. The cappafeaiestorof cl ai m 65, wherein the fluid detector includes
an optical detector. 74. The apparatus of claim 73, wherein the opti cal
detector includes a red light. 75. The apparatus of claim 73, wherein the
optical det e&I.OITheiap@hmd&%f&laﬁhi&ﬁfukﬂlglhmmpﬂs&lg & beeom fardatetestooto cl ai m 73,
further including a refle &or Wnere the optical detector reflects |ight
from 77. The apPaPsuscoR qua?rm@é ¢ Kein the end- poi nt det ect or

i ncl udes an opti cal

82. The apparatus of claim 81, wherein the end-point detector is configured to
measure wafer properties taking into consideration the second measured

property of the fluid.

83. The apparatus of claim 81, wherein the second fluid detector includes an optical

detector.
84. The apparatus of claim 81, wherein the optical detector includes a blue light.
85. The apparatus of claim 81, wherein the optical detector includes a white light.

86. The apparatus of claim 81, wherein the optical detector detects bubbles in the
electrolyte fluid.

87. A method of detecting the end-point of an electropolishing process of a wafer,
comprising the acts of:
electropolishing the wafer using an electrolyte fluid;
measuring properties of the wafer using an end-point detector;

measuring properties of the electrolyte fluid using a fluid detector; and
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reflection detector. 43 WD 03/042433 PCT/ US02/ 36567 78. The appar at us of
claim65, wherein the end-point detector includes an ultrasonic detector.
79. The awpasms33 of claim 65, wherein the end-point deteeCorusonadsetdes an
el ectromagnetic detector. 80. The apparatus of claim65, wherein the

end- poi nt detector includes an Eddy- current detector. 81. The apparatus of

claim65, further hi 8l GRGTE Wheh thedQireCbPthetedd-poB@deteeton second
property of the ﬁ‘ﬁ?ﬁa %Z.qu%ﬁeb apparatus of cl ai mgl, wherei n the end-point

detector is cotdkinginécdansideration theeproperties ofithp Bnid raeasprer by ¢hg Hyid
consideration the second neasured property of the fluid. 83. The apparatus
of claim 81, wHEEER the second fluid detector includes an optical

detector. 84. The apparatus of claim 81, wherein the optical detector

includes a blue light. 85. The apparatus of claim8]l, wherein the optical
det ect or i nc38udibe naethed efeclaimgdys whegsn theget %ﬁé‘ﬁ@?ﬁ%&&g léF‘é‘geﬁﬁ‘gﬁn%er ein

the optical detector .detects I I I rolyte fluid. 87. A
nmet hod of det egﬁaﬁ'&ef‘ﬁg’pgﬁ pggllg%af%ﬁe%%ege%%g%ﬁg{ei shing process of a
wafer, conprising the acts of: electropolishing the wafer using an

el ectrolyte fluid; measurin roperties of t waf er. i.ng an end- poi nt
detector:; n¥adibeirgibest @fiﬁi?lfqg SW@ETGE%%H%?ZE%WC{;&?FE‘E'PP get?fg?trf’dea fl 5i d
detector; and %én%{‘&gé%{ooé%é}é%gﬁgﬁ tU%%ré}@ﬁ@sﬂ discrete portions of the wafer.

90. The method of claim 87, further including translating the wafer relative to a

stationary nozzle.

91. The method of claim 87, further including rotating the wafer with a wafer
chuck.

92. The method of claim 87, further including measuring a metal ion concentration

of the fluid with the fluid detector.

93. The method of claim 92, further including removing metal ions from the

electrolyte fluid if the metal ion concentration reaches a pre-set value.

94. The apparatus of claim 92, wherein if the metal ion concentration reaches a
second pre-set value metal ions are no longer removed from the electrolyte
fluid.

95. The method of claim 87, wherein the fluid detector includes an optical detector.

96. The method of claim 87, wherein the optical detector includes a red light.

97. The method of claim 96, wherein the optical detector includes a white light.
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eval uating the properties of the wafer neasured by the end-point detector
taking into consideration the properties of the fluid neasured by the fluid
det ect or .wBd3/094183 net hod of claim 87, wherein the act of elC#atSoopsbi shing
is ended when a neasured property of the wafer reaches a target val ue. 89.
The nethod of claim87, wherein a nozzle and the end-point detector are

configured tdy ARYGRGLSNIAim 95, Alrfifet {rﬁﬁﬂﬁﬁgsféﬂéét&gl@g}ﬁ fiar 4 teflestonfo thbe
waf er. 90. The nethod of claim 87, further including translating the wafer

relative to a optiealideteatoy. nozzl e. 91. The nethod of claim 87, further
including rotating the wafer with a wafer chuck. 92. The nmethod of claim
87, further including neasuring a netal ion concentration of the fluid

with the fl uwgl THRLRGEST of @3m SHeherinne eafl-poimideice@dr ifcludehen optival udi ng
renmoving netal ions fromthe electrolyte fluid if the netal ion
concentration mefllesties dgtepioe- set val ue. 94. The apparatus of claim 92,
wherein if the netal ion concentration reaches a second pre-set val ue
nmetal ions are no longer renoved fromthe electrolyte fluid. 95. The

met hod of cl Bdgn 8The Wetiodiof clahie 87) wheteidahe endpoinhddtend@sinelndespni cal
detector. 96. The nethod of claim 87, wherein the optical detector

i ncl udes a red ulirgpepic dstectorne et hod of clai m 96, wherein the optical
detector includes a white light. 45 WD 03/042433 PCT/ US02/ 36567 98. The
met hod of claim96, further including reflecting light froma reflector to
the optical 16let eThemetldd. of Then 8%; wheteinfthe brd-noigvdetodieninelndest@ end- poi nt

det ector i ncl ud?s an o‘%ﬁcc% reflection detector. 100. The nethod of claim

|
87, wherein th&'HIBE 188 or i ncl udes an

102. The method of claim 87, further including measuring a second property of
the fluid.

t

103. The method of claim 102, wherein the end-point detector is configured to
measure wafer properties taking into consideration the second measured

property of the fluid.

104. The method of claim 103, wherein the second property of the fluid is

measured with a second detector.

105. The method of claim 102, wherein the second fluid detector includes an

optical detector.

106. The method of claim 102, wherein the second optical detector includes a

blue light.

107. The method of claim 102, wherein the second optical detector includes a

white light.

46



ultrasonic detector. 101. The nethod of claim 87, wherein the end-point
detector includes an electromagnetic detector. 102. The nethod of claim
87, furthwpo oBed4e3li ng measuring a second property of thePCiraisd2/3¢568. The
nmet hod of cl aim 102, wherein the end-point detector is configured to
measure wafer properties taking into consideration the second neasured

property of jdge firH: thethb@4bf clkiis 108 WRGeiaftheierbnd dfital dEvi@i detdce second
property of the fluid is measured with a second detector. 105. The net hod

of claim102, kubblesinthaeleswelgteflyiflui d det ector includes an optical
detector. 106. The nethod of claim 102, wherein the second optical detector
includes a blue light. 107. The nmethod of claim 102, wherein the second

optical detegd®r AnGppsatisdor aMutopolishiry a frdgm¥ifed et P48SoPCT/ US02/ 36567
108. The nmethod of claim 102, wherein the second optical detector detects
bubbl es i n t he seméeondpetor wafer, PRPIISNG: An apparatus for el ectropolishing a

fragnent ed netal 'n\c?pcﬂ Lr wafer, conprising: a wafer chuck
for hol ding the vvg%?%rcglﬂ%lg%aﬁ@ﬁ e ?re et around the perineter of the

waf er chuck; a noazbsdwdné ngmbedarbondtihe petimates of terwadér diiddgt rol yte fluid to
a surface of the wafer; d an actuator confiqur o,rotate the wafer
chuck with sufficPeagzs 6?&?3“5?2@?’%1@9@9%&?@ c?lrl‘%l%lrgg'g%{lwdft? F‘Wg ce&? Bsrolyte
fluid across thﬁai%ﬂrahé‘ce of the wafer to

an actuator configured to rotate the wafer chuck with sufficient rotational

speed to form a thin film of electrolyte fluid across the surface of the wafer to

electrically connect the fragmented metal layer.

110.  The apparatus of claim 109, wherein the thin film of electrolyte fluid forms
a path to conduct a current between the electrolyte fluid and the conductive

member.

111.  The apparatus of claim 109, wherein the wafer is oriented facing down and
the stream of electrolyte fluid incident on the wafer flows to the edge of the

wafer before falling from the surface of the wafer.

112.  The apparatus of claim 109, wherein the actuator is configured to vary the
rotation of the chuck depending on the portion of the wafer that is being
electropolished.

113.  The apparatus of claim 112, wherein the actuator is configured to rotate the
chuck at a higher speed when electropolishing portions of the wafer near the

center.

114.  The apparatus of claim 109, wherein the wafer chuck is configured to

translate the wafer in relation to the nozzle.
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el ectrically connect the fragmented netal |ayer. 110. The apparatus of
claim 109, wherein the thin filmof electrolyte fluid fornms a path to
conduct awowst&383 bet ween the el ectrolyte fluid and the cecdsn/ss67 menber .
111. The apparatus of claim 109, wherein the wafer is oriented faci ng down
and the streamof electrolyte fluid incident on the wafer flows to the

edge of the jjwaf erheb%f raudf Floldimd 0D Wherbinahs HofA€R cohfigired waheve inl12. The
apparatus of claim 109, wherein the actuator is configured to vary the

rotation of theclaticte thepefedchitfkon the portion of the wafer that is being
el ectropolished. 113. The apparatus of claim 112, wherein the actuator is
configured to rotate the chuck at a hi gher speed when el ectropoli shing
portions of tige Welesppaemis éftkima@n] irthedihdluditpen shomat surnosndtheoyadem 109,
wherein the wafer chuck is configured to translate the wafer in relation
to the nozzle. cHRKAD 03/ 042433 PCT/ US02/ 36567 115. The apparatus of claim
109, wherein the nozzle is configured to nove in relation to the wafer
chuck. 116. The apparatus of claim 109, further incl udi gg a shroud surround
the wafer chigck. TAd dppatdres efmeimall6s whéretn the shibtd moves with the wafes euskd noves
with the wafer .chuck in rel a{i on to the nozzle. 118. The apparatus of
claim 116, wherfhationdodhs B7dleand the wafer chuck are nechanical ly coupl ed
to nove together in relation to the nozzle. 119. The apparatus of claim
116, wherein the shroud is positioned about 1 nmto about 10 mmfromthe
edge of the W er ThhamaratdPoX claimel 1gpphersinthe shroud apdihpeaferghackaie t he

shroud s posi trﬁgzﬂg%cgl?yoggup?edmymove together in relation to the nozzle.

119. The apparatus of claim 116, wherein the shroud is positioned about 1 mm to

about 10 mm from the edge of the wafer chuck.

120. The apparatus of claim 116, wherein the shroud is positioned about 5 mm
from the edge of the chuck.

121.  The apparatus of claim 116, wherein the sidewall of the shroud includes an

L-shape cross-section.
122.  The apparatus of claim 116, wherein the sidewall of the shroud is tapered.

123.  The apparatus of claim 116, wherein the sidewall of the shroud extends

above or below the chuck.

124. The apparatus of claim 116, wherein the shroud includes plastic or ceramic

material.

125.  The apparatus of claim 116, wherein the shroud includes anticorrosive

metals or alloys.

48



fromthe edge of the chuck. 121. The apparatus of claim 116, wherein the
sidewal | of the shroud includes an L-shape cross-section. 122. The

appar at uswofo3o#zsin 116, wherein the sidewall of the shroudcCrasrapssed. 123.
The apparatus of claim 116, wherein the sidewall of the shroud extends
above or bel ow the chuck. 124. The apparatus of claim 116, wherein the
shroud incl ulgs PrRShhfarfis GERIAM 106, Wbl Bk shiba8 is ddaedapfaadluarodjtec! ai m
116, wherein the shroud I ncludes anticorrosive netals or alloys. 48 WO
03/ 042433 PCT/ {(I8)t36861 niapBial. The apparatus of claim 116, wherein the
shroud is coated with an electrolyte fluid-resistant material. 127. A

nmet hod for el ectropolishing a fragnented netal |ayer on a sem conduct or

waf er, conprisi ngAthehas ks edciropslistingd fagimdned metahlagevaf sesemidundictohat

i ncl udes a conductive nenber positioned around the perineter of the wafer;
el ectropol i shi n’g&f@héommlémgmetqqtsé)fét ream of electrolyte fluid; and
rotating the wafe uc C . g LR the wafer
forms a thin fil n#‘%lﬁméhae%’%&r% %W&/tpgvﬁf%i%h%ﬁ{aﬁle Clsdlﬁllf?glgg&\dg?ﬁﬁ%&&gger. 128.
The nethod of Glogititnd® Foundd eegletimetee ofthicavafers rotated with sufficient

rotational speed such that, electrolyte fluid i.nci den n,the wafer flows to
the edge of the W@?PQMS]@%G%G‘V%fS‘K/WHBatSHEaIgl?fFf% &éf#etflﬂ‘éa%gfer. 129. The

met hod of claim 12%.4 iR g (RO oMBk Yy ROk Sndi@natip@thovatdie chuck
dependi ng on the g‘%‘?tt“.; nggﬁ??rﬁe waf er fhat (S beli nn el ectropol i shed. 130.

The met hod of dbansm i#8 filmhéelecmolytedluid be the sirface of the watera hi gher speed
when el ectropolishing portions of the wafer near the center.

128. The method of claim 127, wherein the wafer is rotated with sufficient
rotational speed such that electrolyte fluid incident on the wafer flows to the

edge of the wafer without leaving the surface of the wafer.

129. The method of claim 127, further including varying the rotation of the chuck
depending on the portion of the wafer that is being electropolished.

130. The method of claim 129, wherein the wafer is rotated at a higher speed

when electropolishing portions of the wafer near the center.

131. The method of claim 127, further including translating the wafe;r in relation

to the nozzle.

132.  The method of claim 127, further including positioning a shroud around the

wafer chuck.

133.  The method of claim 127, wherein the electrolyte fluid flows past the edge

of the wafer and is incident upon the shroud.

134.  The method of claim 127, further including moving the shroud in relation to

the nozzle.
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131. The nethod of claim 127, further including translating, the wafer in
relation to the nozzle. 132. The nethod of claim 127, further including
posi ti oniwg 0a/0sxspud around the wafer chuck. 133. The nmet ircd/usbh2/ad561 m 127,
wherein the electrolyte fluid flows past the edge of the wafer and is

i nci dent upon the shroud. 134. The nmethod of claim 127, further including
novi ng the shroud in relation to the nozzle. 49 WO 03/042433 PCT/ US02/ 36567

135. The nethod of claim 127, further including m)gnr’gg t he sh{tﬁ}lud and the
waf er t oget hb. i nThemathod of elain h27.duher anclyding maying e AyQuOIGS; m 127,

;BL;?S[ ulsn](c:lc,lrjdlgfag [[5 étﬂ%lﬁgeqat{b?lztélt qfﬁd}zf elation to the wafer. 137. An

ing a wa conprising: a nozzle hol der
configured to hold one two or nore nozzles adjacent to a supply line of

electrolyte fluid, wherein at |least ope .he nozzl hoI the supply
line move rel3% i vEhe methed of gleire 12 Mﬁ%v@u A8 MFVIRGac Pogs %Wr%]]ﬁ 80 fh2z71 es
to the supply 'tﬂl@%af& electrolyte fluid. 138. The apparatus of claim 137,

further includi'ng an ‘actuator, wherein the actuator is configured to
rotate the nozzle holder to couple one of the two or nore nozzles. 139.

The appar at us, of a|n1137 mgfrEIQH he nozzl e holder includes an
insul ative hrer |app¥gbls fopielecRAishing? WACEI QP SRS wherein the nozzl e

hol der includes a,pope ﬁ&a&%hﬂgmem@ﬁdlabnemor b et adjicendfo £1 ai m 137,
wherein the nozzle holder is nmade of plastic.
supply line of electrolyte fluid, wherein

at least one of the nozzle holder and the supply line move relative to the
other to couple one of the two or more nozzles to the supply line of

electrolyte fluid.

138.  The apparatus of claim 137, further including an actuator, wherein the

actuator is configured to rotate the nozzle holder to couple one of the two or

more nozzles.

139.  The apparatus of claim 137, wherein the nozzle holder includes an insulative

material.

140. The apparatus of claim 137, wherein the nozzle holder includes a non-

corrosive material.

141.  The apparatus of claim 137, wherein the nozzle holder is made of plastic.

142.  The apparatus of claim 137, wherein the nozzle holder and the one or more

nozzles are integrally formed.

143.  The apparatus of claim 137, wherein the two or more nozzles include at least

two different profiles.

50



142. The apparatus of claim 137, wherein the nozzle hol der and the one or
nore nozzles are integrally formed. 143. The apparatus of claim 137,
wherei n tWe oBmee463 nore nozzles include at | east two diffPemrarsv2/pasetil es.
50 WD 03/042433 PCT/ US02/ 36567 144. The apparatus of claim 137, further

i ncluding an end-point detector positioned adjacent the nozzle holder.
145. The apRa.al g%efa;) £hdk BF diditn 1371 rhdtes thareding b endipoinyddibaeorbase, wher ein
said nozzl e hol der g coupled to said novabl e base. 146. The apparatus of
cl ai m 145, whepasitionell @djaoangBleqogaledoldst.confi gured to nove in a |inear
direction and the nozzle holder is configured to rotate. 147. A nmethod for
el ectropolishing a sem conductor wafer, conprising the acts of: providing
a wafer; prqykdi ngeappaBRk ¥t Shing!l 87,tfudhsttincliding d;m@mbleibdie gvhewin said mor e
nozzl es that are necﬁan{call coupl ed to?ether; novabl y positioning one of
the two or mr@ozz&ﬁzhdlé@lﬁ@p\lpi/ﬂgtétﬁblﬂmov@b cMetrolyte fluid to direct a
streamof electrolyte fluid towards the wafer. 148. The nethod of claim
147, wherein the two or nore nozzles are nmechanically coupled through a
nozzl e hol dgue, 14he apperatiiiol okinfl 45 whereit4B; mokahle baseiheondiguredfto novabl y
posi tioning one of the twd or nore nozzles . includ [ Hat%qg t he nozzl e
hol der. 150. Twevein abgeastirestignangdihe s LT €O 0 K
positioning the nozzles includes translating the nozzle holder in a |linear
direction. 151. The nethod of claim 147, wherein the two or, ngre nozzl es

i ncl ude at l1@dst A twehal fof eleetrdpolisizing e spmisonglector wafer, coRerisipg HSECH cl ai m
147, further iggluding:

providing a wafer;

providing a supply of electrolyte fluid;

providing two or more nozzles that are mechanically coupled together;
movably positioning one of the two or more nozzles to the supply of electrolyte

fluid to direct a stream of electrolyte fluid towards the wafer.

148. The method of claim 147, wherein the two or more nozzles are mechanically

coupled through a nozzle holder.

149. The method of claim 148, wherein the act of movably positioning one of the

two or more nozzles includes rotating the nozzle holder.

150. The method of claim 148, wherein the act of movable positioning the

nozzles includes translating the nozzle holder in a linear direction.

151. The method of claim 147, wherein the two or more nozzles include at least

two different nozzle profiles.

152. The method of claim 147, further including:

determining the profile of a metal layer on the wafer; and
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determining the profile of a netal |ayer on the wafer; and 51 WD 03/042433
PCT/ US02/ 36567 directing a streamof electrolyte fluid at the netal |ayer
wi th varywog3neasi e profiles depending on the particul ar pprafSot/assef t he
nmetal |ayer. 153. The nethod of claim 152, wherein the varying nozzles
include two or nore different nozzle profiles. 154. The method of claim

152, wherein the dﬁ%c‘ﬁ;&,lm@lgsﬁ%ibﬂaeﬁfdlﬁﬂé&mi&aﬁﬁéﬁ@talmbiwhhwgryﬁmgmzzleBS. The
met hod of cl aim 152, erein the varying nozzl es are selected to include

rel atively hi giprgfdes deiending an the pastioaragioBisof thsiaetaklaydfe netal | ayer and
relatively | ow polishing rates on thin portions of the netal |ayer. 156.
The nmethod of claim 152, wherein the profile of the netal |ayer is
determ ned wWish aThendthp@ontlaihel 52 wiiergiashd varpiag nadileccianinde two bwmorer nor e
nozzl es. 157. A nozzle for el ectropolishing a sem conductor wafer,
conprising: a chferaslnogzleprofilefeval | s and a distal opening for directing a
streamof electrolyte fluid, wherein the channel includes a conductive
material, and the sidewalls are curved near the distal opening. 158. The
nozzl e of cl §§4n 15Re ndethotl o€ claim d bRdvinggeiarthé narpingmorzlel podecedvasyingn
exterior of the sidewalls in relation to the channel. 159. The nozzl e of
claim 157, wher lighing @%Shannel i ncl udes a cylindrical shape. 160. The
nozzl e of claim 157, wherein the channel includes a conical cylindrical

shape. 52 WD 03/042433 PCT/ US02/ 36567 )
155. The method of claim 152, wherein the varying nozzles are selected to

include relatively high polishing rates on thick portions of the metal layer and

relatively low polishing rates on thin portions of the metal layer.

‘1 56. The method of claim 152, wherein the profile of the metal layer is

determined with an end-point detector positioned adjacent the two or more

nozzles.

157. A nozzle for electropolishing a semiconductor wafer, comprising:

a channel with sidewalls and a distal opening for directing a stream of

electrolyte fluid, wherein
the channel includes a conductive material, and

the sidewalls are curved near the distal opening.

158. The nozzle of claim 157, further including an insulator disposed on an

exterior of the sidewalls in relation to the channel.
159. The nozzle of claim 157, wherein the channel includes a cylindrical shape.

160. The nozzle of claim 157, wherein the channel includes a conical cylindrical

shape.
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161. The nozzle of claim 157, further including a conductive structure
di sposed wthin the channel. 162. The nozzle of claim 161, wherein the
conduct i weOoIB/uBlre i ncludes a rod. 163. The nozzl e of clpairmsaBigsewher ei n
t he conductive structure includes a rod positioned within the channel.
164. The nozzle of claim 161, wherein the conductive structure includes a

plurality ofjghangd f771b &8 claiia SMOREther iBtludingiarsohuktiveleuetie dispesed
cross-sectional size of the plurality of channels are in the range of
about 0.1 to 1G6vithinthe¢@Bannghe nozzl e of claim 164, wherein the
cross-sectional size of the plurality of channels are about one-tenth the
size of the dianeter of the channel. 167. A nethod for deplating a nozzle
used in an e{@ct r pROAIZERITGlaaRNS1 atvlisein the npudustivegsttusriraotciudes a resk.ovi di ng
an electrolyte fluid through the nozzle; and applying an electric charge to
the nozzle, wherein the electric charge is configured to renove netal ions

fromthe ”Ozﬁsg- ieg%c%zﬂéeof’éﬁﬁﬁ%l%hsﬂeﬁﬂ%%@?ducﬁw $hRturk REHuadk Bgo@PP! Vi ng a

second oppos fI'c charge to a second nozzle, wherein said

el ectrol yte fl yogitibasdwitieinpiad ¢hanbelt ween the first nozzle and the second
nozzle. 169. The nmethod of claim 168, wherein the nozzle and the second
nozzl e are brought closer together during the deplating process. 170. The

method of clggm 1 | it 1NARZ e ihe caniuenesignande ikdudeeaond nozzle
is a cathode?6 3 3@?8%?%&§L3§ PCTiUSO§/36567 171. The nethod of clai m 168,

wherei n a port iphacabfy dflebarobe]sl at ed netal is dissolved into the electrolyte
fluid. 172. The nethod of claim 168, wherein a concentration of netal ions
in the

165. The nozzle of claim 164, wherein the cross-sectional size of the plurality of

channels are in the range of about 0.1 to 10 mm.

166. The nozzle of claim 164, wherein the cross-sectional size of the plurality of

channels are about one-tenth the size of the diameter of the channel.

167. A method for deplating a nozzle used in an electropolishing apparatus,
comprising the acts of:
providing an electrolyte fluid through the nozzle; and
applying an electric charge to the nozzle, wherein the electric charge is

configured to remove metal ions from the nozzle.

168. The method of claim 167, further including applying a second opposite
electric charge to a second nozzle, wherein said electrolyte fluid forms a path

between the first nozzle and the second nozzle.

169. The method of claim 168, wherein the nozzle and the second nozzle are

brought closer together during the deplating process.

170. The method of claim 168, wherein the nozzle is an anode and the second

nozzle is a cathode.
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el ectrolyte fluid is about 3% or |less by weight. 173. The nethod of claim
168, further including reversing the electric charges applied to the
nozzl e amstotohw4mexond nozzl e to depl ate the second nozzl e PCI#02/3d367 net hod
of claim 168, wherein the nozzle is an anode and the second nozzle is a
cat hode. 175. The nethod of claim 167, wherein the nozzle is charged wth a
DC power supply. 176. The nethod of claim 167, wherein the nozzle is
charged with an AC power 7. The met hod of clalnkmg further

i ncl udi ng apbeln@hanséedﬁﬁcgppdégi%mm%méﬁm¥?QpQﬂﬁﬁ erleted pefalitr . 178, The

met hod of claim.174 e of the de Iated nmetal is dissolved
i Hirgl HEHE odgBERLRE i

into the el ect met hod of claim 177, wherein a
concentration of nmetal ion in the electrolyte fluidis about 3% or |ess by

wei ght. 180. The nethod of claim 177, wherein the nog is charged with a
DC power supply. TEQHW@WQ3f9k@ﬁé§8¥Wﬁ¢%EbﬁW§®§@?13%? nﬁ%%“ﬁ@ﬂ%ﬁﬁ of claim

177, wherein t%qi%%ﬁ% S‘{S&Mgéﬁddwﬁ 1@5’2 power supply. 182. The

met hod of cl ai Ther 1o g p ylng a second opposite electric
charge to a conductive naterlm

173. The method of claim 168, further including reversing the electric charges

applied to the nozzle and the second nozzle to deplate the second nozzle.

174. The method of claim 168, wherein the nozzle is an anode and the second

nozzle is a cathode.

175. The method of claim 167,wherein the nozzle is charged with a DC power

supply.

176. The method of claim 167, wherein the nozzle is charged with an AC power

supply.

177. The method of claim 167, further including applying a second opposite

electric charge to a wafer.

178. The method of claim 177, wherein a portion of the deplated metal is
dissolved into the electrolyte fluid.

179. The method of claim 177, wherein a concentration of metal ion in the

electrolyte fluid is about 3% or less by weight.

180. The method of claim 177, wherein the nozzle is charged with a DC power
supply.
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181. The method of claim 177, wherein the nozzle is charged with an AC power
supply.

182. The method of claim 167, further including applying a second opposite

electric charge to a conductive material.
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