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[ 0001] Thwopsmesmn:s application clains priority of earli er PCTIEd2/pasevi si onal
applications U S. Application No. 60/332,417, enti t | ed ELECTROPCLI SHI NG
ASSEMBLY, filed on Novenber 13, 2001, and u. S Application No. 60/372, 567,
entitled NETHOD ENBCAROYISHINGRASSEMBICPANBMIKEINRBAORI LM ON
SUBSTRATE, filed on of which are
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[0002] This invention rel ates generall y to sem conduct or processi ng
apparatus, and nore particularly to electro O|IShIn aratus for

el ect ropol i shi ng coRBOSSIREFERE &EWW@&?&RP& QlA cﬁ@ ces. 2.
Description of the Rel ated 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
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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
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sem conductor wafer. To isolate the interconnections, such as patterned
trenches and vias, the petal deposited on the non-recessed areas of the
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slurry, is dispensed on the CMP pad to facilitate the polishing. The polishing slurry

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.



force applied on the dielectric filnms and copper in a CVP process, anong

ot her things, can cause stress related defects on the sem conductor

struct ur ewOlaw4248x| ude del am nation, dishing, erosion, fiPCHUSNE/E65AT,
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processi ng techni ques are therefore desired. For exanple a netal |ayer may
be reno8e&r et cﬂﬁ@NPrcmengﬂaclaﬁquﬁs areghenefast desiredp lor exrimmge pretd dayer | n
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[0009] |etecnbytealpidsolusiontang ap cleswistchpnge dnthien Appliad teteamypfer.yThespar at us and
met hod . I Lk shi i filmon a wafer. One
el arg PSR IEth <Bbe iRt LARREL SHhIReR RORMENRIE ' L Tarer T an
actuator for rotating the wafer chuck, a nozzle configured to

el ectropolish the wafer, and a shroud positioned around the edge of the
waf er. One exenpl ary netBRUEFSURMARY B THEHINGERTIONductive filmon a
wafer includes rotating a wafer chuck wth sufficient speed such that

| ectr ol fluid.ncident the.wafer fl th i f th

vator Cli®ae 1'he Thafe eTtet oihe Aresst inenton crpscmPRELATA A0 bet t or
o st ( ! , . ent .
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conjunction with the acconpanying drawi ngs and clains. B
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exenpl arte watez.| ©ae exerAplasemtibod dficitcropplisking 5 coghripafith vfa wad@13] Fig. 2
is a crqoss-sectiqnal view of exenplary nozzles of a sem conductor process

appar at Jacludeg gatatingp grafey chuckywith sufidicieatsnesd spchthah glestrogysie Apidargidens zz| es of
a sem cqpgh@feQlafer 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;



process apparatus; 3 WO 03/042433 PCT/ US02/ 36567 [0015] Fig. 4 is a
cross-sectional view of exenplary nozzles and a block of a sem conductor
process awpasaiadsy [0016] Figs. 5A through 5H il lustrate ecodsoysssi onal
views of various exenplary nozzle shapes and configurations; [0017] Figs.
6A and 6B illustrate cross-sectional and top views of an exerrpl ary nozzle
st ruct ur[@915]00 18] Higghis aa@osskrectioghl Wewidflegemplarenezzjeswhdadlogk ofar i ous
exenpl ary noz structures: [0019] Fig. 7 illustrates a cross-sectional
vi ew of Sél??lcé’?é ?ral?rﬁc‘%séﬁ%%ﬁ?fﬁct or processing apparatus including a
conductive rrenber [0020] Figs. 8A and 8B illustrate cross-sectional views
of an exe |ary sem conductorifrocesm ng apparatus including a conductive

nmenber ; 1] Fi §lg8@A threpghShl iHlystegic esos-erebignali sl VAHOWS@EBIPEY waf er
chuck as nductive nenber; [0022] Figs. 9A and 9B

i |l ustral ﬂ%;%a s?%ég,éécl: I on@fﬁm%g’ws of exenpl ary sem conductor processing
apparatus including a conductive nemnber; [0023] Figs. 1 QA and 1 OB
illustrate cross-sectional_ views of exenplary sem condutclt or CeSSI ng
appar at U80 1r1c| udi rﬁjg%r@* OB Wersepe pross- S%Cé‘ﬁ%‘raél R PEEE P @?cemq%m] Fi gs.
11A andd,l]O % Jate a top view and cross-sectional view of an exenplary
sem con or procéSS| ng apparatus; [0025] Fig. 12 illustrates a
cross-sectional view of an exenplary sem conductor processing apparatus; 4
\é\ioegf ﬁ géﬁé&jhr Sgl;/ ;@gg{éﬁ%&gﬁgp%?gﬁg&ate t(()gpS v1e\%7:s)’§f%grli:bulslelxgrﬁlglarymneoz% exenpl ary

structures;

[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;



multiple rotary assenbly; [0027] Figs. 14A and 14B illustrate
cross-sectional views of exenplary nultiple rotary nozzle assenblies;
[0028] Fiwo 034Q483 | ustrates an exenpl ary process for el ecPcopsol/adsong a
conductive |ayer on a wafer; [0029] Fig. 15 illustrates a cross-sectional
view of an el ectropolishing chanber with an exenplary nmultiple linearly
novabl e nozzl e assenbly; and [0030] Figs. 16A-16E illustrate exerrpl ary

i 11 ol dOF0S  noSBr e h LRITRERS B il Prob AT RN I ovi e

nor e t hanultigle rotady asemblli;ng of the present invention, the follow ng
description sets forth nunmerous specific details, such as specific
materials, paraneters, and the like. It should be recognized, however,

that thqogeacriptimgsisAngd 14Bﬁilﬁ£ﬁ?9c@%e§ec%igﬁﬂl sOdTeQé}B%ny RARRE of the

present invention, ut I's I nstead provi enabl e a better scrlptlon
of the ertanpheuzie asssbmbligrents. [0032] |. Exenplary El ectropolishing
Apparatus: [0033] Figs. 1A and 113 illustrate a cross-sectional and top
view of an exenplary wafer electropolishing apparatus that may be used to

pol i sh wehzg] 1004. Flgr PRUI1MsEREAH A@mpldrh Briée et éreyu@ﬂoﬁgﬁlﬁga%ﬁcﬁﬁhw
appar atus operates by directing a stream of electrolyte fluid towards a

met al filkyeron agvat@f;er while an electric charge is applied to the wafer. The
el ectric charge and el ectrolyte fluid cause netal ions in the nmetal filmto
dissolve in the electrolyte fluid. The current density of the electrolyte

fluid arjgozgncent rgigi Dhillobtrat® #dross-RBGoral viheo Rinttédtobilishidd dhaghbeeivhm ne,
at least in part, the rate of polishing. Thus, by 5 03/ 042433

PCT/ USOZNF8SBPlary: srltinle ilpa%?gIYt%vaélﬁnO@ﬁlF ageemahyandt he el ectrol yte sol ution
concentrations, and the like, the electropolishing apparatus may precisely
polish netal |ayers disposed on sem conductor wafers.

[0030] Figs. 16A-16E illustrate exemplary views of an electropolishing apparatus

with a linearly 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:

[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



[0034] As shown in Fig. 1A the electropolishing apparatus may include
chuck 1002, actuator 1000, and polishing receptacle 1008. Poli shing

recept acl wondo&46an be fornmed fromany material el ectri caciryusonsdasbat ed and
resistant to acid and corrosion, such as polytetrafl uoroethyl ene

(commerci al l y. known as TEFL , PolyVinyl Chloride (PVC), PolyVinylindene
Fl uor i deCOPW%PF thepghryeat Sﬁ}ﬁitg\i%? el&ﬁfaglme%h}twé.wm@ﬁr@?l@zm gnd thelliketheg
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dependi nyafers. t he application. [0035] As shown in Fig. IA electrolyte
fluid 1038 can flowinto polishing receptacle 1008 through nozzles 1010,

1012, 1014. i cul ar | 1020 | ect te fluid

T35 1 1AM lecrr oi 41 BT A Mt oo RpR At Bonebitiy may iedide 296K 1 o pass

filter 1@D3, adRass 1000} &1d pHl¥hih® fdcdpaclei1008 d PMistEnd et i (R éaﬁrbg (LMFCs)
e

that can control the anount and rate of electrolyte fluid 1038 delivered
t o nozzlfesmabtiem any ppaterig glectrigally insulgteriapd apdistantpagsid find carosid] Suckeas fi | t er

t ] e f.1.ui 38 4 t t of
cont an e hARERAEM GhthiErcial) ol e, GRS o el S ERas A8EAT by O gt
nozzl es PiddiiVinylifdshe Rhioride {HVDIFY Redfsoplyne] ad adikeh @reté@bly! pRighinghi ng

if used. I n this nanner, contam nants are

| og. the LMF
B: gxcngnts ég‘geﬁa&%gl @%te%n bR gormsdifeom RY Dfe dbphandd be nagognizsdhoweverdhatcl oggi ng t he
LMFCs. Ll i i Lapl ticl
" gor touniig REGESERE; 108K ePh g 87 ditlel i e b A o B 5 D1 Lo

however apphetionari ous filtering systems could be used depending on the
particul ar application. Additionally, although filtering contam nants is

advant a , pass,fiJter. 1018 .c om t. rom t he wafer polishing
assenbl 38%550% ‘%SpﬂﬁOW%%gA’ %ﬁ%@ﬁ@‘@éﬁ%’? W@‘?‘T’H}t‘apﬂw&an i ncl ude
any conveddpeile H08GhIApR hbSA¥sN016, 1919, andstaln12s ' gﬁ]ﬁgy d the
like. Preforal Y. el gc_lgrol gté fluid 1038 1ncl ud.ggi?@g@?ﬁ%lgﬁy, D 1O i d
(H3P04) PEaps slgcholybnBeid:t 1038 from dbeattoban flaisbiesergoir poTLpast rebynwelvgH024 snd

gb out 8 %a?seﬁl?e? No18Y PXfSifﬁm‘ ma9 %ld&rﬁq&ﬁ%%s%(l)\x C%%\?rgflerz &191%&% e&%t (Pa¥1 wei ght .

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.



WO 03/ 042433 PCT/ US02/ 36567 Additionally, electrolyte fluid 1038
preferably includes glycol at about 10 to 40 percent by weight, with the
r emai nderwongludshg wat er and H3P04 acid havi ng about 1 p@CTarsv2/adsem num
netal (agai nst weight of the acid). However, the concentration and

conposi t . of electrolyte fluid 1038 can vary dependi ng on the particul ar
appl i catA%@lor[aé]@@?lfCtm}W %boﬁdﬁefeﬁ@lh%h&iﬁ?ggfﬁpkaéﬂb@t Had@ 40 pereeniyp, such
as a cenfd;ifu : i . e like.
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t hat any er o 1020 coul d, be used. For exanple, a separate punp
i ght b@f[}geggo%? h@@ﬁ@%mw ERe Hﬁd?Pz‘f,?leé’ﬁlalCT@IaPﬁwa‘énl%i onal Iy,
electrolyte fluid 1038 can flow into polishing receptacle 1008 through

nozzl es (8044, 1012pum@neR0lhdndthdd@ytsuRbB h}&401 gmg}‘t?,@ﬁcﬁﬁ)é)i ééh%fu%ﬂls For

exanple, electrolyte fluid 1038 can  be nai htai nec a pressure thin
el ect r olppmp, #|digpdiragas prmp, a bellowpuniy, nd thet likee |Additidnally.qumy 1020icardebet ween

el ectrol yi. lLuid reservoir 1070 and.noz s. 1010, 10 and 1014 can be
mai nt ai r%%ﬁa{‘t t§ aglrd ég%ﬁorséqn’ f‘ff%@@garwﬁﬁ%%n dﬁhﬁ‘?%@"a‘&?m@ﬁi}a&w AM8nt mass flow
cont r ol |shbuldwaireédbginzedl idt bRy nuribezfofpamby 102GESll@BE uded. 61 Shanfifdé, 0S| on, and
contam nation. Additionally, LM-Cs deliver electrolyte fluid 1038 at set

f1 ow r atSERargts PyEwMigdt bousyd farersh ngae 1040 .loramnﬂile | pdditionallyCs may )
A . | e o ;
sul t abl v dlgbiehufl R35IAh HbE Jéﬂotlagfiaglﬁggefggtaglﬁgw@g%s& pl{o%%ggr% efi‘bf%,t 0 the

cross- section area of nozzle or €ex nozzl e
1012 i s andrl§é4 wiithoudiranel @0 ih keme apglidadodd) Ibr ekiaple] dledtiolytt flakl ByP8aahageous

for LMF tq deli,ver electrolyt fluid 1038 at. a greater flowrate to
nozzl e P§Fantedigta Bfeé%ﬁf"léﬁ’eﬁfﬂt‘éf’ilx}te FREH ,log%l\ﬁc@nﬁti“@%ﬂﬁ erably

confi gursagply AindebétwaEn Elb&RIIVER ! Erdsbidb 1@)9@%% ) lefslngY),rI@EQ, a.tﬁﬁtlwlf"@ Qan 0- ©

liters per  mnute and 40 liters per mnute pendi ng on the nozzle sizes,
di st ancéde mantained at hprassrel e and the wafer, and the |ike. [00391 Fluid
reservoir 1070 may further include a heat exchanger 1036, cool er/ heater

ol cct r o0t ur a H8GS sRFRFRGE oy orp ShishOBs Heo BhiolFe MEFP 15 AGSF or e
el ect r ogesferiBRBresistant to 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



may be included in reservoir 1070 and coupled to power supply 1030.
Applying electric charges to el ectrodes 1028 renoves netal ions fromthe
el ectrol ywe oBloud4a3 1038 t hereby 7 WO 03/ 042433 PCT/ US02/ 36B6T/usadpasst i ng t he
metal ion concentration of electrolyte fluid 1038. An opposite charge may
be applied to electrode 1028 to add netal ions to electrolyte fluid 1038.

[ 0040] THdpustingthel el doafcencepnhichhelelassbndilyvid 1038hem dppositedtdargelmst bodes

di sposed ﬁ%&hin nozzl es 1012 and 1014 be described in greater

.. As will
det ai | 15€PBe togledirodgr 02 to adﬂr"é%@ri?“%@?é?ﬁﬂ“&%eﬂ%&ﬁﬁent i ncl udes two

nozzles with two el ectrodes therein, any nunber of nozzles and el ectrodes
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i ncreasing surfac e electrodes wmthin a nozzle iIncreases the
cur r ent witghis nbzzlentd I2readd0é4t Appall be deseribedinegraatendedail tedovpr atholigh te- t he

t f el ectrolyt fluid 1038. [0041].As .sh i Fi . 1D d IE,
hors! os DBt GRinplEy Srytiogihs HeRies Pouaei oull Sitesdete Peehoaty vel
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such as copper, stainless stee Tatanium (Ta), Titanium (Ti), TaN, TiN,

| ead, plused.nbrgengradi in¢reasingdbe siréws 2reapfthgglecthasles watbinrapusrzlesheragsepthscess,
f th tal | _ which.migrat t..of metal .| fer 1004,
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ely and wafer 12 .
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process, sone of the copper ions fromthe netal |ayer being polished
[0042] During the electropolishing process, some of the metal ions, which migrate

out of metal layer on wafer 1004, may accumulate on electrodes 1056 and 1060. As 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.
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and 1C, fapa&d. avibRd laﬁmsd%cﬁaueﬂsqbs@and T@@()Zzllr@ eﬂeQé%aﬁmw@gane%% det ect or

1016. During the el ectropolishing process, injection
negative electric potential in comparison to wafer 1004. In response to this negative

electric potential at electrodes 1056 and 1060, metal ions migrate away from wafer 1004
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,
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| A, actuator 1000 can rotate chuck 1002 and wafer 1004 about the z-axis.
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el ectroplating apparatus may be’oriented in alternative fashions. For
exanpl e, nozzles 1010, 1012, and 1014 may be positioned above wafer 1004,
such t hd04filect r ol Eurthefrharedhe slediropatingiamperativvemay boowiantis! naltemation4.

Addi ti Or}gslhliélﬂs. 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
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[0052] Figs. 1 Aand | Billustrate shroud 1006 configured to surround

\Qﬁ g ; mlgf%ezl] 22 ?r g :Figéé 1?\?%% BABlustha¥Shrold T0@h cdnfigurt@ds s&rdididv A8 gouPPl y a
and chuck 1002}/ As shown in Fig. 1A, nozzle 1012 can supply a stream of electrolyte fluid
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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to the surface of wafer 1004. In order to polish a netal filmon wafer 1004
nore uniformy, wafer 1004 can be rotated in a nmanner to cause el ectrolyte
fluid 10380tod/0d48%v across wafer 1004 to the exposed portipem/ush2/adserk 1002
wi thout allowing the electrolyte fluid to fall fromthe surface of wafer
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proportional to the radial distance from the center of the wafer and the square of 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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[ 0055] Typically, nozzle 1012 or 1014 will scan the entire surface of the
wafer 1004 to nore uniformy polish wafer 1004. Wafer 1004 can be rotated
to creat ewaosomasant centrifugal accel eration on the inciPdentSoBBE&61 rol yte
fluid 1038 when nozzle 1012 is scanning different portions of wafer 1004.
For exanple, the centrifugal acceleration is directly proportional to the
radi al dhpetivatarf shoond 1986 cembeattashed trechuak @ 002adl/drretumtnra 080 efithtahe

rotational .speed.. Theref.ore, t eed at which fer 1004 is rotated may
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waf er 1604 an past the edge of wafer 1004 toward the wall of polishing
receptacle 1008. Wthout shroud 1006, the electrolyte fluid 1038 nmay
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at t achedn Fip. ¢Avtte HOR2eARH/0PtheasadFaRof 41801 Yddbait be THGRALGRL sAbt 8F hrent,,

joint, and the like. Alternatively, another actuator that synchronizes the
novenenfn éf inghidesie p1oyed elictralyth {luid f1@0 2plashing@atiovasimoud 0006 ovghudki10€2. shr oud

1006 se oud. 10 na l.so _be rotated in unison or otherw se
with C%g)éﬁetv %él}e éF%sO%g']mné%?s 0(%1@8% C&%ﬁa‘ffevalrl(?}‘%‘é ey %aB?Fy QL isigRce tgﬂ‘l”lape,
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to decreﬁse the splashing of the electrol yte
shapes such as'a C-shape and the like. Further, 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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fluid 1038 after it flows fromwafer 1004 and contain the electrolyte fluid
1038 within receptacle 1008. The gap between chuck 1002 and shroud 1006
can be, fwpoawapdie, in the range of about 1 mmto about PC@/UsNY/3&EM
preferably about 5 mm Additionally, as shown in Fig. IA the cross
section of the side-wall of shroud 1006 can be forned in the shape of an L
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W t hout r ol yt yid flow n across wafer 1004. For

exanpl e tﬁér%g%f:?/n olf‘fn%&lh Prrrl%nt\c/vaa?sé& cckéeﬁat el ectrolyte fluid fl ows
along a portion of the surface of wafer 1004 toward the edge of wafer 1004
bef ore f[@D63]ng frovmthwaf‘emncdﬂﬂzignnmncﬁxm'nplasﬁamfaranxﬁtﬂnhethb@mrsﬂe@h febl e
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described. Typically, a portion o l'ayer at or near t e e ge of
a waf er afslgetriolydhBdidf7481 that carapolishe metak lam@novaferWé)OﬁrefFapwally, if an

electrode is connected to the edge of wafer 7004 the metal layer at or near the edge of

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

14



| ayer on other areas of the wafer. An el ectrode connected to the edge of a
wafer may increase the current density within electrolyte fluid near the
edge regiwpod44Be wafer resulting in an increased poli sirCH@Soa8667 | n
general, the higher current density and polishing rate near the edges of
the wafer may be reduced by absorbing a portion of the current density

t hr ough mﬁelsedreﬂbysﬂuyh es Tan;tahhmmﬁﬂanmm;(smmmsisteel ardriierlike e wélbagothéng or
the like ced r the wafer. The current density near
the edge®™ ﬁg@lvgpg S @F{?SJ‘IP ‘E@‘g "d?‘-‘ﬁ’é’lxtﬁguww&ctlve member to vary
t he amount of current that is absorbed thereby controlling the current

density [0066] Or eat RirtHdE G 6 7d0f4916&%] bé%ashldn%a%ét%&?wafé? cﬁﬁfk 7002 88 exenpl ary
apparatus and nethod are shown f reduci ng edge over I shing. A stream

of el ectgopfyetivermember 7dBbas siloa\glpnufegi * Fongkamplg 00w bot amnmrthz tke m54. Waf er

T o U P e A

Typi cal |gpndudtivenergbes 71 1AW difs ch@awmmdtd@nm@iv@ daeniRt 7S Shy #fed4et he
metal |ayer at or near waf er 7004 is polished by the thin

h d
layer of reYEiosstiyr er Slpteido Po el 7004 vshoinien. Baaeconp Iy isrmbiy a3 of
f 7 7004
oo b atofe fithdeN@landl el kulifk o Bl B pdliBhets 8 affE Al Salte

7114 t haﬁluclaﬁO(}ZeahdmnﬂMVa eemiier 7014 weethepad walhagigsulhti@ me@Bérs bbsveeadges of
waf er 7004, For h wafer 7004 and conductive nenber 7114 can be
connect SANERFHYS HRGM a@u?kﬁ ‘Slanfﬁ%ﬁl %Fﬁfnﬁﬂz%tpébﬂr%mrt t. a portion of the
polishing current in the thin |layer of electrolyte quid 7081 is absorbed

by conqoedilve nmenbgHouldBetunddyst@SALhE Gxdnfl talpg&flﬁl% dkﬁgtea% e ?qlgaﬁ'e et al

current, conductive nenber 7114 can reduce t shi rate o
| ayer atalsorinplade otheefeatitps sueh asihbss showdda Fand A; bultpwe beerpomiteedtio t he

over - polij; i ve nenb de a,single. rlng
posi t i one Ilr?@%trhe[gg&gfé ﬁ%%%?e 812’% 116§ta’?lv§fs§’|’ "7‘%@%6Wgti L#} yay be B i ve
menber niyetengdlag@ppavatud bs Well@s $&edusPusnps! akzled Htedd, hadgRdi@t or near the
edge of wafer 7004. Conductive nenber f14 can include 14 WD 03/ 042433

PCT/ USO 67 . .
%()(?668? 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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netals or alloys such as Tantalum Titanium stainless steel, and the |ike,
as well as other conductive materials suitable for contact with

el ectrol ywe oBloud4a3 7081. [0066] Further, wafer 7004 may be Pp@disvy/ased

bet ween wafer chuck 7002 and conductive nmenber 7114 as shown in Fig. 7.
For exanple, a robot armor the like, may position wafer 7004 adjacent

waf er ch0069]7002 oPowatsupsin 80l eanlcéwplc ﬂd&z&b& sapply, aaQndpeiveygippBber 7114.
Waf er chuck 7002 and cqnductive nenber 7114 g t hen be brought t oget her
or clos e“érn?mﬁ@%%f@m pg@@&lmw\%ém@@ﬁllerrﬁ@ dhedikst Ak AG0eves SyPRizy

t her ef or sto
align an h (}Hﬂﬁ?é"g%leﬁoﬁﬁ%ﬁp%%&%i?@gﬂ@'aﬁ% &ﬁgﬁ o%gljest(Bl ﬁ@& as
wel | as Furthelmobiey powarsopply Shé? waebe opmoatadiat 4 Gmlsﬂafﬁirﬂlm’em?ﬂabde argnstaint act s
made to char fer 70 4%%00 7 It shoul d be understood t hat the

exenpl arXPh&g%H}O {pnt ourtent and canstant, kplags RdseVheg i1 es
such as éoﬂ%ﬁtéﬂ&%nioﬂeﬁ hécﬁaur ta %tgﬁlo% ? Qm}ﬁﬁgeﬁlm&%?dh% il © the

speci fic exanple. For ins ance e used with
t he exenysltagy mmdp és arplisd dsringsthe o&sr partioows theuplishing Gawl de douldass, and t he

i ke. [00 r,at. er e ectropol i shi

hpoa at JeSabe sbopsr staplt S a SAHIC tesiiE ey anblyicy h S0Simeatofie to

vaf er. AvosbitieivedRinbamst 4 e@q:aglt_im Ifuleexawl@emuawa v&wuﬂé Hsisfor R dehat may
reduce the anount of over-polishing at or near the es of wafér 8004.

Fi g. 8A ingludedbgtween botiricgnduptivsmember Skt andiseting m@@b r 8114 is
separ at ed from vvafer 8004 by a spacer elenent 8118. Spacer el enent 8118
i ncl ude : . er. be
f or med E[P a rrat erl %ﬁté?&flgm‘b%{%clﬁﬁq aw“f“i@.lﬁis%mdte?’%aﬁzﬁgm Ja}gt hﬁ]&r esi st ant
to acid Eemthlomy Tiisdiom, staidlels siselcrdate hke ambﬂhﬁbﬁ&fdmdﬁﬁ%hﬂdt&ﬁs

(com"rer al.l kn&)wn as T FL@& Poly Chloride (PVCO,. PolyVinylindene
F uor i de ér-ey VG BBt 4 may el qnaebgaore spetions Rasiisard neamgr the

l'ike. Copdugdd yevarerfign. 8114 is coupled to power supply 8112, and a second
conductive nenber or el ectrode, such as spring nmenber 8119 is coupled to

power su Bﬁl 8110. shown, current flow ng through conductive nenber
8114 carl0B&l]ad; 1 ust“él@pr@fpreemhrs(ﬂmmlaby elepipopalisking ppyar®ug. 2h¢ eledrid eharge

go0a.  cmanef e e 0 o' Sl Pl 31 R ol soBong Bt Rt 2™

be 1ndependently controlled by power supplies 8110 and 8112 respectively. This allows for

m

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 ncreases, the polishing rate of the netal |ayer at or near the edge of
waf er 8004 decreases. 15 WO 03/042433 PCT/ US02/ 36567 [0069] Power supply
8112 can we aoxd3power supply, an AC power supply synchr @oirasd2/sdssh nmai n
pol i shing power supply 8110, and the like. An AC power supply can also

I nclude a forward pul se power supply, and a forward and backward power

suppl y. poEﬂbIeh @umbee anypoueter o ppil ypridgknaete ised dgendingtbnahe apgliassmnt
a const | tage node, .or a combi nation of constant

current

current iﬁwgeﬁﬁgb%@n %%qr@sg iRBREY GARFFRY electricay capductige meariahuyel i s

appl i ed I I _ t age node
Is appl |a§§wéﬂ rgisﬁgé&ﬁ) gh %Qél %ﬂgﬁuﬁg# 1%@ e[l E(e' p a}lgﬁ%ﬁrgoef?&?ﬁ%gséé%l d al so
repl ace fotmecboﬁ/wrroswpfrbgzstmmﬂatmal lor @oated withlaecorresios rasistdni enatdrial syl agi ng a
varyi ng ha e nd menber 8114 (See Fig. 9A for exanple).

Furt her P é&rgﬁge@ﬂﬁ lk¢my be included between both conductive
menber 8114 and spring nenber 8119. [0070] Conductive nmenber 8114 may

si m | arljgoy3)c! ude TR @RInSHePbf Sty ﬁoﬁl%cﬂanﬁéd betABePWHIRY, 8004 A MBpowtAl Nl ess
steel, and the like as well as other conductive materials. Further,
conduct isuBPlyeapbE vgll@dtlbmymgéhmmgnbm@fooﬂmrsen@m@mbnwH&s|In|tlmsned near or

at the are, in this

el ectroﬁtﬁ; sﬁlq}rll%gg%)tglgrcg apl{lﬁ IlVea‘c?r%bg Sénor%%‘ﬂl%é Egouger‘i}year%der 8004
t hr ough tﬁ@buﬂagpemﬁaaromax& $00d. (F@fléxuiﬁpwﬁ"of@mmﬂ&iﬂderWer beeletidiependent | y
controlled by power supplies 8110 and 8112 respectlv This allows for

gr eat er Célalfﬂeﬁm’m@fab?wel te@pPnk0 amanrses iy typicallyapplicdy qiy@grlaa spfingaaf er 8004
to contr | r g. 8B
|IIustr§{t?érgB§(r$lég%g!r:%§ {\%ﬁ% tél?ﬁédtgoc% Eﬁoﬁggﬁtha‘ﬁ Ig%bnorﬁllerg&lzolrilg@ made

wi t h coredeocttic «/}mrgembiboutaliﬂ)zabamdl()milhmnﬁ@fb% pef cdntayt p8iAt. | n particul ar,
conductive nenber 8114 is charged by power supply 8112 and is spaced from

f 8 t 8118, WAf 8004 d
pover sUBETY 1k0 1 eefd € R beverhhdneue FOGLAEY BBE O hrreer ar bund
the edgayddneWanfdre 8RB1icalIhiads. TARREY, aBlhBansRb AiktriifTe é‘le@tﬁ@él%afg@ Waf er 8004

that is nore uniformy distributed ar ound waf er 8004 t
around wafer 8004 may advantageously 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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for exanple, several electrodes positioned around the edge of wafer 8004.
An insul ative nenber 8121 may be positioned between conductive nenber 8114
and spri ngormeoixs3 8119 when separate charges are appl i ed PCo/usonstisct i ve
menber 8114 and spring nenber 8119. Spring nenber 8119 nmay be forned as a
coil spring forned in aring (see, e.g., Fig. 8C), however, other

cr oss- sagutloim@ludes akédos comdictivamenibet Ishielpis spahg ficatRr SE, iteawdly profile are
16 WO 03/ 042433 PCT/ US02/ 36567 possi ble. Further, any nunber of coil

spri ngs Shasgede wade $08% phnmexsmnlese the yyaterchuslomay fugiier inclvdeipatatenn pe
formed f i i ty | uch as

st ai nl esré&glt)%y?qggg?ﬁr%%ge %ﬁ%lﬁ&ﬁ%ﬂg%&%@ﬁg@%@@ﬁggﬁ %rglgérrenber 8119
may al saonductivemmeabenB 1 bbincheled in a svestpartionndtlerboaly. dr shoaht ecrevedutized,

corrosiqn resistant material such as | at j nu Ti N, TaN, the |ike.

[0073] TRV ahie MotombalesyBTRE Siorieh Sl DA e Jeorter SOBUARESt he power

suppl y CGaRite MRELRPIO%s ViRIsHhig if B AU T?P%Eir@fan@é’évhére'sﬁri%ﬁieﬁ%eﬁ%ﬂ@% 8119.

In this manner, the electric charge applied to wafer 8004 nay be nore

evenl y dimgitted unedettrade antdie likhenayhednclpded asst secorlf condfigivedt@berForpelx anpl e,

for a 20 -nilligz%%@o fer, an electric charge having about 1 to about 10
I

anper es §8TER% ippl i ed. Configuring spring member 8119 to create
approximately 1,000 contact points with wafer 8004 reduced the electric

charge tjgoafjout 1 IhahéHresint taniplk) sipri@%h%’nﬂ&rm?w 18 ApRSdd AWEIn wifeP74] 1t
shoul d be recogni zed, however, that the wafer 8004 may al so be char?ed by
one or mMH04 agd spacer mamberohtlSe tWherrpressyes is apphediip Aald copdugtisternesphes 8114

el ectricgl . Y . [ 0075]
When con t(}cbt%?%geegﬁrgﬁgée@l{g%fﬁ@f gns%rgfélgp%o? 1? %Wi&@%}éﬁ?ﬁé@é@er el enent
8118 sharontasgtormafer &4 (seci Figs§B )L rinrtienopaceBhtMberss 4 8poafoamis between

electrolyte fluid. = T horti sprin er 8119 nmay reduce the

uni f or i @gmﬂvm%bﬂr ey e valee sl tornd st @t Bfﬂtf‘it%%n’@fm%‘?%rslégm.

Ther ef orgomlefcR eeﬂlﬁﬁﬁh&ﬁro'izli@eg %Iecﬁic%ﬂﬁ@ﬁlaﬁé&&t@@énv%ﬁing%nerﬁbe?%@i9 hig i sol ate
spring menber 8119 fromthe electrolyte fluid. Spacér €elenment 8118 may be

f or med ofondwativeamambes 8V ES ifalesirddal , such as Viton (fluorocarbon) rubber,
silicone rubber,

[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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and the like. Further, spacer elenent 8118 may have vari ous shapes and
configuration depending on the particular application. [0076] Fig. 8C

i Il ustratwe oan4mzpl oded vi ew of an exenpl ary wafer chuck roradso2/8ass7 use
with the exenplary el ectropolishing apparatus useful for reducing the
polishing rate near the edges of a wafer. The exenplary wafer chuck

I ncl udesthé e ! Wafd? 9000 as Gessbéd bve SO 9ANs FthilPREFigPOAL &RBpahatt he body
and a conductijve nenber 8114, where wafer 8004 is helgd bet ween base

sect i on @oductiyednesehed ¢4 insludsspe insglpting sing OhES anshiy cominetingying 91huck may

further 4 t.0 I t r otherwi se hold wafer
8004 anﬂgﬂiti &leglgggjémo gfn%o%@ts hgﬁﬁﬁﬁtﬁ]@%@%lilgﬁ% %{Zﬁhdg npﬁ}cgfroglgﬁgﬁgﬁlinge menber
8114, t heateriilesuch’as\MAsA3d, @443, BAT (HIIXR! 85nditing Mnelo11 8 ehn BRR1da nsdgond
conductive nerrbeg%fggih as_sprjng _nenber 8119, t |y a charge to wafer

8004. | rPr&YREs B¢ nuiy, Lagiahugy, Taapmm, sianlesy ﬁiegbgl% thellikge Gondugtimgor

nb ' th 002 and
onduct | el b B B e B SR W ¥ ot
be r ecodrkez edlditidmalig\spacerelemtent 81 58) fer exanple, exs o-aiing argheitld) esin Bd glcaind
nb 8118 b 1tted, for anple, as illustrated in Fig. 7.
o e AT s ST STl B St e o O
li ke rraycoh&cﬁ%%gf; FlioAS favaTEOTUM (RANEESHneBd IRERA! ordeQr BRRE 3élegtr(l)£é§ ge to

waf er 8004. [ In the present exanple, spring rrerrtger 811 | sposed
bet ween peafes suprdp Bl Oa ftirthen @epring mparbes 01 Be 1 it shess)unay also bppiciwdd t o

ve. db ' her, ' nb
5119 conparine CEATRIY Bburthte medietddl BB b e eabe “aoou’ (See Fig. BBy

Further, spacer nmenber 8118 conforns between conductive nenber 8114 and

waf er 8(088x]o f or 1Mie exembldr appapitas 6CFig. SR hilegs for akaall8ldfoudt bM
electrolyte fJuid and provi des electrical insulation between spring nenber

8119 andOREWiHE&arE! ebhwsed g thaeqnduetissimenaber Ph by ThisaHpws Hisuppeiatuidd er s
are t yp'lfe%'hlaébe?,‘i@ﬁe@,}[%‘d@oh%gﬁé 1eS8b@er! cﬂnriﬁg ?’g%a%%@fﬁgﬁgm% ¥malldd Surfdlle! OUS

conponents of the wafer chu are depicte
area of conductive member 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.
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substantially circular shapes. It should be recogni zed, however, that the
various conponents of the wafer chuck may include various shapes dependi ng
on the pawOiossas3 appl i cati on and/ or shape of the wafer. Por/usShasgsbe, a
sem conductor wafer may have a truncated shape for which the conponents of
t he wafer chuck conformw th. [0079] O her exenplary configuration of a

waf er che0B4jassenbliVy Method for BleugropolishigPPFinpmend MetkideayePoa Wadfer sui t abl e
in the apparatus and nmet hods descri bed can be found in U S Patent Serial

No. 6, 2 entitl ed ND APPARATUS FOR HOLDI NG _AND POSI TI ONI NG
SEM cmo@&%% ORK |1@@§E H%)% e TirEgaay Hacnae ARpmertet dpangap| ATI NG OF
THE WORKEL Efdpe hsﬁlﬁ%g]{ﬂ%gesso'ibof 24 mﬁ'lg th&g%axb% éBﬁ@BﬂﬂB&tcﬁQ}] oBA&IR PY

reference in’its entiret ustrates anot her exenpl ary
el ect r opegionk Dﬁ@emppmﬂmtmusfacseﬁthb W‘an‘iar Wiesth this mgeurk sompe Ifnagimentg of tieanatalar t he

d f f h | udes duct
menber oo TRateoniy iS0te BoRnbe ilfnat (i reR PSP aG omEr T wo
03/ 04243¢,cRGldtdAcE 4rd8i%iBral dldteroBEIskEnhetiBdLire 8R%Me ﬁﬁefﬁ@&ﬁﬂy ?@H’sh&ﬁ&\ée Fig.

9A is simlar to Fig. 8A except that conductive nenber 4 1 ncludes an
i nsul at i figgmenief @mtl@sma@eéhmdg@mdngdw neichgrgedhe fragmended metah Baykwst Img ring

9115. Insulating rin 1 9 Qn-corrosive.in terials
such as cErr 28T {nggary Eﬁ’ﬁi %‘é“’"‘l o %W%%éf Wﬂ(t ac%ﬁ &XFPhe&lﬁeFﬁ&P@Sf@%‘%‘gﬁ %hel ude
netal s  figraddi@sorioieofabe et | ldgfdffat stEieht withtiobial Svedd)a thindhytr 6S St eel

and the |ike. Conducting_ ring 9116 may be connected to power supply 9110

t hr ough ¢legtrolye @W‘b‘@ﬁ%b@f"l’@ﬂ@’@’rmﬁ ﬁ@gmr:méPOMm enbingoniact wghehe el enent

9118, I conducti ve
romber LTINS "GP JhEINRIRr b Bectdifte SRR oRRGRA riERARe PO T

t he por t fragmaftedyadrionsa0 B4 eldeabpolishedinnect ed t hr ough one or nore el ectrodes
to power supply 9110. Further a spring nenber or the Iike (not shown) may

|so b ded t | | _ch to th
R R AT TR R s e A
amount ofor ekARslECluring awlﬁlhgbr&es@q&mﬂ%ﬁmfwaq@dr\1@1m}‘e%t 9114. This

all ows the apparatus to
connected to or located at the edges of wafer 11004 where an electrode (not shown) is

connected to power supply 11110. Because the fragments of metal layer 11150 are not
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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be cheaper, lighter, and consune | ess power during operation. Further, the
smal | er surface area of conductive nenber 9114, conpared to conductive
menber 81W0 o3Biyss B8A, 8B) may allow for greater control Pefi/uShE3asaT r ent
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 t hr ougyitfag€of Wafes 2] 004, gs d@Bribéd almive aind Sorars ethirplagad! 08¢ exehdiagnevder

le of | lishi . Thi le is si Fig.
oA Bxc el ERmPSER GOERa O TIolD LYRBNDE. 5 oh axanile e shiek A400Zmde monber
9121 f or iokdedit alrB@ th BN ROGL A0t o rpﬁpﬂada“dsﬁtimit)ofifﬁ:ﬂ?gr;d }?f%iéef‘ablig alfpur the side

opposite of wafer 9004. Further, the configurat wat er assenbl y
i s such 1¥@upmefors 30Qyer ddoBterovalafBin BYel 1081 phavidesd palascrossehedge

t hr ough Ve sphacer gl ement 9118. 083] , Thus, as seen in Fig. 9B,
as el ect?%é@%hgyﬁmu?@ lﬁg%@elilggzﬁ ?‘E’@P%tacuﬁg’étréegﬂ%e“]etbﬁ gireagy Oa%#‘g?oh%@@da
portion nfogohad diérdoRdictive mdnd 14014 SfechiBE 81 00bayihs QAR aMclvdme econd
portion of the current 12 flows to conductive nenber 9114. Insul ative

menber FPPEAYSAEgcEicaklly polishgspinted Siagments of metah tayet 1 LS Orprbefer DIDD4. ser ves
to reduce current 12 and increase current Il flowng to the netal [|ayer

9005. Th | ative I i i r,.9121 a conductive
nmenber 9 ggﬂmay t h‘%‘?@?gﬁﬁfz@e%‘fﬁgﬁg’é%ﬁ aadq]rzﬁegp: %%du Plﬁ%‘frg q?? T Pepbart
aEf:cor di mﬁla_ylarg_‘bﬂelectmgoﬁgﬁﬁgaghgﬁlbl%&ﬁllchlf@ﬂa{e%ﬁéGépici{?\g?@ﬂig. U)(g(o gg}?bﬁ&ﬂblé,%lr I
ectropolis agment e tal Layer on.a er [00: metal |ayer
f or med 5 ‘?u‘&(\@g@ﬁ- %a%gﬁm@@ﬁé@%ﬁ%/@dplaﬂwmmawqm shingoprtisraptiong g
process. offthé ?ﬁiéﬁﬂﬁlsﬁea&%?éﬁcﬂ%ebﬁﬁe 163 .glﬁlrﬁe}:r,%figuéjéxsefl@g%rg @ﬁi%ga‘imerh <J! ons

of netal on the surface of the wafer. I'S occurs ragnents of
t he met &f condyetive membleet bilg desaiitmddn réganhiotthereddetiom affedpb polwhirrmanies e t he

el ect roqﬁéd%&t%ﬁo%%%ﬁa%ﬁéﬁég-myi nstances, traditional electropolishing

nmet hods are una polish these fragnented sections because
the el ectrodes do not charge the fragnented netal |ayers. In one exenplary

net hod, [9990]ot at i MRig.al2vwabes anbthBr & s@aNEECH:h ¥e ubRM e ectio Bﬁ’s%ef%g]ﬂ{eﬁ‘eé’lﬁ the
fragmented portions of the npnetal |ayer at sufficient rotational speeds, a
thin | aytgq,ta pyer on wafer 12004. Fig. 12 is similar to Fig. 11, except 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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electrolyte fluid may be formed over the fragnmented portions and in contact
with the conductive nenber. The thin layer of electrolyte fluid and
conduct i weOrostoge4dd | ow the fragnmented portions to be el ectPcopsb?/adsed.

[ 0086] As shown in Figs. 11A and 11B, netal |ayer 11150 has becone
fragnented, for exanple, during a polishing process. The fragnents of

met al |am994]11150 Eurehenaind mmmeteb&ch idﬁs@rﬁ typieatiyede aptiddd de@stopshaf waf er
11004 where an_ el e % sh V\,El% conneched to power supply 11110.
Because WFRSUFe 5@% FCt ﬂ“l1 e rmafwnsﬁn@t ereforg depandgatdgast in epaédge of
wafer 1160 9?1:1&1‘1’ @Hﬁﬁét@ﬁst#c@ o&'ﬁfese?ec%gg@ iRk Bbtiodllc ﬁ&tra% eﬁstf’lérof cannot
be conduct ed through ragnents to an el ectr d ge 0 vvafer
11004. deum]yte flai, howewdr, may chmga@velﬁhimdbpendmg londke eojfwﬁuraioﬁ@f thee waf er

[ | t.h | [ 1 ff | hi
hece 1 rHERLAoN G estintfie Mkl oWl A qihgrdhctyms Bisbas cpRamifehnl | ayor.
for ex anﬁﬂrﬁ’ole }"dﬂo?@ﬂ g%%ubbféqoﬁﬁﬂﬂﬁl%ﬂﬁﬂ el é?&ﬁroﬁfte AuRBLAd He 1kBY §hyd A

remain on the non-trenched portions of sem conduct ér device aftér a
copper Héyepthaéclmaqtstmus afithe. eldéuntylﬁeﬂuldtha@wdmng)a preess runthyer 11150 may

be a resy Lt O 0 hi.n r over I sh e.regions, for
exanpl e. fﬁ&@gﬁen&leﬁ{ Flgef eé’rdsel?'noélétgqe CeRr §an R%%‘gjﬁﬁe‘iﬁ‘g:ﬁﬁﬂﬁg‘y%é FIB’E‘%F%%I i shi ng
appar at ugccingcy of the shd-pbindl déetti®] BedsuRpRhisshi ng fragments of nmetal |ayer
11150 on wafer 11004. The system includes chuck 11002, actuator 11000,

statlonari‘ nozzl e 11054, and power supply 11110. As stationary nozzle
11054 api¥P¥s a sthisatiiofericts an expyplaryrsysice tlnqtosw bousgdfte measdthe  act uat or

11000 ty

Lhe. 20 Vi H 2l SRR MR TR R ARl FRAR TPLY ek b LB MEulg 0%, oG
above, anasbrf’cur ha70a(Fighilh)) andethe hltélBT.heeeﬁe&m@hm gysetafinclides ﬁbreﬁgﬁsm@ld)zpor tions
of netal er 11150. (ﬁ rex nﬁfg huck 1 802 ca rotated at a
rate in ftil??é sengpr I F‘ﬁﬂ’i 0 bg T P9be ﬂﬁ‘l‘t@f]é)rl%lc?/n about
1500 r prpef 1ﬁﬁne@se@qg e%h@??é@ﬁlﬁrlom &hd ﬁ oﬁ@Y@erZ Bélﬂ&hé&%ﬂ? path

across the fragnments of netal |ayer 0 to con c urrent bet ween t he
st r eam oespsfidetreflgojard 0 0@ irga manner that allows light emitted from fiber probe 10102 to

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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11080 and the conductive nmenber 11114 of chuck 11002. This current allows
the apparatus to electrically polish isolated fragnents of netal |ayer
11150 on wafoen4243004. [0089] Additionally, the exenpl aryPapasoasdis?
depicted in Figure 11B nay be a part of a |larger electropolishing assenbly
such as the one depicted in Fig. 1A For exanple, a shroud 1006 (Fig. 1)
may be ipobrded t oGaicealdnthesqlasdfithgeledtiodyte flupdddpehddeh thefysb smdupt i on  of
the polishing streamof electrolyte fluid 1038. Further, various exenplary

embodi nefRrsentition gh ekl jans thatmeedissolvedn theceleqtrobyte ifiyid. dipreaamples gppper
duct i s i § bt - F.g. 11B.
[0050]  Praen BRI AR dRINERBITFHRS bt flont A EHRIGERBI AT LT o1

f r agment gassihg threaghl the aleetrolyte flaiflean d&QP depdriding di’the sokoir 0t thereldcarolyteg. 11,
except that &gt uators 12180 and. 12182 .can .npve Noz Ieﬂ}’IZ(g54 al ogg t he
x- di r ect - Whesnerakeas fhe epncenieipn ofimptal donsyp dhe eleepdyte fhidingreatss ffigr y

| ocat i ongechPQPiidht Mt EAQs. 11 B and 12 show systens in which either
the chuck or the nozzle noves along the x-direction, it should be

recogni zed that both the chuck and the nozzle can be noved in varying
di r ect i ol9998lependilay thsyistesn depieted in Big. Hpblthe relatomship®@edgdenvhe Met al

Concentratio asdrenent .an n t.ectign ntrol [ 0093]. One.factor in
achi evi n%onﬁ%ﬁr M@%ﬂ@%ﬁmmﬁﬁgﬁcﬁ8gﬁgﬁ%§|ﬂd§bﬁ%PP( ﬂgh AFRSIY S bﬁ/af ers in a
mass pr ogbglhie® forepHrtiQlafaNétal SndCededifobltd fl0id dsb& weBRBE Kfstedt homdlglvsmetal in
the supply of electrolyte fluid used to polish the wafers. \Wen the

concent mm%mwmw
cert ai n| MgfalconeenBadonyt’s) yt e f1 ui d ddrigdeneityBesay active even whén no

currentys applTed: T S Ty TausE; I'LrY xanpt e, Tthemcat—etchingor
corrosipn of the wafers during the pogt-el ectropolishing process.
Therefor@2 it is desirable to nonitor|Yhe concentration of nmetal in|the

el ectrohﬁapmmcg_a—pu;cw;m%d_mxe_adj#mm&gn_a_ml -tinme
basi s asOfesired. 21 WO 03/ 042433 PCT/|U8b2/ 36567 [0094] Further, end- point
det ecti pgTgSENSOTS typicat Iy use opticglyfetectors that measure throygh the
electro] yte fluid. The neasurenents therefore depend, at least in paft,

0.8 Y5
1.0 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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on the optical characteristics of the electrolyte fluid. The opti cal
characteristics of the electrolyte fluid, however, nay change over tine
dependi ngwonsbkm3xoncentrati on of the netal dissolved inPChaSer/assT ol yte
fluid as well as on other factors, such as contam nant particles, hydrogen
gas bubble formation within the electrolyte fluid, and the like. Thus, as

the opti Bght peiadedct idphdtsksitity thhe eltied blak Yight. oAy 6hes en g8 acolbtiolf Rkt

process run, the neasurenents fromthe end-point detector can be adjusted
accor di nigng i 2 glerrabyts dluidy gvhitedielt mey beemitied. end- poi nt det ect i on
measurenents. [0095] Fig. 1 OA depicts an exenplary systemthat nmay be used

t fluid
10035, SLOAMS o oBEs 504 BlsbAfplls BLE. apBordeaBtiphty St AQuti, FI e.
The exenpboe yhes yat basmsedctd) uctesve métel iops fiia thOLGDly of elb:ﬁrolyttpﬂumlall 003gnsor
10104, fl :LO 00. Fi 01 flect

oL oS Bpy A 5l TSR s b a0
positi On%eﬁ"o?hcal K&ERBE ?(5107401115%{1&@ ?ﬁa@fhelﬂétQIQOh RofeHBAY] 1nttﬂé‘§up§} a/llcg‘é"s bl i ght

emtted fromtiber probe 10102 to be reflected by reflector ack to
fiber pr db@rdﬁitﬂzld/vl @038d1aﬁwacmdn ﬁrsgplte sehvangicoynputeFdp10nenantect favimr

be 10102 t di i cul
Do the stEpho0a0% Bk ipBfeee kool 100aind Ib@ogh SRRl RaRss Ml cns &
Addi t i ongbithe é1B&rsli@URRE SupplReWRE RoltRk ieaiphed 10 dR0raRd lbOMndmm@? 10102

may effect the accuracy of 'the nmeasurenent of the concentration of nmetal in

t he el ecietsl ipns frop e gupply @6 elartaelyte fluid L9038tegia patingente klssedesl9ORIt hat t he
i ntensi t %[1 éﬁcgali'% ]{SSP %1\69: ePéé stﬁﬁtth&% %1?1%?1 céanIJagon B%%ﬂ%? OvrvI%XI rum

val ue when concen i num concéntration in the

suppl y ofecehdprerset ydlee, fcbmpdtei (I)OHE cahﬁnﬁﬂil@t;bdivdi%uplﬁ? QQ%(Z@C’stO}i dpplyirgt her
pat hs betheen a optical sensor 10104 and reflector 10100 may be chosen,

i ncl udi n¥elipep i elestradss A0S andel 0989 Hkoré?FcFo APt Feangvad P%@F‘iab}%s #ewmdheli ng on
the appl édt'bglfy' (ff'r'életcg‘gglthéejﬁ? delﬂg3 Raf iR, tﬂ;ﬂ&)rfcclﬂl& thHrO?%té]l Qi fRY @l so be

pl aced ex reservoir With a path traversing a portion of
t he el ecsupplyyafeldctrolyde 101880088 cahbe maiataimt betwéen the fisw ang ssxiond preeset t 0

detect a liight inte t hat ived by optical sensor 10104 mm
repl ace yaé e%:g 8§ar§€l%0%§m§?n elec%ropgl ?11ng Process. P y

[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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WO 03/ 042433 PCT/ US02/ 36567 [0097] Generally, the color of the electrolyte
flui d depends on the type and concentration of netal ions that are

di ssol vedwpr3wnima3xl ectrol yte fluid. For exanple, copper iPergSIn3d@hbsphori c
acid (H3P04) have a blue color. Additionally, the intensity of |ight
passi ng through the electrolyte fluid can decay depending on the col or of
the el ecloob03jt e fFigi 1B shovgemetiel exeagplirhaysemndeninoaitomiy thé opiidal i ons in

the electrol yte fl i ncreases, .the decay of lLight intensjty incyeases.
[ 0098] F@Wa@%éls%gf#é é@f}r@v@ﬁ% igh map e updefqreramploniandpsher dsen t he

concent r gihiQfteRfor ﬂ?ég%ﬁdlcefn@nf. I’I?i %ff OREHs Lhidr E(r i;irgJ %g%g?geﬂ] ?ﬁé ?@&%ﬁd Bhtida ]9 ht

I ntensity can be at ed a partic ectrolyte fluid
used wi tsensdnd 02¢bsmehomsal Hbdrd@R02 advinchide@o ipictal sensarr 00 04, oiical ifigbat

| nt ensi t ca Y, Y2 0.4 Y¥3..0.6 Y4 0.8 Y5..1.Q Y6 099] This

t abul at o007 A0Y Fileron 1040P prabin Bamiar @6?%@@3%%@ in regqrﬁw%glgt abul at ed

| nfor mat {0, TRNRcSRIBICAT sénsdt RRDPIR bkl Hb&A0SH 8ks6 ob&ateGRAEERS M at1 on of
metal in the electrolyte fluid based 'on the intensity of |ight detected by

optical emiealoensbd10404 and ontisahiabérd 0802 bbwevesnopticaliseaisorgl 0264 awt ¢pgical

I gyt i t hods. t hou certain value r ld s in the above
o1 ot oD bk b ARl Rl T et il Comsena Sy
nunber ofuritglati @fectapoliBiniS@bcesh,MydRIkn BlsbieLd R fofm longhy clegidde£driy fi ber

probe 10102 can be chosen to increase the sensitivity of the measurenents
det ect edbubples pray adversely abfiectithe eud-peint drigoterday diffracting and deweasip the ght
emtted | Ny . | gor . . met al
Tons. 1 rReRT e Rt bRl b el b My EHuib, T WRGeAR Pl BT
to the paffect thensmsuremahtsiof nsetal idioconexanibe, but by wippeultipledetdctora suppl y of
phosphori c .aci d, .. 'ttir"\lg red ,Iit%ht rovides a .

sensitive to different characteristics the metal ion concentration can be accurately

determined.

[00104] In the example of determining the optical characteristics of the electrolyte
fluid due to bubbles,_the color of light emitted by fiber probe 10202 can again be chosen to
increase the 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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hi gher sensitivity to copper ion concentration than emtting green |ight,
and emtting green 23 WD 03/042433 PCT/ US02/ 36567 |ight provides a higher
sensitiviwgoslaadenm tting blue light. However, for any colper/ush2/sassal i ons
in an electrolyte fluid, white light may be emtted. [00101] Fig. 10A also
depi cts anot her aspect of an exenplary system descri bed above that can be

used 10 oLENPYRrdRRdtics 8the IR FolyRelSiH BdhY csthp@beri106 a3l endie utchrat®038.  The
system further includes two el ectrodes 10028 and 10029, and power supply

10030. mMhsmeroptts ofthegesialghickuass on yedes 1084 (Figat A). nEusetespnd eficalsBendt r at i on
inth ly of elegtrol i i -set
val ve. JE aPnepFee M R8Ny B el dRFBolif Bek COE R RS BEL

el ect r ogesal I0cdBcaftthtibd @2siemender to renove netal ions fromthe

el ectrolyte fluid supply. Wien voltage is applied to el ectrodes 10028 and
10029, netal ions fromthe supply of electrolyte fluid 100 begi n plating
onto el d04108he 108zhouldcarcagmized that apnaypberof sensge gy ke P?‘?ﬁgofnr‘? Yetal ion
concent LAt i i3 CBRNArBLE pRALrIR! P ex SRR HheSoptikAL05 can
i nstr ucﬁ%ﬁo%l\%&g%%%ﬁﬁtﬁ%%@%}@gegué% appl yll ngpﬁ)?ol t age te}_({) el ectr opdes 10028
and 1002gopietties ankbthetlikesnap thdneberstored ad wkd headibstion dstefmimmendrgoing uppl y  of
electrolyte fluid 10038. i}n th{i'f:es manner, the concentration of netal ions in
the sugpiegtopmeasuzepenis gadthelifey 10038 can be maintained between the first
and second pre-set values, for exanple, during an el ectropolishing

pr ocessao(il(@e]’LOZ] eNegs eBhfigirh®shsval ues of the netal ions in electrolyte
fluid 10038 may al so be used to aid end-point detector 1016 (Fig. 1A 1B).

End- poi nt detector 1016 may be used to determ ne the thickness of the
metal | d4QM08bn warecorigmto appther ATEsngR $xsHPRaLY Mydhod andpppgratug dor

el ect ro%?'c{rgﬁclli@ﬂin RRALAEE #n bR a QRS i1 s‘Nﬁﬁﬁg Iﬁﬂ?ﬁl@@#ieﬂlﬁ 7Aks Wigscont i nue an
el ectropoehs I'ng process on a particular argéa of"warer 1004. It may al so be
used t o difletepolistengraes. tlalpererpbhilape ngyzleatllowsEochighenpolideing catesrof 8016 may

i ncl ude var,i Qus_sensors, suct} as ul trasonic sens ti.cal . sensors,

rs, .o

el ectr oﬁ%f’éﬂé"cl’incfoé@ﬁ%la_ » CONPET- HENGd; 9p W) #ryl 4 fRa ?Eﬁ_’@ﬁ E@F‘X‘l‘ieélofweﬁi d 1038 as
a medi u [gghghiﬁg ﬁ{b%mﬁtlaﬁeg&%l% ARG AR TRASULSARIHeR JoliSK 68&8 MmetdlByeRCCUr acy
of the rmeasurenent because nediuminterfaces, for exanple, air to
el ect r olfyli@ved by using a small nozzle to more precisely control the electropolishing 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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fluid 1038, do not have to be considered. |If properties of the electrolyte
fluid 1038 that nay affect the sensors change, however, the neasurenents
may not bwoasouxat e over tinme. Therefore, the end-point ®ETASOITBE6567
measurenents nmay be inproved by taking into consideration the changing
properties of electrolyte fluid 1038. 24 WO 03/042433 PCT/ US02/ 36567

[ 00103] [doi1ge] 1 OBE&NDWMt ABREDET00BEPOFHrate Iy letsliré te thiRRhdsobf Mgetdle opti cal
characteristics of the electrolyte fluid, which may be used, for_ exanple,

to adj uﬁhnﬁlmﬁd@nV@ﬁbmlonﬂet%@%@r 1983 suayaneastire the thicknesypfithe el film to Fig.
1 OA i cal,. 4 ' i er: 10202
o uaeHOrptn AR BREOR ok S i RS, HGR G AREIAT AR pddflind 7008 27 €

oper at e détbetdr Hi09iik asedBRBRIMask thethivknbsdfitie mefabfibn oeertthe Bitlye waldA. The
second optical sensor 10204 and optical, fiber 10202 al so,operate 'érri lar to

optical 1 sy tq elegironglishing: peing for PWPIEWYWH%WFLR?WidE@FmEeﬁ Or 10204
and opt| ' i Aak: t-S1 4 of the

ol ot § ol §PA e RGkngiE R (PR B P oG pORGAREAR foPbdhs? !

hydr ogepoditidisloaswatti B304 ipr controllinigehedverit delsgy alher stoeapbpredlerdiheadver sel y

affect the d- poi nt det ect by di ti d ' .1 I nt It
of & e eiach eruR Besne roitrver bt vt FS SRR s gt O
| ntens! byl s B 1000 RiIBAS UTRITRR! thicRhed¥RNaY th QtifeOREBIthayPSd ON, but, by

using multiple detectors sensitive to different characteristics the netal
i on condetatmia¢d by ratatingwatec ¢ 004band moving claycki 1063 in p borgotal direetiva whilnpl e of

determ ni ng, t he j cal chargcteri.stics t he el ectr.ol yt ld due to
bubbl es S Lﬂ@“&?&‘?g’%ﬂ@fw ihg fgendiory deregr }(?(%)etro SB%@S © B’fo%“ fg%{engﬂég%?rn be
chosen 004, i IPSKRAS Be LiREer§i8HE iHowéidrythel alidhmtivelgsandelsriios 1069 enldstahy opti cal
sensor 10204. In this instance, the color of light emtted by fiber probe
10202 caatiprare wobsri084. t he same color of the netal ions in the electrolyte
fluid supply in order to increase sensitivity to the bubbles and decrease
the sengid{yity t ' f igflgaa supply of
phosphoi‘?(%:lllyci d, (i:kr(r)1E ﬁ?ﬁ?@?ﬂ%ﬂﬁ%ﬂ%@&%ﬁg@gﬁ ah| Sﬁ%ﬂg‘%ﬁslio??vi ty to

bubbl es depeidingwarthe pemmintaf wiafyr 1004 dopseingydishéth theemtal filmythidkiness andght |

and e t’cﬁel lﬂ(ge. \gglr teganllﬁlg,hltn erag\(xlfhde?esmg![al layer is thick a larger nozzle may be used, and

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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hi gher sensitivity to bubbles and a | ower sensitivity to copper ions than
emtting red light. [00105] Additionally, the intensity of red Iight from
fiber prowe 0304023 wi Il al so be reduced due to any bubbl e®cCirruset/asst ol yt e
fluid such that the neasurenment of copper ion concentration will be

I naccurate. The second optical sensor 10204, however, will indicate the

porti Ongyg;mhe deQbeAs Roldlr 2GRS B/mAMEIPIANRE blch ds PV PVBINERONNd not

the cop I'on concentration because the sensitivity of fiber probe 10202
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any nunpefiloik denaited, foryxiaplesycndepaimtaktectr 1069 irondatingap dreti-digeationt he
electrolyte fluid. The varioyus prqperties, .for a t he .opti.cal

pr oper t pethe sadert 1084 is K’éﬁ}te%ﬁ/éjecsﬁétﬁ% 0%§- m%%&%ﬁgﬁghﬁﬁﬂfﬁppo&?ﬁ t er ni ne
end- poi P At i i EnbiA€2014. GUBRing\h lighi
Configu?ﬁat%a?@r@(ﬂ?SW%@gg?%F%aﬁ?ghggoﬁher aspect, anngex_ghrr%lﬁg)?1 rrg%hod and
appar at e themozzlk doldeop@l2 mhy hgrogatedtoausefailpwenpplishingfrete uping pg@el usi ng

multiple siz nozzles W th different .poli.shi,ng r . a large
nozz] & PSR Olpcer AP pE il ppL B e b ogk P iRehlne 2
copper, nfefii FREkMREs frofild Ahy BB detBrnSil& in B1621Z4 8siRE e6ip6iBt davesr 1009) foshi ng
rates. A large nozzle can therefore be used as a rough pO“SquOf t he net al

| ayer  txdnhmoed dily esirenf cadsneintidetseion (optica) epdmein deferior oy thediier fasthe
mor e pr B8 rearyPaer SEFR Bid bRl U Rantica s Bl R TR EREQNAR ARTTLE 0
the | i mbt ggustpa@oLtunied i Bloak 6 kepolishaldok filmdomiianpate, higher rate, polish thin

film locations at a low rate, and stop the polish at zero film 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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apparatus with nmultiple nozzles is desirably conpact. An exenpl ary
apparatus with a nunber of nozzles configured on a rotating nozzle hol der
t her ef or ewaloBow3f or the use of nultiple nozzles in a coRPPAASITPAGCE.
[00109] Figs. 13A, 13B, 13C, 13D, and 13E illustrate an exenpl ary

el ectropolishing assenbly including a nmultiple rotary nozzle assenbly.

Fi gs. 13ATFidnanaghay BEomiteds i THid RBucet thefpa@siblel ddclitée @ elebiroloreaRid 1638 t he
addition of rotary nozzle 1012 with nultiple nozzles positioned adjacent
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PCT/ US02{, 3RS+ no&a%b@i oFPtds PRV ieh 48 E ki At IV PIRRE #ofe {rPaHﬁ‘@éur e the

thickness of a netal filmTforned on wafer 611150%04 Det ector 1009 may neasure
the thi chetessasaipposee toeotational motiopr "Ihct mudiipl¢ higear amyabletrorzlaassembly

< usod ORRIRR AT 2enaed MG A6 BT OB PR ER B N or

1004 pripn4 t&pettietly. OPRd theddi idgzled/ 0539330, afX 37018 Ray BE cQFtharcdld hans
end- poi nt_detector.” The nmetal filmthickness may then be used to control

t he | ocadiffgrent prhfiles, foaexample, differenidiametors; andsihsredore wyenrovidodiffsyent

controllj ghlﬁg eSHr rent density and/or streamprofile. The distance

bet vveen aap0| nt detector 1009 and wafer 1004 is, for exanple, in the
range of about 5 to about 1000 mi crons. The filmthi ckness over the entire
waf er ma[j)OIl@] det eNasuz'zm@cBOBy, mﬂﬁaddmgzmeanoﬂmanm%rmmah@mhunh el@B2 in a

hori zont direction mh t apeously a ng.the e det ect or
1000+ estion. faousk nois BoipG b il Ruie ity Rusrines Dabuian, & od,
however,35bhate Rlher Qhbied anﬁ%wgle %IQDJ 1 leﬁ%uQH!é e@trﬁﬁlaf@ecﬁthr&Ig% yary
waf er 1004 [00111] Rotary nozzle 2 hen rotate to select a desired
nozzl e 1sbeéwn). 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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depending on the portion of wafer 1004 that is being polished, the netal
filmthickness and the |like. For exanple, in areas where netal |ayer is
thick a |wogensznexzl e may be used, and in areas where netrall/usayaiséi s thin
a small nozzle may be used. |ncluding nunmerous nozzles of varying sizes
and profiles wthin a sinple conpact el ectropolish assenbly that may be
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servonot or, pneunmatic (conpressed gas or liquid) driving rotation neans,
and thel0012. NoYH: esNewaa Sel-Gleanmig PrResss9Se hol der 2012 i ncl ude el ectrodes
2056 that may be electrically coupled to outside power supply 1040 (Fig.
13A) th el ec : dniZzzl e hol der
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[00124] With reference again to Figs. 1A through 1E, metal from a metal layer that

is polished from wafer 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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metal thickness profile may be determned in block 4 using end-point

detector 1009, for exanple, an eddy current end-point detector, optical
end- poi ntwoeBeees , or the |ike. Based on the renmining WeTAISOY/BiS6kness
profile determned in block 4, the polishing current nmay be adjusted or
tuned in block 5 to polish thick filmlocations at a higher rate, polish

thin fiEdbREaHLRND38ca’ bk QMpplidl throddifndsRE 1012 Pl 0 S indkde? &5 forii dnm
t hi ckness | ocations. The poli Shlinﬁg current may be tuned, for exanple, by

usi ng diefebicehtirauitetwecnxidctrode 80 and/ )60 ithay allnws atedal builduny nazdleby t he
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t hi ckness of the netal has not reached a pre-set value, then block 5 may

be repeated until a desjired thickness is reached. [00115] It should be
recogni 20M27hat ndHEoal itapaeaTs that the REocessipRR Bmevenile melnl fem efsde to t he

process ,dege Eﬁcggﬂ’ﬁz\sé‘el%tlal AnGHheE %Crﬁaj}ogﬂ}: 61%#%&;{6%4 Cem&HILREA nofYRI1QUS ot her

processés nay n-conj unct W e exenpl ary apparatus of Fig.
14A. [ O@ddd&hs Wiksdivedinalenoéyte fuid 193812 Be netad ichecengréorpinghy elaeitdlytpifbiid ot ar y

nozzle _assenbly is jllustrated.., The rot.ary.nozzl e assenbly.sh Ln Fig.
14 1 s JD3F FoaaniascRlary CepBaRpIHnE P o SARTBICIT IOV Y SRR E A 2068 | <

repl aceg Weiéfﬁ,gﬁiﬁhitﬁzﬁ|tﬁé’el€&kb%bﬁﬁﬁﬂl§fs'ﬂtr§fen 20 LR BRIy B8R ginfRIcBAYARIAgE Of
usi ng naanetlca l'y coupled joints 2078 and 2082 is tha% driving joint 2078
does notanddfk4 andinotdrytthe ommasty ofthe elentwolytessohis]onei0380 Thus the amaunhgf 2066 28

WO 03/ 042433 PCT/.US02/ 3656 f Fig. 14A, may he 1 t.1.ed. IS I s the
Dosor bl Sl gl dEog roge 101 0)s gresth it Bhe s SRk huad Bl R E 10587 1 ne
j oi Nt 2G@Bexdntipls e hibtd) forsahREhezi@thot/BE fremOid2zleNal 2 fer dversoneBhdigiden of
coupling drivi ngéf oint 2068 to rotary nozzle 2012 are possible. [00117]

Wth refatehiomozslerid4 rassltingin theangiptmofithemgial jongheing|dissphyed inge Brenozz| e
assenbl y,i.s. 4 L d. The multiple linearly novable nozzle assenbly

oper at eselegfnr)r%y{téaﬁ&l%l 1%?he rotary nozzle 2012 of Figs. 13A through 13E except
that the nozzles nove in a linear notion as opposed to rotational notion.
The nul t{0qH28] | i nedVithwvatiiednefzehe: adig A, ythe process can be reversed such that

metal buildup on nozzle 1014 is polished off and dissolved into electrolyte fluid 1038 using
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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i ncl udes nozzl e 3054, nozzle 3222, and nozzle 3226 including el ectrodes
3056, 3220, and 3224 respectively. The three nozzles 3054, 3222, and 3226
may be cowbiogsma3 to have different profiles, for exanpl @eCTdishi/aisent

di anmeters, and therefore may provide different polishing rates. [00118]
Nozzl es 3054, 3222, and 3226 are novable in a horizontal direction, i.e

x-direghif) throgeh aerzhRWwaldse RIS OF BoAl 18183nd FDELCE r odes
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except ithan of a linear novabl e base 4180 and novi ng gui de
4182 w’[“ﬁ{erthlf;ﬁgﬁﬂ%izi% &s 4012 and 4014 nounted thereon. [00120] In

particular, rotary nultiple nozzles 4014, optical end-point detector 4016,
and eddpotdt]r ent BhiRiktieskhicthBujbdipnnto & afer dsing 0 84° Bewerppityed on |inearly
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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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omtted for illustrative purposes. [00122] VII. Nozzle Self-C eaning
Processes [00123] According to another aspect, an exenplary process for
sel f - cl eawDrg/041BEct r opol i shing nozzles is described. DuriPeg/usor/sgssTal

el ectropolishing process netal dissolved in the electrolyte fluid may
becone plated on the nozzle electrodes. The plated netal may restrict or
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or the #mads. Elgeooivta fluig 10381(Eieetesradesyaplied thramgh sozAal oyed t9ret al
froma netal .l ayer [ I f h&s0l ved in
el ect rof%t%afb :louclk 3[05?83@5%18%?0”@% ?@?%ﬁ?fcgﬁéﬂégﬁgg{op fg%fégt?(ﬁ?%rem%li gg%ﬁsved nmet al
beconi ngllgkiagesktalrbuildap o7 nezAd HIILrto de platébentabibickrl 082.6Block 108D catebe t 0
remove the netal fromnozzle electrodﬁi 1056 and/ or 106%,F a reverse vol tage
can be disprrediafie themeial baildipondwesle 1958 isepoged. 5 aten RS 4 DC or an AC
power sypnly;.,can be used to apply the reverse voltage. In one exenplary
process, a reverse voltage is applied to dissolve the netal buildup into
the electrolyte fluid. In another exenplary rocess, a reverse voltage is
appl i ed[@0d3p] at e Bhailwéy,aﬁitbufetﬂuptmﬁigo4andfiah§él§blbllé5mm apzzle H014en anot her

I . |, t i bLed .t te th tal i t
bl ock. b Beligsy oR andreff Grh HIRRA T Bein? alo® v Brllt Mol e ng &
DC Powelead Buas e dARdcAE tolbdd &Rl 184EDGAN bE chingbctelido ldidbasudhuhdt@lyekon nozzl e
1012 can be polished off and dissolved into electrogﬁte fluid 1038 using a

ch gowerlo&lumﬁ; §s a pashederndimogzle alertyode 040 acts as an apedes JHerdrobde luil 1884 b and
B , Fi gs.
ca g@gs gcgga%%aﬁé}?gi téﬁ)&%ﬁﬁgzz 1(?1‘4%&3\&1%6@802%&&%?%@81& ;6§ Lin g% et() 1 gs

1B- 1E) nozzle el ectro acts as a cat 30 WO
03/ 0424 3@ nPLTé1562413%%0 that can allow metal buildup on nozzle 1014 to be plated onto

block 1082. Block 1082 can be discarded after the metal buildup on nozzle 1014 is

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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El ectrolyte fluid 1038 can be supplied through nozzles 1012 and 1014 in
order to forman electrical circuit between el ectrode 1056 and 1060 t hat
al | ows nmewelosboud4Bziup on nozzle 1012 to be renoved from n®zTIUS048:527 and
di ssolved into electrolyte fluid 1038. A portion of the netal dissolved
into electrolyte fluid 1038 may becone plated onto nozzle 1014. [00127]
Al t hougfygple1 pPPeals ahat tht BEriIAGenhodiniBity delRMBSd, hbgrldRifariblisiapete
nozzle and plates it to another, "'the magjority of the nmetal renoved from
nozzl e fyderdvaitageodslysoiplayddi Piff¢rent typesyafmoples, dorexa®pleT Hidterent sizes,

concentrati.on in the electrol yte, fl.ui 3 or .an.exenplary . .

o1 ot r oBBITIEnFings BTGB, i kG Frotte ot oy R Pralberistios a9, o
wei ght, nfayale dibaitadddasiglied deppling bh e pasticllarupplibtionl 6t &xagdld, vis eéwar gi ng
el ectrodes 1012 and 1014 and not by the chem stry of the el ectrolyte

sol ut i oin HigasB, thagsemplaey eleasionelishing spperatuyppy Hiekidefve ditfsontisieed 012 i s
greater _than { a | .at P e, ten
Tec al 1 B 12 AP T SO et bl O by RiBl et tions P bafef 04
plated to nozzle 1014 resulting in the majority of the nmetal ions being
di ssol v§abide} o t heAddtiemtly diys. Afthraugh SBRIBustrAO Y&8Gus \bké¢rhplagmdzalesd

reference to Fig. 1A _the p oc%ss can be reversed such_t hat {m{hgl bui | dup
on nozzh%"1¥8ﬂ4!a¥1§ty(5§|sh§?’?éan sqniignErtigns s Dhe, ape A o nedzle frsromales 1hgi o 1038
usi ng | ' SwigTee iRd to
| ead b g}rll eg%gﬁ%e?ggf@ eﬁ%’%%ﬁg téclia%éﬁghﬂdﬁhﬁ@gﬁ%ﬁe?ﬁgﬂnoz% e el ectrode
1060 ( Fingszle, 1B ¢\Eyenddessitysvithin tha sttear ol elepiselytedluil oot thedékel 8. 84t s as a

cat hode,, El ec e fluid 1038 cap be.suppl.,ied throu nozzl es 12 and
o4 s Slablsfin vattols wed B fedRiath B fips i pthariRe s on
nozzl e 304 4n bRcteSdd 5U%8Y Qlil%sf 5P Mro\@A731¢ ik kdteaiodz1d sahbuted insilatore|Sevtrabl yt e
fluid 1038. Again, a portion of the netal dissolved into electrolyte fluid
1038 canf teowaelesoafiguratenshavhoguved glgatpode] o 2gpr thy OP%tTh?g’“Wﬁ(g

process,, i e, versing, t f ; | '

appar at E]s?,c tr?%éeSdr% sz‘Zes? t“:%tnngigcér\{%:l ég‘%{g% .a%P%I% ngn tgﬁgﬁpﬁ?‘%{’lﬁ‘;ﬁ%r‘%}g%@g The

302|Z| es padduice Qlﬁicﬁ*ﬁg?-izfcﬂnﬁd&lﬁﬁillt mswmme@FeMﬁzn%rslymﬁl | ‘%i ﬁ'g. g\Hfdlepis_tsm/ first
epl ati ng nozzl e, an atjng nozzle , followe atin

novz! e DOHS SRR EIFFIEPOe G090 TRHOR o8 J0@LeTra (e CrUELTRT Yo ned
because j, @8 sHHRHTHE areTBFthe UleckB&e ARE Gbaté 8 nslrS SRIYE RNt 8&hsRy eCtrol yt e

[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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fluid 1038 as opposed to being plated to the opposing nozzle. 31 WO

03/ 042433 PCT/ US02/ 36567 [00130] Figs. 2 and 3 show two exenpl ary

conf i gur awoea®4:383 nozzl es 1012 and 1014 during a cl eani n@CErusoB3as67 Nozzl es
1012 and 1014 are positioned near each other and electrolyte fluid is
allowed to flow through nozzle 1012 and 1014 and forma filmor path of

el ectr 0{0&)&@41‘ | ui dpfdyes £hgd E‘Bﬂl[hster@ AndtBEZb:@mplR} RoaNehhiddinailaopbassd

cl oser together, as shown in Fig. 3, the two filns or é)aths of el ectrol yte
fluid 1618¢1rddecﬁ&569midetomémmmr structare 50864 Innen grushyre pOShinckidesn metal si ngi e

path. This, sin ces t e cuit,
t her eby®} eﬁk)ly egéfgli’ ﬁ%q? & l{%t?l%]ﬁlc r?}‘g‘“:‘e%g %tteglﬁg{l q fhlgglllﬂel ggﬁ{"g il \ arﬁ{ E)r ocess.
shoul d &fuchae @086 Z&ﬂldéi; nBip16 hanhels thdbeaeiteraakathy strfideageaafithal 50 be
enpl oyed with nore than two nozzles. [Q0131] B. Platlng Vet al thUp onto

Viaf er - Uslesizpds, B! ravlistriitg Hheyeleqdia Bopntigl aprosepesasn st tr%orp.ualfomy al
0ot he2siffo P St tR T B AR AL [ Bl 6t UeBerkl 104

pl'y acc to anot er exenplary 'process. Mre
parti Cuﬂﬁfﬂe‘_be.r off ﬂ&dlo%zléailﬁdlﬁ& meividatappli¢atione Raeferablydthe stz o eadimlike connect ed
to lead a, such that wafer 1004 acts_ as a cathode and nozzl e el ectrode 1056
(Fi gs. 4mnngls canbe aberd ope teathurfdhe ppzAs MgMGIEL £ ui d 1038 can be suppl i ed

t hr ough nozzle 1012 to wafer 1004 in order to forman electrical circuit

al | owi n YRS Bé Fordfdddn VRIRR BosBLsBEtionaI¥ha, ?Lé@i@tﬁ:h at@ke Vaf er
1004 ca be |scar ed after the netal buildup on nozzle 1012 is renoved.

[ 00133] siiwn indlfigy. 6Briotl. Ferf exammple channglsgan ba squase.dibeshapgdstisighhglols, e 1014

can be |IS ed of f .and ated ont o wa 0 . suppl y.

More pa a&t‘jﬁ’ er‘{ qai reg%ﬁarbﬁor&egﬁ% 1% éljtg ﬁﬁ( 3diﬁm§c?1&8 can be

connect gghtitQlal @@s—@ecﬁ%ﬁﬂ@hi ahrewhbem id 00%. 6B€6 61, @ chasmhamcbedotmeinz| e

el ectrode 1060 (Figs. % acts as an_ anode. El ectrol te fluid 1038 can
C

be suppamegrosmmgnalrﬁbmw @3 2 tignglmmelyeeoodllipss, #ddes like f or m an
electrical <circuit that allows netal buildup on nozzle 1014 to be plated

ont o WaI[](ﬁfM% 04. £ abGve ﬁa@a}ﬂ%d d9§cr@h frls ﬁ%@i%lk@%o iRstdeefngfhdyopol i shing
appar at be ‘Cl eane ar al
embodlments and is not 1ntended to be 11m1t1ng It w111 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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series with nozzle 1014. Wafer 1004 can be discarded after the netal

bui | dup on nozzle 1014 is renoved. [00134] C Plating Metal Buildup onto a
Bl ock Usiwg caoDd@3Power Supply 32 WO 03/042433 PCT/ US02/ 3@66S02/83885] Wt h
reference to Fig. 4, netal buildup 1057 on nozzle 1012 can be polished off
and plated onto bl ock 1082 using a DC power supply according to another
exenplary process. Mre particul aric,AIMSad B can be connected to |ead a
and | ead D can be connected to |ead b, such t hat block 1082 acts as a

cat hode and nlozAneapprsiisrigpdectopglighinga walesrcomymising: El ectrol yte fluid 1038
(Fig. 1) can be, r 1012 and allowed to contact bl ock
1082 in order to &n‘%hggke({}hgmc %lke?cwt t hrough electrolyte fluid 1038
al | owi ng net al bma&:tdanprﬁnmtfaﬂﬂgtheméhﬂmclhe pI ated onto bl ock 1082. Bl ock

1082 can be di scar% after th msé%l bui | d r& nozzle 1012 is renoved,
or when ot her wi 8@°Z& 8KV ‘%?ﬁtoefeﬁ?? }Shébfh?’"ﬁ 3d with reference to Fig. 4,
metal buildup 1 Lish&l ok ‘Jitﬁé‘@d e%tH@Wa?e?ed off and plated onto

bl ock 1082 usi n8§ﬂr0 pggiwér %Eﬂ y. e particularly, lead C can be

connected to lead a and | ead D can be connected to |l ead b, such that bl ock

1082 acts as t hode and.no e electro 060 a
B oot rol vt o rhulBe 18asatty o O80T ) Sl Bitoran oort SudhioRbuB B St ang

al | owed to cont ggickbk e kurkieRa: Ibfaueﬁ@l geédosucfl Mo dfFeth eﬁéleétﬁﬁ&tefﬂuicpwt t hat
can allow netal buildup on nozzle 10 | ated onto block 1082. Bl ock

1082 can be di smmoathwafﬁtﬁowmﬂomardmmddgﬁQfﬁhmwaﬁ_ere 1014 is renoved,
or when otherw se convenient. Further, electrode 1056 and 1060 may be
cleaned in series or in parallel. [00137] D. Renoving Metal Buil dup Using

an AC Power Supuw abﬁEiét&Sbfél@nﬁﬂQﬁK&ém@@ﬂ@étﬁﬂy’teW@ﬂ@w@bmﬂieﬁﬁg@bf)@lesS an
AC power supply, opposed to a DC power supply, may be used with any of
t he above confi M@t@éh%mﬂ@emr@ﬁﬁ\ﬂ@ seQush  bui | dup from nozzles 1012 and
1014. In particular, an AC power supply is used to dissolve the netal
bui l dup into the electrolyte fluid, plate the netal buildup onto a

4. The apparatus of claim 2, 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.

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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wafer to be discarded, or plate the netal buildup onto a bl ock or other
sacrificial material. [00139] Renoving netal buildup fromthe nozzles with
an AC powp 03iop3By becones nore efficient as the concent pPariusn2/afset he
metal in the electrolyte fluid decreases. Accordingly, the netal
concentration can be typically in the range of about 0.1 %to about 5% w,
and preferably |l ess than about 0.5% w during the renpoval process. [00140]
VI1I. Nozzle Shapes 33 WD 03/ 042433 PCT/ US02/ 36567_ [00141] In any of the
exenpl ary errbl&diT%éﬁPBara& of ¢lpisy 1, whereindhe pazzieds configuehivagoveipyelpion

advant ageously empl.oved. .k ferent types of nozzles, for exanple, different
sizes, profiles, cross-sectional shapes, and the |ike, provide different
polishing characteristics and nay be advantageously used dependi ng on the

particul ar application. For exanple, as seen _jn Fig. B, the exenplary

el ect 1 opol | shiing P8 apeiael TheRieia thedhrand saogiioned st hEm fAabom: 2’ and
1014 that may b?O?@ﬁ@th&'eﬂgébPﬁﬁlcﬁ&different sections of wafer 1004.
[00142] Additionally, Figs. 5A through 5H illustrate various exenplary

nozzles having a variety of shapes and configurations. The shape of a
nozzl e, for exanple, the annel and the disfal end n an th

brofite of t g dheeprurye o PRER o it el BireShinolul S AT Bt B,
density within thg stiheemki electrolyte fluid, and the like. Figs. 5A

through 5E illustrate various nozzle configurations and shapes that include
i nsul ator 5054 and an el ectrode 5056. Figs. 5F through S5Hillustrate

nozzl es w thout @an_insul ator. . Several. _of . | ont | guratipns have a
curved el ect ﬂéde v; r%%‘%lpﬁf‘ lemgpvé’iéﬁr%la.t&rﬁaeggal}p‘\g/% eg}érﬁle@fﬂrcoglg %‘bg'a prevents
an el ectrical peldpeatoss-settaonp point in the el ectrode, which helps produce
a nore uniformcurrent density in the streamof electrolyte fluid. Fig. 5H

depicts a nozzle including electrode 5056 and rod 5058 | ocated near the
center of theyn I i . rode and
croate a mor o hareapplus bTERRTholEn ARSI ORe Sl IS, BhGES
above-descri bed nozzl es, el ectrode 5056 can include a netal or alloy such
as Tantalum Titanium staipnless steel, and t Lke. Additionall

Thsutator 504 1 BEAbRRs AL Vit devallet e Sotd erbid Bardon ne
like, or ceram gglo%HGB chsck.

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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A1203, Zr02, Si02, and the like. Accordingly, because netals and alloys are
typically easier to forminto various shapes than plastics and ceram cs,
nozzl es aviodgsaBectrodes wth curved or tapered shapes &Q0/USN%8H5aT Or S

wi th straight shapes can be | ess expensive to nmanufacture than other
shapes. Furthernore, nozzles having only an el ectrode 5056, such 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 el ect r ode 2908be mefipridcaf climndwhereiethe Ml inEriatad withsficientirateticnabr ea and
may distribute @{eﬁsﬁ{}} 3t éﬂaé‘q;otlﬁ@ fln 'iﬁgihéﬁt%npcﬁi%ﬂr?fow%% ﬁﬁ%rc}g‘l: GEfEo! yt e
g.m "A) "T1 ow ng e or

fluid 1038 (Fi romthe nozzle. nor uni y di'stributed
el ectric pot ent inafervaedat leavinptie surthéositheabdrr opol i shi ng of wafer 1004.
34 WD 03/ 042433 PCT/ US02/ 36567 [00144] Figs. 6A and 6B illustrates another

exenpl ary nozzl e having insul ator 6054, electrode 6056, and conductive

i nner struct 1 TR0AR MW ai tlrw%%gﬁggggirme@gg gﬁvrﬁ%&'theé& eIy such

as Tantalum “Titani'um stainless ste irtronally, 1nner
structure 6086 iwafdradéss invidentplpen diesshrmids t hat can i ncrease the surface

area of the electrode, and can distribute the electric potential across
nozzl e 6056 nore uniformy. The size of the channels can be in the range

of about 0.1 MMrhe npRBRd ofkhimmo, ARME APV R8g 1l @f@ibﬁbfﬁxfe c]gaﬂt&hgozzl e

and the particul ar application. Preferably,” the Size of each o

channel s can bedegendingomethe portion of thetveaferothat ie befingtecrppoljsbei 45] The
channel s can be fornmed in various cross-sectional shapes, such as those
shown in Figs. 6B to 61. For exanple, channels can be square, fiber-shaped,

strai ght sl ot23, Thegietod sTéSaimVBY @lleBinahs waf@Gt fnged ara hiphseyedbhenand t he
like. In addition, although particular cross-sectional shapes are shown in
Figs. 6B to 61, clepisopatishing|pertions optherwafernear e cami¢r.cr oss- secti onal shape,
such as a triangle, polygon, ellipse, and the like. [00146] The above
detail ed description is provided to illustrate exenplary enbodinents and

i s not i nt end=dThe nethdd oficidimgl9, futrthet includmgatppmalating teovafoineelstion togtle i n t he
art that nunerous difications and variations within the scope of the
present inventi Bﬂzzg‘}')'e

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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possi bl e. For exanple, the different exenplary el ectropolishing

appar atuses, for exanple, the shroud, the conductive nenber, the various
nozzl es, wodspai4e: detectors, and the like nay be used t®getuser/3d5n7 a
single assenbly or may be used separately to enhance a conventi onal

el ectropol i shing apparatus. Accordingly, the present invention is defined
by the appended clains and should not be limted by the description
herein. 35 WO 03/042433 PCT/ US02/ 36567 CLAIMS 1. An apparatus for

el ect r opol i sRPnEheaappatains obddaipt 2& whgrein theiigsterondneiivie raanbeséy frther t he waf er;
an actuator for r I t X fgured to

el ectropolish t%%ﬂfv%g%égr]t;%bga%lé{%é§h?l§géé&ge§g??§eg§%&cﬁg§g@% t he edge of the
wafer. 2. The apparatus of claim1l, wherein the actuator is configured to
rotate the wafer chuck with sufficient rotational spee ,guch t hat _a stream
of el ectrol yB8: Th@l?ﬁparﬂtﬁ%?ﬁ‘éﬁfn%ﬁa“thﬁ@lw@F“ﬂl"%g@&/ﬁ?fg@ foige gergadof t he
wafer. 3. The a Hﬁi . aim2, wherein the electrolyte fluid flows
past the edge o'TE) rllgtl;l{7jesvﬁglfélr1t)gllélnd is incident upon the shroud. 4. The
apparatus of claim2, wherein the wafer is oriented facing down and the
streamof electrolyte fluid. incident on the wafer flows to the edge of the
waf er  bef or 1]‘3}2? PRRGTFRY, (flﬂg_l i ’@é“@@ e???é“ aLge a%,.ieé'%t&iﬁf)‘ifgpgt us of
claiml, wherei g, due; AChURbEY ishdt éd?&lftb% EshduOVArdeplied RlthWafed! t he
chuck depending on the portion of the wafer that is being el ectropolished.
6. The apparatus of claim5, wherein the actuator is configured to rotate
t he chuck at i gher speed .when, el.ectropolishin rtions of the wafer
near the cent‘ggr?hg%’p&fﬁgs 8%6%%@‘8?6% i SHF Wﬂgﬁg’lvﬁrﬁﬁb%a&ngﬁhuck i's
configured to translate in relation to the nozzle. 8. The apparatus of

claim?7, wherein the shroud is configured to nove with the .
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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waf er chuck in relation to the nozzle. 9. The apparatus of claim 7, wherein
the shroud and the wafer chuck are nechanically coupled to nove together
in rel atiwomo424be nozzle. 36 WO 03/042433 PCT/ US02/ 36567 PCTAISOX 567
apparatus of claim1l, wherein the nozzle is configured to nove in relation
to the wafer chuck. 11. The apparatus of claim1l, wherein the shroud is

posi tioned alQuThd apparitas abelbim 28, vhersih feMfitthenddgeeaherhbe illlueka 12. The
apparatus of claim1, wherein the shroud is positioned about 5 mmfromthe

edge of the c husiingpgemiere apparatus of claim1l1l, wherein the sidewall of

t he shroud includes an L- shape cross-section. 14. The apparatus of claim
1, wherein the sidewall of the shroud is tapered. 15. The apparatus of
claim 1, wherdi Thé bgpasatdevilhinod0, wherchh thewgrieg hesmiser &néigard thedmavtt he
chuck. 16. The apparatus of claim ], wherein the shroud includes plastic or
ceranic materi é‘ll.ouJ‘E?Pel"Fﬁ%te%l%%E?ﬁ’ta - of claim1, wherein the shroud

i ncludes anticorrosive netals or alloys. 18. The apparatus of claiml1,
wherein the shroud is coated with an electrolyte fluid- resistant naterial .
19. A et hod 42oThe hgmtratop of ¢lgim 4@ véhesdmileopdug nwmbeaielydes @spingsi ng t he
acts of: electropolishing the wafer with a streamof electrolyte fluid,
rotating the wafer such that the electrolyte fluid incident upon the wafer

flows acrossstfrge §%§Jr§tﬁ§09$laﬁlb¢0,‘$ﬁfe%in H{M?ﬁﬁg nidhgbe tafudet a pheaiwaber ; and
positioning a shroud adj acent the edge of the wafer. 37
coiled springs arranged around the perimeter of the wafer.

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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WO 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 nci dent wo oshesmfer flows to the edge of the wafer wtRroWtUSIEISHTg t he
surface of the wafer. 21. The nethod of claim 19, wherein the electrolyte
fluid flows past the edge of the wafer and is incident upon the shroud.
22. The method of claim19, further including varying the rotation of the
chuck depending on the portl on of the wafer that is, being electropolished.
23. The net hdd- *ghe apnsraipof cm%whef%ﬂm?@nd@n mtlé{@@&er&er B3Agher speed
when el eCtrOpOnBlg{l?gccPa F of the wafer near the center. 24. The

met hod of clai mT ncI uding translating the wafer in relation to
the nozzle. 25. The nethod of claim 19, further including novi ng t he

shroud in rel t|on to the ozz£ 26. The thod of claim19, her
i ncl udi ng nmovengh ¢ AP §. fréergin & secop GEHENVC P Flastﬂoélﬁ‘ofl he

nozzle. 27. Theagﬁw%e%fec&{@éoﬁmaamwrﬁﬁe?%ppmﬂe ¢ifRoyareYi ng the nozzle in
relation to the wafer . An apparat us |ngavvafer conprising: a
body to support the wafer and expose one side of the wafer to a stream of
electrolyteflwd onductive nber nfi gqur dtoa |y a charge
to the wafer: tg éé‘&fﬁ}%‘ﬁe%ﬁa%‘t??’%ﬁél ‘ﬁ‘@r'?‘g é’go}?%lsg’gl 8exposed to
the stream of ﬁllogggsr&; 1sifg the@ets 38 VWO 03/ 042433 PCT/ US02/ 36567 29. The

apparatus of claim 28, erein the first conductive nmenber is further
configured to be ipssitioning #susfee plthe wefeain o stredne of elestyaliteffiuid; d.

applying an electric charge to the wafer with a first conductive member; and

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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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 claim28, wherejin the second conductive
menber i ncl uifeThe metldd of3gainTHe futheningtudingrdivsting wne of thgielackicecharge second

conductive nmenber..is i contac th t . : of claim
28, wherein an2PREH tgttﬂ‘?/‘é{a%é%eﬁhe :é\ise&pr)lgm ?{g\gﬁégﬁ%de%&g%%&g?(ﬁg&%?%ﬁ and the
second conduct iyen¥ee mdlstive t3 fhe dth&. appar atus of cl aim 36, wherein the

i nsul ative nmenber forns a seal between the conductive nenber and the
waf er. 38. The apparatus of claim 36, wherein the insulative nenber

includes an g-eihng. . 3 [ ' , élc\%?ﬂ. i QidhRepensul ative
menber inclu é?hgyn‘:tt%%cf?fcc-mr?ﬂu%%g\?‘?%ggﬁﬁ%ieggyﬁé@égaf’ Lﬁg%gl}t%%%? 40. The
appar at us of clpaiver &spplywherein the first conductive nmenber inlclues a

spring menber 41. The apparatus of claim40, wherein the spring nmenber is
configured to contact an outer perineter of the wafer. 42. The apparatus

of ¢l ai m 40, 6leGhdinddIr SR 5] WHERAL helMel ittt s Y aglicd ith aEC appar at us

of claim 40, Wherern the spring ne r includes a plurality of coiled

springs arrangedwar supplly.t he perinmeter of the wafer. 44. The apparatus of
claim 40, wherein a second insul ative nenber is inserted

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

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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bet ween the spring nenber and the second conductive nenber. 45. The
apparatus of claim 28, wherein one of the electrical charge applied by the
first corwomBiovm3srenber and a el ectrical charge applied bpCrhsSoysasend
conductive nmenber 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

i ncludi ng an AC power supply configured to apply the electrical charge.
48. The appat&ilhe apparatvaioficRén 604rehestin thveozzleis wenidginediat @ Yeiopdhber i s

positioned wthin an.i,nsulative [y as: 1) aratus of claim 48,
wherein the i néﬁFaFi @ﬂf?e‘?%tg 15 gnsi&??ﬁeééﬂvégp tbfﬂlgozgfégar atus of claim 28,
further including at | east one resistor to vary the electric charge
applied to the wafer or an electric charge applied to the second

conduct i ve neide apparatas of slagm £ 3yrthergonguisimgaswatier shuck-eraligigpdfoat us of
cl aim 28, Wnerei% ttﬁ% aé:rond conductive nenber has an insulative coating

| ayer. 52. The "8Bparatus of claim 28, wherein a second insul ative nenber is

positioned on a side of the second conductive nenber opposite of the

waf er. 53. A nethod for hal ding_a sen condquctor wafer durin n

el ect r opol i sh9-nihe ﬁﬂpé@%é{f‘?@é‘ﬁ%ﬁi ‘é’h"ﬁ@lnttﬁ% Lid; detegfor %%W?BH%F@I%P surface of

the wafer in ac%h?eqﬁf&i%irﬁél@%ﬁ?l yte fluid; applying an electric charge to
n

the wafer with a first conductive nenber; and applying an electric charge
to a second conductive nenber, wherein the second conductive nenber is

configured tg aw a current .fr the elecgtrolyte. fluid on the surface of
the wafer. 54 -%@%Pﬂ&ﬁ&*%ﬂﬁ%‘g? m\?\ﬁl‘g’r‘]@i %é/#ﬁqgesslg%‘?{ae%clgh%eucti ve menber
draws current ejectrolyte 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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near the edge of the wafer to reduce the polishing rate. 55. The nethod of
claim53, wherein the wafer is rotated such that the electrolyte fluid

fl ows towaods/0iNae3 edge of the wafer. 56. The nethod of cl @CmB8/36sher ei n

t he second conductive nenber is positioned near the edge of the wafer. 57.
The nethod of clain153 wherein the second conductive nenber is a ring of

metal . Eﬁé}ﬁ Rk o‘f#}l%irﬁ%g AwhdrbihitheEnd-péihtekiteGordclids whafiiasonige mber

p05|t|oned et viee and the second conductive nmenber. 59. The

met hod of cl ai des8torwherein the conductive nenber is positioned adjacent
the wafer. 41 WO 03/ 042433 PCT/ US02/ 36567 60. The nethod of claim 53,
further including adjusting one of the electric charge applied to the wafer

and the el ecyg, 'ﬁe%?géﬁﬁ;s%% i 851 Whdrbia theeaRpoiapaelewtdd Meludd¥riber rel ative
to the other. e nethod of claim53, wherein the electric charges are

applied with aeB@UOpm@&ﬂughmﬁﬂy 62. The nmethod of claim53, wherein the
el ectric charges are applied with an AC power supply. 63. The nethod of
cl aim 53, wherein the second conductive nmenber is positioned wthin an

insul ative nggh@e.a gér-atu-ﬁhﬂ‘cfﬁﬁhfﬁg,dwﬂéreﬁﬂthé andpointbdeecomintlndesiansiddgt i ve
menber is a ring. g An apparatus for nonitoring the end-point of an

el ectropol i shi symphiodasestoref a netal |ayer formed on a wafer, conprising: a
nozzl e configured to el ectropolish the netal |ayer; an end-point detector
di sposed adj acent to said nozzle; a reservoir containing an electrolyte
fluid and cogplE® dppas@isbfisiml6s; further comprising a second fluid detector to

measure a second property of the fluid.

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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a fluid detector disposed in the reservoir, wherein the fluid detector
nmeasures a property of the fluid, and the end-point detector is configured
t o neasurwoOwalex3properties taking into consideration theCrassuses6?
property of the fluid. 66. The apparatus of claim65, wherein said
apparatus is further configured to end the el ectropolishing process when a

measur ed property, i rﬁ/@ i@ ESwaler hrRhaRéd ¥pthdend Héint dbtectappar at us
of claim 65, V\heree\ﬁlua%lﬁg n Zr§;|§ee and t he end- poai nt }get ect-gr are . configured

to nove toget hekinging ewisideptibn dte mppwties of theflpidoneasyredbpdhedidr . 42 W0
03/ 042433 PCT/ Us02/ 36567 68. The apparatus of claim65, wherein the nozzle
i s configured 48G9t atj onary nozzle and the wafer is translated rel ative
to the nozzle. 69. The apparatus of claim 65, further conprising a wafer

chuck configured to rotate the wafer. 70. The apparatus of clai m 65,
wher ei n t he $8. The nishesbofolaimets whersinthgsebef qlesiropelishing {6 P‘é‘ieido‘ﬂhanf‘ t he

Fluid 710 The pogt gL ol @\ Geoktl hBgEARYCI ng el ectrodes | mmer sed

inthe electr8t nf1rgure o renoVe netal ions fromthe
electrolyte fluid if the netal ion concentration reaches a pre-set val ue.

72. The apparatus of claim71,_ wherein if the tal ion.concentration
reaches a s¥:die mythodset clyig g]ewthﬁ@lféi‘é‘é@l%@&{ﬁgfe ‘5'@8??% fl‘?j?f?%rdarfo stop

renpvi ng nmetal | 0 I i; ; f clai
b whoreim tnsoffigsd LRLEOReahESD Rabfoliditre! BorlBheoRAOMELS U clalm

apparatus of claim 73, wherein the optical detector includes a red |ight.
75. The apparatus of claim.73 retLn. the tical detector i des a

whi te |ight.20-Ade nT‘FfEOAaB#)‘g]?lg’t %73\14@? eEF%lqﬁ%&g?%Pﬁéﬁe Vet Tt |dr}}§%égr ef | ect or
wherein the Opts{acfi%hary 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.

45



detector reflects light from 77. The apparatus of claim65, wherein the
end- poi nt detector includes an optical reflection detector. 43 WO

03/ 042433wWB@3hu382/ 36567 78. The apparatus of claim 65, WReEUSIN3ESHE
end- poi nt detector includes an ultrasonic detector. 79. The apparatus of
cl ai m 65, wherein the end-point detector includes an electromagnetic

detector. 80hg The ARRG S dsimT6, flrtHeiRRidindRrflekting light &0 Priettoitaet or
i ncl udes an Eddy- current detector. 81. The apparatus of claim65, further

conpri sing a septical detegiod detector to neasure a second property of the
fluid. 82. The apparatus of claim 81, wherein the end-point detector is
configured to neasure wafer properties taking into consideration the

second nmeasuEdheRAAR&I bfclaliin §Thehkldin the eB3-pofhdeppaimiudss af optical m 81,
wherein the second fluid detector includes an optical detector. 84. The

appar at us of clrefl¢ptign detgpieF-ei n t he optical detector includes a blue |ight.
85. The apparatus of claim8l, wherein the optical detector includes a
white light. 86. The apparatus of claim81l, wherein the optical detector
det ects bubbi@g i Thé hethodlofclaimBY} whérbinithe e@poiAt detdtiadndbdetenmect i ng t he
end- point of an_el ectropolishing process of a wafer, conprising the acts
of : el ectropol i%‘ﬁ@ﬁ‘?@lctq? Clgdf er using an electrolyte fluid; measuring
properties of the wafer using an end-point detector; neasuring properties
of the electrolyte fluid using a fluid detector; and 44

101. The method of claim 87, wherein the end-point detector includes an

electromagnetic detector.

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.
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WO 03/ 042433 PCT/ US02/ 36567 evaluating the properties of the wafer
nmeasured by the end-point detector taking into consideration the properties
of the flwpDd3measured by the fluid detector. 88. The net Rod/ush2/adsel m 87,
wherein the act of electropolishing is ended when a neasured property of
the wafer reaches a target value. 89. The nethod of claim87, wherein a

nozzl e and t{@. enghPrictlodPELREH 02 aNKereit @R sc@bhiddptical dastort degtsher to
el ectropolish discrete portions of the wafer. 90. The method of claim 87,

further incl udibulbles imte slechglytefluidaf er relative to a stationary nozzle.
91. The nmethod of claim87, further including rotating the wafer with a
wafer chuck. 92. The nethod of claim87, further including neasuring a

metal ion copgent patdpparateffortdietiobolihing 4 fragmentéd mieth] thytemi @r . 93. The
met hod of claim92, further_ including renmoving netal ions fromthe
el ectrol yte fl wearigondugiar yafehCOMPHSEBncent rati on reaches a pre-set val ue.

94. The appar at usa%af&'cﬁb%%?%%l%tg{?Osla.fécl‘; the nmetal ion concentration

reaches a second pre-se ions are no |onger renmoved fromthe
el ectrolyte fl ui dcoRuctiVmenbeiadwat the paiime®7 of thieevafenchutlg f 1 ui d det ect or
i ncludes an optical detector. .96, The neth of ¢lajm.87 erei:n the
optical detector PREFAIEEQTIgUFed o dirgefia stiggm O%dﬁéecﬁgfyﬁ%gmggoélsgﬁq?ﬁe g?h%er ein
t he opti cal det\gé%loran' ncludes a white light. 45 WD 03/042433

PCT/ US02/ 36567 7 The method of claim96, further including reflecting
light from a refl extcnatbocarfiguredpo refale thiewafer shuckosith sriicigeitmatstiongl cl ai m

th e\(l:\{]g; eint hespgg o o:{rrrqta tﬁix%tfﬁr%to?%lécﬁgiﬁedﬁgid%@r0%5) feSRiface SHihEGhteP B

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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100. The nethod of claim 87, wherein the end-point detector includes an
ul trasonic detector. 101. The nethod of claim87, wherein the end-point
det ect or wooBeas3 an el ectromagnetic detector. 102. The merhusdz/afseéT] ai m
87, further including nmeasuring a second property of the fluid. 103. The
met hod of claim 102, wherein the end-point detector is configured to

measure waf erj5pr opgy éipﬁﬁlt&sadﬂc[ﬁnl 10 owh @bkl tHe hetzlon cohfigiwed pndoveasur ed
property of the flui 104, The nethod of claim 103, wherein the second

property of theelatian g thewafeghisked with a second detector. 105. The nethod
of claim 102, wherein the second fluid detector includes an opti cal
detector. 106. The nethod of claim 102, wherein the second optical detector
includes a fleue ThasPparatésiof cldie 1095 ﬁmﬁenmcmldmgm sho@yd seinered thetwadersecond
optical detector includes a white light. 46 WO 03/042433 PCT/ US02/ 36567
108. The net ho&bwik.cl ai m 102, wherein the second optical detector detects
bubbles in the electrol yte fI uid. 109. An apparatus for el ectropol ishing a
fragmented netal |ayer on a sem conductor wafer, conprising: a wafer chuck
for hol di ng 1ie WBheappasataookblaimi M6, whersir the sond mdves ]?Yethlthﬁe\t/@fﬁf gruckhe
waf er chuck; a nozzle co flgu ed to direct a streamof electrolyte fluid to
a surface of t farelgfigndp ea?l‘&Fzgfn actuator configured to rotate the wafer
chuck with sufficient rotational

118. The apparatus of claim 116, wherein the shroud and the wafer chuck are

mechanically coupled to move 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.
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speed to forma thin filmof electrolyte fluid across the surface of the
wafer to electrically connect the fragnented netal |ayer. 110. The

appar at uswofo3o#zsin 109, wherein the thin film of el ectrol yce/dshusaset orns a
path to conduct a current between the electrolyte fluid and the conductive
menber. 111. The apparatus of claim 109, wherein the wafer is oriented

facing down pl  TheaSlatfa00QIaiR 186! WvRkxinetht khiodd ifedattdwittod élbgrobaber
flows to the edge of the wafer before falling fromthe surface of the

waf er. 112. Thdluappesisant mapdriabl ai m 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 actuatorijs canhb@yd &t d@irbpslzhgtafeagnidisekmatal Byér apesendgmddctahen
el ectropolishing portions of the wafer near the center. 114. The apparatus
of claim 109, el comprigingdhieactsdhuck is confi gured to translate the wafer

inrelation to the nozz . 0 | hd@ber NE
apparatus of cl ai ﬁ?@gé,é&m?ifg?é'ft}r?gtv%gérncgééggmrg%dgﬁ?%éﬁlgglga\t’eo m)veér in
relation to thgoshfoaed alouad theptfimehef thepeafat; us of clai m 109, further

i ncludi ng a shroud surround the fer. chuck. 117, The, apparatus of claim
116, wherein the §]¢P‘6@R91W51&‘SéhwgﬁﬁrWﬁﬁa\ﬁg?woéﬁf?EQOIY{érﬂ‘P@Ia&fli on to the

nozzle. 118. The ?&gﬁ@&g&a‘ﬁréglﬁhgﬂtﬁé@}ec%‘@{eﬁﬂﬁld?iﬁ&de‘hhﬁ handfdrhe waf er

chuck are mechanic to nove togéther in relation to the nozzle.
119. The appar dbuss athin filof tlkerolyedied an thessusfacoabthe svafssi t i oned about 1
mmto about 10 mmfromthe edge of the wafer chuck.

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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120. The apparatus of claim 116, wherein the shroud is positioned about 5
mm fromthe edge of the chuck. 121. The apparatus of claim 116, wherein

t he si dewwablo3iz4she shroud i ncludes an L-shape cross-sectPCorusodaa67 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 bel ow the chuck. 124. The apparatus of cl ai m 116, wherein the
shroud includes plastic or ceramic naterial,. 125, app s of claim
116, wher ei nl3he The wathorl 06 plaime 42 Arfiithes ingdudips maovin %S}E?Pu‘gf‘l}%g 48 WO

03/ 042433 PCT/ US at us of claim116, wherein the
shroud is coat g&g%dtgggflgeﬁlgﬁéﬁonﬁp% UI d-resistant material. 127. A

nmet hod for el ectropolishing a fragnent ed netal |ayer on a sem conductor

waf er, conprising the acts of; holding a er with waf er. c
i ncl udes a clc?’r%luc?h@/@eﬂ@fjfi%?lalnbé%hdlﬁﬁ%dnéﬁ BRe ‘SEP?WE‘? e 10’? waf er;

el ectropol i shi &Qﬁ wafer with a streamof electrolyte fluid; and
rotating the wafer such that the electrolyte fluid incident upon the wafer
forms a thin filmof el ectrolyte quid on the surface of the wafer. 128.
The net hod of_claim 127, wafer s rotated with sufficient

in
rotational spted A0@RPLANE %tle PB‘P &3 WAELINEPHERE on the wafer flows to

the edge of the yghsle HblHMdhﬁélﬁ%&'td‘l%la e 86 begereafoztlbgadjadent to 429. The
met hod of claim 127, further including varying the rotation of the chuck

dependi ng on the pmpﬂybm@ﬁeldctrelywaﬂmd wherelti s bei ng el ectropol i shed. 130.
The method of clal man% ast one of?he nozzehv@dce andﬁ‘le sﬂlgﬁgr?Qe ﬂfov@raét%etf) ﬂ,?eoeed

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.
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when el ectropolishing portions of the wafer near the center. 131. The

met hod of claim 127, further including translating, the wafer in relation
to the nowolos/042432. The net hod of claim 127, further incl ®dirgopasst i oni ng
a shroud around the wafer chuck. 133. The nethod of claim 127, wherein the
el ectrolyte fluid flows past the edge of the wafer and is incident upon

the shroud. 1184. THhG,PRLAOHE Qhinf I 3, Fulidf indludihBen endipbititidareztomvi ng t he
shroud in rélation t8 the nozzle. 49 WD 03/042433 PCT/ US02/ 36567 135. The
net hod of cl ai posithed djacdnt theinoezlgdiol§r-novi ng t he shroud and the wafer
together in relation to the nozzle. 136. The nmethod of claim 127, further

i ncl udi ng noving the nozzle in relation to the wafer. 137. An apparatus

for el ectropgki shiHRGppamek Of clak® BT, faithg includiag alntovabledase, sdwfdgsaiéd t o
hol d one two or nore nozzles_ adjacent to supply line of electrolyte
fluid, mhereinmaukﬂgdéﬂﬂﬁﬁémbﬂt?ﬁ@dﬁ@%@bgﬁﬁﬁ?der and the supply |ine nove
relative to the other to couple one of the two or nore nozzles to the
supply line of electrolyte fluid. 138. The apparatus of claim 137, further
i ncl udi ng an4gct Uﬁ{eCHpFax\afﬂBFoﬁbllairh h45, wletreiattioe mosatlobdse gueadigirsditot at e t he
nozzl e hol der to couple one of the two o re nozzles. 139. The apparatus
of ol ai m 137, vivse & hliness diresmnanddheRnzzlehalirdse eRp Ge mat oy i a
140. The apparatus of claim 137, wherein the nozzle hol der includes a non-
corrosive material . .

147. A method for electropolishing a semiconductor wafer, comprising the acts

of:

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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141. The apparatus of claim 137, wherein the nozzle holder is nade of
plastic. 142. The apparatus of claim 137, wherein the nozzle hol der and

t he one owomN&43nozzl es are integrally forned. 143. The apparsar/sssedpf claim
137, wherein the two or nore nozzles include at least two different
profiles. 50 WD 03/042433 PCT/ US02/ 36567 144. The apparatus of claim 137,

further includi ngdigettiapd sReinnbf dettasieflidsi the ared laydr withveryifenomikz | e
hol der. 145. The apparatus of claim 137, further including a novable base,

wherein said moddbedependiag on theaiiguler pretisafthemetabipEethase. 146. The
apparatus of claim 145, wherein the novable base is configured to nove in
a linear direction and the nozzle holder is configured to rotate. 147. A
met hod for eis%t r vpOhietdi bOclains & 62 crindeiatts varging mpzdenjpciude two vhmorct s of :
providing a wafer; providing_a supply of electrolyte fluid; providing two
or nore nozzl eﬁlﬁfﬁéﬂtfé’ﬂé‘eﬁﬁg‘ﬂ%i cally coupl ed together; novably
positioning one of the two or nore nozzles to the supply of electrolyte
fluid to direct a streamof electrolyte fluid towards the wafer. 148. The
met hod of cl 864n 14Ke mathed ef olairhd 52 ywehereinrthe warpimg noedesprodwsciaayingal | y
coupl ed through g nozzle holder. 149. The method of claim 148, wherein the
act of novably B9 §1iuflg64’ﬂ‘?ﬁ'\g one of the two or nore nozzles includes
rotating the nozzle holder. 150. The nmethod of claim 148, wherein the act
of novabl e positioning the nozzles includes translating the nozzle hol der
in a linear #5%.ecThemettb8bf clfme 1421 Woeteinfthe varyingnezzlesweselesicd 2 two or

more nozzles | r}ﬁclzhligg re?a'{tivlel(gf%%h pcgl\ll\s?lindgi rfa{eg bf Hick B&ﬁhﬁs &Y RE B 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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152. The nethod of claim 147, further including: determning the profile of
a netal |layer on the wafer; and 51 WO 03/042433 PCT/ US02/ 36567 directing
a streamwD osloeasy ol yte fluid at the nmetal |ayer wth varpPCa@Son2esbe
profiles depending on the particular profile of the netal |ayer. 153. The
met hod of cl aim 152, wherein the varying nozzles include two or nore

di fferent noggle m&{dzh%fcﬂaﬁﬁ 15Thrthet ineltdig achoaduntivs Arustherdispostdie
varyi ng nozzl es produce varying polishing rates. 155. The method of claim

152, wher ei n t gthimthgichapnebzzl es are selected to include relatively high
pO|IShI ng rates on thick portions of the netal layer and relatively |ow
polishing rates on thin portions of the netal |ayer. 156. The net hod of
claim 152, whgr ei Thd fzRid@kidia 161, whereiehakoldaytive staictueinsiudenadodsi t h an
end- poi nt detector positioned adjacent the two or nore nozzles. 157. A
nozzl e for electropolishing a sem conductor wafer, conprising: a channel

wth stdeval|e, ang, s, Rl e AR Nanben ot b SnibhirE MBhles a@bECt Ol Vi e

fluid, wherein'the annel 1 nclu conductive material, and the

sidewal I's are qesiietedneiliintthecidiselal openi ng. 158. The nozzl e of claim 157,
further including an insulator disposed on an exterior of the sidewalls in
relation to the channel. 159. The nozzl e of claim 157, wherein the channel

includes a cygjnd ﬁ:'lfwi‘a 1630whdfh thezéhdic@ie ghithfe MeTudesher ei n t he
channel i ncl xéid'es gh%%gnzlzca yﬁnl ndrrvca shape. 52 WO 03/042433

PCT/ US02/ 36567 plurality of channels.

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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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 weOIB/uxBlre i ncludes a rod. 163. The nozzl e of e@lCaiusndsbs7 wher 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 of channels. 165. The nozzle of claim 164, wherein the

cross-sectional size of the plurality of channels are in tqftl?i.range of
about 0.1 toldD nifhe method Phelain168.cwharein apomionsof theAenlated mefal is

cross-sectional,.size,of e pl i of channels are about one-tenth the
size of the di @Fdaﬂ‘to%%ed%t}ghﬁé:ﬂwdim. A nethod for deplating a nozzle

used in an el ectropolishing apparatus, conprising the acts of: providing
an electrolyte fluid through the noz

( e, and appl.ying an.electic charge to
the nozzle, Whr eilhe mgthod od glaimd 68 %y 3@1niascongg1ﬁxgpé%pg@e{ayqn§%{bg nmetal ions
fromthe nozzl eélec:lf)i%g’t Hﬁﬂigﬁﬁmgw&ﬁéﬂ éigﬂt" further including applying a

a1°ect o g?(gn

second opposite ric arge to a s nozzl e, wherein said
electrolyte fluid fornms a path between the first nozzle and the second

nozzl e. 169. The t ho f clai 68, ,wherei.n the nozzle.and {.h econd
nozzle are B/dugh e&egegpfflﬁg‘@?ﬁérgﬁf&ﬁ GG TEEEIg ﬁ’r?geleﬁ%cc%hsagg.eséﬂo. The
met hod of cl ai ebafe 1YANensit kIRNE9EEhE nbslan apReetaRdiinoageond  nozzl e

is a cathode. WO 03/ 042433 PCT/ US02/ 36567 1. The nethod of claim 168,
wherein a portion of the deplated netal is dissolved into the electrolyte

fluid. 172. -WE nPTIhQ ?rgeth%fd o%lc aiirrl]l1 l%g,swhevrwéﬁlrtﬁ!e Rof21&A8 gﬁ%ﬂ&ﬁea&d.dcme QJcoﬁ@t al ions

in the
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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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 amsotohm4mexond nozzl e to deplate the second nozzl e PCTARA2/36hE et 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 sud@lly. ThéGnetHdueofrobtimoky7ovhetedi the h67zle istvbreged witheanndE plowver s
charged with an AC power supply. 177. The nethod of claim 167, further

i ncl udi ng appl y?W8Y% second opposite electric charge to a wafer. 178. The
met hod of claim 177, wherein a portion of the deplated netal is dissolved
into the electrolyte fluid. 179. The nethod of claim 177, wherein a
concentrati od83f riheanethahofictaimhks7, Birther insluding dppliing & sccabdapp@iteor | ess by
wei ght. 180. Th th {?clalmﬂ? wherein the nozzle is charged with a
DC power suppl gleé{g‘ﬁcgﬁg?) /% 1 2/ 36567 181. The method of claim
177, wherein the nozzle is charged with an AC power supply. 182. The

met hod of claim 167, further including applying a second opposite electric
charge to a conductive material. 55
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