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1 Method and Apparatus for Plating Sem conduct or

Waf ers 5 BACKGROUND OF THE | NVENTI ON [ 00011 In the
fabrication of sem conductor devices such as
integrated circuits, nenory cells, and the like, a
series of manufacturing operations are perforned to
define features on sem conductor wafers. The

sem conductor wafers include integrated circuit
devices in the formof multi-level structures defined

on a {ilhc b | I I

tr ans M0l SbbE En <o REHBRE SThFishBUGesod Vaters
I n subsequent |evels, interconnect netallization
lines are patterned and electrically connected to the
transi stor devices to define a desired integrated

circuit device. Also, patterned conductive |ayers are
insulated fromother conductive layers by dielectric

materials. [000 I ring

operations for géééEﬁ&gidgihﬁﬁgﬁgﬂﬂégihéghiconductor

15 wafers can include an el ectroplating process for

[é@idi] my tiepfabricationt af dehdcmidnétac devifestdueh as emtegreted uartcoits, memory
waf er. Conventignal |y, electroplatijng is rformeqd in

cgll% gRf et kcagrsgrics ol i Hesirang SRTIBE Q%B&FWE@ T Highne eatures
R B G w SRR ISk bhd@tof Wtk s B %'int@%ﬁraleﬂg:itrcﬂﬁ devices in
conventional electroplating process, the wafer is

tiwa fortrabh echltideval segmirey defintdend iaadiliouint substrgspAct fubsteate level,
positively charged anode plate, wherein the anode

t3ngpter ﬂ%‘”%‘ﬁb‘g’tﬂé%? i rquyregtmaw@z’@mwssinz%Jbﬁeﬂuefwelemgﬁ,eunﬁerwmect
nﬁl’%]i%ﬁgeﬁr@k € phiferfidd I HREBLARA corhcl B (SRS Bﬁfﬁié’t&e devices to
and maintained “In a position proxinmte to an

definah ldedirediihtegtated cdmbie devit@QOI3d, datteined comdcplatayey are insulated

process the wafer ct% as a cat hode. Thus, the wafer
froan plligisandpctivedayses & dglestric alsnaonnect ed to a nunber

[?%OZE lﬁ%%é?&mgéﬁgﬁg%%ﬁ)gﬁtm% ﬁpgéfgﬂgéféaflﬁes i is%rﬁg:onductor

e unifo aroun rimeter o
wiiére rcan rificlbde en 2kcaofistisnpioatdsyfomatiding dnateridl atotthe surface of the
resi stances in order to _achieve a uniformcuyrent
SENEOPHURT Waleh Fysntionellyatliestroniaing g rt%tjénﬁv%c{ o gepogplete wafer

eg%cgrtgé]%gﬁ% ?Hc@&op R\Qﬂﬁeﬁlﬁ Untir?wiRP 'sulljlrmalfgg{ {i‘i‘l GH rcﬁ@c‘i‘ﬁoly‘ce. During the

on across the wafer can re in a
conventiohdl ail satpplating grdchdse kressfer Banaamited eat wafegative potential with
100041 Wil e the conven i?nal conpl ete
R

reiPEEk P GRIOAIVRY Ghriseese gieac‘albf‘aﬁinéhwnovggg’?%% Bodpgtapfiplly equal
S e 8051 MBS bt 1 RO s
ih Apoavienpriximate teheicparadjel atthnige wefehnol ogy appl i cabl e

[t()(?03] During the plating process the wafer acts as a cathode. Thus, the wafer is required
to be electrically connected to a number of electrodes. The number of electrodes are
required to be uniformly distributed around a perimeter of the wafer and have
substantially matched contact resistances in order to achieve a uniform current
distribution across the wafer. In the complete wafer electroplating processor, a non-
uniform current distribution across the wafer can result in a non-uniform plating thickness
across the wafer.

[0004] While the conventional complete wafer electroplating processor is capable of

depositing material on the surface of the wafer, there is an ever present need to continue
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mat eri al deposition during sem conductor wafer
fabrication. SUVWARY OF THE | NVENTI ON (0005] In one
enbodi ment, an apparatus for electroplating a

sem conductor wafer is 5 disclosed. The apparatus

i ncl udes a wafer support configured to hold a wafer.
The apparatus also includes a first el ectrode di sposed
at a first location that is proximate to a periphery
of the wafer support. The first el ectrode can be noved

ectrlic n '

"EF IR S CRNelp R IR bk s opRARpaceb IR, dfeante
malesial dépositiod dsring s:mdcodueloe vtfendbriditsposed at a second

| ocation that is proximate to the 10 peri phery of the

waf er support. EUBHHABBTQEHEHiHﬁVENTHMEstant|aIIy
opposite fromthe first location relative to the

[mgﬂn %HPF%Q{Hoduﬂ'é?l? SEGPNAaE! 86t LRAGfAMDE smyc%@aﬁam wafer is
electrically connect wth and di sconnect fromt

diseloerd. t Thebeaprhaedtas ltr;cludee avfabar sppeoraonfigired tadpzldai wafer. The

further inc nod onfigured. tq be disposed .
SRR SR oS TGP SREOA A Tt IBG AR By Pimate o a
pé\?ﬁl&acﬁmﬁ%éfer J@g?ﬁnpﬂ@ﬁfsﬁ cled@SR @nMRCheNIH AL ectrically connect

e area 15 Ined to be substantially parallel
witht etmdadisbopnm'rﬁwm thetveafamtouppleld by rtlﬁeawefeo{sunplmet WAt @pparatus also

T e, rectan rface area has ong di pensi on that
gt 5 aci00d eliramode o poarth o e ot ARGy © FREIMAE o the
péﬁﬁ{eﬂngﬂhéﬁva%ﬂ %ﬁﬁﬁ)@t h&8echbid fdéﬁﬁ&ﬁ% sgl?sftdn@ﬁﬂy B¥pite from the first
second dinmension that Is |ess than the di ane er of
ladagomedigive tAdiok Wafﬂen alppprt. The saood eleatnalde ¢ra beaheved to electrically
support are configured to noye with,res t o .one
oGHIseh it i dfsprnelt Boms Jeo il glonas el BY ibe 418t Sugort. The
agl!r)]e&é}% AtherRetiddes aﬁ%ﬁ@&@c&ﬁ%ﬁ?eﬁ%%e cﬁ%@e& Badr dnM&pper surface of
ode can traverse over an entirety of the upper
tisuwifac & of helthdywd enfenkepporth@hoahate inslufiesl ardotangklar surface area

fer sup 0006 her .enbodi nent, an
dﬁ@%@fﬁfﬁgwt& daarailﬁl Hith g0 AICRRPEIA ISR SHafegp of the waer
T4k %?dtﬁ%ﬁgr sJH&eaaQ&aﬁe%téJQn? r(‘.l?ljné’rg?o?l Rat Rl rlea%#&ﬁ@f to a diameter of
configured to hold a wafe The apparatus al so
thenehied€khearetiangtlareduglate ode idisihos dchirat] by 4 second dimension that is

! ' f th
e e irariet b ey wh | RUFdA% fhs e e Ak Beawafig support are
cf)hﬁ%.\tredjﬁrﬁ‘nw‘&ﬁh r ﬁocft t®bnd Both&bah ﬁrdlﬁé’tﬂﬁloéxttendﬂﬁéct\%&t the first

rode 1s also vably configured to electrically
ctuotrodecdndtthe secoad electtalepsich ¢had theyanbtie cameti aerss wypoant entirety of the
The ap tus f er .include second, el ect rode
WBPEsHLaTE Do e IS CHRTF R DR SY TR el HPAE:
Sl SHRRR obiliahe o SBRICRERRE! wat
[P@dﬁﬁgﬁ&%}iﬁr}g@l%n%ﬂ a sec%%]g)r%g%l B era ahaI % of th Wa er s
digafoaed. sTipp aplbaratﬁh endxes ex ovederpauppph eccalfighaki f tooholtihe wafer The

waf er support xcl usive of the first peripheral
oRRAAuS F1SD e Tudga R roalgsars dneisd sbe it tefidiep Piree @ periphery

oRROw ATRY & ¥rt CRRE Y iR Q0B RATE FA! didh CPREsBHErighRRI half of the

wafer support. The first electrode is also movably configured to electrically contact the

wafer to be held by the wafer support. The apparatus further includes a second electrode
disposed at a second location proximate to the periphery of the wafer support, such that
the second location resides along a second peripheral half of the wafer support. The
second peripheral half of the wafer support is exclusive of the first peripheral half of the

wafer support. The second electrode is also movably configured to electrically contact the
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3 wafer to be held by the wafer support. Additionally,

t he apparatus includes an anode configured to be

di sposed over an upper surface of the wafer to be held

by the wafer support. The anode has a rectangul ar

surface area defined to be substantially parallel with

and proximate to an upper surface of the wafer. The
rectangul ar surface area has3a | ong 5 di nension that

is at least equal to a dianmeter of the wafer and a

I

wtﬁﬁegqg\g) dﬁéﬁ@ér E e‘grdri:%tr 3 pﬁoﬁeﬁgglg) gﬁﬁg&ngﬂ@ gﬁa?ﬁlﬁé Scl®fes an anode

confignesdt toalbee disposed ioydr el upperlmvface/\/bf ther wafeedd bt debihby the wafer
another in a direction extFndlng tween the fi

swpelt | BridncdRdias pesckwesiir swiase Weédiéﬁnw@rbwsﬁta@t@y parallel with

r
oA BRSAERE4S b URE A offRe Riilr, ThY redlanglfy sfiBREfurea has @ long
dimffrﬁfonsmlzpp@ at least @qlﬁdl)@(OlelahﬂeteimﬁtlhEGWaEn‘amﬂ ) mhd danenswn that is
sem conduct or waf er electroglatlng systfnwls

lagp deanolbe dlameteols thersfer furterawere tarapdes gshie wafer support are

oS oSG e s &tpﬂ%ﬁe GhotRh 8 a dw&lo%yé&&m%&%em the first
' ncl udes an anode gure to traverse over e

elsafrede dphosccosd ¢leatodeesubh G ehefanodd canl teavatst onertam eatirety of the
second | ocati on, Each of the first |ocation and the

uppes SHidageat b wafer whemihg waferdeheld by the walessupeor:

r [
) LGS BB AL SHERR P A o B, S8R hcon
Tak egdtérnphdude’ g @@ﬂeubm@brtmm\memdaid@d no hoht alwasar The eystem also

of the anode and an upper surface of the wafer whe

insdidey aRein@de poraurgth i ravgipfpeYe the trafiert (ypROTt PHucture Mfrom a first
l&%{lb& 35“ alseci%H& f]@@a%oﬁf EE&F ﬁqgéj?irﬁal%cﬁ é; e&ﬁcﬁ%k%‘bn@ﬁ@@anon is
extending along a rst chord defined across t

pr&digatette ahe otitgldd abyperipherywdfties wafiep papportstruotntd Tac aAd)dfoi,s further
the first chord is substantially perpendicular to
cariamiief @hfémcémrmaﬁ% of plepaniing %Oklttlozd)er%%eatq baiToptal surface

f
o 1 B U g AR A i D 28 rr suppr
sﬁ’ﬁkﬂh@CH‘hé fh@nmﬁzﬁrsuﬁﬁice&of thesdnod® hiae treq@iutar @fca extendmg along a
substantially near the first |ocation _when the wafe

firs qherdhdetiner getgys theewwlar kor b held bytthe tiafssyprort Structure. Also, the
d | d
ARS8 sl RARRAILEE L 4550 SO ELSEL 1A e

1@dat16n 3e kN @iec@ﬁdllﬂ(&&tlolﬁldl;}hd Ey@tens lﬁbﬂia&ﬁhcblﬁdldsya fiesareldcirede movably
second | ocati on when the wafer is 25 being hel d y
condgured @rel@qyw@mw%tﬁ@tdb@ ma@r af phHEBFontFet RAGRoR pubstantially near the

f‘ergqocatl }%enathm ?é%qs fbgm gf%}ée l\%rfhpglr@toﬁ OS cture. A dltlonally,

em con or wa I'S I nC

tﬁ@ sRReh aﬁctl@dbsfeo Eeo@ﬁ@|e]/dcﬁgdéirrfdvﬁl$l§/ @hfigiredde dl@tra:alll@foemact the
at a first location. The nmet hod al so i ncl udes
wafenas pseeogd gantasidesition é\abséamlaléapmar thersegend lggatiogavhen the wafer is

elngﬁ{elj %Pﬁ%_@,ﬁg%g@% é)n toward the first

he séc oca i'on is opposed to
[0008] In another embodiment, a method for electroplating a semiconductor wafer is

disclosed. The method includes an operation for applying a first electrode to a wafer at a
first location. The methed also includes traversing an anode over an upper surface of the
wafer from a second location toward the first location. The second location is opposed to
the first location relative to a centerline extending across the upper surface of the wafer.

An operation is also performed to establish a meniscus of electroplating solution between
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extendi ng across the upper surface of the wafer. An
operation is also performed to establish a neniscus of

el ectropl ating solution between 4 the anode and the

upper surface of the wafer. Establishnment of the

meni scus allows an electrical current to flow through

t he meni scus between the anode and the first

el ectrode. The nethod further includes an operation
tHeP4nodl Q}\d 'tﬁ@u@e?% nd ﬁ{ HE Wapde Egtgbﬁsﬁﬁleﬁ?fﬁfhe%enﬁ&l@ allows an
second [ ocation en the anode has traversed the upper
ekonicalcairnght tohfowefrenghathb nsmistucbawterdihs taaodearfdr thenfirdtelectrode.

econd | ocation. Applying the second el ectrode to the
ﬁsmﬁhodaf%ﬁgvssmslﬁé%%@w&w 1ot tRATERE 4 SECPLAPLRRG (yHhe wafer at
tﬁﬁh EedThd gé&ltlig\]f'l beh SRR &{bﬁe deavRdd E}H@ ugé@rc fhce of the wafer a

el ectrode. ter applying the second electrode to the
sufffcrint distaaceritimodie iseamnd desitioansppiging alesabnd plettoode to the wafer

renoving the first electrode fromthe wafer. The
alivhdee SesinH Erenlia ﬁo‘ﬁnt?‘%’éhéf‘? GRENSSPS BeipsrR it gnode and the

f r :
b5 3 R E KElonk WecHRETy BISLASE o] i includes
ahoiendpeedtioni fbl répesinpethatdirg ebgepade fron thowaférh®he method continues

follow ng detail ed description, taken in conjunctio

with pn CREatien SframRlFedraEsab el the mnadetqvat ihegupper wagface of the

@Hﬁgexanple the present invention. BRI EF DESCRI PTI ON OF
"DRAW NGS 15 100101 The invention, together with

[6009] Iieheradpeuns agk advahepeobdt thevyvdntish Wil hecome sh@odppiynt from

reference to the follow ng description taken in . ,

thotoflawing dsipils desariplondalkRRgR FOTIHBCL O Btk HigLcrompgaying, drawings,

A - ' [ ] i Nng an apparatus for

1@3%@%&%%fg??ﬁggghhggﬁ%@%%gﬁg?ﬁgﬂagfer, i n accordance

with one enbojigent of the present invention. 20

Figure IBis & DESCRIPHON QI FHEL DBAWINGS o1 |5 f or

el ectroplating a sem conductor wafer, in accordance

[DO 10D TR Qh ik o NBgEthéroRith GiirtHeh @dRIEHRH therdbI Ml BBst be understood
Fi gures 2A through 2D represent a sequence of

byl refgsencattp dhe [ellvoving gesspigtien itaken on opBingiigiavath e faggompanying
| ect ropl.ating a sem conductor wafer as previously
4%3?8??E@ﬁhﬁkth respect to Figure 1 A in accordance

W t h Fgge eMRodé nantillgérdids PRESART ah N¥RIALdIN; foRSelectroplating a
Figure 3Ais an illustratjion showing a top view of the
samoadyadrayalvie it accorsdendd wih onegrakadimen of theapressabiggiention;

el ectr.ode, ,gnd the wafer., a r.evi gus j cted -
i oot 187G, 8 S Ehn “BREE, 3 e R lhiroptating 2
SRR ALUST Wifel iDatcBrddfed WithViidther@niddlimedt of the present invention;

Figures 2A through 2D represent a sequence of illustrations showing operation of

the apparatus for electroplating a semiconductor wafer as previously described with
respect to Figure 1A, in accordance with one embodiment of the present invention;

Figure 3A is an illustration showing a top view of the anode relative to the first
electrode, the second electrode, and the wafer, as previously depicted in Figure 2B;

Figure 3B is an illustration showing the apparatus of Figure 3A in which a pair of
electrodes are used to define each of the first electrode and the second electrode, in

accordance with one embodiment of the present invention;
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el ectrodes are used to define each of the first
el ectrode and the second el ectrode, in accordance
wi th one enbodi nent of the present invention; 5 Figure
4A is an illustration showing a solid anode traversing
in a direction over the wafer, in accordance with one
enbodi nent of the present invention; Figure 4B is an
illustration showing a top visew of the solid anode
descri bed above wth respect to Figure 4A; 5 Figure
SA 1 Bioft 4A liysd ﬁlgfsirgtri‘or?'g}ﬂ)‘%ﬁ' a OH?] h&R rARAGS: H02Birection over
traversing in a direction over the wafer, as
therveaférpinsdcyondemdel vaitteehd amntadanerd afi e patseht iapentienbodi nent
of the present_invention; Figure 5B js an. .
i 11 uEee 4R 15 arBustrgon phowing aier Vishgfdhosolid; aggdedesgribed above
I rat ni scus confinenent surfaces, in
ngg%%ggﬁgghafgﬁﬂgne enbodi ment of the present 10
i NveRigute3A s apLitlesttation showinkglaudttad tahode HI9®aragrsimg in a direction
arrangenent of wafer surface conditionin devi ces.
O¥FnihE GUHE 3 PrEUPYY REEOREH ik ageerdance vy oBg embpgiment of the
. surface, in accordance with one enbodi nent
p%:8¥wg%g§%§ent invention; and Figure 7 is an
I 11 uBigued $B s shidwstagion shbewphthe tvirafal ansdetdfddgdreSA incorporating
el ectroplating a 15 sem conductor, wafer, .in.
MEasERs seRiECRIchh SBHREes nito AFSREIANCS With, anp reibgdiment of the present
i’i‘v@f{ﬁ%}}'i on. DETAI LED DESCRI PTION [0011] In the
ol Tow ng description, numerous specific details are
set Fgutd6 iinamiltistraticn shomdnyg ae aartgementugfhwafer surface conditioning
under standi ng of the present invention. It wll be .
deyiprsr BRTLEUFRINER, dpllow (e mede 1as| it eaverses (RyeR e yaler spdace, in
BIFGHEL Wi V5O b BOiRY: nPpREL RN gyt sorre or all
0 these specific detaiTs. I'n other |Instances, well
knowhigoreo T és an dihestratiow sowiay @ fiovchaetesf a detlexdi foe@ldactroplating a
detail in order not to unnecessarily obscure the ,
seypigrptctar ket ingiscorfleye 2y 1thrgng smbodisngng Ogﬁleimsa%ttlp‘aﬁmtlsﬁ-
showi ng an apparatus for electroplating a
sem conduct or waf er DETAHR®IDDIESAREPTIQAM one enbodi nent
of the present invention. The apparatus includes a

f U rt.10 fl Ly d
T B0k e BRI R BESHE RO APATH oder
pidide @tfdréughamdadtaaliag tof aseprtieiBinveatdh. of wilhbe appar&tt, however,
el ectrode 107A and the second el ectrode 107B is

t¢ orsatkaliedondhe srhithat the paespetrinptdioy naty betniectised wiithewigpmetor all of
tl%eg% gPégzgt?%%iétgﬁ]sg l&é %f)itl?e% ﬁr?stz?n%gs? nvgellei(r?o%l{ 81do%esjsoca7p%re{t1%)ns have not been

described in detail in order not to unnecessarily obscure the present invention.

[0012] Figure 1A is an illustration showing an apparatus for electroplating a
semiconductor wafer, in accordance with one embodiment of the present invention. The
apparatus includes a water support 103 configured to securely hold a wafer 101. The
apparatus also includes a first electrode 107A and a second electrode 107B. Each of the
first electrode 107A and the second electrode 107B is located proximate to a periphery of
the wafer support 103. Additionally, the second electrode 107B is located at a position
that is substantially opposite from the first electrode 107A relative to the wafer support
103. In one embodiment, the first electrode 107A is disposed at a first position near the

periphery of the wafer support 103, such that the first position resides along a first
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that is substantially opposite fromthe first

el ectrode 107A relative to the wafer support 103. In

one enbodi nent, the first el ectrode 107A is di sposed

at a first position near the 30 periphery of the wafer
support 103, such that the first position resides

along a first 6 peripheral half of the wafer support.

Al so, in the sane enbodi nent,sthe second el ectrode

107B i s disposed at a second position near the

p@ﬁ%ﬁeﬁc}q{a}[f Hind QQ&%@E@MSH&B% thd Qne $46Bdinfellthd &8ond electrode
second position resides along a second peripheral halt

167Btihdispadedrat a sp@adtpoiididn rietrathe ipsriphery of theewatkr support 103, such

first peripheral half of the fer, su r 3. 5

thas ressdRnt ROHOR Frdrder ABPE & St PR RARaIRaT ek HiRgort 103

K : ph f i 18,

t%t gsg% rcﬁggﬁeﬁ)gzl?oﬁﬁte@%%rg%ag K itg%glﬁr%g@bf% romthe wafer

[0O1B] &ach offihe dire dldoyrody r@Asandlthd Accand clkiBdie 107B is configured to be
respectively. It should be appreciated that the

mexrd e AlEctgralbhronneqt & pdodaconaest Korhde Yo 106 ag Hidigiad by arrows
K h hS r f C f th

Eshaoll a0, SERRaRky. R THbUR, BE Bhrel Blec B Mg moement of the

ckletrodesaniylAe and N0t eo eoldi witht and1disdohacee | feet tiodeafet QDA can be

and 107B can be poved_ linearly (n a plane aligned wth
copgucigsk igran qspentighy {ifutless pIBAEhehVays: Hr efasle.onoae Fmpadiment,
7 ' iG]
oBEFea ol 94A B8 Forbar i St ca By BRE Riimefifin the waer. In
anather ethbddigent, e ¢fentedes OB and 1 6TB dadhg aesafferient @longated shape
contact the wafer. Also, it should be appreciated that
anf beiigapraciigd ima coplaga srsmgsmen 7wt tke 1o7E [ ncapebe moved in a
Ny i r | f . I '
e oo RARRE i Olrafth. 180 S RN ar Ui RN, e st of the
Sachsti@nt(7al dnd 1068t @ndweldefinédinshapeber of diffdrére rways. For example, in
enbodi nent, the electrodes 107A and 107B can be ,
angcrrngimest thielsriegdes 1 thanh E07Resandiseubsagirally rogggngular in shape.
(380 EbORRAC oMb R IECTODE o107 orf 0 {cPlah Bt shape with the
eofpidh Nt wafeh eorgh@imigredde svhidh7dnebedd Iéd te &slldye a Curvature of the
shaped, It should be understood, t rese

WA GLRAFIRBATY, S0Pk ST STBRdrm P he CBElP U 205N 0T 4fn be C-
%ﬁgﬁngﬁg&gg %Qtuhger%&#ﬁﬂzlt%ﬁee&ege?te ﬁv@@&@'lﬁ?&u _ﬁv:l‘. ea? RARGED electrodes

I sconnect froma " wa
thfan at wsdepéndendy franiphldied b hbectricatly woes:cawithnoddistOithect from a
configured to be disposed over an upper surface of
wHel-waf er 101. In one embodi ment, a horizontal surface

O RS TSehnA bks SFAUOR 19 Bt 1

disprsedievenlah Yipparsatth@l oftthe whier Waf, @i odddmbddient, a horizontal surface
rectangul ar surface area is _defined to have a first

ofi thepaedsnfacinatthe wagr 10dasdelipdalp haye 4 sybenttiadly regtangydar surface
a}lr\@gc fhhr is\c%ﬁé?derrgﬁg %g}alléloto the wafer 101. The rectangular surface area is defined

to have a first dimension that is at least equal to a diameter of the wafer. With respect to
the view shown in Figure 1A, the first dimension of the rectangular surface area extends
into the page. The rectangular surface area also includes a second dimension that is
defined to be less than the diameter of the wafer. In one embodiment, the second
dimension is substantially less than the diameter of the wafer. With respect to the view

shown in Figure 1A, the second dimension of the rectangular surface area extends at a
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the view shown in Figure IA the first di nension of

the rectangul ar surface area extends into the page.

The rectangul ar surface area al so includes a second
dimension that is defined to be |less than the

di ameter of the wafer. In one enbodinent, the second

30 dinension is substantially |l ess than the dianeter

of the wafer. Wth respect tg the view. shown in

Figure I A, the second di nension of the rectangul ar
ri%l!r{ra‘}l%féeb %@ﬁrs@ﬁﬁﬁﬁgﬁm%dgzayall%l QJhﬁle %%resufa Sort 163, fW'ﬁéﬁ the anode
I mensi on and paral | the wafer support 103.

1@ s dspodal odkdIhé waﬂar sipd),smd ﬁrsfce:hmbm&om/afeerthdm dlhnensmn of the

first dingnsion, t he
rec@pEYAlg SHrizee aifroxtds alogefish 326*5%%5@ Srops e o101, such
thQ?tfhb %ﬁgdeaﬁfgoéc?entdF %orWPl‘e?éi ack9k: thi Yaler 1ﬁ Hﬁtdlfegﬁorﬁmg first chord.
109 extends conpletely across t he waf er
Attior €t seoondlirhérsidhl s, thhreh@tt dimdilsgm, of hhze S@ngdlar surface area

di nensi on, | , the shor j mrensi on, of _t .
e*t%r@aﬁ@mra?h%ffaas@eorﬁrf@aré %‘%tngﬁ d€ropsithg Wd‘if‘frgg)tli whergin the second
g0 erﬁbrgf dell BE Hir@ ThBRE i Eh%uYEPf)ﬁ Lnddidtood i @f}g&&&@ of the
“secon or is perpendicular to t first chor
paditdar of the anodtber($t @@d thehasfer éghrthd emsledf09twid ngp@simpletely extend
of t ode. 109 over .the wafer 1, the anode 109
agips tﬂw@%& Shibe gtfswné%fﬁ&ﬁcomgﬂg the wafer in the
[(ﬁﬂlgfﬁx# gﬂod@c 15465 %Sl?ﬁ:%ﬁjedcnp be- mé@d[&%ﬁﬂe Ub@erafmdﬁl 308 rection

I's configured to be nbved over th 101 in a
extending baw.::erevhb aeabind glebrdde HITH drel the fiosh dl eetr@izt 100 deasifdiBated by

and the first el ectrode 107A i ndicated. b
arfq¥ 1 h{fws, heengdo GO ETEbin ‘Pf‘gﬁlpé%f Vithg JirRehnEcP e second
cl‘&ﬂ& ad Pﬁa@ﬁfu’s%ﬂe&’{] it €A S BRORGde ?W{sqn@'ﬁadp{fv%}’ H‘ﬁqﬁz{ﬁ{r 101, the anode
escr e anode 109 is noved over the wafer

109 istdrendedeh thaO@e ifisst @imensica i.s.uthe lohgt dinknsiony ef the rectangular
di_nmensi on, e_longer dinmensiop, of the . |
SYEEE ¥igu fagrnglgl swfh %tses‘ﬁ’F@gt‘ﬁLb’c P?@e@c{i@%ﬁ%aﬁ ¢j direction of travel.
Tﬁé’ijeﬁ)trt?%é %L(Jéi)ré el?or g@d}ﬂhl%tgg 2%&%@1{1 g)%lmgér{: %gg%t?%f ?xie upper surface of
ther axfer d0hgAbwens de arddlerHDylsahOVdnbpr;he vaferf 8ele tbé rectangular
the wafer, 101. Al s as the anoge 109 i s, noved over
syrfase jEgay thepanode 369 ISIRLARgGH & 2 dSIANFRRIXERAG QN T surface of
9 is maintained at a distance proxinmate to an
ﬂ%g%ggféﬁrface of the wafer 10 1. 20 100161 The
[6018] The disbatybawcththereahgguiuisarfaceuuréacfthanealeof(09tdnd the wafer
anode 109 and the wafer 10 1 is sufflclent to all]ow a
1Rkt selfisient fo pllgy amspiseyspl Bt phglesoniatingnselptigneto be maintained
t
oERPh Bicifla; PO WRERC s 30AE it B 10F 4 ARShade 100 traverses
oOdtethe tderEfle Mdﬂﬁlhnal@g@ldhé ingsmddcliy 111 ken e rios@ired lwithih a volume

can be contained within a volune directly be|OMIth?
dipestrebelge. theamedsi Hife stongrnmens atehe seapascinfarphe accomplished in a

v%&? rg}l {vﬁ%e%lvplllabe discussed later. In one embodiment, the anode 109 is

represented as a solid consumable anodic material. In this embodiment, the meniscus 111

of electroplating solution can be applied to the volume directly below the anode 109 by
flowing the electroplating solution around the anode 109. This embodiment is further
described below with respect to Figures 4A and 4B. In another embodiment, the anode
109 is defined as a virtual anode represented as a porous resistive material. In this

embodiment, the meniscus 111 of electroplating solution can be applied to the volume
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25 variety of ways as will be discussed |ater. In one
enbodi nent, the anode 109 is represented as a solid
consumabl e anodic material. In this enbodi nent, the
meniscus | | | of electroplating solution can be

applied to the volune directly bel ow the anode 109 by
flowng the electroplating solution around the anode

109. This enmbodinent is furthger described below with
respect to Figures 4A and 4B. I n another enbodi nent,
AgEERERE (O (RS WiadSHY AREnE Raflol M lecPBfng palution through
teerpodusreitual ahedardhiss embodiment isofurthtreddscolpddabélog with respect to
solutlogwéan be applied to the volunme 8 directly bel ow
Figaesd Banode by flowing cation |aden

h .
83 LA B0 WOl PO e 1.
ahedP bRt aridoat 1Edsgunest the fandandBecdrid0d@]trodts $0A/M 07 ere electrically

P B o e nd VB8 et SRS, s
\{'ﬂelhst}xe fmiglsél‘fsc ?ﬂdoFélﬁ&Hﬁa‘iﬁg sl)REN; %g é%sé{t%eﬁlle%ﬁttﬁe ﬁl%dey 109 and
connec t0 a power supp such t a voltage

thoteifér 201, eanidstichet e divat sle@rode THTS, or whenredond electrode 107B is
meni scus 111 of el ectropl ating sol ution | e
dstigallv comcisddadna pefeardl. amgecte sumr il o detgsn the anode

ltOB%nEi 'tﬁeS{onﬁlecec?cf 5]9&?0(1\1:.()'? e gEctf'lb gﬁrg q’l;&%f%gé]i_%@gﬂﬁe]aggﬁ 109 and

el'ectrically connected to t

tEdz eatnetted eleciredy i.wv 1074 hodobhEIAS enattléseel ent@gintihf) rdddfons to occur
and the connected el ectrode. The electric curr

. nt .
o POWIoRY ObRewResr TRachplode Waky 19h dhat s crRFbier B meniseus 111 of
é%éagb&ﬁgg sollti&:» 107A and/or 107B, enables
el ec %lng reactions to occur at portions of the

(0018} FT}félﬂpf)ﬂﬁﬁls of Figuee Wataso iddddddshilid siieldexpss end 105B benfigured
meni scus 111 of electroplating solution, H0018

tasatestt s fopt Fegrnds 1072apad thassegadslaciraiey Q?ﬁ%exeagecﬁvely, from
&Bgétn?goggl%%g%&&%gf 1 %ﬁ“%féctréﬁéﬁr% ﬁ(ﬁ'lcﬁs q%_e;iggaé $69 and meniscus

he Sec ode

raspaetdey ehdtcabbi@nin @epasbodment, Eﬁt&l o thiesfiys aﬂdl];ecmhd electrodes
electrgslatln solution as the anode 109 and neni

W07/ 1478yis ceetEol tahlerte kB sirved pway, flemdhe waterd At aﬂ%%ﬁcts‘il beneath it
rg%%fz{l\g{ ﬁ{ngasﬂ% & ?@Q&WO% aa% the gdu?c?de 0 zﬁ/dllggrgs Hﬁ og relgctropl::ltmg

romt
JoRitioacia@ers@theritfoviel S respectlve fluid shield
105A/ 105B, as the anode 109 and neni scus 111 of
[@pbﬂtﬁléﬁiﬁaﬂ Bn gs ap Blyptationn shewipgr $Bs apPPREHEH HEY e clectroplating a

s%ggéo%gyctg for R defo@linde, VitR EARLOIRERANLAL, ARe prosent invention

sem conduct or
@ﬁ)@m&adm gietlB i@ rtthlvelremetr@‘qn@h dTemifurefof iAewhih elseedception that

tlhg V\igttelr osrltpport 103, electrodes 107A/107B, and fluid shields 105A/105B are
configured to be moved together in a linear direction, as indicated by arrow 117, below
the anode 109 which is maintained in a fixed position. It should be understood that during
operation of the apparatus of Figure 1B, the anode 109 is oriented in a manner similar to
that previously discussed with respect to Figure 1A. Also, the electrodes 107A/107B are
controlled to electrically connect to and disconnect from the wafer 101 based on the

anode 109 location, as previously described with respect to Figure 1A. It should be

appreciated that since the apparatus of Figure 1B does not require movement of
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The apparatus of Figure IBis equivalent to that of
Figure of TAwith the exception that the wafer
support 103, electrodes 107A/107B, and fluid shields
105A/ 105B are 25 configured to be noved together in a
linear direction, as indicated by arrow 117, bel ow
the anode 109 which is naintained in a fixed position.
It should be understood that @luring operation of the
apparatus of Figure 1B, the anode 109 is oriented in a
at, ar

?g%gl% 5}{)(‘{?6 fl% lﬁaZer 1 kl i c%\{b e?’ e}%tt ?l‘(})égég)%pag‘# A§i 1§ure 1B will
aﬂbﬁr foc easﬁdrqird:\adtiémo’éhmime(bﬁirélgn pemickcdepbsitiamdn the upper surface
di sconpect fromthe wafer 101 based on the 30 anode
Of@?‘V@%%U?on as previously described with respect to

r‘ +
F? r& 21% ttkgﬁﬂ%‘%ﬁ f@ﬁ'asgggﬁ)% 1?%:3(& 1%12%&8\3/2%&%\&%?0%%&1011 of
tbcq lappm‘ﬁmt fab @Rtrb;ﬂ&tlwgiﬁeieui&il.ductbr iveaferomc erevatuksly ésatibed with
the apparatus of Figure | B will allom1for easi er
TBIPEHER T BIC b BriResTERrpert thetngPrRediment 6T Heaeient Kenien. Figure
C r

A HARES A0 Sonf) ot Ml o i cipf Rl PLAMEL T Fldure 20,
tBeh @de@glogpe baﬂhgmmvér&ed bvdrhke apparatiae dfahe wafer 101. The meniscus

| ectropl ati n% a sem conduct or wafer as previou

Y. ..
dd<e cripBlished b owy g peede 1. AAygshoamiindigpng 2y dBe Elarf’c%hleld 1058
[ Vv [ .
PSS NEo BT RE BRI, Ol € RSB0 LEYEBHIAR, LT & popiating
sehmohrazpthat anode per@cea;\&:rsels rth&legmlve Afs0, thehee@ndd&}edtﬁ}ﬁe 107B is
bei ng traversed over per.  surface of the wa

elgstricaty dlissempesisdatom the W@feésltoébanfisrﬁféaweév aﬁefrﬁ@e%ﬁe%on as the
a:lﬁgt?e 16§a§&191‘@ﬂ1sl:ﬁ§ ﬁ' 195 RrsebMh Cr.trgﬁ%otfé Wﬁh@%@%dtpé%ﬁ %&trode 107,

serves to protect the secon ectrod rom-t

poeiticaed &uﬂsléntﬁﬂy edpobitd pheatwafq uppdruturfate afomheheannstie 109, is
109 traverses thereabove. Al so, the second el ectrode
pogifignedsto deaiBeallyapnset i Seokiect Ud Thro mntslestiiparent prcaused to

AR tl{rSﬁ Hl%dmﬁic%s "Rl TR ‘i‘heﬁg;?deﬁ- 's&Had%ScE‘ A€ wABOHR $%een the

and scus traverses t eabove urt her nor e,
dnbée fIIOQSztndet}&CﬁstCtéecllﬁae 10pasilhi Piged Sﬂbstrﬁatthalxhgmscus 111 is
gp03|te the waf er upper surface fromthe anode 10

stangially opfipsewithin reelyme ditesihycbsinecihe ago %éo%a‘flé?a the first
%%TOUQE t 1%1)5?[]0%8& b ag%ugﬁ&érﬁ%staxﬁﬁ GRS R ahOde Idmch %hat the first

nmeni scus across e upper surface

dléavgrodef eTA wllnbtetiawpﬁseﬂheeleamqﬂalrig%lmmd the first

el ectrode 107A. In Figure 2A since the neniscus Il
10821]kimee 3 shawrsyhesprrame ajithnrredenkdO emiimpesdior gersy over the

\pgf]elo Yof I?r%n?ﬂ%dg(%s}tpo% déflégd i ??%ll d bat Thglf?rgtt Elgﬁf‘od%of A remains

I'S positione a surrticlen ance fromthe ano
ddfedetd theatafehBDIf 4y gk andde ebEahvasts abigAroh lthe mbmﬂ)electrode

107%0533&(} t(})leel"lrsetcefltgc(t)rr':))ldg1 t1 b_? I?'loclmléteirr?b%diment, the second electrode 107B is
maintained in the retracted position until the anode 109 and meniscus 111 is a sufficient
distance away from the second electrode 107B to ensure that the second electrode is not
exposed to the electroplating solution.

[0022] Also, connection of the first electrode 107A and the second electrode 107B to the
wafer 101 is managed to optimize a current distribution present at the portion of the upper

surface of the wafer 101 that is in contact with the meniscus 111. In one embodiment, it is

desirable to maintain a substantially uniform current distribution at an interface between
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100211 Figure 2B shows the apparatus as the anode 109
continues to traverse over the wafer 101 fromthe
position depicted in Figure 2A. The first el ectrode
107A remains connected to the wafer 101 as the anode
109 traverses away fromthe second el ectrode 107B
toward the first el ectrode 107A. I n one enbodi nent,
t he second el ectrode 107B i si(5 mai ntained in the
retracted position until the anode 109 and neni scus

th11: ]I]]I‘€ﬂ1§:u§ 13 K{ &E}g%cﬁ Water dio$t3 Qﬁée aﬁ%@’ 109 REkdE o6C Qﬁ%afer 101. It

| ectrode ensure that the second el ectrode is

slramtd beeappestaded, that hevirahiemiz tiphraide 109 a abifficiann disfad0@ 24 ay from the

Al so,

connection of the first el ectrode and
CTBEBHY BRI O o 7ABtHOges ALOWSglteo PTG 41 igdri @awggedthﬁomterface
I 0]
N A S e A R
oxoathbatiment! tradditeonneom sonsectidd of the fireelectinaldi 1@BAttp cohnection of
IS desirablggto mai ntain a substantially un

rm ,
the seeamdelegirads | (R pesMrsayhenthe apeder LOgds E}&FW@%{W@“{ pgenterline of
tht%@éf%@fgg%é’fe @Qt atf(gq o f I'Slilotillf @ént&{l} ?sg&g@téhot% be perpendicular
toappavecdabdiesttion bﬁthermodﬁ H}9n| ng t he anode 109 a
sufficient distance away connect

10923} Ppepe trapsitgon fr?lﬁéoelaﬁf:ﬁara ef th3|ﬁrev9éeqtrﬁée &QH &nponnection of the
%?li& ld gHJ)(LgPOm éb@?g&de@ﬁ@r&é?ﬁn%r gﬂﬁ%{@?ggdrﬁt 5@7“@ hREHAfer 101 is
nmaisdinedoutit che S'Ebdmﬂ, eledtrode AOEB emtmdcm ane thersscdridattectrode 107B

from connection of the first el O7A to. . . .
iScoRRettds die Bt elefodeds Sﬁaorgqegteflﬁw e L, Maipggining at least

e | I e f
o{ms% %1e@@<9de%r c%nglr% g@ éoc' gl?ec‘ ?%ggr Q’ervr%% I\%Hglr%g&ltena{ lpbﬂ:ﬁtl&l for gaps or
dedmicek Im material dnpbanbedroﬂocddd)yahe plecidbpdatin@rprodess. a
traversal direction of the_ anode 109, [0023] During
[Q024h Eiepirco?C fshows éhfnﬁ@efalt%nfoapwmsetmsﬁ@fl @e&epweowme first
t
oS GRIBIAG Wnfeib't 0 SeRE M SASRIEL O AABe 1 ontinues to
trateksd @ver i wdfad I0adowarld the fitse eketeadzd 06We The egtend 8[éBrode 107B is
connected Once the second el ectrode 107B .is

gamngeied fhtheryater 104} dhe fipslersody Kdnisehown discgpgected from
tl{eh%ayg?fl%& f%ngil{eﬁ '@tb%hggilggh@tﬂukde@ﬁ&ld POKA % eo%t §kfcﬂ§rcd from the

connecte e vvaf er serves to mnimze

ap@baihingamehiocusdidp Sofalectidplating selogon. ﬁr}ﬁé&ﬂanm(aburrent ﬂows through
deposi tion produced by the electroplatln? ﬁpocess
thieppguipeusi 1d i raad ze%hawsunpﬁrew&ﬁapémﬁsw%r Blapsfyeen the node 109

&{)@1 &nﬁ%l&fri?@% WGCU on of the first electrode

o connéection of the second el ectrode 107B, as

[0028)] ance2DGRowo el Appaank @s the Mode 369 auas compleviah ef its traversal
101 toward the first electrode 107A. The second
ougrthe mafes 190 7ear the fisy slastredsn HE ddiedthid phicldallsp sepves to protect

tlrlleht?rs{ é]éc%todgll §FA [ﬁ%%eth% leé%isicﬁs islqodI%Ié:é:ltrﬁﬁl%ﬁﬂg g&l&tgorf 45 anode 109

traverses thereabove. Also, the first electrode 107A is electrically disconnected from the
wafer 101 and retained in a retracted position as the anode 109 and meniscus 111
traverses thereabove.

[0026] Figure 3A is an illustration showing a top view of the anode 109 relative to the
first electrode 107A, the second electrode 107B, and the wafer 101, as previously

depicted in Figure 2B. As previously discussed, the anode 109 extends completely across
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the wafer 101 and retracted beneath the fluid shield
105A to be sheltered fromthe 20 approachi ng neni scus
111 of electroplating solution. The electric current
flows through the neniscus 111 and across the upper
surface of the wafer 101 between the anode 109 and
the second el ectrode 107B. [0025] Figure 2D shows the
apparatus as the anode 109 nemnrs conpletion of its
traversal over the wafer 101 near the first el ectrode
l'geq;{ﬁ“er Tdi€inf the e&‘?)?%qu]igg’ﬁﬁ@ern‘éﬁﬁ TRusP ﬁﬂh%%odg P09 R@raversed
irst e ectro 107A fromThe neniscus
oedretht rvmﬂ:mt@lnghs ehm’eilmpelasurfeh:e ctfrthei@vafﬁgl(llr wwldalbsees:posed to the
t her eabove. he first electrode 107A

H@P@&lesrqf@éqcrryplatl%%ﬂ%wté&@asem‘eﬁw‘vHa-f anpde 409 fdio a the embodiment

of ploatd el tl_;lé]tf?st L ERGAE RARIL I1 671? hR Q%]B%%s :l'&gar%ﬂgir shaped
SCUS traverses ther ea ove Fi gure

b'ats Howeder,ustpratiowsty dossedgtha firapnd |smmdfelethedear10aﬁf 1008 can be

s p e ool b oUFERG 10 tﬁ%élgé?‘wét&%ﬁégeg? ‘Atso, more

tﬂﬁmgste%ggb&s claﬁ’gé BsediBn tl‘lAé3 BEYIsQY %EM gt ﬁlﬁf&% malftil1 &s previously

extends conpl etély across
denmbhf direction of its long dlnen3|on Thus as the
node 109 is traversed .over the waf , the enti

lQﬂ@Bb Figiig 18 scarprluptipdiopsheyingghe Wnara%?eofeﬁegwgé& inghia & pair of
I
efaESQéacPeQ %fgotliﬁ% “t‘&t&e‘?%aédcﬂggﬁ hutfap e2§ %élﬁghlrd;%%‘:ﬁd: EHS, second

, 1n the enbodl nent
efectrade18TR, mecomndaicacith oskeambdiined0rBhapeesafitamvension. Also, each

rectaggular shaped 5 bars. However, as previ ousl

ofihecSleies MRS Ty gt SEcHRNNdP dars sualernea 31{{@?% Thus, the
p%&‘%qg enEJiG{l B¢ Gth ltéﬁl\éﬁtea%ﬁthsh‘lhftﬁ% 86&%@? of Qgﬁﬁgﬁ' siﬂ\'ell\]ge so long

ectro rocess nor e
a€ lectnnhiés eleamd@e atesmdpomd ihe sabmmtally pposidg hiaeng heéve to a
functionality as previously described. 100271 Figure
capietige 24 the MASE 1811 B0 FvTREEnt HE Caparoaliies Bt Flegejperodes on

o33 s BhSy folnd O LR R BB onllate i
réped tté oelehding thd wafact@lr dance wi th one enbodi nent of
the present invention. Al sq, each, of the el ectrodes

[&RShigure AAghRB IHystration shesviag £ o kdperdsnl 096 &3veating, i a direction
135308 thg ; ﬁTr 160&in ALraa v*ﬂlvﬁ{étén%dﬁﬁéht Qe tﬂerif}laé’emf%%%on. As
W th nul ti 0 as

e electro varyi ng shape so 1ong
pedvgouslyl ﬁlétﬂioﬁe@|tﬁ©hr{ddd€!99 aarebeliehesd ad tHersolid anode 109A defined by a
substantially opposing manner relative to a
cepsmablg Arodyt Maiahalnethis) gmbodimest. thednghivye rhl 1 of electroplating

SBHIYISR tc!u? Be E;gﬂll&l ft(? ?fht‘%%%n:dgr%?tﬁ‘n@&%‘g ?l?{%l@a%g d T(EQIA by flowing the

eﬂd&d@ﬂ@ﬂﬁ@ﬁ]ﬁt}brﬁ&ﬁﬁﬂ@ﬂhb 3blicanide N09A. More specifically, the electroplating
solution 401 is applied through a tube to a location at top surface of the solid anode 109A.
Then, the electroplating solution 401 is caused to flow through a trough 405 to a front
edge of the solid anode 109A. At the front edge of the solid anode 109A, the
electroplating solution 401 flows over the front edge, as indicated by callout 403, and
beneath the solid anode 109A to form the meniscus 111.

[0029] Figure 4B is an illustration showing a top view of the solid anode 109A described
above with respect to Figure 4A. The trough 405 is oriented to direct the flow of

clectroplating solution toward the front of the solid anode 109A, wherein the front of the
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respect to contacting the wafer 101. 100281 Figure 4A

is an illustration show ng a solid anode 109A

traversing in a direction 115 over the wafer 101, in

accordance wi th one enbodi nent of the present

invention. As 20 previously nentioned, the anode 109

can be defined as the solid anode 109A defined by a

consumabl e anodic material. in this enbodi nent, the

meni scus 111 of electroplating solution can be

P t [ n

SPEAES 107 A R TRL 2o Tl e I BUBIE aile EosaliRdRive to the
diréution dll b of anodeal HOS the Mafe 1$)p> eThd toq:ahd:\y of theesolid anode 109A also

R TN g T I T R -
E T e e R O

toeadrd dheileﬁdise ofl MAsolAt ahdde 10Dt Alsdgeheofadunem snofica Mdﬁow for
109A, the electroqlatin sol utiion 401 fl ows over

eqtatdishmenigel a Hewi ¢id %%rpe@gag selgtip 01 Aygugh iy mﬁféﬂ%‘atlﬂl region

e RSN B AR TSR by, 0K 1
regin. dt shadé bkOSiethtsnl iHoedver3thakby @rmnﬂnnvestnﬂtbn\tlmges other

Fi gure 4A. The trough 405 is oriented tqQ direct th
nyethas der 2nplaes Pleﬂpma{rri&a@g 451 hectgnlaipgarlytio 40 wathin the meniseus

GRG0 A Mg ORE 00" B8 0l Hths Repld®y P herein

Tﬁ@ bhﬂmﬁh’e@ déthl:@:@d%eﬁtehaéﬂmbe rémalh hige saghiar mgardkess dﬂlﬁe epSecnﬁc method
traversal over the wafer The tog vi ew. of
uged) tp @Pplp gad MENLES the §16°tr%f6wg sohtign AP b thinctbe nzrmscus 111 region.

[
ST 8, 055000 S RS 98B i
1p$ abérntle mfdﬂtll)@nasél;ﬁ&woﬁsl:& henfigedsa uscatddncd withvwaretentiodiment of
ends of the solid anode 109A. Al sq, .the vacuum

thsr preesent énventiony | Theyyirtasl anede ABP dnhedss Bporqus Festitiyg material SO1
ﬂ?é@oﬁﬁf&w a@ign ﬁ)c{ te!lé?:ﬂoglgt&%% F&lﬂH&hS équ%r{?ﬁg §6 YS!tk meniscus

ainin al nnen
1el emhiroﬂﬂeaég]n@ dﬁ'@dtlytbeﬂmv AE1lviviual einod ¢ h(GBBTF{BﬂeS@'usorl“Malls 503 can
region. It should be_ understood, homever that th

bp HEdRCORRRHE FetPdAdansclgreropting poluiien Fiwithige volume contacting
aqgf sf’ﬁ'erlg (RO GolTAD BE sﬁggtr{h‘iefﬁar %61 rﬁp& LA L RLA h@ Bor‘b@t} Jesistive

t he NI Scus egl on en usi ng
nﬂiﬁ@tiﬁi 51)@90.%1 be efitkdt hp&‘ec&mid suchl ys Asur IIbelﬁbdhdaIbGI a[pprecwted
The principles of the present inventiaon remain the
h§‘z§(ﬁ’éerr @@h@tgﬁrdggowreﬁlﬁevesrp@tém Ip gamnpe Hesd In &%&nﬁtwnaw {pe virtual
fRpage the electroplating solution 401 within the
nenlscus 111 region. [00301 Figure 5A is an

[pd31y ﬁdguaé |9 1§ haWgtr@ion EHdwahg ahe dertd4) 9dhode aM®IBs iofi Figure 5A
in adrection 115 over the wafer 101, as previous|y
ingeRRATEEIM FIHS e coriinement srtagesotl, Entssendarge wigh one embodiment of

the present invention. With respect to the virtual anode 109B, the meniscus confinement
surfaces 507 represent one or more surfaces that extend below the porous resistive
material toward the wafer 101. The meniscus confinement surfaces 507 are configured to
assist in confining the meniscus to the region below the virtual anode 109B. The meniscus
confinement surfaces 507 have been shown with respect to the virtual anode 109B for
exemplary purposes. It should be appreciated that the meniscus confinement surfaces 507

can be equally implemented with the solid anode as previously described. In one
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15 the present invention. The virtual anode 109B

i ncl udes a porous resistive material 501 through
which a cation | aden el ectroplating solution 505 can
flowto formthe neniscus 111 within the region
directly below the virtual anode 109B. One or nore

wal I's 503 can be used to confine the cation | aden

el ectropl ating solution 505 wgthin a volunme contacting
a top side of the porous resistive material 501. In
efibSd 9 gEﬁEn %&ﬁ &ert"ﬁeﬁeﬁteﬂrﬁatcéé’ %O?QZEH%&LM]]@' bé%l-ﬁned as an
can y a ceramc such I't “shoul
i]htegmb]pxrr'acm afthd,sohdmwelver t hat ot her porous resisti ve

AN NEENRR LR [ U p—
iS Ry I 'Raibkdih HR e1@2RdSs %n%%%n%é O'I:lhgl%rVgaférACO 6 t surfaces inadry
|ncorpo¥at|ng menit SCUs con neneﬂ% surfaces E§

candidod avica ph)tsftabﬁe:oﬂmﬂnwdl menarradgemi2ht toflewrfeleswﬁtce condltlonmg

|nvent|on th respe to the virtual anode 109B, the
deriers E¥% Edﬁ?Ylﬁ%é%tO fthg @godspgs F%Bf‘@é@ﬁt(’v&ﬁéhf'oﬁ”a%er thereby

MRrin S‘{fufta%‘?eg éE@%d@@“ f' c?gﬂ]e_%?gﬁﬁ RAUQUohBE SlukMEes remain

mat e tomar € neni scus

approbristelyadry. surfaces 507 are configured to assist |n
confining the neniscus to the region bel gw the vjrtual

(050 1238, is n Il veufieR ShoWiBG Ap (HERREHIENS g Mal Suefese conditioning

S RES { t 0]

448 E0RIEPID LD HESBRE A0yt MG Ul aB0d W, i
acbtlarich ewite wing camsboglirmént nefivdiet present aewsitibl) 7Forc axeniydlary purposes,
equaII npl emented with the solid anqgde as previously,

Fagure (6 éwts the yrmeencrintfolpive serfacerrondisioniig devices in conjunction

: 1ﬂf fth@ W@Jl (():l];e] ao(%sﬁ lgﬁ fiofi @ :i‘t : @gé]dg(g leﬁey fggré;gl%{egn %gw%vcfera Nhat the

egr al sol

drAgdhient Q)ff vtfaffér elrfxct comlitbning dappay adnuise aquhlllyatsh@ dn (nfmjunctlon
the present invention 1is the ability to_ nmaintain th
Vé‘ﬂé@@rsélﬂ‘één%%ﬁsd’é‘?"rl%b/oﬁ’f‘din?@dmﬁﬁ@rw% hewggace §9‘9‘¥13%‘é§e‘il‘|"? can be

rggéﬁted C%OW;IIT[ Eb%ﬂhﬁf&r#g{)é&rg%#ﬁ? %%WﬁSﬁagﬁe stﬁ@ace of the wafer,

ran Smen ionl ng devices ca

Ibeh WEﬁMB derttiguted ol dxeavd tahengaho b gtsofithe hrncricand &s saxﬁﬁerent wide so
the wafer, thereb ensuring that the el ectrodes and

e P%&Eﬁélaﬁe‘l‘%ﬁ&f dlemt et surfaces remain

[ﬁﬁ?ﬂn%hh %sﬁlﬁ:é{ t(Sj Féur %%?fgfgt \E:h? rgv gs 9Uacju|ula'1 U LE@bi@fuids from

arran ace condi t1 oni ng

the sﬂﬁﬂ:le @Gﬂl&\@ﬁﬁzt flloedng waverdal Oﬂ\thte hﬁomméﬁow it second vent 605 is
traverses over the wafer surface, accordance with

sruaisatisem thenfirsovent RE1 By aswl 6@}1v13Wtﬁe@ﬁnd veut 0@ arAYRdes p rinsing
Iﬁ {1? N, éa sgrfﬁé;e C%Lﬂ:lg wgfeg dIB O%E:Sémtbggm?ern{ QHQSFSQ% ﬂgfd 1%%1%[112@(1 water.

I'oni ng devices 1T n conj
However, in other embodiments, any rinsing fluid suitable for use in wafer processing

applications can be used. A third vent 609 is separated from the second vent 605 by a wall
607. Like the first vent 601, the third vent 609 provides a vacuum to remove fluids from
the surface of the wafer. A fourth vent 613 is separated from the third vent 609 by a wall
611. Also, the fourth vent 613 is confined by an exterior wall 615. The fourth vent 613
can be used to apply an isopropyl alcohol (IPA)/nitrogen mixture to the wafer surface. It
should be appreciated that the present invention can be implemented using wafer surface

conditioning devices that include a portion of the vents described with respect to Figure 6.
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with the virtual anode configuration. It should be
appreci ated, however, that the arrangenent of wafer
surface conditioning devices can be equally used in
conjunction 15 with the solid anode as previously
descri bed. Each wafer surface condition device can be
represented as a vent configured to apply or renove
fluid fromthe surface of thggwafer. Each vent is
configured to extend along the I ength of the anode and
f B ki aglagu I
Aot SR TbsaaFoPLhe FRIbBORERXSEE ke RS Sk pbhdiioning
dmms nﬁdepﬂnm}\yidémbadhal(euum to renove fluids from 20

e surface of the wafer followi ng traversal of t
Wé’ﬁéh@“f‘ﬁ% rtb%\ﬁémoplagas; S Y O:feéér%ftpéélﬂqdr Bipferial is
£n
bt 58 etk ofincfn B W ten Bl e s BEEDRE Ve, P intorface
bd:tWeem ﬁleeﬂhﬁsbuﬁﬁ)lﬁte]ectrhldauirigﬁmhﬁtg)nf dndi the ivaafeteiAomiratend of factors can

i n ot her enbodi any rinsing
aliec g %‘Eﬁeﬂhﬁlls@bfl@?“ gislec ipFFapAfths WE&&%@@% PHed. Three phimay factors

t
SRR ARS8 L 0B gy o
thel wefed, 2@ rdsistisity Ve e Gpidr sﬁrfma phihedvafentand 09 lqeaton eebplacement

vacuumto renove fluids from the surface of the
ofpdlicepnoda relgiive fo thenares bsingsplategaPxialodycHs ¢ paitpmply fistributed
S50 Rl B 3 pep bbb U BTN Rl S cuthode

i. eametaeeallmttg platedppldybeaneenshptropyodalandiied cathode, the current flux is
en mxture to.the wafer surface

(IPA)/nitr
ugigerinly dbséﬂlﬁg‘fzﬂr Betvger the priformbe distributsd; re?‘ﬁ\ﬂéfhP‘?tE rfind dhe cathode.
f 3
Zew es gﬁgr? o ug %lwegﬁ%tﬁlg% %fg I%tghzge) 8%2%2{1 dgaggé] geﬁmt ce, the
effedt ldue &Sf&&twiﬁtﬁ) oFt}@wpﬁelﬁsurfhde & o, wdftrepatiesleriy at the wafer edges,
i nvention can be |nplenented using other wafer surface
b R ides i sdgandyeinipeasd n Breredy gmpe\ing, the W fQrmaly frfetP%ﬁHbsequent
a?ggﬁ gﬁrlng the electroplating process, a uniformty
eposited material is governed by a current

[ld]3$] Ciobritionaladleciidphitiag spfterhh ehavafeetonigiured tplpads\edie simultaneous
e., the interface 5 between the nenjscus
ﬂél -water glating g vwablgtte dHale YEDt FRSISHAS BATien fﬂl@m@r thgfwater surface

Jn%%h% pa&ﬁga%\p 8§64 LA%@ Iﬁtufrﬁ%%gegf; %nﬂﬁyéee@g@spggpr@fegw €he water. For

e| ng actors
eﬂzflﬁﬁlel innthetdase ofl Ouepflhtlrtg Stdrid)uéry(}asﬂ;tml bﬂdl&erlﬁlrﬂ Cthatcbm\rentlonal
and nunber of el ectrodes contacting . the wa

sysse sequirics § FOfD (Ceseaph pasier %P? aRpied fPrioR &0 W&f‘f@}l-waefﬁrdd%tfoplatlng
pg'ooc%&t Wﬂlo?lp% 9 %&g%‘j@?ta I€ 1st @eedl%g%gl%sg ﬂ#ﬂa&r#}ﬁew f1Pida0Ee a bipolar

ar ea be ucing a unil

eﬁb&tdurhgttﬁéi fﬂlﬂwﬁ% lﬂdtingemabfpoleﬁs lﬁfﬂ’ecta&sﬁltselnpdxf -plasing and etching
resistive material, imedi ately adjacent to the
vaﬁmh@aeglon adiacent t glegiredes tsentaeing e dtpferaddsay ébwe@tﬁélal full-

1&5}89&13‘5 gys‘iéﬁ? rqu%Ergéj gl%for}nh)? dSHBLRA eléét%{ieé dvout the periphery

of the wafer, wherein a resistance for each of the uniformly distributed electrodes is
matched. In the conventional full-wafer electroplating system, the presence of an
asymmetric contact resistance from one electrode to another will cause a non-uniform
current distribution across the wafer, thus resulting in a non-uniform material deposition

across the wafer.
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uniformy distributed between the uniformy
distributed resistive path and the cathode. Al so, by
selecting a porous resistive material having a
sufficiently large resistance, the effect due to
resistivity of the upper surface of the wafer,
particularly at the wafer edges, 15 can be decoupl ed
and mnimzed, thereby inproysng the uniformty of the
subsequent plating process. [0036] Conventiona

(ARFE PSSk i Dbtk I ER APt g soves

theeprpblesi ddstrtredbabion e eritt rdsﬁa:t an thdeonahdon Sl fvﬂtﬁfﬁ electroplatlng
wi t hout a having a | owresi stance internediate fil

systeaRyi Mot spea pal) VethegparEs fathepresept inyention spphles the fhectrodes to

ry.rnesi r

ronifin 8 e Sl il O RUEE, R e R AU UpgRRET (ST present

ilva@yiisn travdrsesahpwade, fird electicdelsh@af bkl mudf ®r contact hlghly resistive
eIectroEEFtlng E@ocess Wthout this seed |ayer,

PPIBISNS PhHICeVRIFD BT ERSF G¥4Y o teraede Thusi tha etz E)‘FTEF@F RFesent at
f dur i f T, |

tife ¢a?]3lﬁode,r L é ’u{ﬂtg a}él’}zeb%ﬁé} E{a\%ﬁ tﬁe'flerﬂh éerrl}g)ﬁllc B B Bﬁlfﬁﬁnéy distributed.
ﬁ)gltlm’ld@dctl&ﬂﬁ)ﬂb contael giksach &ssemailt)aelﬁmngte‘s hbe pateatial for bipolar
Al so, the conventional full 25 wafer electroplating

eff ?@%en1reqU|res uni formy dlstrlbuted electrodes about

[(‘ed‘,}?h Bk %3 9915 ¥in i LflS'[II Sn gﬁg@lﬁ‘gb\'\ﬁ lﬁ)tdlaf?)? %IJCRBplatmg a

he un| ect

séficehd@tor wafe én @@mﬂaﬁte wttalonf: ubhibomﬁ@t oélttecpreapt atviemtipn. The
syst em t he presence of an metric conta
meghqdsinglndes anrapsrasien 781 @whwa@ 1§t glpstade s wnhﬁd b @ty at a first

1 c%ﬁoﬁj rﬂ’l fagr {ﬂeraﬁ% r’/‘@g]t géc&i({ E‘?Uﬁ'&&qs %‘1{1 ftr&ﬁ tl\(@tvgfer at a second

us re non-unirorm rrate dep03|t on

| @At AE. r’DlSéS séobﬁd Vl&faebn id Dpp&RA 7D theefired Rﬁhﬂimpkdiﬁti\mgto a centerline
apparatus of the present invention as described here
extshdiag acnoﬁ%ﬂﬁrm%%faa%@é Fh%\éﬂfe&%\?én‘?ﬁl% akﬁ@é@@e@%ta@ operation

759 % Coe{]v\é ﬁllf%/ig‘p%rL ¢ ov ar a ?r&'z{c% Q}lf %é Q/gfe $HRt &@Sﬂ@@lﬁqocatlon

Sp eCI I Ca resen i'nvent|

t@ﬂzﬂrb |t fitdn ocatiee tih Qﬁi@ %Irfb@dmidﬁﬂah@ trdffe)tsm@ & a@@ﬁipaeﬁddl’tgf holding
the wafer. \Wien the bar-shaped anode of the present 5
they geefiei mnatﬁWep@e%om wailpaneying tthe walee dp gwe 5 capdigeent, the

trva%?rgm% Eh@d g?'h%ldl 'tl”ﬁ:t Mﬁ% r il %rfﬂe(an]?%e 0 eﬁltle moving the

r sur ron1 e ano hus

afibdd. &Mbn I@p@ﬁﬁcﬁﬁ 7@1 a hbgisastdiitetroplatng sdlht&nﬁfs%tabb;f,mg between
pl at ed beneat h t he anode, will be uniformy

o @tqdite @nf}l l@h@ uppey wwface h%;hg Wf@t ‘ébfrﬁbud@l éléﬁgﬁ%ltzuﬁfﬁ’bﬁ' fppenthrough
e M st bettve A4S End e R eFela rb eR}seX Roonfined between
tﬁz ZSOI%E@MEEV égﬁi@&glg Q/Zfe@ lag %fﬁbhgzamsegzgerstﬁe \11\:);6? surface
of the wafer.

[0039] The method further includes another operation 709 for applying the second
electrode to the wafer at the second location when the anode has traversed the upper
surface of the wafer a sufficient distance from the second location. Once the second
electrode is applied to the second location, the electrical current flows through the
meniscus between the anode and the second electrode. In one embodiment, the sufficient

distance from the second location is defined to maintain an adequate current density

distribution at the meniscus. The sufficient distance from the second location is also
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15

sem conductor wafer, in accordance wth one enbodi nent

of the present invention. The nethod includes an

operation 701 in which a first electrode is applied to

a wafer at a first |location. In an operation 703, a
second el ectrode is renoved fromthe wafer at a second

| ocati on. The second | ocation is opposed to the first

| ocation relative to a centetyi ne 15 extendi ng across

t he upper surface of the wafer. The nethod al so

dLREIUE @Rs 3P PR ChAH 6OMe fi EQSﬂE%@c&nﬂaéf UG AR BRORith respect to
over an upper surface o e waf er on1the second
tHeamertizan oftetmﬁ'bpllatuh@scﬂumm ‘The aatthah cortmuenwith an operation 711 in

traver5| [ | i shed, by hol di
“51?@1 'gﬁ ey eﬂfﬁﬁra % IdEmoyes Do FAIPT %@Pﬂgmtgﬁee Segopf Yectrode
T%le,q{i‘%grbﬁ){araﬁﬁﬁ 948 "Bfersal Bﬁ%hetath@éf@f)%rqge y %ﬁﬁﬂ&l oSEWafer is
y I wafer I1n a fixed position i e nmoving
compleRd. anode I'n an operation 707, a meniscus of
electroplatln% solution is est?bllﬁhed bet ween

[4H8h & ane crkedimspb remgying cacth ot theelighpad seopmd reéwog?ﬁ from the
keq‘(ihél{l& lpo@.glroﬁee% bt ﬁl\éﬁre%ﬂ%w ect}({fhﬁs TR SCHSiaRBlB efhe fluid
€ anode "an the I rst el‘ectrode. € neni scus 1 s

sh:lekﬂf samad toeprameneachhel thedilet ami sécbed whpeaodsufrbmcthe afieniscus of

e wafer as the anode traverses gver the up

r .
egemr%l&t@g Selufige  Wdgoer1n z@th@o%@ﬁiw&n&e@*ﬁo@eﬁﬁfit faly include an
e r GRskdi
opfIELAFRE B AHor@RAIMhE Afpef SR ARTOEIPIUI HadiRE paR b diatcly
trangskal biashet arvder Tlagh, ah epuppen cass be fpacfornndd tohdrywhé gortan of the

sufficjient distance fromthe second | ocation. Once the

“%“créHHcaceélfé]éft valgehavdngbasniidged o t he second | ocati on,
l?? i<Ciabe fﬂ)ﬁrlﬁgtbe%]r{ Qé@’érﬂgéarﬂ%?ll?nst Ssey &%Férﬁﬁé’cﬁments it will
en t he ano e and the second tro

be mb@@mmﬂtthattth@s::s;kﬂfed dn et arBOpahi khding ¢hd precedikpespeeidioatbns and
| ocation i s defined to maintain an adequate current
sidpiget e drastngspiall gealige vHiOYTeptSIpDS, ?ﬁ%‘“@%fﬁ’%’i"é‘ﬁ“ons and

I - I ef;
o R Ak T AR EdP AR LeRA P reROnk IR s a such
altetafions, additiovs) Perimggoiens, and eqiibadenrend Stlueittod the true spirit and scope
electroplatlng sol ution. The nmethod continues wth an

ohHErBYSIEAN711 in  which the first electrode is renoved
fromth r applying the second-el ectrode.
Then, |ﬁ%£ﬁ§g%g?%{$on 713, traversal of the anode over
the upper surface of the wafer is 5 conpleted. 100401

I n one enbodi nent, renoving each of the first and
second el ectrodes fromthe wafer includes position
each of the respective el ectrodes under a fluid
shield. The fluid shield serves to protect each of
the first and second el ectrodes fromthe neniscus of
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el ectropl ating solution. Also, in another enbodi nent,
the nmethod can include an 10 operation for rinsing a
portion of the upper surface of the wafer having been
i medi ately traversed by the anode. Then, an
operation can be perforned to dry the portion of the
upper surface of the wafer having been rinsed. 100411
While this invention has beery described in ternms of
several enbodinents, it will be appreciated that

those skilled in the art I\ adi ng the preceding
t%. IN§

spefifications and 15 s the drawi ngs w ||
| i | t] - addj t.i -
and_ baui var iR fhF e ool Sl B Eh Y Rlcte

t hat 5 (afer Bigeatonfipivedtd I b Ralfsides al | such
alterations, additions, permutations, and equival ents

as falfirstwlectipde disposed aea Sipit Aocatiam groxémpte to gfperipkery of the wafer

i nvent,i oQ. at is,claimed. js: 17 . I VNS 1. :
sy oot S Bepdping TN s Sbsichficitny: (il apd cisconnce
frERNRE Wafdh & be ReldVBY Be WwaiBRbporgonfigured to hold a

wafer; a first electrode disposed at a first |ocation

pr ox# seeoad elsciaodsedisponed §t aofecervelopiforprosmatayipdhe perifhery of the

first el r ode ing. myvabl e to electricall.y cann ,
I RiRaC b SRt b e i e B9 5 b5 g B R ocaton
ralafverto SkiPRafet supbose BRNEc@ldedbdtde bdingaseBlt de@EMRtonnect

| ocati on proximate to the periphery of the wafer

withppédisconrieet fse treowdocattiedsldoi thg welits seppert; and y
opposite from.the first. location relative to.the
waf o s PRy L e see el bR Sl s et to be betd
b 186 twafealshypdQ NG CAnodd Ohavirdgh aardiadpAeORGERde hfcanddfiied to be
wafer to be held by the wafer support; and an anode

suhstantigly patalicd Wit aidapoyedtedoan uaperupplese efithe awéerothe rergangular

fer tq be held .by the f.er, support, the d
Wi gy B e Aoy AR R e b WP RE S the water, the
re%%?ﬁl@f‘ﬁdr?dcb YircR deilgl fatthét defin@nBy Bseond@iRedstonARatlif D&k than the
surtface of the wafer, the rectangular surface area

diametangt thelveafer. di mension that is at |east equal to a

di aneter.of the wafep, 1 15 rectangw ar .surface ar

pe; ng et ternged Prbhes e SepatdSRilg  BERTE FBoect o
oh&afothd}an aldiRctic altBidig Bitwkdiethedrarelectld@é 8hd tHeN@cond clectrode

anode and the wafer support are configured to no

ve

sqvitah theewpde cant traversn @ venat ¢rdirety of thedippecsurisae ektherhfergvhen the
b?tme§q Bhﬁlfi%st elg%trode and the second el ectrode

wafer is'held by the wafer support.

2. An apparatus for electroplating a semiconductor wafer as recited in claim
1, wherein the proximity of the rectangular surface area of the anode to the upper surface
of the wafer is sufficiently close to allow the rectangular surface area of the anode to
contact a meniscus of electroplating solution to be applied to the upper surface area of

wafer.

3. An apparatus for electroplating a semiconductor wafer as recited in claim
2, wherein contact between the rectangular surface area of the anode and the meniscus
allows an electric current to flow through the meniscus to either the first electrode or the

second electrode having been moved to be electrically connected to the wafer.
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so that the anode can traverse over an entirety of the
upper surface of the wafer when the 20 wafer is held
by the wafer support. 2. An apparatus for

el ectroplating a sem conductor wafer as recited in
claim 1, wherein the proximty of the rectangul ar
surface area of the anode to the upper surface of the
wafer is sufficiently close t1® allow the rectangul ar
surface area of the anode to 25 contact a meni scus of
el ectroplating solution to be applied to the upper
surface area of wafer. 3. An apparatus for

el ectir opl ai apparatuseon eloctcipdating angiecondsctoegiafegds irerited in claim

i im 2, wherein contact between the rectangul ar

2 SCOMATYLOf the anode and the neniscus 30 al | ows

an eLggl WA Bintlirdd @VprbRECHS THirtha gﬁﬂew L to th
elthlgr %h%&?%rseg e?nec Fo e%orr tﬁ lsreco?} el ectrg lgosure o e
nivakcngob elecropbateg dotutiva whecthei fast d:lyctrxmlnnemtce«ddtto behedectrically

wafer. 18 4. aratus for electro ting a

dissarnesise lﬁr@%wevﬁ% s de qnads frayerics oaPréBﬁﬁrslé Fl%ﬁtu?qeh apd
CONPLiSlpg’ flhﬂd El'n@ ﬁihgux‘éd s bkt m&%ﬂf &gctltoge Rl E&fosure to
the first e ectro n1exp sure to the meni scus

t}&f nmlniscﬁsr opledﬂcitmglasmg stlmmnvmmm thee sédond t eledtdt risdaoves! to be
tg be electrically onnected fromthe waf

eéﬁgtmﬁ%y diserreeted amdbe W&ff’é 8 the@neds v orren Y ¢ Shfpsecatelgetrode.

second fluid shield configured to protect the second

el ectrode from exposure to the neniscus of

el ectsr opl ain appamolsuor electrdpdatinighesandcanidcier eaferadeecdisd in claim

noved .to be electrically disconnected he waf er
Zaghersin é%aeét@ga%ﬁgré@e&r% of e sandioria defiaed 53@50% porpys resistive

|
n?at? ial cory éittUSd fgtivgﬁﬁr#% Alhiish @decheﬂ‘é 1%@%?1 %lutlon to form

eC|te erelnt ct angul ar
tisanhEmieas af ehcmcﬁplmthg saehoide onshdefrfanedf thy wafqpor ous
resistive material configured to allow a flow through
of cation |aden electroplating solution to form the

meni geus of %Jp@ﬁlws%l‘ @febt?(gatlﬁmg;{'f bé?ﬁ]c&ﬂluua? “%lf’érfa‘g‘cr@(;lf?:ﬁ in claim

the wafer. appar or electroplating a

1s eviierztm dizake aangwddresurfase ares iof ddt arvde limdefined, bywh eorsumable anodic

the rectangul ar surface area of the anode is defined
“ilconsumabl e anodic material. 20 7. An apparat us

for electroplating a sem conductor wafer as recited in

claim

7. An apparatus for electroplating a semiconductor wafer as recited in claim
1, wherein the anode is configured to remain in a fixed position and the wafer support 1s

configured to move relative to the anode.

8. An apparatus for electroplating a semiconductor wafer as recited in claim
1, wherein the wafer support is configured to remain in a fixed position and the anode is

configured to move relative to the wafer support.

9. An apparatus for electroplating a semiconductor wafer, comprising:
a wafer support configured to hold a wafer;
a first electrode disposed at a first location proximate a periphery of the wafer

support, the first location residing along a first peripheral half of the wafer support, the
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1, wherein the anode is configured to remain in a

fixed position and the wafer support is configured to
nove rel ative to the anode. 8. An apparatus for

el ectroplating a sem conductor wafer as recited in

claim 25 1, wherein the wafer support is configured
toremain in a fixed position and the anode is

configured to nove relative {® the wafer support. 9.

An apparatus for electroplating a sem conductor wafer,

I

ﬁ&??ﬁ&ﬂrédf%mgrr?crn\é@i)gf %ﬁ%g é$ gllggtg%éélg%ozx?ac{agl Ffisfgr 18 be held by the
whtee aipport; pr oxi mate a perlphery of the wafer support,

the first Iocatlon residing along a first periphera

hal f2 é?coflﬁ@ effapdsr SRABHLHLE e PSR REPRIg) bjgeriphery of the

V\% : Eecﬁg&] E%/ Cgtfﬁl? geshﬁ?% 1?1%1;1% fl edddVp I‘:I%F alt 3¢ the wafer

pport; a econ
slpeat ﬂl@ldﬂ; ekchmo&eﬁif thic firss periptard] dmlt ofothepwaber meyipert; ohe second
th eriphery of t er supp t he secaqnd
i RRing wvablﬁgcoate @Hé?éo glegigisal bé?l?t%éh%uwaﬁ%ﬂ tp sy held by the

support that is exclusive of the first
“%gffgﬁéréﬁmﬁalf of the wafer support, the second

el ectui antelelenfigursdwabd dispesed ioger @dupper edréct roff clad \Ivyfer to be held
contact _the wafer to be held by the wafer. support

b rile ANaTkh GUBPEb I GO T A resiFBRERT GYERCcadicappiined (o be
l?#[agqﬁgl dgﬁﬁﬁa%}lﬂ%ﬁipr&gnﬁgeu[:a%hql BYsut28e M‘@&l@gve? | neg r&otangular

aving a rectan ShFrace area
sir€ace heashub sigamiioh g kliryerpmahbtal atdehd equd tp nakimateoftthe ailafer the
upper surface of the wafer, the rectaagular sur fac

re&ia@guhﬁ%wrf?ge arqadisipediupbsidedined Rup spengdidimension @ahléﬁ%ﬁ ghan the
d%mﬁk Q¥ the wafer, the rectangular surface area
el ng urfﬁer’defined by a second di nension that is
| ess whbgin tHeeanodé amdtherwaftr !dp@omfeconﬂg.lmdetbnnd)\l'eewith respect to

anode and the wafer support are config to nove
o{f plppt]peééﬂéld}lrepgon qeenshing betweerthe sttaelqﬁtr,og pptg the second electrode

s& ﬁ{a?p% ééllgd@ EAE rsgb%elf anl %g&%?ﬁ&l{eﬁ%@e@ﬁﬂfa&:@%f RRGAME when the

el ec SO t the ano erse over an
u@fdrllfml&bpihd\hﬁempport.surface of the wafer when the
wafer is held by the wafer support. 10. An apparatus
for electroplating a sem conductor wafer as recited in

clai gy 20 A9, apﬁ!?.x%frﬁ' f0r Elle r(ﬂﬁﬁ?ﬂ(grg Le¥ni@ndubSr ?@?&%@?H{iﬁg in claim

surface area e anode ‘to t°"he upper surface o

oyvevherein the prodxfimnityy eﬂtHeyreahJWrtsurfaiel aea divhe neaicanghd apper surface
surface area_of the anode_t

of the wafer is sufficiently close to allow the rectangular surface area of the anode to
contact a meniscus of electroplating solution to be applied to the upper surface area of

wafer.

11.  An apparatus for electroplating a semiconductor wafer as recited in claim
10, wherein contact between the rectangular surface area of the anode and the meniscus
allows an electric current to flow through the meniscus to either the first electrode or the

second electrode having been moved to electrically contact the wafer.

12. An apparatus for electroplating a semiconductor wafer as recited in claim

10, further comprising;:
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contact a neniscus of electroplating solution to be
applied to the upper surface area of wafer. 25 11. An
apparatus for electroplating a sem conductor wafer as
recited in claim 10, wherein contact between the
rectangul ar surface area of the anode and the neniscus
allows an electric current to flow through the

meni scus to either the first2electrode or the second

el ectrode havi ng been noved to electrically contact

t he F Ai : f Folnh

sem %gu%%@rghl\a\eg}f %r : sféfegé ﬁ{rg%ai tﬁé g? %:;[leérir%d&r%g13 fur tg ﬂzorsure to the
meaipus dietgtrogl@tiag $dlutiin Wheni the filst eledratens ipyed awbyfrom the wafer
protect the first electrode from exposure to the
anBRiraedrdrayerset evar thsplirst sleeirodei @i on when the fir st

el ectr (P f q
R L
thehmeniskbus affelguopldtitg sguiddre ohed e secuhedeetralet is oukevefl ragrmy from

exposure to 5 the nmeniscus of e|ectroplating solution
thereaer asdhe arodn éraévréistqua@e iS%COﬁB\?i.satr%%ay from the

waf er as the anode traverses over the second
el ectrode. 13. An apparatus for electroplating a
sem ¢dnduanappwatsriondecctenpldting a sendtanidovtod Wafentaeremitad in claim

the rectangul ar surf th i s_defined .
by WBETSy B BLAT, ot 7R rine i QAES Gk BPRBresistive
n?atgrl‘ap%édgx%dqg afBbw %eﬁo'v\pﬁllr(g ol Cl‘éi(ﬁé?lpél&ttﬂogﬁuiﬁ% kit @to form

to form e e I on

meni scus o ectroplating solltio
tHehmersisouk a€ eleafopidimgwaluéivn oi 4he stinfaappithatvaterf or
el ectroplating a sem conductor wafer as recited in
claim 9, wherein the rectangul ar surface area of the

anod Z?fi s def %@%@t@%?el\%&ﬂ?ﬂ%@' L5100 ctol WafR b8 tbMed in claim

15. appar or electroplFating a sem conduct or
Iyathereirathe rrecthngatarisorfadeaarta o thevdmede isnddfined diycd eorissmable anodic
configured to remain in a fixed position and the wafer

rt is configured to nove relative to the anode.
20 16. An apparatus for electroplating a sem conductor
wafer as recited in claim 9, wherein the wafer
suppadst i sncapphiagisrferelectroptatign samieorfduxied watbsias irenited in claim
and the_anode s fcom";gured,t,o ve relativ {10 tpe .
9vv&’ﬂ“§‘iemsft§‘5|@8? ¢ 15780 1%‘1?3"@3@%3%% ¥k Pasiiamrand the water support is

cShﬁéiﬁécPt%l RS NQ1aBYS TR afRUEPT i Si ng:

16.  An apparatus for electroplating a semiconductor wafer as recited in claim
9, wherein the wafer support is configured to remain in a fixed position and the anode 1s

configured to move relative to the wafer support.

17. A semiconductor wafer electroplating system, comprising:

a wafer support structure defined to hold a wafer;

an anode configured to traverse over the wafer support structure from a first
location to a second location, each of the first location and the second location being
proximate to and outside a periphery of the wafer support structure, the anode being
further configured to contact a meniscus of electroplating solution between a horizontal

surface of the anode and an upper surface of the wafer to be held by the wafer support
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a wafer support structure defined to hold a wafer; an

anode configured to traverse over the wafer support
structure froma first location to a second | ocati on,

each of the first location and the second | ocation

being proximate to and outside a periphery of the

waf er support structure, the anode being 30 further
configured to contact a meni ggus of el ectroplating

sol ution between a horizontal surface of the anode

ﬁ‘ﬁg @nth\%%ﬁﬁorﬁgirsfu%@e Of thk Iﬁﬁodﬁa@ téjre@ﬁngﬁhrdarg eit@rﬁimg along a
waf er’ support structure, the r1zont sur ace of
fﬁhehaﬂaﬁﬁnhhmnngthcn@ﬁtﬂn@mhddbgnmﬂwektaq@nﬂgﬁaﬁongwamemihe

first chord defiped across the wafer_ to be held

figgif dhord eﬁa,%bswnél@klu@smee&cwﬁw%lansq%@i chotlopxigisps rogn tho firs
1&ﬂ9§ﬁ @%%Xdﬂﬁ dicular to a second chord

exten ron1t 'irst location to the second

I ocatmfﬁrﬁt eléi:txadé mos ible keeafi gupetetorabacaidajiy comha’:tghe e/dfdr ®o be held by
electrically contact &he wafer to be held
thgavaler SURReHTrugiFg At 4 Hikst gentagt prsilipn suhsantipl bB%a}rtthfbﬁrSt location;
#bstantlally near the first location; and a second
el ectrode novably configured to electrically cont act
t he \aafeﬁmdtedbcbedehﬂiodablp)comﬁ@lrmhﬁ)aﬂecmﬁmﬂgrcbntattrthetwlafee to be held
at a second contact position substantj al
b b Hater PEPROBCARICERE 208 Secand CRRag RSO N ALY ndar the second
lgaﬁgﬁroplatlng systemas recited in claim1l7, wherein
e meni scus of electroplating solution is confined to
a regi on between the horizontal surface of the anode

th ﬁ\e“ n%5t \r,]éf gg&gc%gg#ck&; ggfr‘eg gﬂ%@tp 1n§£%§1;:ms lajig fr%gl?ed {n claim 17,

\ﬁi??&ltl 1R ln?én&%&gs o %ﬁ&%@ﬁgﬁ? %bltugg% i§! CB*‘Aﬁlllé@ a re g:}t‘fét\peen the

e rectangular area | efine ong di nen
Hohaéntalssuafiacé efiite @mdalhatiag ahe dﬂc&]lrlgillar ai@h ahhtbe \upﬁeﬂfrs,urface of the
the rectangul ar area being further defined by a second
Whfefension 20 that is |ess than the di aneter of the
waf er. 20. A sem conductor wafer electroplating system
as recited in claim17, wherein contact between the
anodd9and A hemimndscars wafer edleatoptypingt sysgns @k uktited in claim 17,
allows an electric current to flow throug

VS8 Al reskanghlat pred oF defingg BoR PR Al W%IS@PttH@rlst%éeast equal to a
didh&br FOME WEELT ﬁl%erefiangg'i‘& RECORE Al BOARANAY Setoh® Blinension

noved to el'ectii cal ontact t
thatris tewﬂhu@tlﬁrd1méterrofehcewhfeapl ating systemas recited

in claim17,

20. A semiconductor wafer electroplating system as recited in claim 17,
wherein contact between the anode and the meniscus of electroplating solution allows an
electric current to flow through the meniscus of electroplating solution to either the first

electrode or the second electrode having been moved to electrically contact the wafer.

21. A semiconductor wafer electroplating system as recited in claim 17,
further comprising:

a first fluid shield configured to protect the first electrode from exposure to the
meniscus of electroplating solution when the first electrode is moved away from the wafer

as the anode traverses over the first electrode; and
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further conprising: a first fluid shield configured to
protect the first electrode fromexposure to the 30

meni scus of electroplating solution when the first

el ectrode is noved away fromthe wafer as the anode
traverses over the first electrode; and 22 a second

fluid shield configured to protect the second

el ectrode from exposure to @pe neni scus of

el ectropl ating solution when the second el ectrode is

nove t

the Scoant (ki ]RnhEhED &R e Rp T ¥fosure 10
thed memsmsl adtdlevgrophshge solagson ediet el savond elentrdde, is mdnededway from
t he horizontal surface of the % ? havi ng the

theswatshgputha pnodedmveigespyer hegespdglccsdous resi stive

material configured to allow a flow through of cation

| aden el ectroplating solution to formthe mneniscus of

el ec2eopl &t isagicsndlumdrow.afeiOeléb%nopl%tisgmyetmmdastremited/afrex:laim 17,
el ectropl atin temas recjted in claim1l7, wherei

whSESTH 3 BaTfoRte! SURTeRH 1BY 2B haBechE SeKtangulaR @rea 1s defined by a
GorPRAA Qectroplati

PRSP R ol R Bl o APERATR R 2R, Acctoplaring
sspbem fasmnkeecmerideusof elcairopldtihg solifionher ei n t he anode

is configured to remain in a fixed position and the

waf er support is configured to nove relative to the

anodes 25.5 GRAGu 18phE Ch5eRI 8l 1 BGeaY # &Mim 17,
as rgglted |ﬁ5§¥gln1l7a&ﬁ§hertﬁﬁa'hg &é fer support 1Is m
vaendin ghe Belidoatat eurdiioa dfrtha afiodeetdhvpgstht irenargyuthr tahe ianistieed by a
is 20 conflgured to nove relative to the wafer
cenppsble anggic mateiialnog for el ectropl ating a

sem conductor wafer, conprising: applying a first

el ectrode to a mafer at a first location; traversing

an andde oveemaondyppar watar f dearopiatinp esyamfreras freatadain claim 17,
second | ocation 5 toward the fi | ocation,. the ,
wheeahdhg grodeiidRopiguig! BpisBern & 0k PPRHGh aDQ b pafer support is
oAty S 9v I%lﬂ@l%?t(ﬁﬁ’lt: Lhsiext endi ng across the upper

surface o establ i shing a neni scus of
electroplatlng sol ution between the anode and the

upper._ surface_ of the wafer an el ectrical
curr@dt f Ko ismigneRRer W@err@ﬁ?t?@IPélnSeWﬁ@Bh as tIRgtegn gy glaim 17,

vﬂfkgelﬁ I?ﬁe t)v'afétsu O?Ffsr&)qﬁ rad t&PRhh Eg aaﬁ)?‘e%lcll%mlon and the anode is

ctrode to the wafer the second | ocation when t
canfigieed to move relative to the wafer support.
26. A method for electroplating a semiconductor wafer, comprising:

applying a first electrode to a wafer at a first location;

traversing an anode over an upper surface of the wafer from a second location
toward the first location, the second location being opposed to the first location relative to
a centerline extending across the upper surface of the wafer;

establishing a meniscus of electroplating solution between the anode and the upper
surface of the wafer, whereby an electrical current flows through the meniscus between
the anode and the first electrode;

applying a second electrode to the wafer at the second location when the anode

has traversed the upper surface of the wafer a sufficient distance from the second location,
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has traversed the upper surface of the wafer a

sufficient distance fromthe second | ocation, 23

whereby the electrical current flows through the

meni scus between the anode and the second el ectrode;
renoving the first electrode fromthe wafer after

applying the second -el ectrode; and conpleting

traversal of the anode over phe upper surface of the

wafer. 5 27. A nethod for electroplating a
w%@fébf‘%l@efém%al"@fr?eﬁn oW ecﬁfohgﬁ thd nfé'ni%bﬁ@ B&weed ltﬁet ARJde and the
conprising: renoving the second electrode fromthe
sswaheéelepredet to traversing the anode over the second

| ocati on. 2 A nmet hod for el ectroplating a

seni FMYIRY gw t%éﬁ‘ elpctipge,Teom sl afist REYng o sscandyelectrode;
reno

he. e e e R D RS PR S PR L

el ectrodes under a fluid shield, the fluid shield

serving to pr each of the res ectlve el ectrodes
fromlhe %W@&E@roqie%qoa@f%msgrflmgg%cmru‘tf@ Binas resitesign chaim 26,

| ectropl ating a sem conduct or wafer as

ﬁ?@%??@aﬁﬁg Iain126, wherein the sufficient distance

f r omrdnhevisg tendcdralcdtdtaxe ifond dfei wadr pomai trdvarsmgathe anode over
adequate current density distribution at the neniscus
thesgoens! lefidigRe t hat each of the first and second

el ectrodes remain dry with respect to the neni scus of

el ectroplating solution. 20 30. A nethod for

el ectgopl at method feresteaopbitinf arsemidoaducsr wafer degcited in claim 27,

cl aim 26, wherein the traver cconpl i shed b ..
STt FRPAVING G AEe 1T apd Sesand B Tooet 16 walgrngfgdes position
chdfoRE gé egtﬁregé‘r ctOdBELRRA afRfid Shitl 'E}%Dﬂhﬂﬁ'sﬂﬂzk?servm to protect
sem conduct or er as reC|teé in cfalm 26, %
ehdreofithanepcting ellestrc&ies Gropil the hedisbys df@ll«zttmglatﬂn@sokmicﬁfr in

a fixed position while noving the anode. 32. A nethod
for electroplating a sem conductor wafer as recited in

clai By26, 5 AQubY rf&haéctl%gfgﬁﬁg $'s@hiconductor wafer as recited in claim 26,

wherein the sufficient distance from the second location is defined to maintain an
adequate current density distribution at the meniscus and to ensure that each of the first

and second electrodes remain dry with respect to the meniscus of electroplating solution.

30. A method for electroplating a semiconductor wafer as recited in claim 26,
wherein the traversing is accomplished by holding the anode in a fixed position while

moving the wafer.

31. A method for electroplating a semiconductor wafer as recited in claim 26,
wherein the traversing is accomplished by holding the wafer in a fixed position while

moving the anode.

32. A method for electroplating a semiconductor wafer as recited in claim 26,

further comprising:



24 confining the nmeni scus between the anode and the
upper surface of the wafer as the anode traverses
over the upper surface of the wafer. 33. A nethod for
el ectroplating a sem conductor wafer as recited in
claim26, 5 further conprising: rinsing a portion of
t he upper surface of the wafer having been i medi ately
traversed by the anode; and ggying the portion of the
upper surface of the wafer having been rinsed.

confining the meniscus between the anode and the upper surface of the wafer as

the anode traverses over the upper surface of the wafer.

33. A method for electroplating a semiconductor wafer as recited in claim 26,
5  further comprising:
rinsing a portion of the upper surface of the wafer having been immediately
traversed by the anode; and

drying the portion of the upper surface of the wafer having been rinsed.



