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1 Electroplating Head and Method for Operating the
Sane 5 BACKGROUND OF THE | NVENTI ON [ 0001] 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 includejntegrated circuit
devices in the formof multi-level structures defined

on a Sidy con te, A U r level .. 1

Cr ans: SIsFARRIRGEE 1Y, oo MR trPer i thd Somsy
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 from other conductive |ayers by dielectric

materials. 10002 BAGROUNDDIOTHERIVEREION | N
operations for deflnlng features on the seniconductor

200150 03 B O 5 PR B BB e W aBhPEEE skl memory
vaaflgrand Grkeni s@iabl manﬁhcﬁMrfgapb@mn’sgne ﬁerﬁﬁhéd)for‘daﬁne features
a conpl ete wafer | ectropl atin SOr W h t he
R S PORUFY NS IR St Ao ER o R drteghiey AigeHflgvices in
RO boRali-rl@ Ghi e UbMEd RInOf §8iSon bUberMET &1 a isdbstrate level,
mai ntai ned at a negative potential with respect to a
persbistoy 8¢vees hdthgdiffusierotrgiops atcefomde ire pybsedyentaasie interconnect
T Eh Tzl WS ek LBy R 1 Do By Bevices o
aieﬂnmidemad necgrated’lcm:up alsvitd. dyisop pasernyd tcendvotiemidyers are msulated
r al t he f During the plating
pf?od%g gr Ctoﬂ‘éuc\%? gyer% elg%tL% t§1’ﬂ8de Thus, the wafer

| [8002% qUE E&REs of Ba@achirRg lopértadnk YorGefilieg teafhrdson &hmmhductor
of electrodes. The nunber of el ectrodes are requir

tWAfEe camincBidsiap drelpplrng: Bacest Surmdding geateriabie ﬁheo%urﬁafﬁeof the
VR RondARM: RAYE. %oéveﬁfﬂ&éfl@rglécﬁ“bfﬂ)ﬁldﬁafs %ﬁgrn?egnﬁ]aé:Eomplete wafer
resi stances 1 n order to achieve uniform current

dilestropliing moceasr ogth thhentingf weafer fluhmtetged ¢ ap lckereolyiaf Bpring the
N :og Cetrnlfig a{l Ialtg%tp la?mg ??otcas%r the %va?e? gsalﬁlgl:ﬂléun%? oA glﬁf %?% potential with
nespettng b osiniyElatharpgd tivde lptm fwhemmr tbe; snddb @lamﬁ euhstantially equal

0004 e co nt i.onal waf er o
o dit 1ol gl DRUSBBE ) L UBRBTRES by he Ssctnlgsand mgiined
NRL Pbdiddn @BxikRR t6 bid ReMleDkith Me warker, there is an ever
present need to continue 2 researching and devel opi ng

i [A130 Paree ths plating peasess dst watbrrigtstae & iabedsgy husp e ineds perequired

48 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 el ectroplating head is disclosed. The
el ectroplating head 5 includes a chanber having a
fluid entrance and a fluid exit. The chanber is
configured to contain a flow of electroplating
solution fromthe fluid entrance to the fluid exit.
The electroplating head al so i ncludes an anode

dj 1t A The

t%?e%gc%&%e%dtdr ?%vg‘oﬁ)tyﬁ%clo ﬁdggl?lergs 1H ]e%[}gy\acjgnﬂg tec}ﬁl%mgy_gr#)éﬁ&ble to
emetetidl dppa@ition gutngasdni donddeerr wafem cfdbuda&mna por ous

resistive material disposed at the fluid exit such

that the flow of §@ﬂﬁzﬁiﬂﬂmﬂﬂﬁﬁﬂgmﬁﬁionis

required to traverse through the porous resistive
n@oes]ilalone kROOEehtN a0 Blectephads meddtis d&ﬁlo%pﬁhﬁéhﬂ&rdpm’ﬂng head

el ectroplatjng a se conductor fer j c] osed.

il f‘ﬁﬁaﬁhswla%r%?wesa ul entrgnee apd gﬁb@ Falé‘mf?’ agcopfjeured to
h@nthirfa WREESE elddh@plaBRP & @iddStich 3 g lcHefRe Q@ the fluid exit. The
el ectropl ating head configured to be dlagosed over an

uppréioplasig hepdealssf inglides\aarf apd disprschiithinpie chambeaf Bte anode is
S&ﬁ’lﬂgﬁ&d toTﬂéeele%hﬁ:gﬁ); &)%'J?&édrlg gﬁ@ 19 Offfel egétl,fr@;qatin%yﬂeﬁ’d further

have®a processi ng area defin e subst antt al |
pmclatidsed pwouh r@srsdvqami@mhtlepqwd ah theuﬁtpérexsmhd@t dhe flow of

d%]%rﬁ aBIP.g ﬁog‘g‘fm [i)s re 1re§ to asverss U%th { e pgrodls éeS}ISP'\e/? mgt]grq%l
vahed) 1ange &nﬂi@@lﬁﬁenf}laﬂeﬁﬁ}h@ﬁs tiatledtfoplating at Raficdnthctor wafer is
dianeter__ of the wafer. The roceSS|n area i s gurth

ddifsloredt e appemiseinplyfessy rwaéeéesugpcgh C?)‘ igyred ol ohRld 2 water. The
F Shabul \éféo TRd&des ah ele&p@plzﬁiﬂ? HesH é&lﬁ%’lﬂg@ Bebe Hi3EdsUd8Serdin upper

first electrode disposed firs | ocati on

ps—lm&carﬁtﬂ@e \Ezferfao e held by Eheivice rsmpoﬁaThe ebgetrpplatingdfead is configured
T
SHBSE o T L S TN, LU Lo

Smmpmmrﬁce d-‘fdﬂe tvafen 8lhk procedmg apraas ddfinsd b]nallcmgehmalsxon that is at

ST e T N T —

SSHRORAfet h’ﬂé piloSesGKE hie8 isViertieh défiiRd bé fbéxtero@ kurple @l of a porous
hal f of the wafer support.. The secand el ectrode

nistigtiyieymatenali §bF apparas Birbpreiaplndesar It clivirads d ksme?e(? at a first
V‘?Ea‘?iron CoxRatb8d 9 vt ﬁehﬁhe‘f\ﬁfh@ff oF WRPRAEr subB&it. The first electrode is

ectr atlng head "and the wafer support are
cmnvabguq:oeaﬁgur@d toelsctvically qookpeibt wakergndedisht he ﬁheu jafgr support.

t .%5.%(? tC %n@gy,i dthe)étgg?a{rlghsn%cﬁgésm %{kﬁ&? %{e&tn{d% 1523(: e%t 3t ecgﬂfj location

rode,” suc ropla

hgragimagno tar !v@idseriphvesl half of mid Wﬁtﬂysui)f)ort l’hﬁt u;psptehlswe of the first
surface of t Swmafer when

B BF BbPt e SeA BB | Hiote EnBuT BT Moy CRBEEed t

f Qéct@(ﬁﬁ% adrtdRe th% Rvafdr @C b 1M B thE dafee Aehpbs. "ﬂie%@dcﬂ%ﬁimg head and
The method includes an operation for disposin

et]hgg}(afqyrﬁugmqrhgrerf@aﬁgtg%po BQHe with respect to one ano%er in a direction
extending between the first electrode and the second electrode, such that the

electroplating head can traverse over an entirety of the upper surface of the wafer when
the wafer is held by the wafer support.
[0007] In one embodiment, a method for operating an electroplating head is disclosed.

The method includes an operation for disposing an electroplating head over and
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3 proximate to an upper surface of a wafer. The

nmet hod al so i ncludes an operation for transferring

cations froman anode to an el ectropl ati ng sol ution

within the electroplating head. In another operation

of the nethod, the electroplating solution is flowed

through a porous resistive material to exit the

el ectropl ati ng head and be digposed on the upper 5

surface of the wafer. The nethod further includes an
gl%&ﬁﬁa'teog grp[qﬁ)%?ts@zkﬁic% D1aNGaBN 1AL SRIHIICalsCHEREA an operation for

tween the anode and the upper surface of the wafer
t rarsfeging dagomsl fewn rophaleitngn ek;cttqplatlog] solTfn witlgo tthe ejectroplating

e t but e the por.ous
- BEhCH, et el of i Rbie e bl BRAGLS Aot fgoven o
upgets ssistha@chaterdialtth Q:xit\lafﬁeeélectv%k)ﬁﬁng hed eldaet dismselion ﬂra:t upper
causes the cations to be attracted to the u?sga%i{ﬂanganelectric

strfse e the welke Tha msthod fyytheninelafesep Rasrauiee

agyRAt BYESenGhe hitRic 1aRY 8RMp P& sithde &Wef@? I%ﬁml&ﬁtoplatmg
from the follow ng detailed description, en in

cemytionc Tho plegliie h;u{rmg iy eeiderpdn 913@%;@1 i thg §0r0us resistive material

eirt! e td P e AR Froad” B RF il R A cument

i capegsttheonationsagbt lencted to hef upperserfacadd dwtvadi@s t her eof |

e be understoo ren to the
F B et PSR esican B EafipCRAC s ore epprnt fom
a6 FIRAME dighiled danokifgs, iaRenhicedjindtiof Wit the dcSordhnying drawings,
illustration show ng an el ectropl ati ng head di sposed

olfptraging By wpy Oﬁ%amaleé@rra%ﬁ%@énw # one enbodi ment of
the present i nvent| on; Fi gur e 2 is an illustration
showi ng an i soH RIPBION QE THEDRAWINGS| ng head
of 20 Figure 1, in accordance vvlth one enbodi nent of
09" BRaRMentiBtY, @6MttRP with i fGrHee a&%nﬂa@es&ﬁerbdﬂ b8y badt e Rinderstood
sovmngthe electroplatln head bel ng plied in an
ebxeeqfwm ew |th¢gf0§pwms<§%smpgowé<@f ehﬁ%unﬁf ipth Wit ghe accompanying
{5@ gf. the present invention; Figure 3Bis an
tgr atl on ‘'showi ng a continuation of the
eI ect rivglraf | nsmgl 1bmmmsrsshdwmg@n euctmplaﬁml bead ddsrosedpver a wafer, in

accor.dance  w of he present
i PRORHETE 1th£§e ﬁ?gﬁ@eﬁ?ﬁ? p%ﬁ%eqt MYEHPat i on showi ng t he
el ect rmplratiing ieatibesHog il is@tbtiidview of the electroplating head of
el ect ropl ating process, in accﬁrgance wi t h anot her

e P80  mriccasganchwith PRaROdmRPL NONCSNENYEIAnAB i s an
I T usteiglt R 1§ RAWHREafnCRBYInBURS bl@cﬂr(@fatlﬁé‘ Bcad being applied in an
el ectroplating process depicted in Figure 4A in
adesstogafiegpratesh ipersordptse aiifrene crbodiment of g prpsent invention;

' ”Ve”t#xé{ﬂe Sé is an illustration showing a continuation of the electroplating process

g' 0

depicted in Figure 3A, in accordance with one embodiment of the present invention,
Figure 4A is an illustration showing the electroplating head being applied in an

electroplating process, in accordance with another embodiment of the present invention;
Figure 4B is an illustration showing a continuation of the electroplating process

depicted in Figure 4A, in accordance with one embodiment of the present invention;
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Figure 5is an illustration show ng an arrangenent of

waf er surface conditioning devices configured to

follow the electroplating head as it traverses over

the wafer, in accordance with one enbodi rent of the
present invention; and Figure 6 is an illustration
showing a flowhart of a nethod for operating an 5

el ectropl ati ng head, in accorglance wi th one enbodi nent

of the present invention. DETAILED DESCRI PTI ON [ 00101

In theg; l-Qw i QL I
dot ai 11200 & e ASEREh; b AEn EREALR FARRL shitue sondiioning
udeleres tcanfureg tof folldve tior elservplalimy bewdi asnit trhverwis [dvelbthe wafer, in

apparent, .however, .. t e skilled in the art that the
PR B FEhosm R s G PR eB6rda: Ck “Sone ot al)

of 10 Rihese Bpecilfubatidetshdding o Nowdhasrofi Nedethiod efs opehting an
known Pr‘ocess operations _have not been  described . in
deedioplatipg braddp 2proFdapes Wihwe S8 Sadimeyt o Hedupsentipntion.
present invention. [00111 Figure 1 is an illustration
showi ng an el ectr opl S¢ osed over a

waf er 307, in accordance with one enbodi ment of the
P[08s®Nh th ¥Idtvi@Ndesdripfion Shultekdu RbetifidGetliRadle 38 Corth in order to
i ncl udes a mai n _chanber 105 forned w thin surroundi ng
watovide aghorepgh understppsdineiofiye asprnb ivention. tt all be geparent, however,
Stéfdn@ Qﬂﬁécﬂg MBdrd Batlid preddt AGerdith hagle Fﬁc@dea B&tho@ome or all of
i ntegral manner or as a conbinatioh of appropriately

f thsteomediiadetaibedtt ether matpunea el knoFheprogesnopsiativhe haveO®t been
i nel udes flui d, entrance 111 a L ui xit 112, A
Pt T e RGPPSRl P vRe et b,
1po1t)Figutppl iy «alidedtangd stowig; sOElMEttophatihg htdie10tadigposed over a
chapber 105. Thys, durjng operation the main chanber

1858fe5 V&0 At | 60T %PCFOWE%n?r&i ﬁmg" Bent) gfy th Present invention. The
eéle&ltopraﬁﬁ héa 9 08 Ghdkide®R rhdi® BhdnkRr fi 03 EimeN WABRCRIrbdddidOwalls
the fluid exit 112, as indicated by arrows 301. =

[ H01}jshquié be pprreciespd Bet thy syewadingovas 4@ pancheydsdigedgin cither an

fi [

I, A8 o by A P AR P 8RS Sponcs
E&lchmah chinebeahotimsluddslbiMidl edttiBed b1 [caprd fai fpud edt 118, Befluid supply
el ectricall onnected to ower. s |y, as indicat .
bl/lejals Zﬂga %?((E ?*K?e‘ﬂﬁ% th}'a[nf,?/ lillg) sugpgheggcgroglﬁtdnga%ohﬂlonato %ﬁje main
OfHafBEral 050 They, demedomrnide tHelddih khaBban 10BN corifipured to contain a

respective anode chanber 105A/ 105B can be defined in
DAY P SR T GRTEHE. Hiloede TR exi 172, s
ShbitdeBopibwaspeci at ed anode chanbers 105A/ 105B can be

configured in various ways within the el ectroplating
hiSatR] 110 electroplagingdsad HM) adsot incledss alfirstgnodet HE Aand desscond anode

1111‘%%/ dlfs]pt% eéifwi\jﬂ\}h?ﬁ@g icﬁ‘a‘n@o%rsa]rbggeana q%@,er%s?)c&%ﬁ %Qc%%fit}% hodes

manner
115A/115B is configured to be electrically connected to a power supply as indicated by a

positive polarity 117. A shape and an orientation of each anode 115A/115B within its
respective anode chamber 105A/105B can be defined in a number of different ways.
Though the anodes 115A/115B and associated anode chambers 105A/105B can be
configured in various ways within the electroplating head 100, it is desirable to establish

the anodes 115A/115B and associated anode chambers 105A/105B in a manner that will
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provi de a substantially uniformdistribution of
cations throughout the electroplating solution within
the mai n chanber 105. [0013] In one enbodi nment, the
anodes 115A1115B are disposed with their respective
anode chanbers 105A/105B in a vertical orientation.
The vertical orientation of the 5 anodes 115A1115B
enabl es natural circulation of an electroplating
solution present within the respective anode chanbers
1 r%e{d&%Sﬁlbsng@all@aﬁrﬂfo% (ﬁétﬁ oﬁt dfo&tlgﬁsn tkf?@ug'h&%uffl@de Q:Yroplatmg
gravity acting upon partlc ate material s Tel eased
fﬁcxbunmhetthesmlcll&AbdllsB during the elect ropI ating

VB8 oo P Bniien RS 1 PRRE BB b i i respectie

cafode sharistss 10541088 feadveeitaRbriatdtiont Thd eartiod] drl'mtatlon of the

anodes 115A/115B. 10 wiith respe¢t to the waf E‘H

[ @'@ﬂ%] 1154 1{5\8 epghtesdiatuey] 'cléiﬂlaélpp ﬁ(éarb?lscérgglgtm% ion present within

pﬂ’i'e %é{pé@itvé QRodePthaRBEN10¥RRD5E. ofﬂébﬁakdrﬁl)’cuclﬂam)ﬂ §anof)e induced by
di ssolfving 1ons cause precipitation of salts at the

agredty asting vpee. paltivelagroatersls iieaggd from the arclgs &l ¥4 bl SBniyaiag the

r lec

SrEplsfiy pRbag AGET ARG PRt E RELHRE Gitfifion of te

as®dcsi Atsad 1\5Btdorrespommcto mg:eaae@mﬂarcmﬂentam afithe Adadxs ILEA/ 1158

during the el ectroplating process. As the precipitated

s‘g}dféeg%erc[;@ele%w?%r WSUI ate the anode, decreasing areas

oroomlmlgah@eleamn@?me@ 5RUP PORIH RN foor oamw\iheﬁ R@ubility

an increased current flux. As the current flu

i Fretteelchsolyingrions caveRsspaeien of sgiset Hie@aade syrface. The precipitated

PLAS bRIsE HeCanofL8F B SishigRY |ﬁto§1 #hB s@rr&ﬂﬁ @@éﬁoﬂﬁtmg solution. The

reactions at the anode. 15] The ver§| cal

osriode peleiization feffast Gol @snopl mswcmhaé witfo gxceedingrp ecrigical segrrent flux

P& ?Yxl %Sélé(c gl(a)%x%i%r%gés? ACL thé r%& Qﬁg‘d Jaﬁg f@g‘e‘?ﬂ tb 'ir?sﬁl%{eetf]e anode,
Wit hen svan conv ctlon us

rmtehimg]greasn of uiasulla¢d mdefoectdn&: ebmmbbpﬂoammvglmg an increased

sol ut| n the .anode cha rcul ati

oot s it PHEFTE SR CRCHo0h 1 AT U A0S Hefpabecipiete

PE8MREESUIRAN 8 ShldoWh of RE@BhPItliR B8dsal ts to surfaces

of the anode. It should be appreciated that the

VPl cRe vesiqabntientation of anodesh Withigd@egnpd shanpbsrs, as previously
2@6%8%%& gvx@e[%qglem %%P Er'wﬂﬁ‘n 9¥'c egyw& Hﬁu@f&%@&hon thus

I nvent tiron, avoirds e ectrop at1 ng head design
cesptirexint gircubltiet tof dhp dtatmglapmgaecémmn withip| thx pngde charjbers. The
I ncreased. expense. associ at e th _havi
BERERTE8f FBERrER P RROEh B b il RS arsysts dbesion of
Opre@pitadted saBelue euﬂaﬁ@eifttmeamoﬁé Prsaeulpibe adpprbciatel tthatohe vertical
the anode, Al soéwétge to the reduct

| t
Ao Bheagh a1ade VARG PRV S GRS ey g present

eRAGhioANQYEIdR! Lo pfaBhe Rkali NAESAS ColiplcRit TRl TR lat
al | OV\llgb| e current 1PIauxg 38 [001 ﬁ%}s \?\hh‘lrﬁl eljtmﬁe en‘g%?jlmr%er?tmcess

oforlgsily.eamd dlersasedt erporse ea@@chpﬁdawﬂm@aweado Togshargeally circulate
I Q&Jtrggllaprgg solution in order to reduce deposition of precipitated salts on the anode.

Also, due to the reduction in salt deposition on the anode, the vertical orientation of each
anode allows for an increase in a maximum allowable current flux.

[0016] While the embodiment of Figure 1 shows the electroplating head 100 as including
two anodes 115A/115B and associated anode chambers 105A/105B, it should be
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two anodes 115A/115B and associ at ed anode chanbers
105A/105B, it should be 6 appreciated that in other
enbodi ments the el ectropl ati ng head 100 can i ncl ude

one or nore anodes and associ ated anode chanbers. Use

of nore anodes serves to increase current flux to the
cathode, i.e., the wafer 307. [0017] Wth respect to
Figure 1, each of the anode ghanbers 105A and 105B is

5 configured to be filled with el ectropl ating

sQl ution. : i Utdn00,, WAL A

o opls R P NRE erh BB EhS St BRIk, BBla 000 1AL She or
f momn dnlodesnanidnasedvianddesnodd Gbaniyersa Use mif maome ati@i¥4 senvek to increase

109B, respectiyely. For dis sion purposes, the
e"?uéf@{“rfil“ﬁltgﬁleﬁﬁ%gé%h?‘i tgﬁw\zi\fef ﬁ(ﬁ the anode chanbers

1{@53’] I0RB rbpedteloCTigh’ 1,0cRB GNGLYdnBde chirSers 1A and 105B is
e ectr&l ating solution within the main chanber 105 is

rengeyedito s Glledouittalgqtioplating siutipar Hewe ceriboeiptontaing solution
t ; V. fol WA A t I :

| O T REE Ol iR AT LGP RS GFUATE DR (o o, chamber
el®hey = quintadrent 094 aod HI9Bf eppattivelyorfiot riscossenn gupgses, the

of .the . catalyte present w t.hin t [ [ :
e S SRR E oot Wl s AR5 ) ARG, o st
anRb thegledtfoplatng @8 evnithintht shaimahahlser pO£ Baoferreditotak eatalyte. In
anode chanbers 105A/ 105B. Thys, .the anal yte w t hi

R GoR CH R e s A pa et e doeftaenpss 154055 can be
| RERAEPHARSE B LRmibtRehRNY efitRe bifiivitenftoRQ Usfddér: iffoyh th8 @kemistry of
analyte will be transferred and m xed wth catal yt

o iy eipresenievifhe e SMmeEmbaSS. Sinasche prpde chambers 105A/105B
i n si hi ity (of . t ) |
L QTRG PR outte) e 'S BN ndBETHRIGR: hOAREHASE chambers
i HSREASBd Thwi, t the uanalyuwithig thie sanode icbambefs tIR8ALTEHDriarrendered

109A/ 109! 0018] During operation, .eack :
PSR bIes U Rl ol * o SN B E S Bp R M i
t Wigh adﬂﬁsiﬁb pehaithe (s mibAhantdr 1058\ 1so; erpeaimprakipility of thhenode
mai n_ chanber 105 as indicated arrows 303, Al so,

t HamheI P QoE a8y s PESHFe Wi t?é Ay RSt Ly ft B ncreased
PARRAYGULIAE BistoRfon TR ntddRs 10605198, materials, e.g.,
particles and gases, fromthe anode chanbers

1108191 ToBBg oheretiero gach Taenivener j0FAMAIL09B) ig ¢rbined to allow cations to

e fi i
CHREFSAISEAARBERES T b 038, cSEOA TR0 shlEchambr 105,
nmadiestedaby aAb®e,308.NARL, haenastrods 1894/ 09M erenemifigené to prevent
109A/109B i s defined t ave a pore size, |.e.

PG 56 TE T REEE S WA RO S AT Bmode
adamberd 19581105 B Bt EdouldObA BaHIneal0fh thel cldc@ofhteig. probds. In one
pore size of the menbranes 109A/109B i s sufficient to

agrhodinsas Shgymenprang AP APH Boieirwedan dueroeabpmppicrial Also, in
%%%g&%ehﬁ) N RefBhi FRAMPOE id Adincld Rkta }ﬂJrJ: Q¥ Y. average

pore diameter, within a range extending from about 0.2 micrometer to about 0.05

micrometer. The pore size of the membranes 109A/109B is sufficient to allow passage of
cations from the anode chamber 105A/105B to the main chamber 105, without allowing
passage from the anode chamber 105A/105B to the main chamber 105 of particulate
materials generated by anodic reactions. Therefore, using the membranes 109A/109B to

separate the analyte from the catalyte, as provided by the present invention, avoids



10

15

20

25

30

passage fromthe anode chanber 105A/105B to the main
chanber 105 of particulate 30 materials generated by
anodi ¢ reactions. Therefore, using the nmenbranes
109A1109B to separate the analyte fromthe catalyte,

as provided by the present invention, avoids 7

probl ens associated with unwanted foreign particle
transport fromthe anode to the wafer during the

el ectroplating process.. [00191 In one enbodi ment, key
OE%@@I& 2&08hdkl WoR uRlEntbd okd Wd tnQpdrl o %@Aﬂ)ﬁ&@tottﬁ’e wafer
ehhance the el ectroplating process pe?fornance at the

c duringdks; elgcireplativggresess. | n conventional 5

hﬁ)%] DA e den}q%g{ est’ﬁ eke%/horg éce%cgdﬁgveg lngge ﬁ‘;ﬁ? o&’)g catalyte to
S Q{Hahdeohb el édﬁt@ﬁhtlk@pfoﬂfsgﬁdﬁfoﬁnaﬂid httthe/@ghode.d.ey u\}alfmr lakb®eventional
to bei consumed. b he ano t hus r duc

PRI SULTTaBIEL B SR 05 GRUPEH PAFFHTG iPgbeth dho same
t En@ctrog%ﬂg Skutf¥nt mey:t key QR A1 BBREL ar@fvulhasﬁs t@B&lhd bor8Smed by
Consunpti on of t he key organic additives by the anode

i theppapda, dhwsaretlycing 8151 addistvp ayaiablpdopthesderteplating giopess at the
( %od@%ﬂouh l&&@&n{éﬁﬁ’l}f HES a&&gﬁsl%%}ll tlBE %fpﬁlg%worgamc
i nvention ver, serve to prevent t

ordylithvies bttt dAnbde s q@rt@sbﬂy prqbletrhec amthalpyqsslcsfof tcb;menﬁm metal.

nber, 105 f te or

A BoBEeeast BRI B B pthon il op AR ol S i e ey
105Aid 0&dRives Phadent iflur dalytdéef the mamashembarODAIHIDD Biixibh eflth the
key organi.c additjves are not exposed to the nod
135/ s peingapipsedsfonhie cppReT glgptEdgs i g’ﬁ éﬂt pRpmby 5 [ORa/105B.

afnglsy & 16 RS Brines 300 D0k 1RaRALALSIL ¥dAoNs R Iﬁo@ @xpo@ed to the
concentration of the key organic additives in the

certodtsyt IS ACHIBh Alsongines thé exjadlytg cheomistopndethe apgpte Ghemistry can be
h%’g%\g%[yowgflgﬂgdegQ?&gnt{'a%og L ef(eyl t)mrgé.\gl@ 28864 QR ALk e can be

So fncludes a porous Istive materia
ldPredisplgsedraibd.t he fluid exit 112. The catal yte

QU BBt e R Pl W @ A G BT A poros

exekibtivelfatetl €l editgoedd AtHetidwad lloﬁle&hta@teﬂmﬂﬁﬁﬂﬁlnﬁ@h chamber
area 201, as indicated bX arrow 301.. The Eroceﬁ
ab5ais peiTed (ayiEFveree dhrayehne BRRYS wepthisaratgral d e Mg 48 it the

r 88did giaﬁﬁg R4 H@lat ]a]-?rocesgﬂé IRY PRErAtih@Bated BS arrow 301. The

proceSsing area 201 of the electroplating head 100 is
pPOSEdsHiog erda 20V éx defiped Ry malowert sgrfa@mf thewperohefesigi tehmatgrial 119.

é?ﬁ%éﬁ%%@ﬁ et(}el E)thlgsesl Wafr?ea:]Zg Sofl tb? eE@trébla‘B%S%%% t10({ is posmoned
exver,i pigkiinbte t6| @ tpaapitlatitna h@atdsuiﬂ@éb (aﬁthe?ﬁ'afeh éO? to be processed

eI 3 a0 2 oDl S50 TR S uSen 4 100
V\ﬁhfe SFocdlihg afAUD] HA IBBhiSEHS0B0awesS@B piakbdsing area 201 and the
r\?p%rere SéSr?‘gcg (%nme wafer 307. Thus, the meniscus 305 essentially represents an

electroplating reaction chamber defined by the processing area 201 of the electroplating

head 100 and a distance between the processing area 201 and the wafer 307. In one
embodiment, meniscus confinement surfaces 311 can be incorporated to assist in

maintaining the meniscus within the region directly below the processing area 201.

Essentially, the meniscus confinement surfaces 311 represent one or more surfaces that
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el ectropl ati ng reacti on chanber defined by the
processing area 201 of the electroplating head 100
and a distance between the processing area 201 and the
waf er 307. In one enbodi ment, neniscus confinenent
surfaces 311 can be incorporated to assist in 30
mai ntai ning the neniscus within the region directly
bel ow the processing area 201y Essentially, the
meni scus confinenent surfaces 311 represent one or

C cessi
n%%gt%dg 5\%{)‘2 tﬁ% é)'i'oce%sm% g;g%tZSFq%VQ%g ﬁ;?% %?er%@ § p@gp}%'}?%f the
ppocasiag Aga d0ealt 2Bduld bé uadueutbal, bewmd ehzﬁtth}&)dxembmmmeﬁnement

S TR S SR SUEL 3520, 33865 80 100
etmi]r Oy B?e ri@Ad ol QBltage Plentikl BYrhABtaRR@ Bkl @A, the anodes
voltage potenti i s mai ntal ned between the anodes 5

1155/&4 1PBEngd e chfér 3% ay indiyated Ry, a naghtive pelarifyy09. Thus, an electric
1 [ r

S 12 OGO N USSR 0 e

36€’ctmpatmg1 @olutidre Catatypé and rmgalste). Lﬂfheoﬂec(tm;tapairgmt @aungs| metal ions

ctri ent, causes net
R bsonfoh8 4 B bR, SBERS SR R FEbapd DBgn oBet be
ﬁﬁm@é‘(ﬂ;}e&; TN HRIBeH the kperouﬁ &rsfstlmjml‘uyrizﬂ he9 eatirl wifer 307 where
through the porous resistive terial 119 to
SO/ BT RTSL § B PRF T e Batel o 19 o1BS 17 uftaply ifisie e

MRE&HE AurrddO eSRINES borwider TRy MEhYdedi $19A/DRE ahfl€the wafer 307.
electric current established between the anodes

1Esavistisent afce meee weifemizdiptributetslegsici amtpehecress de e 307
\l;'\g*rféigg %\}}ts qlll §§r¥dt9%1ﬁ)§’m3{1a¢&‘faf B&JO&HSI{ Qfhs O}Qﬁ&ls rgk‘;r’stwe fnaterial

surface res In"a nore uni m nmateri a
d exsmm& torprodetﬂ,zsmonermequnm roatsrial dsposmpn! ecrowttiey watkr suffi@.

a@f%é? T ol d&lg}ﬁl{sm tilg pgrggsf Toerélrénté\%?r%q ﬁna@ lél'l? ispcge%ingd. &% porous

egaatic @ﬁﬁrﬁus 41508, RO SisusRBfRtL WRiteiBL &f bifd erﬂlioﬂlmt&t the porous
defined as . a porous_. ceramic, a poyous ?Iass

pissighig %P%e‘rlPds i ) alumipurg e 1dg bR e ppgodiment, the

pﬁ’(fr@&ésrcsﬁtﬁ/% inShkdrae 1 PR ehiAdd thAvd 8 patefsiZaett. aseAbs! Pbrd Whmeter,
oxi de (A1203). In one enbodi nent, the porous

r wihigta re@ermteedma ffromaboints3 Octaictamstir i@ altpay B0hmisseracter Ab should
| v undefY dalggt #gr %ro%l qgs?stn% m a{ hg Al thgen ﬁ‘t% N%n be
from abo % 8 m P

dronet er cronet ers.
Stadinkdl by Chnbemammk& rapade of Ipatwduiga syffcientsthromghmit i of eelectroplatmg
eri al of the on can, b

t t ed
?ﬁﬁw aﬁgtsg feigpt B‘gﬂﬁ(@{dgggﬁg t(b :'Pg\\g’le%ith% reﬁtﬂf‘fq Eﬁ?"éﬂ{/e re31st1v1ty that

t RElQYabRbE c@fentdigifibitRRuatfdhigty. sol ution and sufficient
pore/solid ratio to provide the required effective

r 823 thigure ¢ is padllusyatiangdowing @nrisendis vigwtofdhe Flne'ftfﬂmtla& head
Uiof OF Bt 1] ROZRLrdBh@Uh B Db SnfdBditdeht/SF Tt bx%Ebn? Rkt As

i
an I so ric view Oght he el ectrop?atlng head
previously discussed, the anode 115A, or 115B depending on perspective, is shown

penetrating through the surrounding walls 101 to allow for electrical connection as
indicated by the positive polarity 117. It should be appreciated that a variety of sealing
mechanisms, e.g., rubber or plastic o-rings, metal compression seals, gaskets, etc., can be
used to enable penetration of the anodes 115A/115B through the surrounding walls

without leakage of analyte from within the associated anode chamber. Also, it should be



10

15

20

25

30

25 100 of Figure 1, in accordance with one enbodi nent
of the present invention. As previously discussed,

t he anode 115A, or 115B dependi ng on perspective, is
shown penetrating through the surrounding walls 101
to allow for electrical connection as indicated by
the positive polarity 117. It should be appreciated
that a variety of sealing maghanisns, e.g., rubber or
plastic o-rings, nmetal conpression seals, gaskets,

e n 0 .
S HORHRRE 1 LR, PETSIGRLET Bk o e
mmmmng emi&lagh()lofat mhtyeﬂlg firyo cafidnhian ﬂeh@szasstocinairkcb with

anode chanber 0 d t
R EnERe e FRe e R nET dpe AERI Rk Frad [ can be
t funBiggld td&lowsednhebalbNthe fRld Sipfl0 1 1 Rkt RSigEBIdcalidng a8 Aycessary
| ocati on as necessary to |nter?ace with surroundi ng

eaumﬁmﬁw%waﬂgmdu@teﬂwemem@fl@ HBICHBT e, the
eloRsd )’ APheibig AEAHdD %ecﬁ'&e?s@ng £0M¥0194a8¢hel ‘By e 18Wer surface

connectlon of the flui'd supply 113 at vari ab
| ofctht ipotess assishecogisaplyl 18 digpojedtat tifealbed wkit H13 qu theuaiesirpijating

?98@ %ltﬁ{egpe%{ tolf:‘i:c%.\g;f r’%hé,lpqgc%g’ rﬁe 07\ ﬁ'l‘és e\étr%%lat nel head 100

oned area
I Q\ﬂeﬁnﬂlhyfaalm@ dmfenst]dslep @ncbm shmiahmsﬁsnmesmmnor@ dith@®ion LD is

dIS the fluid exit 112 of .the_el ectropl ati

368 1 4 e ble it s g o5 Ve KRR L ohversely
amea,h&{)am@a‘nmbﬂ SIelseslabpkdtd BE 1 adn D diamStefl6f tHaedaflryto be
a long dinension LD and a short dinension SD. The |lo

dppesssdoM Iy pbadimenss Bis| sheth dlimensiopeSiats pebgtentially “less than the
QY8 mhe tvgfe t@bﬂﬁ%@%gedof)uﬂné’@eﬁfnoﬁ oth@‘ﬁro@és@ﬁ@%?ﬁ%dlﬂl of the

Conversel vy, ort dinension SD i's eStablished
béedtlesbtlmgmwdt HY® dimsitivesd ofer,titeximateap, sl parallel with the upper
Péu?@ﬁeg%ﬁgeh\tv%ﬁgﬁ. lsoI @Egg ?%erxrz'iatxoflhtge Iglactrsoh Pa%‘é% ge al’(l)(pt ?\Dvafer are
t énlrellqar RCAS8E delatDleruon@clo eteatsuenthat e plfo@ﬁ&ﬁg [ aﬂ@ 2leaf the

1 of, the | ectropl ati ng, head 100 i s 03| e .

5%?”1"6?‘&%&‘%& §8 fravéo %?ﬁaviﬁ}l%wp& Swoae 8“@ e,sef? %% processing
sutd age trferdef Bvarahe uppefstifacd Writhd waRe rtﬁé eRBtropldli@g head 100 is
el ectropl ati ng head 100 and the wafer are controlled

t Baipigingd reangricplationy With aospest kethc wafish sydhdhat {hedong dimension LD is
p{uggtg‘rﬁﬁllg ggr@ uﬁje:l“o Qfdlrgcj?l%n 0 l’n%%rﬁ%? IbﬁtWe&g%hla ?@&eé‘sﬂ‘% arca 201

traverse upper sur ace
pandcthe svafg. Tacreﬁ)rezahe tpregussing eea0 Y& anchessoppted reanfstigc é05 are

o tl?%f’ﬁgg‘% ﬁa‘yg??%%l%\’%%%r 9 rgﬁ't ofqg? preggtggag? f the t»haé'er during the
vaésoplasuicpetaiat. t he 1ong di mension LD is 20

substantially perpendicular to a dir ct| of novenen
béP3d diigurhéA o @bé@gtrfﬁl@n ShEHnD Bt SISSHEP 178 Nl L0 berng applid in

Thesek8hRiin O%H%C&E Qf B8Rk A ce R 0RO dmBIUehn & 90 leAfr8Wnt invention.
meni scus are capable of being traversed over an

ebach cemporshit efithe alp@mplagug headd 0B fis thp samp@assenredonshndsseriped with
respect to Figures 1 and 2. During the electroplating process, the electroplating head 100

is moved over the wafer 307 in a direction 401 such that the processing area 201 remains
substantially parallel with and proximate to the upper surface of the wafer 307. Thus, as
the electroplating head 100 is traversed over the wafer 307, the meniscus 305 is also

traversed over the wafer. As previously discussed with respect to Figure 2, the
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el ectropl ati ng operation. [00251 Figure 3Ais an
illustration showing the el ectroplating head 100 bei ng
applied in 25 an electroplating process, in
accordance wi th one enbodi nent of the present

i nvention. Each conponent of the el ectroplating head
100 is the sane as previously described with respect
to Figures 1 and 2. During thg electroplating process,
the electroplating head 100 1s noved over the wafer

3 S

05 o B b ACHIOP et Sk 1B} ok o BREh B over an
t mtitrdmoﬁxhpe;rpesmfaee:d thd wifbraduniag te eBOFoplafing peratson30 t he

0 B R dertEPiasns Povdp b NERR T BERIbET e Sovor 402

WBABIof aﬁﬁrspélewoaélabyA dh& aUssRd cWchier A5BEE tiodated r@uﬁx@te to a
2, the 10 electroplatln head 100 is configure

¢ PRAPeH T e 4PROH 0B A BTN S daf S5t elpFrO OBt &PCﬂted at
% p&shﬁ)nl{lﬁ’a‘??srsuﬁéfﬁtﬂﬁf oﬁjosnwjﬁod{‘@{eq{rst@%ﬁm 40@@ relative to the wafer

ectroplating operation. [0026] During t
esmmrt 6. dn pn@erplp@am%,, the fiest Wacteqde 30YAiis dlhl@ded Biya first position

near ([:hg H@F) 1y, ?i4 t%g wa 66§ po%f Ot‘ é{cfl ?j}gat ‘ta’ﬂeeﬁ:xls{ o%ﬁ{ogqgs@ieg%ﬁmg a

a Se roxi mat e
pﬁxrst periphgtaldfal fidiehenadfer supptpp403t A%O3in tl@«dsﬁrﬁei entitmldinyent, tteesecond

con ctrpode 405B is | ocated at Qsitiop,.that is
S0 1 RO b PO Aot HE: Pt GF TBNGLEY a® kK sSppor
rﬁbats\hc%thKtQhé E‘&oﬁ@f)@iitlonsﬂéﬁ@&raﬂor&% secbitl p&herabpalf BEMe, wafer
the first electrode 405A is disposed at a first

poEpart #13 thaiénexchinige peihe frepsrirberaliiall oherearafe spmor 10203,
S 95’7 U ?ftﬁgr %si 51?&10&9% A%Qfa tflees%b%%l&{rQMO@B if écfnﬁgured to be

er| hera er support . Al'so, in
smmdewﬂecinc@mcs)mtebteo smbdispdn:kot fedne dter‘mﬂ@ 340 sBnflisated by arr ows

dj os a_secpon SItI near the e e
AR 81,0 SRRy B iR oo et 16, REE B Skt of the
r @edndes As5aNhdASBOO rbdmﬂff wphanddisbtanéct dfont e ware307 can be
support. 403 that cl usi ve f th flrst eri pheral
lyzlewﬁ 5

hepneucid ipRa ejRgRiA & utghes of [52 fn pigeembodiment,
fink a&@asﬁm%a%@%&% h\Rd HRERH Gn @})ﬁﬁé 5105164 4B Bicivaafer. In

confi gured noved to el ectri cal connect to and

dar@&@hmlzqdlmmﬁm plectigaeed0530adA5SB ﬁ@w@ataéefﬁ@sﬂnhelpwd shape
1d’§ld4&:?ﬁ% gteéqztBa %cﬁﬁaﬁgreﬁajné&lxéﬁt with tﬁ@ %k‘e‘ij 909 can bz OrréoAved ina

apprecrrated tha e novenent of the electrodes
anochtideh Biaher coocuméact thevtfer. atdeb, disbodbdheappreciaththdh hewsbdperof the

in.an.essentially.limt|ess

BRSSP R 1 F RSB b Forgrample i
ebRGibodasnd 02 3iicled 9653 GRANMOBB chbbedibitimiaRY te¢tahgulad in shape.

pl ane allqﬁfd wth the wafer. In another ql
 Ranghecam hodween olsaclsvadesoRBA AP sersbe #P%P%ﬂ@{ in shape with
ehoBURLEA o3RRG 0 Q@ge%l(ﬁﬁrc'aﬁﬂé &SinkdtoFoBRPh 3Miture of the
arrangenment wth the wafer 307 can be noved in a

wafer periphery. In yet another embodiment, the electrodes 405A and 405B can be C-

shaped. It should be understood, that the present invention requires at least two electrodes

that can be independently manipulated to electrically connect with and disconnect from a

wafer 307.

[0028] Also with respect to Figure 3A, fluid shields 409A and 409B are provided to

protect the first and second electrodes 405A and 405B, respectively, from exposure to the
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rotational manner to contact the wafer. Also, it

shoul d be appreciated that the shape of the

el ectrodes 405A and 405B can be defined in a nunber of
different ways. For exanple, in one enbodinent, the

el ectrodes 405A and 405B can be substantially

rectangul ar in shape. |n another enbodi nent, the

el ectrodes 405A and 405B canqpe rectangul ar in shape

with 25 the exception of a wafer contacting edge which
Cﬁlgmp g@iﬂ) agctlto?lafn?%éo%oﬁ a§ Hle\ ?JcHélItﬁatm‘ }'Fegc? OO’\QIderﬁemscus 305
peri ery n ye her enbo ﬁ ectro es
4®5Arsamdh64@5B/ecdn dre @nbcsihamdeachtofsﬁmuﬁdt bted second electrodes

ad t pres i tio ui es t .
AR torb it B RS Mot RS A A e bomcatn s
n&apeaweaﬂ@d sIn@ldGiO@AMOQBaJtd e eROPLAinphedld BOBO0and meniscus 305 of
di sconpect froma wafer 307.. 30 [0028] Also with
r %@elat"@&)soﬂiit’g’ﬂrﬁév%ﬁs thergbe¥eshi el ds 409A and 409B are
@YQ}%n Qhe 858; ?P&tm% Ex%césls rtﬁé afdes PERONG BedRGK 'ié%ge(?ne of the
5A ‘and 405B, I vel fromexposure to the
nﬁm stcmfele@m@s é@m/émlia@m itpcisiotllytdoorected to hgower supply such
ectr at i.n a
t Letrae‘élqB 5 Ot?%ag%eﬁqérﬁgé%a WEH{W 1 %%#G%E%Olgﬁuergé I'fs esfgﬁcf lectrode
Sﬁb’G\l’]d; mbmﬂt tbolﬁheslectﬁ&ﬂiw obBfdsted So aba tvalel 138101 sectt dlabehe negative

oSty 308 s (B S e aree soste oot o e 1R i electric

eb@feht Wil v ﬂiﬁm@ﬁ@@ lBopActhe BIILISIE (R fitddShyahe athlyte, catalyte and
el ectropl ating solution traverses thereabove.

DueRisgs) pravesnetde rappdeatilagy/ IppB cad dhe firk e&ﬁw@s“&m The clectric
I %@?@%%esatﬂg eldbird gﬁtﬁﬁé regaﬁatho dcB& at hbitists Ak FHEWkace of the

rodes 405A1405B are electrically connected to a
pmfer 3upaslage speded te thameaisous| 04 gdensattbmpartipnset ity upper surface
ehet.we th res t 1o F h ir
ﬁl)']fe tix aéer O%)VY are €x s%gct tfl mehgée{%te}r(l%ghﬂxf gscfohre] csahtog% in the
t Qedtdoplathd @ocesO 7 such that the negative 10 poI ar| ty
309 is established across the upper surfac

WP Thgfirst¢ godeéqu ATEIRgLpg qonn e the wafer 3 |a6\We e?ectroplatmg

t llfhra@ BORrARBEIRH FRP h%tsbd’dﬁd sRbtkdt aDsK Sefald@d fiby efehtfode 405A.
anal yte, catalyte, and neniscus) between the anodes

1n5ye endRdiment, ttheesqcprds eleeiiode PR és wemmInegHa thy epstpd position
t t
a&%ﬁ R e]e%{@h%t@ }{%E‘c?l(%' § atrﬁemga 3039 £ ;aﬁg&%ra?sé#e% BE &M om the

ortion er surtface o
tstea(tndaelectwﬂpd@éﬂ tbCEnBlh'e tha nhe cermnd Glectréden @SB tiheot exposed to
$rt|ons 1k he upper surface 15 of the wafer 307 that
%m@R%Bgﬁﬂ‘i@ the meni scus 305 serve as the cathode

i {oom A lsc eOriletl Althd it sti R6:665405AAN3 Ae stbndfeldetbde 405B to the
e ectrode 405A remai ns connected to the wafer 307 as

t pefercd 0d ds mannged forfgtimizs aFureny distibpiorsreserti yherrogiang o he upper
s&eA0, 1ol L5408 PR EOMRE dith BR dhdnfssls RIsemlon® d8bdiRbht, it is

desirable to maintain a substantially uniform current distribution at an interface between
the meniscus 305 and the wafer 307 as the electroplating head 100 traverses over the
wafer 307. It should be appreciated, that maintaining the electroplating head 100 a
sufficient distance away from the connected electrode allows the current distribution at
the interface between the meniscus 305 and the wafer 307 to be more uniformly

distributed. Thus, in one embodiment, transition from connection of the first electrode
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In one enbodi nent, the second el ectrode 405B is

mai ntained in the retracted position 20 until the

el ectropl ati ng head 100 and neni scus 305 is a

sufficient distance away fromthe second el ectrode

405B to ensure that the second el ectrode 405B i s not
exposed to electroplating solution. [00311 Al so,
connection of the first el ecypode 405A and the second

el ectrode 405B to the wafer 307 is nanaged to

o] 2 thi i

ol <ol SR ol il B RERRERherthe oo picR o1 of
cthmtebacuropmtng Iiekcbl@feisissbmmia%ueat f cqn@heenbbﬂjr: mipper suiface of the

C‘d?é@%@ Y grflplﬂbeu(ieptg mgtls ogxﬁenteaf trgng‘r:pgn%%\%f&ré% 2 trg}/eﬁsal direction of

BB eREttHlatidp heddd 0phe wafer 307 as the electroplatlng
head 100 traverses over th It shou

feré$O7
a9 M dPugingdransitien ﬁm.cmngptmnrpa therfustetestrodestio A tp ﬁ@mﬁ&%‘ of the

10Q054 el§ét'1fotié Qﬂ)ﬁi‘tthg bSinBOR8 AVRY fifst @l%tffd?l% AH9ANEGHE d/afer 307 is
el ectrode all O\NSt he current distribution at 30 the

| meiatafrgd gnthiehmwdtdh@trndm‘}%Bu%w&ogikaln@n@eﬁbe seapwd clggpde 405B
1% c%gnen%d %o W3 e w er & tl%I f%rgtr él?cltlxlogéj 4(%5 hﬁ'ésdl doP e%ﬂ:?.from the wafer
enbo ¥ %e irst

rrent 1'6on from connectlon o
eB(E?CMadIdﬁmilg at %%Andf cecmde eatneded ©ftht wefes @¢Dsalves to minimize a

el ectrode 4058 rs when th r eSSI
CPSIRE. 497 85 RRGTHESA TSR CGOREL B RIGCHr iy nl, e opting
mﬁ@&ggllne of the upper surface of the wafer 307,
erein the centerline is oriented to be endi cul ar
t WOR3Itfigye PB S amilfuskationrphewing prfeninustien prﬁ)%te cgomlling process

196871&;’1 {n ggrlﬂ dﬁ@\“ ih e driARS With Yhe fHBBRANSE meoﬁes‘éﬁt inb&ntion.

405A to connection of the second
eFiguieri®dshos@3B; fitshend seenet tiegrrdes 443464458 fllowingdirangitien from

419021@%0&18% 81;] %E%t e{ect:r% 40§ tgr@(g %&ioﬂ%ﬁ t}}érlstewnd C?n:% 1o éﬂ)@g Also,

I'S ConneC secon ect
4Bigite 3IBSsh©WI§ mlm:éledﬂrobkatliig‘lbea‘dﬂbe rco@hhingt th @raf érses bver the wafer 307

el ectyr 40 [ c necte fromt

VAR e, Srerode RO RRE Sbif P ieTk a5 b peated to the
WRfef 3@pmeﬁ1¥€§le&ﬁ)dm4@5m iZ @héwrl Qisb@inedtéd &bmf G QFES307 and
or deviations in material deposition produced by the

e;e@@qt%b?,ngqth itlp g @b@gls409pot@§)§] shpl,tegfgjlr orgghg gppghachmg meniscus
| MSISEIRLARN B Wicga t&gawua@ BRcifE LEnt flows through the

ectropl ati ng process epi éted in Figure 3A,
ade@mdhnn@ soltidn (ﬁvénedﬂmdhmmlytaf catdi}ée,parelsmqmscuS) between the

ooty doau 1388k B8RO RIRIh T ansi t 1 on 11om 15

C?ﬁ)!ﬂ‘ﬁ(ﬁg&@ 48&fis b @luktrdtioh sRdvaag &Qdﬁcﬁ@;ﬁi&lﬂgmeé}@ NOEBdinhDapplied in
t he second el ectrode 405B. Al so, ?ﬁgg SB S “s
t #e clerEoamg| BOPSTE Heaspordances ithi fisths gthe present

OMGEntbRer }}é’%}x@ﬁge?ig& depicted in Figure 4A is equlvalent to that of Figure 3A with
the exception that the wafer support 403, electrodes 405A/405B, and fluid shields
409A/409B are configured to be moved together in a linear direction 503, below the
electroplating head 100 which is maintained in a fixed position secured to support
structure 501. It should be understood that during operation of the apparatus of Figure 4A,
the processing area 201 of the electroplating head 100 is oriented in a manner similar to

that previously discussed with respect to Figure 3A. Also, the electrodes 405A/405B are
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toward the first electrode 405A. The second el ectrode
405B i s shown connected to the wafer 307. The first

el ectrode 405A is shown di sconnected fromthe wafer
307 and retracted beneath the fluid shield 409A to be
sheltered fromthe approachi ng nmeni scus 20 305.

Foll owi ng the el ectrode transition, the electric
current flows through the elgctroplating solution
(defined by the anal yze, catal yte, and neni scus)

SFLIFED. 5 s B0P a0 AL R SFSER0 s o

Shrovdssigg trea 21 et meyibaut 30§ Idvetiu, M)preheusmgdapxplquedth respect to

, el ectropl t n cess ccordance wi
cFistiar TRrbe oP- By BEbeciisdy FREHE B epoReld oF FRLAEA does
afidt aAB@RARERAbveRRl 6f eghibherri Bbveethd Avdfer BITUiitv Rl @teivadle that the
t hat of FI% re 3Awth the exception that the

stpppaRs of gaguretacwibalkey ApsmpignBISYensiAl of |uawam§m§@a§ particle
l“’?&% GA05 RE @pp%f:’a}‘rfagé%ﬁge L GebfRymoved together in a

ear direction 503, below the electroplating head
1[0035/]/tﬁ1gdne #B israi fvairatiod Shtmwmg fai c;oetdlumm ofl ha clpelcenlasiag tpgpcess

tructure 501 o]
dﬁel?)lcg 18p etgtgf: I4A mn facciotr] ean(ée w;tFa us 0 ]lel:_nlgg 5@ Ihg A{Qes%%alﬁwentlon
PFigare SIS sﬂ@w@ﬁbﬁﬁ%ﬂincbﬁecbﬂﬁbeleét&ﬂésf WOSBgfoheﬁxﬂlg]tﬁﬂsmm from
oriented in

. ner. similar to reV|o
cresEirSbat fe Sp FBEGOP reptPion AT aPepd Bffgrdde 4058 Al
eFigrk UBABSW AN VaftP 36y &fnﬂnﬁ? todRHal@bddamdndath the electroplatmg head
el ectrically connect to and di sconnect fromthe wafer

3P syels gt bR meniscuspi0§ cesuayloanews toparddhrififsbAirdde 48 The
| &‘%dl e@é?: ogﬁs‘%\é'sﬁétﬁl % gc%égrt% %%A%Hbﬂ?ﬁeoﬁﬁ{ E&rode 405A is

I gures I't s e appreci at ed that since
t $hewa ppmt:ued fo6m Rieguater WA addesracteryenpatly therfidhigddrdPhA to be

the waf er..307, it is conceivable
e BOTE e R B RS I00a o wi 11l Lo T 0f
E@B3RIFighey eNdd Dlstedtionl BNBAhEEh Arthgérgent pakvhfee btﬁface conditioning
dep03|t|on on the u waf er

Gebesl gt 2 LIS UPRET, S lgee o, Ll el 307, e yat

Cant iU dr@RcOfwitihene |e§tﬁ&d'1199111ta$f‘ N9 RERAE TS entilHPiF6F @Bkcussion
in Figure 4A, in accordance with one enbodi ment of the

piusRases, edchuvafriseifece caidifipnelevips ishepgsentprbastq yeat copfigured to apply

Rk 006, S48 &h&%ﬁtﬁéﬁ%ﬁf&é@é& tflé)lzv%ig dcgg %J iggttolt LAk F8 T have

gonnectt on o rst e
cammaleqnated;nsmﬂd fidwearseoapplyahé otrovd duidie 538 sulfisient ratl:iIgshoeld be

fer 307 continuing to be traversed.
PRI e PR OET R AP ESaTeE € GBS Elipment, <.
NRRESS GUHips ARetfoliblyl AIJ@SoiEsD eff)\c@pdb@ef cbntrbRinf iflusd application and
electrode 405A. The second el ectrode 405B i s shown

cémaedt ed to the wafer 307. The first el ectrode 405A

'r[g??F B?@‘dr g%ngtg%{‘l§ q Ith/ téSE? gi’(\fgfdg% % i&?%tﬁ%ejremove fluids from
the surface of the wafer 307 followmg traversal of the meniscus 305 thereover. A second
vent 507 applies a rinsing fluid to the surface of the wafer 307. In one embodiment, the
rinsing fluid is deionized water. However, in other embodiments, any rinsing fluid
suitable for use in wafer processing applications can be used. Similar to the first vent 505,

a third vent 509 provides a vacuum to remove fluids from the surface of the wafer 307. A

fourth vent 511 can be used to apply an isopropyl alcohol (IPA)/nitrogen mixture to the
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15 sheltered fromthe approachi ng neni scus 305. [0036]

Figure 5is an illustration show ng an arrangenent of

waf er surface conditioning devices configured to

follow the el ectroplating head 100 as it traverses

over the wafer 307, in accordance with one enbodi nment

of the present invention. For discussion purposes,

each wafer surface conditiongevice is represented as

a vent configured to apply 20 or renove fluid fromthe
@Ee gt {h a&%e 507t r]‘? sﬁ% Fhe %&)t?re 1:5(?}1C E1a1y 31% r%s%nt inventj on can be

con ed t an ade ﬁ sized f1ow area

ammlqmeaml uslegmaembh of dis vatts da:smbédi with enpect atlBguré 6 or other wafer

R R T s A

p[ﬂm FigRé 60ls OfYillustRSi6n WRdWifg aflGwchar€ @@&blnethﬁtﬁ for operating an
control 8 fluid appllcatlon and renoval. 25 [00371
¢

wiﬁwoplégrpﬂe adg @ qeeepdpnse Bvithaone qmbodigent 05X NueseR iguentign. The
Vﬁ&ﬂ?ﬂ(‘)ﬂ {A@u(fe?r%\/@pé‘rz&tféhdﬁ) ?&t 15150'31‘?1 SthE f@&ﬁo@&tlﬁghﬁeéﬁat)% and

307 OW ng travers |scus 305 thereover
Aprgsipetedto memmp«ﬁoﬁr%gﬂpbf @swafelr |mlongatﬁdnui5@i3 tio theheprovided for

surface of mafer 0 0
rtlran gf%mngfc]atlona O gL on%| goea Qecgropla so‘iiutlng V\tflthn% E\% electroplatmg

eliﬂadldh reaaesipodimynt( thesipagtiéd 603dis p@ﬂom&blb@ ffo&rmg,lme eilemtroplatmg

roceSS| n ap cat ons C
{ Rtop P S Fatoi s S oEsh S R v, Cohetsen B Bzt s cofble of
Vt@&l'ﬂ'[ﬂfﬁlﬂgjca'f@m&n ftlh&é:ﬁ?rtef oaRe t1BRroplfih@sRutth. tha WREEbn 605,
A Tourth vent 511 can be used to apply an

i @éé‘P@Wlaﬂw aabwiim lgdep Ryt sptians ieltovier Ko aRoTqus sesisyve material
ttﬁ;{xﬁcﬁe Qectk Gfatf‘f’@fh%ﬁd %n dxtin %hgé" Ieféct%g) e ngrhggd hé gatlon laden

e present "invention ca nted using a
pdectioplatigf sotutien isalipssed @s ¢hei uppet swifide of &sp\@(ﬁetr to Figure

he f surface condi1li ces
B e PR, Bl e bR e P 6a D i e p8 Peoroptating
I éolumsﬁ dRpdsed of fMpdEr rthdeuifakifeodo fmﬁﬂw&cﬁsaff electroplating
rating an, 5 electroplat rdance

head,
OTHOB T SR loaPPIAHRE 19.1\3@@ 3R mainiAEd iR Trggon between

nRe PRbud RGLHA %@ﬁi afa%@ﬁlsgansu%ée $fQke Qa@p&%cng 8189 the porous
electroplatlnam over and proximate to an upper
foag ©

Sigsiftive emafpriad nmdum@ts #copPl8D8 soduticRel 1gmeveddEgm the
t
erﬁgm Bg ﬁl%?%e? td és&g i§A ﬂoc\)/\péf eﬁ%ﬁ@l?tﬂlg%gﬁgggq s tthle rgnemscus

Tropla I ng utlon w t
hjeedd] Ih an Omﬁat&mtf@m areeiéctrid h&reotple restbhl BhedoxBween the anode and the

per f or npd flo th tro Iatl 0 lution . .
o SRl e HEb 08, Be Bl SR, TR e
t A BRseBe ElSctE@paRheto®k uniférilys dibtibited adeds it@NSpbl ffice of
the analyte to the electroplating solution. In an

opemafer i conmt withhibe ancsiscysopfi deqtnplating eplution. The glgctfiF toHrrent
CabdeOMR dafiofd MR AIBMERs Bt BRERIIRRE SHIFHINVR BBAREIA to and
plated on the upper surface of the wafer. The method further includes an operation 611 in
which the electroplating head and wafer are controlled to be moved with respect to each
other. In one embodiment, the wafer is maintained in a fixed position and the
electroplating head is moved over the wafer such that an entirety of the upper surface of

the wafer is exposed to the meniscus of electroplating solution. In another embodiment,

the electroplating head is maintained in a fixed position and the wafer is moved under the
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to exit the electroplating head. Upon exiting the
el ectroplating head, the cation |aden electroplating
solution is disposed on the upper surface of the
wafer. 15 [00391 The nethod further includes an
operation 607 for confining the el ectroplating
sol ution di sposed on the upper surface of the wafer to
forma meni scus of electropquing sol ution. The
meni scus of electroplating solution is maintained

en.. r
V\@lécq ﬁlaﬁx&éﬁ&? %E%hP gt\é\% 2 %1re'ti)ﬂ(zf t\%g Pg;%? ér?az:% ?)F 'th\éew 1? ﬁ%sed to
pibe eiegiscuses elsttroptatin@scdutionl , 1 n one enbodi rrent

TR A P e S B R GHP BhBiE R sy reuve
edy8einbiP répldnimeR], Wi PikidgroPuUgh eldd@opgiRbgSsolgion. [THO4Pdematic
In an operation 609, an electric current is

essplspisinme of he wlseiFonisvag sabtien aemyireheophishipried gltime ghemical

OIISS e\mtt [0 aﬂrﬁ%mﬂehﬁr E%QE&(@MH@% %51&1&1% %t‘hf?lrbroéggkecontrol

por ustres stlve naterla causes e electric current

tlimie Airof otherl gondergioni blstterplatiog omtetrheream[@er regigmpgere of the
nt.act penlscus of

cHebPBiYEThigh S PR SR AP C carrent 25
Cc@ousygn bhﬁra@@ﬂoltﬂm&mﬁti@hﬂ ddeaopimingsgutam othe electroplatmg head and

el ectropl atin ution.to be attracted_to ated .
CHOSLBREIOS oF 25 GEGR PR TIaREH O B B T G eaetion
| RELHARS MOWORSK Ahpl&Heralibn 08 a WA Ellurhd @seLdrCdiscafdl &fptdach for
head and wafer are controlled to be noved with respect

t wawaes chenisisy of tha clsrsoniaive dplHEIY 1o+ His spRarap apalyte and catalyte.
ot it '

L e

tihﬁe, aaphes, isteqiisedeo cpfatesa()ZQ(hmlhwaétsrdmrsetewmfsre d'he¢refote ghe present

.cus .of ectro ting sol uti ,
chbEe ke TonghPBum R B AR oo o
aelédtrx@plaumgnsmlhn@n n@nsgehRer. Idhes, dxpersbrechemi@e mdidolgd.5spiking,
el ectropl ating head such Lhat an entlreé of,thetég?%kmw%

sigFiFaadons andngeckmpiion Fapalilijicsswg 1o requHEd (i MAURYS
eéo%ﬁ&lrd%ﬁhéﬁﬁe%cﬁ*@élbﬂdg%ce&s%fﬁl]me’drﬂlsﬁg e e@&txoﬁl@tlﬁgl“@stem of the
present invention, conventional electroplating systems
rEQﬁmW@Vﬂwygtenatlc repl eni shnent, or spiking, of the

r . .
BRSPS R T AL TRl i s
sfaphvatdri gatngchre @adbld tormlatcehem maﬂstuaslmxyercﬁipmbml the ywafay surface
det erm ne whet her the el ectropl sol ut |
WURhe BRYEELVEERIEBe METHRERS T By EHS B0 shiiearer Fo

ebambleOR] fikicagt SYSH BRYALGWreetery esisv@biraer Hiim, ttl‘fkeconventlonal
el ectrop Iatln%rsolutlon in order to contro| praoc

coseR. requis 2P ith Ce sprdrlaxst tq b pdeq BiRFdntheoilvater “ectroplating
e;')r@&e%{ %'ﬂg)h{ e ¥P fa%p a Hgﬁtaﬁéee(ﬁ'gﬁ aRbRthd\JaBeRd Algke alfpolar

assocl ate nenl scus he pr esent | nvention pr ovi des
aef&ohcﬂummgdheﬁé]e\wfgpplamngn dhe bmelar offiect results in de-plating and etchmg

within a region adjacent to electrodes contacting the wafer. Use of the porous resistive

material, as described with respect to the present invention, allows effects due to a
resistivity of the upper surface of the wafer, particularly at the wafer edges, to be
decoupled and minimized, thereby improving the uniformity of the subsequent plating

Process.
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region that allows for inplenentation of a | ow vol une
use-and-di scard approach for managing chem stry of

the electroplating solution, i.e., the separate

anal yte and catalyte. For exanple, with the present
invention less than 50 mlliliters of electroplating
solution, i.e., catalyte, is required to plate a 200
mllimeter diameter wafer,, Tlgerefore, the present 15

invention allows for inplenentation of a cost

h 0 n
CHRS] AKE, 02 SR oA A TR DO B LB Sty
meistribhied ylecs@iek byt ther @eibhery bath ovafer anbereie al rasisttrico rfor each of

capabi l.ities. are n red t tight.
o B e gt 9 ne R o o o giay fllvafer
p@k&tﬂfpf%ﬁg Wsbted, ke pRl@t AP tabydgn&Ns to@ﬁ@aaf rési3fnce from one
present invention. 20 [0043] Conventiona

ePlé@fqdém anathey val stusee PORAR fIMec g digubwigniagrost thgivgder, thus
S | d3hitih 2RE QUFon- Jdﬂfol’m Wﬁﬁt@ﬁal meﬁésﬁtfbﬂ é&&s L{H@Wa?ert @s@lo@ttﬁ‘e porous
very resistive barrier I ns on the wafer surface

wrasistivet mateh@lwm@esmueémmemp@ctan dlee prageat imenitignealfowsrihe current
prev us appl f

Cag 0? &fonﬁ&tdls%%ug%earcro%s %r\;af?r essg'gscte aggéq’gmlgﬁjlkg%d" fréégx%less of
t be nﬁmbmeifbleotmﬂes arﬁiyshtamremgmlce eShaclbMbd&u seed | ayer

t lied prior to the full-wafer Iectro
5 051, B8k Wiar i ninpesh Seseibrd i dors o7 st Pl Rlimgtg gt wit
agé Appecidi@l MaftRsseWkillbd inelel 6@ uporbicR@h@the pedctdifg spbudificitins and
the full -wafer plating. The bipolar effect results in
d@n@»rl@ﬁ ithfy deawdngst wHI deplizevvereys alteratigns naddifjons e pgrmptgtions and
(ﬁﬁ aﬁ&%etﬁerg&ntlﬂé}gqo&g it g'ntéﬂﬁgfglat e ‘f}rc@ént ERRnRRY i@Bkl8des all such
stive materia escr i h respect to the
paleemmns iaddigortsj pmmutahdnrtswd@fuﬁleaierss @ufell wishia the true spirit and scope
re$$st|V|t of the upper surface of the wafer,
FEYFHIPY at the wafer edges, to be 30 decoupl ed
and mi ni winzes claidaerieby i nproving the unifornity of the
subsequent plating process. 16 [0044) Al so, the
conventional full-wafer electroplating systemrequires
uniformy distributed el ectrodes about the periphery
of the wafer, wherein a resistance for each of the
uniformy distributed electrodes is matched. In the
conventional full-wafer electroplating system the
presence of an asynmetric contact resistance from one
5 electrode to another will cause a non-uniform
current distribution across the wafer, thus resulting
in a non-uniformmaterial deposition across the wafer.
Use of the porous resistive material, as described
with respect to the present invention, allows the
current flux to be uniformy distributed across the
waf er surface area being pl ated, regardl ess of



t he nunber of electrodes and contact resistance of the
el ectrodes. 10 [00451 Wiile this invention has been
described in terns of several enbodinents, it will be
appreci ated that those skillegzin the art upon reading
the preceding specifications and studying the
drawings wll realize various alterations, additions,
pernutations and equi val edtlsAM®r eof . Therefore, it
is intended that the present invention includes al
such. aIV&rdﬁﬂnnéMH@d®h¢Kmnsﬂﬁbernutations and

o sy A Rctndin bR % A eteBRegt e TRAA e B ARRRRGamber being

coig@b@ed comhiatd AewhsRdect®pBing SbRion Fromitie Ahidrdd@hnce to the fluid
having a fluid entrance and a fluid exit, the main

exthanber being configured to contain a f|OMIOf
el ect | Ut r he
P ChaRkaN DSARSLAL: LA OEE T oI TAIE Bt
si dewahbd®thdniter definedcépobies the anbmlﬁaﬂkefroimah‘e @fail elﬁanﬂmﬂ such that

opposite the nenbrane fromthe nain chanber such that
the meMRERS seRiEatsihs rRO¢Chapbentiondhe RARMOEGEm t he mai n

C hanf ea[nod%l rhlgi?ﬁ%g SR RS dnytd Plild;}lnﬁe@ €W RBRHE él‘?e{' gﬂ%lfer is electrically

erein t I's electrica connect e
comm&d teuppdwer smppﬂyv\,hﬁd twhnrdnh ﬂleaam»de i$ sriantéd it edubstardially vertical
vertl ithin the

b | d
mhgnennghe adodehpabey P e SfaniallyuRaglfe] f {g gnembranc and so

as F@éﬂ%ﬁﬁﬁuﬁé_‘m&ﬁlaﬂ%ﬁ Wit Rhsdd\@abival; a8 r cul ation
hin the anode chanmber; and a porous el ectrically

r e3|asp<|>mes regetcenqadlly tﬂwpmenlataualwhepdsbdnai i flyidt engt, the flow of
bei.n

I ectropl atirl ol utio requi red to
cleppRfaigs i (e FarRe RererS s Hme R e ap bugh the porous
cle@hRElY Fegativy nfa@$iaBt i ve material, wherein the

el ectroplatin head is conflgured to be positioned

aboxy\élemm dhp ectrgnllaflag dicad iy @@ﬁwedadgcb%momﬁ@qd glpvgean upper
sur, ac %tféog ?co%gucctg wa eh{" bet Qgct tedd s%)éhtth %eﬁuﬁo‘{yp%@g downward

per sur mcon uctor

toW‘elrﬂ hhd hﬂ)e}i’ @ﬁﬁhl@e ef ﬁl@tsémﬁ‘@nﬂﬁctbleﬁlhfet v th thﬁqioedsusaélectrlcally resistive
positioned proximte to and Farallel to the upper

madgqyied @@@tlgpec{) peoxyBaE de randchasallel \iafthe upper syface of the semiconductor

waflrectroplating head as recited in claim1, wherein the
menbrane is

2. An electroplating head as recited in claim 1, wherein the membrane is

defined to allow passage through the membrane of cations to be released from the anode.

3. An electroplating head as recited in claim 2, further comprising:

a second membrane defined to form a portion of a second sidewall of the main
chamber;

a second anode chamber defined opposite the second membrane from the main
chamber such that the second membrane separates the second anode chamber from the main

chamber; and



defined to all ow passage through the nmenbrane of

cations to be released fromthe anode. 3. An

el ectroplating head as recited in claim2, further

conprising: a second nenbraneggefined to forma

portion of a second sidewal | the main chanber; a

second anode chanber defined opposite the second .

mentsr sesend rapasde Wespasidnwithinahsesecanst ANedeathanher.swhersip the second

r epar : z0R e

ool SRR A SRnbil AEQ0 ARG S ARG Eloohd M thamber so
to thasubgsaity gaede] cheiglxecondvhemnbiane tahé ss @as andnanodaturad circulation

oriented in a supbstantially vertical nner, m“;hin t he
wiie GitchospskTEon ShaRRTsBhersin thesasand msEAme s T yned to allow passage

thx%ﬁ%ﬁ?‘ltﬂeeajecérﬂ hBGbERE P dat TGRS @ﬁ?el@a’ggd #9mPhe §&oBAARb&, and wherein
na wthint

ural circulation e second anode chanber,
therdeeomd madkds dectonallynembeaektoi tbe pdeférsadplyo al | ow
passage through the second nenbrane of cations to be
rel eased fromthe second anode, and wherein the
secqnd angfgeétoRifipiichd al katitt@ A6k Y, FRerkMEhP MRS exit is defined
supply. 4. An electroplating head as recited in claim
to havewhkengidimernséonf dng aishexti dimessiets fthenledg dimertsipnebeing asdepst equal to a

.di nensi on_and hort. dj,mension, the long,di nension.
il opRaedg Ratero g Shakt eSO e L TR R Hiagjeter of he
sefboBuctdrNRaBhané pdiols BRcORaE kdittive Ssatdrit@beind@efined to completely
di ameter of the sem conductor wafer, the porous
copdrdg flpidakity resistive material being defined to
conpletely cover the fluid exit. 5. An electroplating
head as recited in claim1, wherein the porous
el edt ri cald ylectfeptdtiigi head aBteitedin ¢l8inposiwhensigdhe porous electrically

proximte to and parallel to the upper, surface of th
resReivF UGBk 6 PRBHERCS BEHIPHSL 10aab UG (o fthe upper surface of the

serﬁ{cgﬁ({h[c?&l P icAqhittd BBnisSus @ Jf&@ogﬁ{iﬁg CBulibE is RO Between the
electrically resistive material and t upper surface
porafus t dhex tidently crenidticd aratevizl eand thberppby swdacsi oiyth@nsemiconductor wafer

electric current to fl ow_between épe aQ%de a

d the
thezehy; @YHAE @R Sleciag srrent iy Baybertrendne ape pﬁﬂéttﬂﬁ gemiconductor wafer

thrdQAHHhE Qe trBplatie &1@EIH OPl ating head as recited in
claimb5, wherein the upper surface of the

sem conductor wafer in contact with the neni scus of

o B ooy B kOB RRL BR m SRURRES i Psartce ot
serBicBRAUCRR! whfeNGn REAMCERFith aké hRGhidcls ©F *ldPrdplahe sBlufioh Rerves as a
Eorous electrically resistive material is capabl e of
cat

odef Girivigyeleiroplatibg of g semicendeater wafetur rent to be
est abl i shed

7. An electroplating head as recited in claim 1, wherein the porous electrically
resistive material is capable of uniformly distributing an electric current to be established
between the anode and the upper surface of the semiconductor wafer by way of the
electroplating solution having exited the main chamber through the porous electrically

resistive material.



bet ween the anode and the upper surface of the

sem conduct or wafer by way of the electroplating

sol ution having exited the mai n chanber through the

porous electrically resistive material. 19 8. An

el ectroplating head as recited in claiml1, wherein the

porous electrically resistive material is a _ceramc i

mat é i al Masleagoriaiing kaedde rpdied iaickavit lerwhgireinithe porous electrically

. e endi g t 1. C ers..t s
reGRRna R SkaghiO AR o e bl BRI e SRR vithin o range

exBRting druah ebaait 30adiefometaspr dtdunN0 microvaéters. suppor t
configured to hold a wafer; an el ectroplating head
configured to be di sposed above an upper surface of

the gnaf ery %;ﬁ)g%ﬁ@% glea}[or#le?[ﬁlg%eﬁﬁcoﬁfdﬁ&ef %f&,%mprisglg:

el ectropl at aving a processi ng area define
t o abeafenduppan todiduyedp@rimld #ivateirt h and proxi mate to an

upper surface of the fer, the processin area bein
def iaﬁéﬁecgg)p gting hepdfonBaured i biishosed gﬁc‘?y'eeagg\gppgwg icp P the wafer

to Be HERMBL@E vaffer ABpAYRTRE cREFoRatint IRl hel B RSIrefkstia ardaldefined to
I ess than the dianeter of the wafer, the processing

be anlearitielIn gatfaliek With andipfoximeate 4s amnprex serfaesrofshe atses, the processing

area of .a roys el.ectrically resistive material
are e oo Tlam A o GRS Dia 1 Pt bty Fipetth of regyater and o
shétt 8Ghdneda tHitSPRSE thaptth@dibinefet of GRAVAIEN tHY R¥EBING atdd tRing further
first peripheral half of the wafer support, the first

deignasc 83 cle chieling sheesblieacohfa gonoss dlertis¢adlyt asistive ymaterial facing
do&ﬁgaﬁcﬁo&?ﬁed&@{tﬁo@gat&g h%%d;hel d by the wafer support;
an el e rode |

a secon sposed at a second | ocation

pr oxififetetedn@da dsposudcht pelrsilbedtn prodihifateodo 4 figt padpdieral half of the
support that is exclusive of the first peripheral half
wafsr sppRorivditceHrst glsplaede baingamoyghly senfaguaed togdectaeallypontact the wafer
i t lectrically contact the wafer
tO?%Mﬁgbﬁgﬁgwﬁ%ggﬁﬁgﬂh§¥€r support, wherein the
el eatscapidatleciopdhetighoactiatt deecavall docasiop pootimateeto a second peripheral

onf i dt W th | to . h [
halfoF e WRPaREIRY BERTEAT TR RSPNaR RN Gtie R support, the
sedol® eRRGOMbeiBl %%\faggleco%?ighﬁﬁttotelﬂ&tﬁ’daﬁ?t&)ﬁﬁl:ﬁ{ﬂer\gaf@ﬁﬁ)dbe held by

can traverse above and over an entirety of the upper
theswaferawppat, t he waf er when the wafer is held by the

waf er suppor wher.ein the ect ropl at | hea .
chgsuT e es BBk ded R HRGVERF piiraRany Fafiisrshtp move with

reshédditél 0B iahethbhf AQirBetfohaRGIdiNEbAFeert G¥f fidtERBtrdd®R and the second
contain a flow of electroplating solution fromthe

ele¢trefdeodhatitberelectreplating Hepdcan traverse above and over an entirety of the upper

surface of the wafer when the wafer is held by the wafer support,

wherein the electroplating head includes,

a main chamber having a fluid entrance and a fluid exit, the main chamber being
configured to contain a flow of electroplating solution from the fluid entrance to the fluid
exit, the porous electrically resistive material being disposed at the fluid exit such that the
flow of electroplating solution is required to traverse through the porous electrically resistive

material, and

a membrane defined to form a portion of a sidewall of the main chamber, and



exit, the porous electrically resistive material being

di sposed at the fluid exit such that the flow of

el ectroplating solution is required to traverse

t hrough the porous el ectrical resistive material,

and a nenbrane defined to forma portion of a sidewal

of the main chanber, and 20 an anode chanber defi ned

oppawianede pramberisefned ennomte te membranh fepethe supih champer such that

I f he main

i R i e

ch aﬂfﬁedinod%hﬁﬁlﬁiséﬁ twithianbelenbde eh&abdr] adletein thoRNedd &delectrically
to a power sup and wherein the anode i s oriented

COPJPPCéedsthasP%‘H?ﬁ %mpbf wad tyhergin thepgnede 1netipnted ihe spsgially vertical
fthinSfe gﬁo&e SRS L Beaéulbéltaﬂt?afl@ Cﬂa%lle? % {h@%nembrane and so
rane an as to enabl e natural “circul ation

as o eﬂalbte ratealrindétioh avithén the b@oderchaatbpear at us f or

el ectroplating a sem conductor wafer as recited in

claim9, wherein the nmenbrane is defined to allow

passgge A ayahldifor Mgﬁ@aﬁné;\n s&ﬁidoﬁ@&\ct&ow%r as recited in claim 9,
rel eased fromthe anode . apparatus fo

wf@t&m theombmbramg ia dsiemddcioradlont passagaftbrough th@metr@ujanemf cations to be

1 E whe ein the proximty of the processing area
regpe@ SMLEAPOY5h) ating head to the upper surface of

the wafer is sufficiently close to allow a neni scus of

el ectroplating solution to be formed between the

prodéssi Ag anperatemipr al%aﬁpla@mg afemicendisperrwalar purseited in claim 9,
whtepe?n Bﬂ%fperg)mg{l{r’y c%t thg Po ? \ﬁﬁ% z? oP {h%Ce?ec%Jog%gﬁ% %Qe\lldva '%)Zthe upper surface

el ectropla SEem con

of ﬂ%&w&fadlslsﬁfffdléiiﬂ@ﬂcldse to Wh@\ﬁl@d Iﬁerﬁﬂﬂlk a€ tlcbedpeiy §dlh§:‘.10n to be formed
processing area of the electro§?at|ng head and th
betvegn dharrocepsing\igeammnded gertionof dhg pRReE sudage ofvihe ma&xghrecﬂy below

t s to either the first electrode or the
the iGctaE R

ectrode having been noved to electrically
contact the wafer. 13. An apparatus for electroplating
as recited in claiml [

conduct or wherein _ .
t he?go @péréfq%?ffeaﬂmp&%ﬁ %?@I?Paid@?tpawa%eg ag 5%?&55 g claim 11,
whefeir! @bﬁtﬁ’crt rﬂdwgénsfhre' ﬂ}Héésé‘iﬂ% L8 o8 GlI&dS fé'dﬁ% hd aﬂ& the meniscus

An apparatus for el'ectropfating a sem co tor wafer
allags aeelect ¢urrent & fo®, throvgbrtbe menfseuptr eitier the first electrode or the

secff iR nefuteiglst i P T SRy G G o'
extendi ng from about 30 microneters to about 200

m croneters. ] ] o )
13.  An apparatus for electroplating a semiconductor wafer as recited in claim 12,

wherein the porous electrically resistive material is capable of uniformly distributing the

electric current.

14.  An apparatus for electroplating a semiconductor wafer as recited in claim 9,
wherein the porous electrically resistive material is a ceramic material having an average

pore diameter within a range extending from about 30 micrometers to about 200

micrometers.



21 15. An apparatus for electroplating a
sem conductor wafer as recited in claim9, wherein the
el ectroplating head is configured to remain in a fixed
position and the wafer suppayt is configured to nove
relative to the electroplati head. 16. An apparatus
for electroplating a sem conductor wafer as recited in _ .
cl ailfh 9, Amprieggtps fo5elegtppliatiag g semicopductemyaiglpetecited in claim 9,
| St tr '
iR o, ool RS chBe Rl ) Wi 3 o AR Ehishon and the water
suppppie confidufed ¥ metdiethtiveto theetatroplgtianheddect r opl at i ng
head, conprising: disposing an el ectroplating head
above and proximate to an upper surface of a wafer;
trangferry i : tod i :
cl 0Pt opl ol TERALPRE kRO R RaHRicO IRy water o rcited in claim
wheesm thef Walei srppbitas ebfeguraploaeimam iwal fixédopositiomoangttha electroplating
rous.electrically resistive material to exit the
el s SPRBGITEY IO rimpiiide B WATSHURE on t he upper
surface of the wafer; and establishing an electric

current between the anode and the.upgfr surface of the
waf é7. t hdomgthot Her aleeatingapledecirpplaing eadoenmprirng:

| egtr ! i iform v distrihuted b
o or pbdp et FREMkontgtichen b s Mol il inpleaf Spphilfec.of a water
t he trangeingndatidie BRRETanS UhE@C &0 Ofin t dlectropiit@l, sélion within the

el ectric current causing the cations to be attracted
clegonlptinglingdr surface of the wafer, wherein the

el e‘flg{vgr% t%‘eie![k%njaﬁ%ﬂ%é S@ld{lil ﬁﬂox?%h%&oﬁbglgaﬁrﬁal eeirsfgﬁvéamaterial to

fl ui rance a exi e naln cha
exip eHerectroplating e fthridbeaispoaddoratht lupperahirfhdeeof the wafer; and

el ectraopl ating solution fromthe fluid trance to th
f 1 updablisping anrelectiie Fytrnt betaveen theanoge ﬁ%iﬁsetqpv%r surface of the wafer

ori : 1 he fhui . '

o A SRR AL Bt MED, B LI by e

potohs elegtnicallyerepttioe matdriat presana betyveer shesdriode andréttecuppat surface of the
nbr ane defi ned forma portion,of a sidewal

d
wal (e i CORE g 1 shiomdadeoiranes S df Rasft Sithee of the

wafpposi te the nenbrane fromthe main chanber such that
the menbrane separates the anode chanber fromthe main
chawberein tadloairepleiing héad ingludis, i s di sposed within the

ﬁgg%g?aﬁ&%gbﬁrsﬁerit ﬁaéf?rréglqgg’g&g ﬁxlétg%jgzp Sa§ Sata H]{diog l't|e¥he \rﬁ%{r} L}?a?rllber being

corFiiRddan cbAtalnya Aew i kiR eldcroblagingesafien fomARel s @$rahék to the fluid
exiE r%}?ebllooero{l]sa E:llélgt?ilcal?; {e(;il;‘lti\% ;nggri\e/ﬂ ctiiséonsecti 2te thgrh%(ijde e>(<:i‘|: ?lgrct})let{lét the flow of
electroplating solution is required to traverse through the porous electrically resistive
material, and

a membrane defined to form a portion of a sidewall of the main chamber, and

an anode chamber defined opposite the membrane from the main chamber such that
the membrane separates the anode chamber from the main chamber, and

wherein the anode is disposed within the anode chamber is oriented in a substantially

vertical manner within the anode chamber so as to be substantially parallel to the membrane

and so as to enable natural circulation within the anode chamber.



22 18. A nethod for operating an el ectroplating head

as recited in claim17, wherein transferring cations
fromthe anode to the electroplating solution within

the electroplating head inclgges flow ng the

el ectropl ating sol uti on over menbrane used to

confine an analyte, wherein the nenbrane is capable

of ti8ansr methng fonppesaiing aoelegropiating deadas ispiéeckini aljmaly, wherein

tra% ﬁ?ﬁn O@aﬂ%& 9 h?}%dan%%l tg (ﬁll glg trogal#t r% §B‘h}t \R/{‘Hnjhht% electroplating

cont i ni ng

hedcﬂ Sﬂcﬂﬁcﬁi ﬂdﬂwinlgetha p@@dtro‘pw’tﬁ‘lgcﬁlmfont dﬂ\&rvmhﬁnﬁr@le fissdmoaconfine an

nmeni scus_of electrop| ati solution within a region
anplyte,BBgreithde §n<=e15éémbgf‘c%ﬁ trapsmitdag eatjops: mat eri al

and t he upper surface of the wafer directly bel ow the

porous electrically resistive material. 20. A nethod

for 18per at nrethaanfoe bpattigpimtlectefieag fead necidited in nlaim 17, further

claim 19, further conprising: establishing a flow of
CO@W@@Pgoplatlng sol ution through the neni scus by

I ey fifing %@Glteﬁt?@léﬁﬂgnﬁ)lﬁ@nu&hﬂeé LAMhd Bﬁ%&%kﬁ@é@f e wafer to

fresh electrop ating sol ution flows throug
forpo rovsnisiue of electbplpting sélstion withet 2régadn bewders piwsgcdomwelectncally

th f ft
red ) p A SR E PRSP aET e TSRSy BT HGhpi clectricall

welbidr@r  conprising: maintaining the wafer in a
fi xed position; and noving the el ectropl ating head
over the upper surface of the wafer such that an

ent ?Eet Y Ohehig 4 f }geirrat%i’l%t La‘f g(itpoflgla{tlng&m%% &§ rec%cfé%xrpgﬁ%g 19, further

e mehi'sScus o
co@@ﬁhﬁg for operating an electroplatlng head as recited
in claim219, further risin mai nt aj ni ng the
el esstplphing adlaved ql«wtrgp m@o%agn ttheswigh he) mgRjscHey by removing

ele‘:@?pl%@%lﬂ%ﬁoﬁnﬁe %e‘ﬁ?stéﬁ o ﬁéﬁr@%(ﬁx%ﬁﬁtl g%gluégﬁttlgg@ etl&rough the

Su r ace
poitoas tleetricelly ssissveomartiathea dippaatd og tlealpper amtace of the wafer.

21. A method for operating an electroplating head as recited in claim 19, further
comprising:

maintaining the wafer in a fixed position; and

moving the electroplating head over the upper surface of the wafer such that an

entirety of the upper surface of the wafer is exposed to the meniscus of electroplating

solution.

22. A method for operating an electroplating head as recited in claim 19, further
comprising:

maintaining the electroplating head in a fixed position; and

moving the wafer under the electroplating head such that an entirety of the upper

surface of the wafer is exposed to the meniscus of electroplating solution.



