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1 Electropl ating 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 includelintegrated circuit
devices in the formof multi-level structures defined

on a gyl t . I 0

Cr ansELbOORISHBR G i Myt RIS Rsr Btz Sy
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. 10003} 0. | i ng
operations for @ ‘AEQ '@@mﬂﬂ% conduct or

15 wafers can include an el ectroplating process for
[(dd] hgthesthridasibn tod seheosdudi@odevafes sheh as anegraed wotwots, memory

fer ventionally, electroplating is rforned in
oo b Beupures Qi FisEiTae RS PP e e JSFIORT T frine features
oft WrhicBnRiR rwﬁ#@.%e%&iédﬁdﬁ&oﬂv@ﬁﬁ BENHE int ét?@ dirbl€devices in

conventional electroplating process, the wa i's
theafonhadfivaditalevel siegatrésydefpet amt 4 ailionn tshbstrags peics substate level,

positivyely charged anode plate, wherein the anode .

UMY Jeicy Wé@hﬁ?ﬁaiowe@aﬁwwz@ﬂp?ff 31 2819 Jeyels dpterconneet
mzﬁgli?aﬂgﬁi Sinll Q{J:epétén%ds&d.séi p({fﬁéﬂf?dcdnﬂeéta? 1 hRCEAR Y rdevices to
and marntained "1n a position proximte to and

detiviead Heshrewviitbgrated cwadie devidd G0&1 pBuernad)cértiectvealnyerg are insulated

process the wafer acts as a cathode. Thus, the wafer
from othey fondertive vt by didestie mateialSonnect ed to a number

o bdrGlonduct

L

waddre caa it hinevan 2ectsapdstingnproedsk omad dihe chataiad actthe surface of the
resi stances jn order_ to_achieve a uni form current

SEISPR]usEY | WHea Gy entigrall nesieqtroplaing e PREORHIGS i@ ugpraplote waler
- - r .

SHGEIIERL Pk P RSRe S BEPURLLEY L GLRie Durr

codrentitndl @fcttrpplatingnprotéss ctha esder iacnasisinthat aakgative potential with
[ 0004] While the conventional conplete wafer . .

resPR? 8PPy FlY chitaebade plate cdisapn dieginody eFaaf_elaégP%t?rW@“y equal

iGEELd ?1'6 v%ha‘t. hfie ﬁH&{e.aﬁ:lﬁe o atkd Sutidrea inttAEeRclrSly@ hnd \Hidintained
present need to conti‘nue 2

in a position proximate to and parallel with the wafer.

[0003] 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 clectroplating 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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resear chi ng and devel opi ng i nprovenents in

el ectropl ating technol ogy applicable to nmateri al
deposition during sem conductor wafer fabrication.
SUMVARY OF THE | NVENTI ON [ 00051 I n one enbodi nent, an
el ectroplating head is disclosed. The electroplating
head 5 includes a chanber having a fluid entrance and
a fluid exit. The chanber is2configured to contain a
flow of electroplating solution fromthe fluid

ui T I
re@%&%ﬁﬁg %.rna Cf]eeglglgﬁlfngnlgg)er In]iserglgssgg e\l/a%t ‘éurl t&@th@l%‘g? edﬂ;hc:able to
nﬁhﬁahﬁ@dﬁnbﬁdummmkhﬁuﬂﬂddbowb%r&%ecmﬁmcalIy connect ed
to a power supply. The el ectroplating head further
i ncl udes a por ousSUMMARNMGF FHEINVENHIONosed at the
fluid exit such that the flow of 10 el ectroplating
[ r - t:hr, o
13854} G oGRS s SrbRRY A G dBhied, thePQhWplaiing head
ingjydas achinbed haehg atﬂmxpémtamngami s Bmidoxitd The dranmf arcomﬁgured to
di scl osed. The apparatus .in des fer su
C‘&Sﬁflif’gﬁ?\éd’ fy leooP FUBE wRlPD T @wﬁa eigace oL e “fluid exit. The
el!g&%aﬂ’gﬁ'% Rad i eCieRRLaLd gﬂociee@igpd% DG e E}thﬁr The anode is
I sposed over an upper surface o the wafer to be
chrefl gdirdalyto theelesafoally sarppected to @ pewed sipblyoha tliectgopiebig Hegd further
configured 15 to have a processi ar defi ned t
ing{Heles AnPITaRS yosikivg matprialj ippossel 2 ?lbex it exi éug‘h thay ;}B flow of
oo R Req 101 BROHRSRT: AUB |5 iR inRGAal
[(IilOﬂ]TBt efic @ibblignanaf ar appudatas §d510elt:ctd0p1rﬁn@| oremi@ahdigor wafer is

| ess than the dianeter of the wafer. roce
digelesed: STheurRRREAtuS) BFWEY aagfa%f‘ﬁ wRpet |°8P Fﬁ? ehiﬁ? - Wafer. The
t ) r.at
B RLEHR0 1HFRS o fecBPEERE head URARA B 4Saikpiskd 6ber an upper
shrfatof ¢z varfexdo iatheld by the fiafes supgert. Pheelattrdyddtingdfead keconti gured

waf er support. The first ele trod s vahbl y _
te Bire yorasessing ¥pedelincdaio Be wEseaka lyt rp?éalikgfvg?- ing preximate to an

1
oS e 5, PR L AR B gerston v
I&ecajndl oacditmewr opthexvafatsad taohart slemerstbnpaat i hess dlantthe Biameter

of the wafer support that is exclusive of the first
Oﬁﬂﬁ Vbqf@'r The processug argads Wther gf{l,rtﬁg(ﬁstan exjeE 0% 3y fgg arca of a porous
' S THRVY u dsh¥sed at a first
r%sés%&gcr?g?hé Ju ?B%rﬁtugofﬂﬁh% d{ %ﬁd& 32%5 gfﬁee{sr{ijdpe; grst) se a a firs
I&dagieh pajdiahteng dhiad parsherdl hﬁlf\Mfthd& u&lﬁ@pmpporarﬁe first electrode is
configured to nove with respect to, one_ano

he
nefiviellet qogﬁgur@sitterﬁafm@caﬂét%eﬁt theewater & b%ﬁl@@k bhdhe wafpr support.
Aﬁﬁﬁt Cp%%ﬁﬂntg eagggrta{ugqgcehrﬁéaéﬁzp g%}c{eﬁ& etl&?rogg ldﬁsébge‘apétaﬁ 5€@nd location

pSadimageoaf sdebed paiphieravhel oftt]ﬂ@“}\a&ﬁ'eﬁpptﬁt that d; é)gcldshe of the first
waf er support.
peripheral halF of the wafer support. The second electrode is movably configured to

electrically contact the wafer to be held by the wafer support. The electroplating head and
the wafer support are configured to move with respect to one another 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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30 [00071 I n one enbodi nent, a nmethod for operating an

el ectroplating head is disclosed. The nethod incl udes

an operation for disposing an el ectroplating head over

and 3 proximate to an upper surface of a wafer. The

met hod al so includes an operation for transferring

cations froman anode to an el ectroplating solution

within the electroplating hgad. In another operation

of the nmethod, the electroplating solution is flowed
HHIHHQ o aan P Eﬁ‘rf%c%sdfsg Lifer TRhe l dhod leﬁ thdiudden operatlon for
e ectropl ati and be élspose on the upper
tranytéraiag c@tﬁoﬂsffeomvaﬁ enodcTtoeanmeedimgp! dting tsblatlon mathird és dcctroplatmg

operation for establishing an e]ectr.i rrent
B i BFP IR PR Ch Y PREOPB FlesiiRmaig SPutoRds fiawef through a
t l I C
T I
stire SIf theew afeit. Ghe atethqar ffaﬁhe’rtmctledammpbneomIﬁ@rdistahhsh]mg'lm electric

upper surface of the wa the electric curre

CRHEN d§twasa tbea@mqsiﬁsantidh%epw tSPraf%qeézf tpe Waffa ¢ ﬁrﬁﬁab fite ¢léctroplating

sglg{l&ﬁaoﬂleogleé € ci\gfﬁfe is &Qfoﬂ'xggpﬁﬁls rlgfyéﬁfée (Sr%us??éilstlve material
varnt ages of the I nvention beco e appar ent

ptdserm bet\hﬁ:nftbd: bﬁxydeﬁglddht appee durfescsfi the ivaifier. Bddogthel electric current

conj unction with the acconpanqug dr awi ng

CWﬁF%§Fﬁ%¥@ﬁ§°B9a“ﬁ§wgﬁ)@%&RﬁﬁéufW@ ﬁ@%@ﬁ ‘i nventi on.

T
LR Soethaontths FEERUGEI decdRe g gpparent fom
thieafplib@ e dwnlleﬂ descsipaon takeh ibyomjefi@iogncieh the atéwmpanying drawings,
foll ow ng descrlptlon taken  in conjunction with the
idustratipmby Vayof AaBSYs PreseieRIOK gure 1 is an
illustration showi ng an el ectropl ating head di sposed
over a wafer, BRIEFADESCRIPLIONOF T H DRAWINGEent of

t he present invention Figure 2is an illustration
[@(pﬁwg%g I.Eﬁlvcn 18n gct eCI'a‘%[/llé}g ther éﬁ%n?#g% %}{ée?éé)lrfr‘b%%é? geéil %% q.*nderstood

biyhefcpérRs aftthd wmtmgn Aeschpgot €ak3A ih oajunttidnsfth: &hb (aﬁcompanymg
showi ng the el ectroplating head being applied in an

deavelogﬂrmpﬂa@h ‘ng process, in accordance with one

1T odiPEE§ ar DS R SE i Sl i d Bl opdStd P water i

aBtR28Arce Ml dnl EnidoeRmemSs o B pedsed invenfibgure 3A, in
accordance wi th one enbodi nent of the present

i nverfigwn2 igan Fllugtyat@mshowsngaw ispmeisicviey ehthsrebisiraplatipg head of
b e O e e BB PR b P ReBl imensam e
enbodiifRet3 A0fs dnh@lubt A holineemt ielttroplating head being applied in an
electroplating process, in accordance with one embodiment of the present invention;
Figure 3B is an illustration showing a continuation of the electroplating process
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 4B is an illustration show ng a continuation of

the electroplating process depicted in Figure 4A, in
accordance with one enbodi nent of the present

invention; 4 Figure 5 is an illustration show ng an
arrangenment of wafer surface conditioning devices
configured to follow the electroplating head as it
traverses over the wafer, ing4 accordance with one

enbodi nent of the present invention; and Figure 6 is

an | H%ﬁ?g 5 P glLﬁP&mnngm@iﬁ% Qﬁ“ﬁﬁﬁ{%m%flt & WElePQeHdcR conditioning
oper ati ng an el ectropl at®ng head, 1 n accordance

dewitds améigercbadifolow thé ctdooplnirge head mventdaverses DEAthE Bafer, in
DESCRI PT| ON [OOlq%Hgg the follow ng. description,

acfopdange W 1te gae prpedigientef the pregend VeREME AN 1 or der to

Pr OVieh& & 6t 'IQ%OHHEU%%%WH N80 QNG BMGSRBE for operating an
i nventd on. Tt e appar ent, %omever, to one

elkirbplatthg head He aacdrddnbavithlvae pmésdintent ofitha present imentien.
practiced wthout sonme or all of 10 these specific

details. In other i PUGSH DIRURIBFRQ Process

oper ati ons have not ' detail in order

not to unnecessarily obscure the present invention, .

[9001 I the fpliewing descrption, inysrereys i sprcifin @glaily agmset forth in order to
el ectrapl atin . ' . : [

PROEE R Bt A BERRE o 1 WAL BE pfens Rbwerver,
td Bivedkilledin tHhat that éetpr@phtahidigion eas bkGRadtized withsutaome or all of
mai n chanmber 105 fornmed within surrounding wal|s 15

these speoific Aefaily 1pothep prearicat aeelk krawn Reocessr RSIAYENH §ave not been
wal ls. 101 can ' ' | r ' ner
R TR e T S A L

[60a) ®eneo MPieN@NlISstratibAesheRiny aharbespldify hadl LEedisposed over a
fluid entrance 111 and a fluid exit 112. A fluid )
veafiggpPY7. in 3aqcgrdgnqeactity ang embodiment fnthicamiesenty anyeption. The

B ST R AR, SO R B i v

1001 isBsil1 € Be tafpreeiiedithatahd Surtdupdingf wAllsermilr @pl Rt defiged in either an
solution fromthe fluid entrance 111 to the fluid exit
integral menngri asat eembinatiory efvepmonriatelgaggnettymd sealed components.

| ect.ropl at i head, 100, al so, i ncl i . €.
e it Ao 185 A Shes dchtd Sighngs 1 0882 bl Sl B ASwia supply
13B a5 RRkEhed A6 A Ndid1&RRBNcE ESPES bippRY ¥lecka@higf sdliigon to the main
anodes 115A/1 15B is configured to be electrical

cbanhectUSd Thos, AposepesippIie @ein Fembar 465 by centpmred to contain a
So T SR nda oo T PR Sl A 7' Bk filla Wit 12, as

respective an

isdiaabery 4054 4058 can be defined in a nunber of
di fferent ways.
[0012] The electroplating head 100 also includes a first anode 115A and a second anode

115B disposed within anode chambers 105A and 105B, respectively. Each of the anodes
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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Though the anodes |115A/ 115B and associ ated anode

chanbers 105A/105B can be configured in various ways
within the electroplating head 100, it is desirable to
establish the anodes 115A/115B and associ at ed anode
chanbers 105A/105B in a manner that will 5 provide a
substantially uniformdistribution of cations

t hroughout the electroplating solution within the

mai n chanmber 105. [00131 In one enbodi ment, the anodes

[ d

PAARE, b BB 5L ARRRC M AL oABTPTRIb Mo ecroplin
soletidr withinah¢ mainathamberof05t he 5 anodes 115A/ 115B

enabl es natural circul ation of an elec lati. ) )
[UB],{n gRe smbedimenty; t RS Fl »S@gﬁga @(Pe il sy gespective
aﬂr%’%ﬂa%%rs TWN’?%B”}Q' a %ﬁ&fﬂ %érﬁe{ho‘ﬁaw rl'i‘(?d fi¥on of the
gravity acting upon particulate naterl easeg
ahadenl 1 5&/128B dasbldshiirallGRubition nfak hlectrcqilamigrsohitlah ipnggent within

process. Also, it _should be ap reci ated that the
thﬁemme&ave anadsnaliambsrs Hi5A HOB. absgeaurgh siagulatise can be induced by

5 SRR At P PEDA LB Rl D v

eﬂa@@dﬂdﬂ@pﬂo@@;sth&o,&‘it ghbuld mleaippfeglap?rdothesmc \artmdbonentatlon of the
pol ari zation can occur when sgl ybili T
appdes d(l 9Ard SBd‘ﬁgrewag%top@ @Erpslil(%@tl?rowea}/at@am éhf‘a@nqdﬁ% 115A/115B
vﬂ@ﬂ%ﬁw&HB precipitated salts cause the anode
I nsu ate romthe surrounding el ectroplating
[em4yDueing thé elecasmaiengoploasss zatode potdiizetdn tan ge;tmewdiehysolublhty

associ ated with exceeding a crjitjcal_ current flux
lignitsi o glissplaing) 1apy YA E{ppﬁgat oalts atghe appde ﬁp)éf@qe p%lp@alpltated

s%l?sl Lats@ HC %ge %9 bk Hﬁg‘ﬁb eécf“ et rkgﬂ%u%qlfgg %fe@@%lﬁglgagcﬁ@tﬁm The

uni nsul ated ano cone responsi ovidin
afddd pelaeasied effeoy fseg‘dnelfallly)esso%ﬂitédle/ltbmemﬂhng h wxitical current flux
i ncreases at_ the uninsul ated anode ar ea
dyrag Hsi deatioplang PERFESS 851N Brepimtaled fas. QB dp insulate the anode,

de&%&sﬂ*gﬁ?&gﬁﬁ)g ?:Hglﬁgiges ano%j% %%éc;'rﬁﬂ?&ﬁ&%‘gﬁlg ﬁfg} rTJBl‘owdm% an increased

orien W int ers

cRfreti fuis 145 the Guetestciiinb édreapesoati te sinfnsulawd smode aress, er precipitate
wi t hi n anode chanbers_via natural convection, thus
cpsig teﬁlhlg; ipjg shptréqyymaefiteartions atibe @19t r opl at i ng

@?ki gg t e\%%ali”o%ehgﬁoﬁrhqdfﬁloﬁgsa{\xﬁﬁl%é { o RfiodeC gﬁ%ﬁﬂaeﬁ%ieéégpreviously

atin ion W e anod

d@ﬁ@%@@t;ﬁoﬁﬁﬁﬁﬁﬁr ﬂfhs@franslﬁére.@ft}ﬁh hAddetchambes Vﬁzon'c&tiﬂ’af a@eSction, thus
of the anode. It should be appreciated that th

rewitiniecil cirgulationt oft ﬁherslwweaaﬁg éﬁb‘&@n Wit ihe tagode chambers. The
Cfg&;‘elﬁ?, leﬁggég%xff‘ Senc tw?%u g émh@x%i ;g'%@e%@q&dheswn of
rﬁ&ﬁfma@é@ Ealts ®l ﬁﬁfa&@obﬁ&h&@n(mféoq?tegﬁ)uld be appreciated that the vertical
orientation of each anode within its respective anode chamber, as provided by the present
invention, avoids electroplating head design complexity, electroplating process
complexity, and increased expense associated with having to mechanically circulate
electroplating 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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conpl exity, and increased expense associated with
having to nechanically circulate electroplating
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 nmaxi mum

al l owabl e current flux. 30 1@0161 Wil e the enbodi nent
of Figure 1 shows the el ectroplating head 100 as

RERECHE) 3 b B ARORdR e AR RRRhiRg ks A6 TaR1AL: one or
motd anodestandi asstised brodel dainbepl dise ng themdarbdés sames to increase
i ncl uyde one or nDre anodes and associ at ed anode

cEFakber © thesathgde, ke hegrleiell’ser ves to i ncrease

t t . /,
LTI L0, T G gt 490, o 100
calfanbgrte bEOHAdawith kEEtBoplStmgSsodmmﬁii glumdert dlebﬁéedtnoplaﬁdg solution

Wi th electroplatlng sol ution.
wathuceach off 9 #gds sharnbeah 1034 @pgd ﬂoé%éfh S@Praﬁ%’eﬁ%}ﬁda% main chamber

18{;%? ?he_ ? earll9914 O%@r gﬁgﬁigg{g@%ﬁ%h& Og(g GieudtRin" purposes, the

elfee&(ﬂﬂmﬂgvﬁluhonﬁﬂﬁhldltﬁé ds&deothapibesoRS,/ 1438 is referred to as analyte.
electroplatlng solution within the anode chanb
%MWOP@%?(&W%W?@H&%G BAB Sperber g reftﬂﬁ%d {0 as catalyte. In

euétr Pﬂ%'dﬁ%én@sg tﬁeo%.ﬁﬁﬁ);t? gre\é%rﬁ %gm‘i b JRu8 cﬁ%@lﬁﬁ?? q 0§‘/Q/5 0588 can be

as ca vari ous

dt:ﬂihﬁad&ﬁ Hayd & chemgisey thanist dither équivatein de oc tidfchomt ﬁom the chemlstry of
105A/ 105B can be defined to have a chem stry that

thej qapadyte eepseiarignn theomain dipmpeay Kt Smce e Hiede KBamagrs QIOSA/ 1058

o SRS BB AN T TSR TR b0 chanters

165811958, THhOS! thei snabwe ewithial thy awdai d:hambeﬁsent)SMOEBels rendered
anode chanbers 105A/ 105B. Thus, the analyte w th
inoempagseille. &?&?Pdefﬁ@uclf%%m@é@lqyéh?té#lﬂa]éTeeﬂllgBe transforred and mixed

wﬂﬁ%@ﬁ%@%‘% Pﬁt ih t{l@ 5P ¢hd P(ibg] 9ARo Stgé ?ﬁ&hﬁ’ré&élbﬁlpgtof the anode

ana ransterred and m X cata

cRArRSEN 05 A/106B dvR L bresdies wilhin thdl sein ¢Haeber 105 to be increased
i nconpressibility of the_anode chanbers 105A/ 105B
vethogtgausing distastierobihe Riembranes 4874 10MBnber 105 to be

AOFITEREE orfltiDR forf AP BOL ADILLs ddRRATIRAAD S ions to

rmn opera on, eac rane

pagsdﬁéxﬁ%’e Arddé ehdnitesls I%mhﬁmmmtra:s@eaww to2Be pasis cliancver 105, as
t he anode chanbers 105A and 105B, res ectlvely to the

indigated: huribows 198, Also, thadneralraseshl0o4Y | ¢l arrpgonfiguesd to prevent
5P RO 008 G LI UL e s
cRahbérs | 195 AATIE BOBSE Toulllr aniétigneandde the electroplating process. In one
embodiment, the membrane 109A/109B is defined by a fluorocarbon material. Also, in
one embodiment, the membrane 109A/109B is defined to have a pore size, 1.e., 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
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chanbers 105A/ 105B that could be detrinental to the

el ectroplating process. In one enbodinent, the

menbrane 109A/ 109B is defined by a fluorocarbon

material. Also, in 25 one enbodi nent, the nenbrane

109A/ 109B is defined to have a pore size, i.e.,

average pore dianeter, wthin a range extending from

about 0.2 mcronmeter to about7 0.05 microneter. The

pore size of the nmenbranes 109A/109B is sufficient to
REARY BRRFRER b unkhle Horc s B A TRAE SORARR liode o the wafer
dpﬁﬁg&geldctropl‘amﬁ@pmmsle chanmber 105A/ 105B to the mai n
chanmber 105 of partjculate 30, materials b

[UH R ope catbodiment Thar eteapis, adduiviey arhdn s g e eatalyte to
crihtek a@%ﬁecg‘g 1aﬁ§§€fo@és@ EREmaRRL Y fe bARGAL h@ %f"e?ll}{tcgmventlonal
as prOV|d B pre§%nt I nvention, avold

erobpletin; apson sthext tl\uetdmodm\mﬂdtcmthoﬂan&ueg'acqadlrtutlyl with the same
transport fron1the node to the wafer durlnﬁbthe

&Cﬁeﬁlﬁ‘&pﬂ slyiRg. Biese kosoreano 2diVES HRVIEHRS Tehring gpumed by
@JHe tltﬂﬁdlleﬁ ddlﬁ%su%ﬁa%tf}al' fhd I%Fecﬁ'ﬁg]@tlnyg{ Ech@ss at the

ance rop atl ng process performance 4
cmb(ﬂmdﬁthout eeplemafrﬁn.t dintheanwadditivesn alonsbmption of the key organic
el ectropl ating systens where the anode and ca

aflditizes e thecanPde 19 BAripwlarin Problemptic dn £rg PIGHANGE PFL1 gopper (Cu) metal.
"[;‘ﬁgl L hest106RA 05§yofq’ﬁ ée‘ﬁt ﬂlgglllﬁd VRSweVeE, e tpﬁ%eﬁt these key

el ng consuned by ano us reduci ng
obgialict adderbvea pagskathineahd Ozxtalyteeofethe @iaio phamibend 0f rfimoe ssxiag with the

the cathode wi thout replenishne t of thes dditives
RRHS PRSI cBROSEh &0 sy C(tnpaaﬁkeetro adntth%égod%y%ﬁ@eﬁnﬁ%’é’“ 105B.

e
aRO&S €16 AV 18BN ALY sinke tievertslysahuaisty qudeate analytheﬂ;emisey can be

organj c addjtjves present in the cataly{e of .the mai
seprarBlrcontislleds 4RORTSOIrABORPY Hietky organ i %é’i%atalyte can be

R IRIC Pt To the monbranes 1094 10815,

[0620) Kﬁythaf ‘@ﬁlﬂte@ptﬂtdd] E1gmesl &re&:lemt)plaupghm ltOO alsbencludes a porous
anodes | ince the cataly

r@%ﬁﬁeﬁw%ﬁaﬂ‘ flﬁﬁossﬁ at Sht% Duichnt Sr yhe Sialg yighin the main chamber
l%gq@i'@qg.l % dﬁ? ?‘Q‘gé}&] h?(g.r ‘Ethcc g@%ﬁm{s%l'\/@ ﬂ'ba?érlai hey lﬁ??‘rder o exit the

Fves In te can nore c ose
di@fbplatihg thead 00ROt Eqrrbdﬁﬂmg\ll EtrdSEl 2es,pectindicatéd Qplyr &‘rrdw 301 The
the el ect r?ﬁ ati n? head 100 al so i n¢l udes a por ,
reessying grea AR op idgfined1 by ajleweseutage of e PYTRRIEIGHYC mpgerial 119.

TSRS SISt SRl i S0 oo
dvar, girhematetoxid pftrhlﬁl with an upper surface of the wafer 307 to be processed.
Cation laden electroplating solution, i.c., catalyte, exiting the electroplating head 100 at
the processing area 201 forms a meniscus 305 between the processing area 201 and the
upper surface of the 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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20 el ectropl ating head 100 at a processing area 201,

as indicated by arrow 301. The processing area 201 is
defined by a | ower surface of the porous resistive

material 119. During operation, the processing area

201 of the electroplating head 100 is positioned

over, proximate to, and parallel with an upper surface

of the wafer 307 to be procegsed. Cation |aden

el ectroplating solution, i.e., catalyte, exiting the

t.r ' head r ' :

ofigE PR e BRbcRRRfe 552, A1 Erd P ORESS0T L BEy of the
paRessingeareal ppEr It shioflade wideistedyhbeevedOfiat fheuseni¢due confinement
meni scus 305 essentially represents an electroplatlgﬂ)

syréages 3 blnare Raasavirgieer ssgessipl ppaatinrnyeldae plrgiropldinsdead

s T e

1e5WAdSBRAY the Wit 60B a8 omﬁcawh’eylh nggutivepetaridyl 302 aFhub, ean electric
|ncorporated to assist _in 30 nmintaining the nenjscy

cyrem i esiabliskieg batvesen ctbe | anodey dWSAHd SBr Bk dhs Trpter 347 via the
Hon LSO, bR AR OSTRSl aGE ons

(daﬁan@rmmum tﬁé adodDib difhae dhiohgh whd @ten@Padneat 10@A/109B to be
periphery of the processing area 201. ]t should be
carrige by thd ertalpisyibrpsgh thepqrovhiesisiys Beissiak bHY fobgerater 307 where

LSS S A UST ] hgPms e e

ehpeicatch®ent asta’lﬂishag cbepRtcRnthenlanbdesmdil HA AL 6B ahét theewafer 307.
t he anodes 5 115A/115B and the wafer 307, as indicated
Bstablistiesgatoif v msse ainitymizodistripiied clegirie |curent ecrowsyheeiger 307
S h 1
SRS TSGR AR ARISTL A SR A0 LAt
129 derato\pr®ide 4 hRrehf Rirhi riatertit] depdsitmURess et wedfer @infce.
cations) produced at the anode to diffuse through the
[ i NesousIRoloaEts, dhpporoggmrasisive mpterigk | k%tsaie@éd as a porous

ctgrgxr?l%;%gp(}rgﬁ %{sgﬁls 2 88 ¢ (lilg hol}gﬂ%eﬂ%ﬁtﬂ?&&% thlche! e%l}ulaﬁngi@f fik porous

Fous resisti

régudtee i radteddl 91 19k ViRFinkd abl I’zhhfnﬁlhﬂi‘hyoyddé {Al, 04l en tohe embodlment the
el ectric current established between the anodes
ponma/resisme anatenidl d 1343 defimpg 7o hape g 41919 Siperdrtt. ayerage paregdiameter,

w\kg?f Q" % exk Fl*;ng%‘cgrﬁ %b&}teﬁ)tllﬁ{c?orﬁé{g t%nafbo ﬁ(ﬂ)sﬁuctr eters It should

ce res n a nore un orm na

b@elﬂﬂ%tstdoﬁnt-hafr fHeSporbhie rg3fioel Sndt@sd] SI1OVES that lﬁ’emﬁl m\ibilﬂon can be
serves to provide a nore uniformmaterial osition ,
daﬁn@isbytamef matesel stmeblecel piyidiog 2pffiGent \ﬁhliquaﬁgut of electroplating

10ﬂ é’tg ?fgzl%lg 3}8 ?gsrla{lg % %trév\{(?e {H%t I%E[LIIFE!d Qf]’cgctl\/é re31st1v1ty that

am cC, rous
yﬁ)éw@éléctﬁ@bmﬁ tistrivRtien hﬂﬂfonﬂlfj/ one errbodl ment the

[8(()){3(])%Sigure 2 is an illustration showing an isometric view of the electroplating head
100 of Figure 1, in accordance with one embodiment of the present invention. As
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
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resistive material 119 is defined as al um num oxi de
(A1203). In one enbodi nent, the porous resistive
material 119 is defined to have a pore size, i.e.,
average pore dianeter, wthin a range extending from
about 30 micrometer to about 200 mcroneters. It
shoul d 20 be understood that the porous resistive
material 119 of the present ignvention can be defined
by any material capable of providing sufficient
f r tkRg '
obyREaEB il B, HIREL12PAT 5B st SohARLETd, A ble bough the
suire@indingy mtajls t Tt at yessénmisllyel @yt Ideati@urasentcesliast rto bintdrface with

uniformty. 100231 Figure 2 is an illustratiqon show n
SEFPUNd BEeRGUIRINGRt A SHrutHEe. dUBBETMNSE 40P J}cﬁealatmgz o0 can be
B Sy (BaSGIHER B ST Ry e
td&ﬁ#&cewuhkﬁﬁbmﬁmqnﬂmngn@mambﬂﬂmaﬁé|ve is shomm

enetrating through the surrounding walls 101 to allo
1908341 disgevioushy meplinnsd: e Rressssingart a0 bl dsfinehay the lower surface

05 gr?el @r&% %9 sﬂ{f% Hﬁte}l]al ll%Hls?Qs%Hl aq tﬁ@ ﬂﬂﬁpé)ﬁﬁﬁ 2 SFI tl{ehé}éctl%planng

hpddEI0. With febf@6to FTgﬁralZ &ﬁmcesﬁmgmes 2@l sf thg ahelc&b;ﬂatmg head 100
etc., can be 30 used to enabughfenetratlon of
indeined by edpna disEnsiRR dihand Hehosi fimsasian 8§ Lke |1%ng dimension LD is

t
S8 108y B U BT s,
thdshoan dgtedsidd BN 1sl batdrhed o Bo st ghirethet darpetoedf dieewafer to be

through the surrounding walls 101 at_essenti al | ny
pm@%ﬁe ol aze gwedigrny the shert élﬂlflﬁ%‘sé?'\/\ﬁphls sl ﬁ@s than the

r opflat@‘{a ger%ﬁ agyﬁ%gseggﬁﬁéﬂff)gaﬁtfo dure Bt %SSI;? 1o 201 of the

emﬁa@aﬁmgmeaaf I(D(hﬁ?s pbditiched upjet,yprdfisnand t(yaa”r!dapdrellel with the upper
| ocati ons as necessary 5 to interface wt

syiirgectihler wafee q%}scpﬁwﬂg sERtiony @gtelﬁcgoplgwhﬁgd A80 and the wafer are
gﬁtft\a‘ﬂe%ut%l Xlogg 318 aﬁpg dy etaaf otfe? Cs%?l‘?'tﬁzgc b eﬂog&}mg Sarea 201 of the
rfrace of t rous re

OMBY Su istive

ehRirepluthg Eléaﬁ hospesds atertthe uf)]bdﬂisdrfﬁ)el df thd abdr. Al ehe processing
el ectroplating head 100. Wth respect to Figure 2
Q@ezQ)‘r BRVEESE iy ol theaungy swfacerrd the é&f?r@éh?a?heﬁtgon%w hegd 100 is

AR BB T\ PR BRI gy pon L0

sb’@st’hﬁ]aﬂy pb@aﬁdwﬁﬂlulovzﬁﬂﬂédhoh @fandlieARBE Bdtweén ﬂlevlzaé&ssmg) area 201
be grocessed Conversely, the short dinension SD.is
agd tthe | wafbre d hersfers, thes Brocessing: frea d%%n@ldeﬁssesﬂa&eﬂ dngiifcup 305 are

caPa l?ee of 8&8%%%95‘9& %\Qetr %H eﬁnﬁ{&{;g e | It’a‘Eg' QF g1e wafer durmg the

'S Su nt anmete
&&mbb@uw@é@ﬁmkm be processed. Durlng operatlon t he

[86205(]: erlgSlllrg Aalrs(?d?l 11211?s]fra8£n ts}rl]oewmg the electroplating head 100 being applied in
an electroplating process, in accordance with one embodiment of the present invention.
Each component of the electroplating head 100 is the same as previously described 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 ectroplating head 100 is positioned over, proximate
to, and parallel with the upper 15 surface of the
wafer. Al so during operation, the electroplating head
100 and the wafer are controlled to nove relative to
each other such that the processing area 201 of the

el ectropl ating head 100 traverses over the upper
surface of the wafer. As thepprocessing area 201
traverses over the upper surface of the wafer, the
e]%l: ééatlﬁt | oy ”19)0“& Q:gnﬂ%.ged Such m}%' @Sﬂséu@ @ be traversed over an

i on, respect to suc the

eﬂltﬁ’ﬁ@’ cdltltmr@bﬂ:mrfaae bBthe Ovass blﬂhﬂg] theaﬂdcyroplenpgnphrmdnar to
a direction of novenment between {he groce55|ng ar ea

[0036] Daring threclgriroplating epessotle wake 387 dtbeldiby watss syrpprt 403.
E aadoﬁﬁ%ﬁg:' éj}%&l%dg%w’.iicm % géc ?ﬁ eeh cﬁ’@@é’igbe Qé &gfeﬁg%romi[]nate to a

raversed over an entire e upper SUF ace

pagiiefy eitht Rafdriappet €03, V’Qﬂitﬁinalhg thxp&’caﬁd electrdd20@BB is located at
Figure 3Ais an 1l lustration show n

agpatien gt i suhgardly opoesitsdiomy thediet %%thﬁe 495A gefative to the wafer
BHBELAEE. TR 8 RUTFERE 0 FrEEBE BB A oL o syt psiin

nedr the QeEpiey bDﬂie&b&fE@sﬂiﬁpaﬂ 40Q0such thiteths drs @sition res1des along a
previously described with respect to Figures 1 and

firti peripharfeall e Bpfeasirrgriptbe 84, in K semecmoegimg: ntge second
E;g (deel B ac%lgﬁ?)é&ijat Y $deohd ﬁoé’i@&? Ee%gli Pgehn@l glsf)le&l%'\pd'fer support

€ processi ng area

4831,b§1bﬁ ﬂhat ahé Yedoad glokigion Wbstldlhsaeﬂdngj 21 (Md:cﬁﬂt Ieeriphelhh halfipfelie wafer
surface of the wafer

30
seprogl 403 phatis W@lwe\ﬁcpf 11m)ﬁqsgpﬁtrw§9rélf %%’60%% Waffﬁ SURRQFEV3-
[6‘&?& E%Eliﬂﬁ@ l5pdt léisecﬁ'gé 40% Aae{n%locge %éc?ﬁc? ERGhRUBEBY ggonﬁ Igured to be

evi ous I SCUS respect to

movell hﬁelé&n&d]@&bﬁﬂéﬂt af ardglisveattc] GOmi the W@Pefr Bow ﬁ:edld&latbﬁ by arrows
that the neniscus can be traversed over an

487 At and &QE,B; respetively. di shpddunbg @ppl@gl,atqqgtllahéhe movetm%nt of the
SHEESAGORIE LABBRE 12 LOF20) AULAR iy oyt 07 o

cﬂ@d@fedsxﬁﬁsﬂcﬁsknﬁ@i limE&sH nﬁrﬁ‘lba' §fl was. Bbieedatplke id 0bé embddiment,
a second el ectrode 405B is | ocated proximate to

eS0T EAGRE s ngsens ey 7y ithhgwaer. In
RS IR HR QR 1A HERH bRBPE shlrRibt iRhghedd shape

ah@'b%tri VéridnGedt ﬂﬁ‘a \&@f’l@ﬁar mg@ﬁém% thwafee mrrb@eh wenioved in a
t he flrst el ectrode 405A is disposed at a firs

rpf@gmal ornngrda contpet tb%Wﬂ%h e¥l§0, 3 shopld hﬁaﬂﬂ?@fe%’i&?ﬁﬁbﬁﬂtth@l@@})e of the
th | re I :
RIS  PS5eBE M RIFP o R 8 e
oﬁ_éféﬁlbﬁﬂ'fﬂﬂﬂt, Meélectiddes mﬁlﬁi A0 Betedersabigart BB rd:cSangular in shape.
di sposed at a second position near the periphery of )
In wgotherf enbadippey the clectrodes 405A and 405B can be rectangular in shape with
the exception of a wafer contacting edge which can be defined to follow a curvature of the
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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403, such that the second position resides along a
second peripheral half of the wafer support 403 that
is exclusive of the first peripheral half of the wafer
support 403. [0027] Each of the first el ectrode 405A
and the second el ectrode 405B is configured to be
noved to electrically connect to and di sconnect from
the wafer 307 as indicated bytarrows 15 407A and
407B respectively It should be appreciated that the

E"l"g::mf (%Telééﬁ% At ifif $510465 aﬁ@l@%l&ﬁg%ﬂgééhééa AR Gheniscus 305

scon ect fromthe wafer can
tmvmmhs ctherkabovearinesse emballinyent,i edchl ef shavdrite and) fseouands electrodes
For exanpleﬁohgﬂone enbodi nent the ectro es 4

A3pey 440 15 R mléeomf)mﬁie%y)ﬁ%t@ m T gﬁté%?t%ﬁ{eﬁeath its
SR8 0 IR SRy 0 o

elkeirnygatiiy sehited tﬁammaes:thmieahme arrangenent with the
waf er 307 can be nov in rotati onal nann

t
Q281 Roring e sFIEIRITIRBG0StSt, taBRAdSS aésafaaﬁ%anataéieatsme of the
fi H?%n& Qgﬂ%ﬁd% ec&gg S ﬂ5§?4d§???g refekgt?i%al% gox&nggtr@d g(f(‘g er Suipgly such
tlgina V@H’@@pm’aﬂiﬂl etibiethelebatvead éﬂltﬂe&ﬁeand F@ﬁBSAathetfﬂst electrode
substantlally rectangul ar in pe. In an

48 o meYed, OtPF’ee]?FWI%&@%ne&@QAOatﬁE mﬁsrsm’éﬁu@b that the negative
a [ e
pé%ﬁ%ﬁ@@’ngésédggéﬁ s‘@”gga é&e ds f?ﬁe v?%fff%%vﬁgmg, 4n electric
cattentatill rfiovothrétpd tha\/elfe&rogmafngmbhmn (deﬁméﬂ)yamma@te catalyte, and
enbodi nent, the el ectrodes 405A and 405B can, be C

TR, DB EoBE LA ROt PhAUS RS BRECTIA. The electric
BH&%%&E@E‘S ggfé:ctrrglﬂat%gplle hs to‘“@ccﬁ* gﬁﬁﬁgﬁ%f it elcﬁﬂface of the

ependent mani ted to e trically connect
Wﬂférmoanﬂatditsaq:rmﬁbm the maeumﬂﬁeﬂeﬁ&? the&fbrlﬁ@&Zﬂ]theﬁ\hmmr surface
with respect to Figure 3A, fluid shields 409A
o the b Hed theb arepﬁéwe@ i HBe MIECURAES SEEENP e catfiod in the

ﬁkﬁ@ﬂ&%%%ioé%§A and 405B, respectively, from exposure

neni'scus 305 of electroplating solution as
[0039] dihe dirstaidcabie1903re aanalfDcamnectab ti the wafG@D7 as the electroplatmg
traverses thereabove. In one enbodi nent, each of i

head 90 wRngrsss away remdbe sergad ele&"@@d@/ %@Bowrdc@ﬁtﬁfw cstipde 405A.
f
%%nge tnﬂ)%ﬁﬁ'gen?\r’@é sg% 'Zi‘ él@cﬁﬁo\g’? al%é ﬁg{ﬁﬁ%gﬁ? iéggé ?&racteﬁ eposmon

uatieteleRtraplatigg h@ﬂdl OJDQi(ﬁd alli\iiinsﬁ&mﬁ@i:issi SDBciaft didance away from the
electroplatgﬂg%folutlon traverses thereapove. [00291

sgmdn@le@tﬁéle tosnare dbatptheceesand eleiredod@tB [is nok grposed to

st one of the first and second
éﬁgg?? mﬂ%; A~40513 are electrically connected to a

[POYBrAISsI RBhYecHUE BS the first electrode 405A and the second electrode 405B to the
wafer 307 is managed to optimize a current distribution present at the portion of the upper
surface of the wafer 307 that is in contact with the meniscus 305. In one embodiment, 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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that a voltage potential exist therebetween. Wth

respect to Figure 3A, the first electrode 405A is

noved to be electrically connected to the wafer 307

such that the negative 10 polarity 309 is established
across the upper surface of the wafer 307. Thus, an
electric current wll flow through the electroplating
solution (defined by the analyte, catalyte, and

meni scus) between the anodes 115A/115B and the first
46#&% 5&9@&&% the §Rofd BELtFdde 405H JeBR “@leﬁmeeﬁo&égﬁn area 201 of

ectroplating reactions to occur at portions of %
thtpq:leatroplanhgd'leacbﬂOQ sesubsvaiiténlly3@®dr b kantedine oé)tkw)s}m:br tsorface of the
he neni scus ence, .the rtions of the u

Wl PEGY RAID £he Gttt Deied e REFRENAICHEE e itV el direction of
tﬂ?ﬁ&ﬁ%gﬁaﬁgﬁaﬁqmﬁe as the cathode in the

el ectr I ng process. [00301 The first el ectrode
[MPEAmﬁﬁgitmﬁsiﬁmﬁemt @dn¢avioh foé thmeﬁretr eld@rbdag0f Ado connection of the
el ectroplatin head 100 traver way . fromthe .
secone FECHPae (1P Toethe SRIEcHAR OF héh T ifectrods ABTA deldbergfer 307 is
nla%t%iﬂgcll nﬂngﬂ% @Eltéd er:lé%}f:ogg?fggﬁ gso g;%nt%?%t%d) g%ncé%?e%ehérhd electrode 405B
iet@anikctop tathengafee a7 16O fasidlcomolds d0SA 30 Hiscenmected from the wafer

sufficient distance away fromt

h econd e| ectrode
3Rp5HamiTERG g kastrpae e!%O@feeQiﬁlactsq? e ihe er4%5%758®r\é68 ﬁ%fmmmlze a

efl t afl
oSARNER ! SRR BB WAl MR ctonain
pﬁkﬁg&rode 405B to the wafer 307 is nmanaged to

timze current distrjbution present at th ortion
19 33 ﬁegm«baBrls apgllustratign sheyying Hecaptinwtond tbﬁéf%f) rgplpting process
C e, o)
dEQRGh Wbl dACTRAbRENS, SHR odeerfARREROCK R Hroscht invention.
Figiré 8Bt shdingtthe Bt amd @tomhelecttoict aOSAM@SB/eEeHowtrigetransition from
meni scus 305 and the wafer 307 as the. el ectroplatin

cRERRetiamef ey e decirody Ap5A e Conpsplaan aihe speond issirpigd0sB. Also,
I , t

R D R0 0 B R D8 s

el adtthe diest alldcavse HOPA CTe sszbndl leEt:ilrd)d:eu‘iO&Bhsaftho% ctdmaected to the

i nterface between the neniscus 305 and the maf
waserhd0hokhe first fe%ﬁcpfp@e 4 Atis ishovedliscepngsted fogn e waler 307 and
PR BB R 198 AR ORI A0 bicing meniscs

BbedidipdengOhB dectuds Waasitibihe ther atessd ngrenedlREl tbfough the
the el ectropl ati ng head 100 is substantially near

eissioBlaling solytion r{éeﬁwﬁeby S PRBlstcoRaEe, Yid Bense) between the
atnggé’selllgAm%B %ﬁgﬁergec{ﬁ'?d éléch?)rdé gﬁ§]§d to be perpendicul ar

traversal e el ectropl ating head
[803Y] Figure 4A is an illustration showing the electroplating head 100 being applied in

an electroplating process, in accordance with another embodiment of the present
invention. The arrangement depicted in Figure 4A is equivalent 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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5 100321 During transition from connection of the

first electrode 405A to connection of the second

el ectrode 40513, the connection of the first el ectrode
405A to the wafer 307 is nmmintained until the second

el ectrode 405B is connected. Once the second el ectrode
405B is connected to the wafer 307, the first

el ectrode 405A is disconnectgsl fromthe wafer 307.

Mai ntai ning at | east one el ectrode connected to the

IRfofled 30 1R 2 dofndB: 'yngedlﬁ:oglgecpq}o?rmtﬁ@bvafe‘?%ogalpa%ed on the
or eV|at|ons I'h material deposition produced by t
pﬁicesstrrgoqibaam)hgnd preatess30 oadh, & gmvmuSB describred with respect to
illustration s a continuatiqn of

Frgugest 3o pndis Bn sﬁ%‘é SPPHERC: G fipcerthg ﬁPBaTStRS of fiigure 4A does

| f esent

nB SRR el oP A GRIAE AR UR] whiLe 8T ERTR conceivable that the
appaestis 0f ¢Sz dOBN 406 RIhel foovdasigr preaastidn oft uiwanted Soreign particle
connection of the first electrode 405A to connection
depositipa apdheHRppcE puéace Sfthesde 304 so, Figure 3B shows

t
[%d&%] %Hil% HBHL % ggstljaﬁ I %%rk%o:ngﬁsﬁtuﬂig)fledgttb% gfé@fr atlng process
ddfpietegdn Cfﬁgmel zsﬂc,t 1m01d£014i@5® with sinevemisaitmendt efdthe cprbshaet invention.
waf er 307. The first el ectrode 405A i

Figuse dRndepedht fisth andeseppiidesledtyres HBSA/f‘Q?BafV@ﬂ%WiH@eﬁﬁaéﬁFwn from
c&mﬁec{l&ﬁ' hfjth§ iﬁrﬁl egecﬁggéﬁzl%ﬂ% g(g 0'31:111%{: tidn @fdthg rs H I%ﬁactrode 405B. Also,
approac

| Ng neni scus omnng t el ectrode
Fﬁ 8B tshows thielveafed 3G tabhBnudnig toeht tr:f\detmd; beﬂﬁadulgh etehoplating head
ectropl ating solution (defined t he anal

lsatsasvfythét th FECHSHE §@%§9’mﬂwmwow Wit doors ¢ iradertsA. The
s?(ﬁ%dt ?e%t §& Q(%i?] & S?IS%Q%ﬁné}:Qe%I%D thOQ3fd b ng"lﬁeeﬁr%P‘el' Etrtﬁﬁ 405A is

| on oW n e el ectroplating head

sRPPh dBGorindctedfrot the tul’aﬁeﬁl?@ﬂlaﬂ@ r@fmmémneat}n tha:(ﬂmd ellaaldetO9A to be
wi t h anot her enbodj nent of the present 25 invention.
sirpltered from desnanproaghige i3 ®i gure 4A is equivalent to

0 565 AR SRR SRR O P k@ poionin

ORE déiBupsdetocfollbivgtie etéctrﬁlplbtﬁlg‘rbaaddl (Oogieit heverses aver the wafer
| inear direction 503, belogw the _ electroplating head
3060 imicetidange pitht eien @bediment ok dhe ;Rs%ﬁetﬂi SAVeabRyr Bef- gliscussion

Hpcﬁgsr tEzachS’\M gu%ag é(?%lltloln de9eW &y g rﬂ&fjfsra% %gorgﬂ(%%eﬁi to apply

ng op era Ion O aratus ure 4

q@ﬁ'@ﬁ@\‘iesﬂlﬁlﬂ fﬂiheﬂlez@i;erofurfaheoiéﬂhewalf@mloat Em \baaad; cbﬁﬁgmrsd to have
oriented in a manner simlar to that previ P/
at)i adlequpkadyl sigpd Aoy cisgreletapply anﬁgalrl@‘f%tlwdw%su ifignt rate. It should be

SHEhL0R ENAER0 08, 0 SERPRRLE OB RER L. <.
HoB&, pumps, metrology, reservoirs, etc., capable of controlling fluid application and
removal.

[0037} With respect to Figure 5, a first vent 505 provides a vacuum to remove fluids from
the surface of the wafer 307 following 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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processing area 201 and neni scus 305 | ocation, as
previously described with respect to Figures 3A and
3B. It should be appreciated that since the apparatus
of Figure 4A does not require novenment of equi pnent
above the wafer 307, it is conceivable that the 5
apparatus of Figure 4A will allow for easier
prevention of unwanted forei go particle deposition on
the upper surface of the wafer 307. 100351 Figure 4B
strFacB b Jhle UgdeE A8 H PN SSHQM% C;fr@(pztit lﬂ@Fef {1 QP é)?tf:seﬁthﬁwentlon can be
el ectroplating process depi I gur A
haﬂembmamuangamhnmn®fdmhadmnbmhﬁmﬂunmﬂenmageﬂhgne5oroﬁwrwa&r
[ vent%gn._ ure 4B sho (%he first. and second
sifice cPubuennp SRR De! PRIEBNdEErOEA eIl on from 10

f. .t t 0 :
N R A b e s T S P
eIebteopllaixg h&Qy irc agtbrdancngrithooneecrhbaalireers axf the ipeaseit inkention. The

electro ting head 100 such that the ni scus 305
E%def A EREaA0d PReSFRosEE it elers atartgsgaeadrr?é'er and

S0, G084, SRR g o
thngderinpeati@fsefiorB A aaodk toedrr dedtaldtinpaakution vathiin thede]ectroplating

shjeld 409A to be 15 sheltered fr pr.oa
heieh I3 on empsdimenh Jbe Opsratifned® 1sspes Fd B AR e eleeoplating

i r {RGEInGRE Hlehd le of

E e R R

triiﬁ)ﬁmamg ¢at1bnsaﬁ-emstes anylere tbltke m&m;)latﬁiysolutmnahnm dparatéon 605,
nt of the present jnvention.

thg %ﬁ?@gla&ﬁg S(ﬂm*%@éeﬂ W&&ﬁl%ﬂ%ﬂo‘g?ﬂr édwawslrsﬁstwe material
t<§j %Xft Gfte eﬁ:cl;r u%t’gfgfeﬂéa%q naethﬂ‘{k[ gﬁ?@édtl%w ?H% th%a@ptpe Yaftbh laden

remove romthe uppe ace o he wa
e%&opl&&igso\lmfmh is Sispoxed | Iog thieappeosunfaveof tha wafkequat el y
sized flow area to apply and renove fl uids at

(GO iTe anethech dther ingl s a0 BReTatigi, P &L ifert ehfiningt theglpetroplating
sglﬁﬁbﬁ: tdﬁﬁ?s\éﬁ W tﬁ@'ﬂpﬁe? SEH‘Q&G&HEQ wafbr % Y #1enRbus of electroplating

unps, netrology, reservoirs,
s&lﬁmom ’ﬂwpﬁbthla:u@fof (Btﬁntrbplb.ﬂmg‘lg)]flﬂmn @ mgplainedtwidnin andgion between
removal . 25 [00371 Wth respect  to Figure 3 ﬁ fi{st
theapRrowSSish R ApaEEalang 4bs wrRct surfashed éher vafedirgetly cloppibe porous

réslﬂgtlfvgcr%at%é%lt riﬁ héﬁ%f gllhbg’(gzl fio! o Bgltlh% as\ég.g@)ﬁl is ferﬂch@d from the

cus ereover. éecon Ies a

nigniseuid driietitd establishe thur dBdectoblating solafien tlﬁﬁ]@h thenmemiecus
enbodi nent, the r|nS|n% fluid is deioni zed wat
[PRAR VR 20 oppratie 609, cRRdeH %ﬁ‘ﬂ%eﬂt awstéhhﬁléq%etwm e anode and the

uégé usega%e é)qr thrk.J f'%ﬂn tlﬁﬁ{\eg‘l; i S ngp&g%&at'hﬁen? dl%ﬁgl resistive

v@erial 5&%e@ﬂﬂ\éﬂdiﬁﬁc AirieaCioR dn@fofrﬁl}ﬁﬁﬁrlﬁlhtadl daofytheuppe surface of
surface of the wafer 307. _ _ _

the wafer in contact with the meniscus of electroplating solution. The electric current
causes the cations within the meniscus of electroplating solution to be attracted 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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fourth vent 511 can be used to apply an isopropyl

al cohol (I1PA)/nitrogen mxture to the 14 surface of

the wafer 307. It should be appreciated that the

present invention can be inplenented using a portion

of the vents described with respect to Figure 5 or

ot her wafer surface conditioning devices not

explicitly described herein. 1400381 Figure 6 is an
illustration showing a flowhart of a nethod for
FREAUI A suh B bl FARER 41 DR sl B PGEREARRESS exposed to
theahfastuk bEtluclamplamgaepktiahi on 601 for di sposing the

el ectropl ati ng head over and proxinmate to an upper ,
[Q041} 3 sonsrash o airesenh inygation: icopyentiond! clectreplafipg vysiaps require
f tr ' atd. f . :
st BPRERREEE) G MRA CERR HeRBPEpd defiion, The systemati
réig@fishnidt @feherd@ebpititg sblddo® pequidcs Gophidicatal real-time chemical
perfornmed by flowing the electroplating 10 sol ution

agpa capebity b dgtermisewhetberctbp Fleﬁ‘éol%iﬁlwﬁmoé,ls WitBrepracess control
th r [ I ranspi. il [ :
- SREPy (€, STRaRar BediondbinsMibh, Myfel | RBBRLIEA of ihe
eRPE6FAMIsobdn in bitRr &) @etroDploadss Bestsol uti on | aden with
cations 1s flowed through a porous resistive material
[0Q2¢ ) eontrpst o) the cpBysINEPRH glq@g'aﬂl?t% systeayi the glgcirpriating head and
el ect ropl atin a oy ' .
oSSR R A of B B REE oo FLREL BRI reaction

r¥abre that 1Blo%Q 03P implenenvtib i f dltdwi@bluniRc ideckesl-distard approach for
operation 607 for confining the electroplatin

reasiging shemisyp of de Pectroplating selutignyrifeactle separHe %Welﬂé rang gatalyte.
or i f el ect j UL . :
PR e S g R g AL T ptain soio

11, Ichialtéd i§ RGURED REpMREN0OM MflliPeled dinfctsivedfty Fhemfue, tht present
and the upper surface of the wafer directly bel ow the
ipesntion allowsi for jipelemantation| of p reosheffestygdiseetng;discard method for

SFPURAEL TR SPGBy, GBI Lo T oty spiking
rediRBiatioR| add Aelamdtishi eapabilitievghe hiterdqaited ¢olsmain{alO4g@Ht process
In an operation 609, an electric current is ,

contrelsiurigEder ¢ectvaptating peocgsrorratonned prBg thegiesiroplsting system of the

of the wafer through the electroplating solution. The
FE%PBU@V$§@PStive materi al causes the electric current

[D4 N CIRbhiRNAl Vet dldtinlhadmachiasse theiguprieto sruvidasimultaneous
of the wafer in contact with the neni scus of

follectieroplrting A wiable: fooplateTyrsy epsisive | hargy filat opthe wafer surface

causes .the cations wthin th . SCUS: .

GRUERE R o Ry 2R ehdsynfegmi BT PR Bty amplied 19t wgfer- For
KBmbRE iV AReEass WAL plaBhg her ¥REST resitiie: BRtBOAIH Utheh@hventional
i ncludes an operation 611 in which the electroplatin

systent wneirescf BY Dafe sesdrinyesito &d appliasepriaste dhéfullhwalss sléétgoplating
grgce%gc\bithout this seed layer, a resistance drop across the wafer will induce a bipolar
effect during the full-wafer plating. The bipolar effect results in de-plating and etching
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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other. In one enbodinent, the wafer is maintained in a
fixed position and the electroplating head is noved
over the wafer such that an entirety of the upper
surface of 30 the wafer is exposed to the meniscus of
el ectropl ating solution. In another enbodi nent, the
el ectroplating head is maintained in a fixed position
and the wafer is noved under 16he 15 el ectropl ating
head such that an entirety of the upper surface of the
r t S e I
WSAFANS BB Enfithal A RERF POUNcBlatfy SRR RUURR  aniformly
dmnmm tlecteddee hbait rthpreripmg/ slytht eszerr s«dparelrea resistance for each of
ystematj c repl eni shnent, i Ki

t]éq éﬁ}lﬁogﬂ]yatqlﬂ@blggcﬂ u?lp?fﬁ?desl'h‘é gﬁoﬁé tlpcthe5 conventlonal full-wafer
SRBOAM AN T lihd McRh&E oF Ot Blyiflerdie! R feSiGh{e Srom one

sop real -tine chem cal” assay capability t

etketrederionenotitee i rcatideea sdrecitifapi atrreng dsulbutibmwacrioss the wafer thus

within process control  |Jimts, A so, the conventi

refulENer BpP ARy BRierial GRS aiaiheoNAGT. [ Of the porous
r i [ r t; 0

LERL AL, OUSPhAA A pREnd B EBRf ApyBRORRRS e carn

ﬂiixetﬁtbreo.mhféhhlyghﬁylblhtedlnacrbhetheIVMHTsmpﬂaaat aneg bhimgplaed] regaddless of

associ at ed nenj scus of the r gﬁ_ Eyeq%ﬁon provi des
th@@ﬁﬁ?qrﬁéaleeqr@&@ﬁ%P%fM@eSrs € eleEUPYTS that al | ows

[f)ﬁ)é{sl] oaclﬁgﬂtﬁ;phﬂ%ﬁt% ik b%eljil‘u ggg‘.'c}li%dj feﬂﬁf 0?%61% %ﬁ)ﬁf)@iments it will

r managi n emstry o e electroplating
t&(ﬂpptdcmfed thatethoset sﬂtdleslap ahahre uporakeatimgahel pmaechhg/ B}Emﬁcatlons and
For _exanp with the present invention |less th
stdying ﬂtee ﬁsavengSe ekt lfeaﬁrfeatvwa@lss BltEre i adﬁméms pefmutaﬂons and
PRI e o, TRORERED: LioRhfEufs 8 Jriichl ITEUEIn ingludes all such
a‘ﬁﬂefaﬁﬂﬁs,ﬁd’ditibmm baﬁ’f&mzttﬁins md@ﬁulaalems tas &I veithih Wlee true spirit and scope
use- and-di scard nethod for electroplating solution

¥EWN: Hence, expensive chenical metrol ogy,

spikingw%afgghﬁﬁg%gllon and recl amati on capabilities
are not require O maintain tight process contro
during the el ectroplating process perforned using the
el ectropl ating systemof the present invention. 20
100431 Conventional electroplating systens that are
configured to provide simultaneous full-wafer plating
are unable to plate very resistive barrier filnms on
the wafer surface wthout a having a | owresistance
internmediate filmpreviously applied to the wafer. For
exanple, in the case of Cu plating over a very
resistive barrier film the conventional system
requires a PVD Cu seed layer to be applied prior to
the full-wafer electroplating
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25 process. Wthout this seed |layer, a resistance drop
across the wafer will induce a bipolar effect during
the full-wafer plating. The bipolar effect results in
de-plating and etching within a region adjacent to

el ectrodes contacting the wafer. Use of the porous
resistive material, as described with respect to the
present invention, allows effgcts due to a

resistivity of the upper surface of the wafer,
particularly at the wafer efdgesg to be 30 decoupl ed
and mnimzed, thereby inproving the uniformty of the
subsequent, _p [ : oge 16 1 0044] Al so, the
convent i ohgleh%bf)ﬁl-%%%?é?aﬁe Ochl%rgsgn "ating systemrequires
uni f Qrcﬂitlﬁberdia$e\1‘%iabﬂl&iﬂ Gnehretano deffuid kit tht RBarplesrieligrdonfigured
of the wafer, erein a resistance for each of the
taerntain aifipwid fslqciropletiag edletéan foera sha Buidwnisansd to the fhudexit;

[ l,. =full -waf I Lat |
o BRSP4 A AL U8 A

cloc@icepy EnBett@torNFIE supll;langause a non-uni form

current distribution across the wafer, thus resulting
i n aamercusHiesistive matcenl dispesepabithe Bnidarxitodhe flpw faglegtioplating

SO e P Bl EE Sy eP b AP Ritso 27 pBRRSL o

current flux to be uniformy distributed across the
waf er surface area being plated, regardless of the
nunb@r of Asl ddectroplaeiag herdl asaeeiteetin elegn i whetsingthe chanber includes

el ectrodes. 10 [ 0045 i.lg thi.s inventi.

o AT end Pt Shondbir R RE K B0 OARRRP fBim the anode
cBRAbE Uyal Membhat, théanm SahlbefBeih®ir dicech fiuidugamitediongvith the
the preceding specifications and studying the ,
flichwntmanse vang | the dhiid zsity thei anede shembert bang; confiptired ghgontain the
ﬁginutations and equivalents thereof. Therefore, it

e ntended that the present invention includes al

such alterations, additions, pernutations, and

equi valents as fall wthin the true spirit and scope _
15 of3. t he Amglestrapdaing\irrad dssregitedi Weedain 2, wherany Apqueiembrane is

ST SRSy Rl A Ao

configured to contain a flow of electroplating

solution fromthe fluid entrance to the fluid exjt;
4, An electroplating head as recited in claim 3, further comprising:

a second anode chamber; and

a second anode disposed within the second anode chamber, the second anode
chamber being separated from the main chamber by a second membrane defined to allow
passage through the second membrane of cations to be released from the second anode,

the second anode being configured to be electrically connected to a power supply.

5. An electroplating head as recited in claim 1, wherein the fluid exit is
defined to have a long dimension and a short dimension, the long dimension being at least
equal to a diameter of a semiconductor wafer, the short dimension being less than the
diameter of the semiconductor wafer, the porous resistive material being defined to

completely cover the fluid exit.
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5 an anode di sposed within the chanber, wherein the

anode is configured to be electrically connected to a

power supply; and a porous resistive material disposed

at the fluid exit, the flow of electroplating

solution being required to traverse through the porous

resistive material. 10 2. An electroplating head as

recited in claim1, wherein tge chanber includes a

mai n chanber and an anode chanber, the main chanber

bei ng_sep LA bR A005€d iFORRPE! fulHerRoRRRIENE.,

t he ﬁhin %ﬁgﬁﬁngﬁgﬁ%gaﬁn d??%c% ??ﬁid’con%uﬁ?@%tign

Wi t hatdathodé ldispdscgnproaimeste anthet parotd isthties intatertah end ropgesite the

chanber being conpfigured to contain the_ anode.. 15 3..

chginRareWhersi| e FHECIFRATIIDS GIRIES ARCTISFUE PBF‘:?F‘?‘?P?%rS@?‘WOD to be
' fi AV RAIFALEHLIE, UGN cLihiSie bei

R Ry S ond R Py T R0g ptiaci e being

eRotrizhibe tomptiad iinguikeadelagric eatrdnt doivrbetwednnthd anddgrant ¢lre cathode

conprising: .20 a second anode chanber; and a second

thiqueethgiclepbarlating Ot he second anode chanber, the

second anode chanber being separated fromthe nain

chanber by a second nenbrane defined to all ow passage

t hroggh t aa detophiting twdaneecdfed datlams, wherbia thetatlagieds defined

fromthe second anode, the second a ogs bei ng ,

ap GnFIRERNHCion VIRECTCUS LS ks Inycandich sathoghey enisei§yRd electroplating

Sgwﬂghy. 25 5. An electroplating head as recited in

cllarm 1, wherein the fluid exit is defined to have a

| ong di nension and a short dinension, the | ong

di mensi on being at |east_ equal ,to a diangter of a -

seni dondudioplestiaplatingtheed sheetiodimees 6n‘gg%ﬁeﬁ‘g&leé’§§°us resistive
s | o

b oo B Eh Abenfl iR R QAN QlrcltElofs plabished betwoen

teonpbéd ahy « @ubbdd hihef dathadleehéing i 8eléctridel communication with the

el ectropl ati ng head as reciged in.claim1, further

esHPPIRURSHEPIUOIA HISFRE e §15GHRRPYVOX hARPEUS sesiye RAFSisk

resistive material and opposite the chanber, wherein

t he cat hode position causes a neni scus of

el ector opl &t elgetslatinigdread as beited dr nletn beiverein theeporous resistive

porous resistive material and the cathode, the cathode
IE@PI]’:]@ is a ceramic material.

10.  An apparatus for electroplating a semiconductor wafer, comprising:

a wafer support configured to hold a wafer;

an electroplating head configured to be disposed over an upper surface of the
wafer to be held by the wafer support, the electroplating head having a processing area
defined to be substantially parallel with and proximate to an upper surface of the wafer,
the processing area being defined by a long dimension that is at least equal to a diameter
of the wafer and a short dimension that is less than the diameter of the wafer, the
processing area being further defined as an exterior surface area of a porous resistive
material;

a first electrode disposed at a first location proximate to a first peripheral half of
the wafer support, the first electrode being movably configured to electrically contact the

wafer to be held by the wafer support; and
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5 electrically connected to cause an electric current

fl ow between the anode and the cathode through the

el ectroplating solution. 7. An electroplating head as
recited in claim®6, wherein the cathode is defined as

a sem conductor wafer surface area in contact with the

nmeni scus of electroplating 10 solution. 8. An

el ectroplating head as recitegl in claiml1, wherein the
porous resistive material is capable of uniformy

di stri ' : ' ' -

pet wedr i RbcRRI GG Bt £ ep Rl loch ot ANY farand priphere
helif e€ thei vedtr suppart that atdxohsing olfi tHehfarst febiphtrachal Hpf the mader support,
sol ution having exited the_chapber via_the

theesgpand; slectiode Being movably sanfigused toghechrisatly Cag the wafer o be held
b ﬂ%ﬁng ﬁﬁggﬁain1l, wherein the porous resistive
|

eria a ceramic material. 20 10. An apparatus

for elhesirn tplekcirog atingiemat and tectafer suppet areconfigursd tigmove with
a wafer support configured to hold a wafer; an

respeE e SpF anqthRy imasreeting sianding hebwern the sy slegtradeqnd the second

o8 PhOHE Rt Ring s bl Gl cf aP B ABLoppor sufuce

ofitiravafetedhongtle vafddés Islbby tietwaddd syppat.al | el wi th and

proxi mate to an upper surface of the wafer, 25 the
processi ng area being defined by a | ong di nension that

is at,l ea t 'gﬂﬁ r : in clai

shor#ldinZ%gﬁ%%%Pﬁg?rggak ssh@ﬁ%ﬁﬂ%ﬁéﬁgféﬁgﬁg¥%g?m?ﬁglnCann

10pdvBErcinttheclegifoptemgihegd mckdehei ng further defined as

an exterior surface area of a porous re i%%ive .

mat e Bpmber favinga Bpidantiarre A spdEdgxis thy chpplgr being configured

t{; AGRhI O 1B B eﬁ'@c&rgpf;aﬁng?‘]gélh{i(% frpﬁrﬂhg q@lentp&lcg t&the Hd exit, the
he wafer support, the’tirst electrode belng novably

potviki fistde troatetiglCbeing adibposednit atht flid exvafsch tihatbehe flow of

hel d béééhe waf er suqfort; and 19 a second el ectrode,

cicypplabiue slutipngs asHyed SLEVEB tprsl haParous resistive plgkenial, and

peri phe "y u . g -
et e B oo RS AP ind , onteed 0 b0
chdepfrally conrebred seg povleraupplyr ode bei ng novabl y

configured to electrically contact the wafer-to be
held by the wafer support, 5 wherein the

el ectphopl 2411 %ﬂ)ﬁ%\‘?\gsdfvc\)?t@%cttr&ﬁat‘ﬂ@gf £ bermidPRRictor Hafer as recited in claim

confi gure
11, wherein the chamber includes a main chamber and an anode chamber, the main

chamber being separated from the anode chamber by a membrane, the main chamber
being in direct fluid communication with the fluid entrance and the fluid exit, the anode

chamber being configured to contain the anode.

13.  An apparatus for electroplating a semiconductor wafer as recited in claim
12, wherein the membrane is defined to allow passage through the membrane of cations

to be released from the anode.

14.  An apparatus for electroplating a semiconductor wafer as recited in claim
10, wherein the proximity of the processing area of the electroplating head to the upper

surface of the wafer is sufficiently close to allow a meniscus of electroplating solution to
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respect to one another in a direction extending
between the first electrode and the second el ectrode
so 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. 10 11. An
apparatus for electroplating a sem conductor wafer as
recited in claim 10, whereipothe el ectroplating head
i ncl udes, a chanber having a fluid entrance and a

%lfb‘ﬂnqede%t&/eent fig dﬁ&&@f@ RS aRGiang acﬁﬂ?{lbxg oF ae uﬁp@r %c@'(ﬂ’ tRe wafer

| ow of electroplating solution fromthe fluid

danttheretew the froeesfihgiada.exi t, the porous resistive

mat eri al being di sposed at the fluid exit such that

the flow of 15 electroplating solution is required to
travggse iy dsher Pe @S St i¥ShdWBloE Waftr as 38Gted@ M cl
anodggdl s&glsagiggl\%t tShI rn tf’]tgdﬁéa a{l er, 1V\/ner ein tahé az?mo g n claim
14s whordin @untad: betwoen tled potcessoay hl;ea ofnthe c¢ledroptatiag pwadrand the
suppl y. : apparatus for, el platin

aeE Gt O Gl AEeeto 8t TRoHERoTE megscpg to cither the first

RL&E! & thﬁgegsﬂ@gl@@cfodeﬁﬁlnﬁg ‘Bﬁ% H@é&o%ﬁ@fﬁb@fl @&Qa(ﬁ Bhe wafer.

anode cha main c bel ng separat ed from
t he anode chanber by a rrenbrane the nain chanber

being in direct fluid co nication with the f

entr gﬁce AHGRRPREATYS fl@f alegt*%athghaesegﬂg uc@ﬁmra%g@ﬁﬂ in claim

?O{%&Qw fd éﬁ)ﬁmg QLK FvB rﬁt{?&la"}“f'soga?ablg%f Tdifo ANy REb@indSthe electric
or electroplating a sem conductor wafer as recited in

catrantm 12, wherein the nenbrane is defined to all ow
passage through the nenbrane of cations to be

rel eased fromthe anode. 14. An apparatus for

el ectywopl Set

cl ai mr7 306}SIIi £k£i)\/\ﬂaélr el n%{%ﬁg&g%@{% %n@{n?&%%{: {Og%r?ﬁf%gaessrg?lﬁg in claim

14 eheroin thb poehendsistpd mbiengl iheadratrac theeriabper surface

of the wafer is sufficiently close to allow a neni scus

of electroplating solution to 20 be formed between the

processi n f im

Phe v er MAIFACRIo] SREEAIRDE] ShREaNRRRE i Geeifl in clo

1dp pduerd v shef e:lectmlphxtxhg chphchis cnfigused nib comdincinor fiwed pesitaen and the

reC|ted in cI m@greln copt act. between the

WHECUERITHY AP B ta eVttt YIS CISeHONauRE BRRE: t he

meni scus allows an electric current to flow through

the meniscus to either the first electrode or the

second. el et apgcheatixafor rtpctrepatinpy seicondicer twiferads| rgcited in claim

contact, the er.

10, wherein the wafer support is configured to remain in a fixed position and the

electroplating head is configured to move relative to the wafer support.

20. A method for operating an electroplating head, comprising:

disposing an electroplating head over and proximate to an upper surface of a
wafer;

transferring cations from an anode to an electroplating solution within the
electroplating head;

flowing the clectroplating solution through a porous resistive material to exit the

electroplating head and be disposed on the upper surface of the wafer; and
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16. An apparatus for electroplating a sem conduct or

wafer as recited in claim 10 15, wherein the porous
resistive material is capable of uniformy

distributing the electric current. 17. An apparatus

for electroplating a sem conductor wafer as recited in
claim 10, wherein the porous resistive material is a
ceramic material. 15 18. An apparatus for

el ectroplating a sem conductor wafer as recited in

cl ai : r QL. qg%g | @i '

conf ?géﬁbryggmyc;ﬁr glrgr(gfl% Qlﬁlﬁr&g i xé;ebg1 lfrfr;%sailatg ?‘%%ﬁgﬁﬂf %pﬁgr surface of the
watdr eliroagip fherdedneptng sguti@d thoeloaitie coetmtbeing undfotrhly distributed
el ectroplating head. 20 19. An apparatus fo
by |thec PeTops ERSISHYC Bralests] pEsseny bebrecpdbommods 4ddns wppsr surface of the

[ . ' f [ '
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wagad is configured to nove relative to the wafer
support. 20. A nethod for operating an el ectroplating
head, conprising: 25 disposing an el ectropl ating head
over and proxhnat g, t - e " :
tran% érr?hgﬁ@g?igﬁéﬁ??%ﬁggﬁ gﬁgggﬁ?g@éﬁ%dqm %ﬁﬁgfln(ﬂmnlzq
viegsii topsfatringgesiohs tioan thd tdde tohthe db@miptadipk atolutgn within the
;. flow ng the e|l ectraqgplating solution thro%gh g
embrane used to

head

ebrg?@mlgungelaqaégwgdqﬁ}f@fm%\rheteéecgﬁplat% golutzen over a
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current between the anode and the upper surface of the
waf er through the el ectroplating solution, the . :
el ec2Pi ¢ dumednd i opgratinerasr Aegireplaing headeds resied fp claim 20,

stive material present between the anode
fgﬂgggﬁgbﬁ%%'r surface of the wafer, the electric

cur r epifisiag engedtiopladag selosort dispmcdbh tiecippdr swfakbef the wafer to
upper surface of the 5 wafer. 21. A nethod fo% -
forme e apsnitsuant elessen gigasoluiponuilin Asregiog; hebyeqnnthg pgrqys resistive
20, . i i ' . .
S L s BT
head includes flowi ng the el ectroplating solution over

a menbrane used to 10 confine an anaIyFe, wher ei ,th?,
menbdne ifs reetprsbifer eeratingnameleetrerjating: hepdsas recited in claim 22,

further comprising;
establishing a flow of electroplating sclution through the meniscus by removing
electroplating solution from the meniscus as fresh electroplating solution flows through

the porous resistive material be disposed on the upper surface of the wafer.

24. A method for operating an electroplating head as recited in claim 22,
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 nethod for operating an el ectropl ating head as
recited in claim?20, further conprising: confining
the electroplating solution disposed on the upper
surface of the wafer to 15 forma neni scus of

el ectroplating solution wthin a region between the
porous resistive mnmaterial and the upper surface of

the wafer directly bel ow the2porous resistive

material. 23. A nethod for operating an el ectroplating
head»3s reaci i Wing C I iStdage ;
est ag?‘l sh?\ngﬁ egg)fdl f)bvrvcdgf’é }égﬁéénr 81%#§@ﬁg’gs%t E?SZ%&?%dr 5’85%?‘“’ 22
fotteer vempssing by renoving electroplating solution from

the nmeni scus as fresh electroplating solution flows
t hr o(RANIAPHE | p Flsronlumederd i ateialiopeand sposed on
t he I . d
opor AR SRR o 1 ckb ting et Syl IAG S KRty of the upper
5  sBdace ol'thd wifehBrexpasep o thiemgeniseas of déatioptptinpeolvwadrer in a
fixed position; and noving the el ectropl ating head
over the upper surface of the wafer such that an
entirety of the upper surface of the wafer is exposed
to the neniscus of electroplating solution. 30 22 25.
A nethod for operating an el ectroplating head as
recited in claim?22, further conprising: maintaining
the electroplating head in a fixed position; and
novi ng the wafer under the el ectroplating head such
that an entirety of the upper 5 surface of the wafer
is exposed to the neniscus of electroplating solution.



