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1 APPARATUS AND METHOD FOR PLATI NG SEM CONDUCTOR
WAFERS 5 10 BACKGROUND OF THE I NVENTION 1. Field of
the Invention [0001] The present invention relates to
sem conduct or wafer deposition and 15 pl anari zati on
and, nore particularly, to apparatuses and techni ques
for nore effectively depositing thin filns using

| ocal i zed deposition and for enabling localized

pl anarization. 2. Descriptionlof the Related Art

[0002] Electroplating is a well-established deposition
technol ogy. In the 20 sem conductor fabrication arts,
el ectroplating is typically perforned in a

si NQIPRPARAEUS ANTR2 é\ﬁgiifHQDtHORtBLMﬂNG i SEMEEONDUGTOR
el ectrolyte. During electroplating, the wafer is
typically held in a wafer RVYAGERSat a negative, or
ground potential, with respect to a positively
charged plate (also imrersed in the electrolyte) which
acts as an anode. To forma copper |ayer, for

exanple, the electrolyte is typically between about
0.3M and 25 about 0.85M CuS™4, pH between about 0 and
about 2 (adjusted by H2SO4), with trace levels (in
ppm concentrations) of proprietary organic and/or

i norganic additives to enhance the deposited materi al
quality. [0003] During the plating process the wafer
is typically rotated to facilitate uniform plating.
After a sufficient filmthickness has been achi eved
during the plating process, 2 the wafer is noved from

the plating cha r "E Egger where it is
rinsed in de-igﬁﬁégggggﬁﬁiig&%-ﬂ Ny esi dua

el ectrolyte fromthe wafer surface. Next the wafer is
subjected to additional wet processing, to renove
umiadtgehCRReRtiof rom t he backsi de and bevel edge, and
then another DI water rinse renbves wet processing 5
chetWAl Thepicguns invertimrretares tavsehgcoridgctdr wefér depbsition and

sivemimrcbizs ahpcorid dsivonand
ol anar a0 el PARAREY. i pe G ST RS iy o etectively

waf deositing \tiia s using localized deposition and for enabling localized

planarization.

2. Description of the Related Art
[0002] Electroplating is a well-established deposition technology. In the
semiconductor fabrication arts, electroplating is typically performed in a single-wafer
processor, with the wafer immersed in an electrolyte. During electroplating, the wafer
is typically held in a wafer holder, at a negative, or ground potential, with respect to a
positively charged plate (also immersed in the electrolyte) which acts as an anode. To
form a copper layer, for example, the electrolyte is typically between about 0.3M and
about 0.85M CuSOy, pH between about 0 and about 2 (adjusted by H2SO4), with trace
levels (in ppm concentrations) of proprietary organic and/or inorganic additives to
enhance the deposited material quality.
[0003] During the plating process the wafer is typically rotated to facilitate uniform

plating. After a sufficient film thickness has been achieved during the plating process,
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environments, "wet" operations during wafer processing

are followed by an additional D water rinse and

drying step. Due to electrolyte dilution concerns and

i ncreased hardware design conplexity, DI water

rinsing is typically not done within the plating 10
chanber. Today, approximately fifty percent of the wet
processing stations on wafer plating tools are

dedi cated to plating, having & significant negative

I npact on wafer throughput and increasing processing
costhe waferdsl diolved fromithe plates cHamben@hihethed ¢raeibe€QRREN is rinsed in
pl ating.o barrier |ayer, the amunt of time between

sur fi%fé‘g‘@gt(ﬁ@a"t’?tﬁfﬁo FTB0 Y51 taisl ey elepilyte fromyihg vyiifer sutfacpniext the
ef f Qatdr Vel i if | | '

i e o een (! ARSI [ RELAE S BorgBe from the
af t backside fiad bevat edgeatridghersandthteo DI mates piosd remoeeswadt @Focessing

o AR B PAE TROHL VLT S g I 5 or i
pr 0GRElENRG! FlafREaRSOICMB oRrANE BhlileGIr6dhsing wafr'icrs in vacuum
e

met hodol ogy. [0004] During a plating process,
waf ERVIERRMENtys Vet apdigiihas duting walayprobessing appdinowedsoypgpl additional

b . t.h fer.. Typically,,.
pen S LY EOMESELSPu 0 0SS! GhirP R g nrase
suppadivaeatesign complexiog Darwdie!riheing & ©pichllE@tldbnd @ithii€he plating

edge of the wafer. Electrical current provided through

t heShambsht heday, srprofimpiedifiy peresntet the plehpreceshiag wafiens on wafer
In HREnd RN 4pd raach, ting. 1s. evenl

s PR R 00 AR B T ey R ot

t hethgoahpefandrinaréadinggpromisdia costepadditionin otder foddnable direct copper

deposi.tion i cal | requi res. uni formand consi stent
conbiipt PLa bRt Beersjhe fmoHE Qs D r<BugH s AoSatonapg plating
25 aR6Chd A¥@hized N8l @FRERentd oﬁﬂle%{ug%etac{i%tﬁﬁ %?5{21?{1’3)? ig Jimited by

uni f orm deposi tion, cleanliness and repeatab
t headdifionat timetiaken herigsslrsvaler after surface haivation anditosemeport the wafer

cases, ¢l eanin f t.he contacts requires di tional .

pr ogo_etg% lsagfl %giogf%r F‘?fg}ma}t’inﬁiof fi%H%m%Fe%WPW sgpgspte DI water rinses
pl abétigen WPEIBEdsSNS stepOH4OeH ROt @bl BitdiBo Ry

anot her chall engg I n copper electroplating, and are

obs €l00éLDugue anlating brercess: the vefes netneea fathademyquiiigghthat a power
o Sl B Qe O EoMIertI I Rlas MR D, PPttt gistie cBatacts on

I's e

t hea eafip @oldseacsuppireconidtelid Wifer kil@@eldchRaBPRY 86 bdge of the wafer.
therfe?:é severing the electrical contact between the

waf Efectisal quent pravided dugiehyhage poniepteis atitizaskip slectigplate the wafer.
51 ool A GA 5 pAbERHRAE LS8 e o
used, %owel\/1 er 3? @! °¢o h¥ ac § ‘rgrue ggse %I}e/l?ﬁ gg&éb%geg n%?tfngatilee%e rimeter of
seathedegergrittathd gaslefpraviding oniforimalebadifidd. tynipsradepdEtion typically
As feature. di rrengi ons on sem conductor wafers contijnue
t o requires uniform and consistent contact resistance with the wafer through a resistive
seed layer. Therefore, in an effort to provide uniform deposition, cleanliness and
repeatability of the contacts to the substrate is preferred. In some cases, cleaning of the
contacts requires additional processes that further limit the productivity of plating
operations.
[0005] Bipolar effects are another challenge in copper electroplating, and are observed

when contact resistance is very high. Bipolar effects occur when wet contacts are used
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shrink, copper seed |ayer thickness is al so expected

to decrease, from approximately 1000 angstrons today

to |l ess than about 400 angstrons. Thi ckness reduction

of the seed layer is necessary to ensure a reasonable

si zed opening at the top of the features so as to

enable void free gap fill during the copper

el ectropl ating process. Since the role 10 of the seed
layer is to distribute the pl&ing current over the

entire wafer during electroplating, a thinner nore

r esirsthe piatisg prbcbRy Eliis ffédt AflucE&Se1éhid GMhd EdpPBL seed layer directly
chal | e in chanbers designed for uniformplating
neaPn@é efoncinthetshy seypeng %éﬁlesﬁ@ﬁgﬁonmm%ww the wefer and the
It :: géé\?élj subpl 1 %?i{m%élgénsogﬂtﬁagCb;ﬂo?a\gggr b&ts Qtre%gg%n& %i%dry contacts are
[ 00064, W»mVer dryresteitnéthedsetqiie,complicdiedicalddsipplanl ktRGrone to
syst nﬁﬁhat rOV|%§§ uni form el ectroplating on

bar F§"@P1fyRrE ]§m8f e FHIRISIORS QRfanisonduetopivalass epatiave to
ef f eiGink; coppMUBRY.yEFhikkest NVRNTY ?&t&pgqiare%’e AghY oximately
speaki ng, the present invention an apparat us t that

pr o@@@a@glﬂm}m fodaxdto ledseleanrabplitatOi0raggusinisg Thidkeeissedistion of the

based pl atin roc SS 000 houl d

app i GATARL AR LCsp AR N e ries Dppecias abie top of the features so
| NPheRNbEE vbid frddWap E’Q%n‘x‘l@ﬂﬁ,cobﬂ%le%ﬁ&gaﬁfg Oﬁo&rsg) C@iﬁéei the role
an apparatus, a system a device or a net . Severa

i nvehihe veeddass i tintribuse thle rpéaupg esrefmt ovmbencntmm wafee during

gFZ g &tp%%t?mghé) iﬂgg%ﬁ%%? I'CSI tlve 58? ef,r dlbtfr%({l]]lc??ga s&grgﬂ;%gléallenge in

of ahan%f@desigaecpf(mahd@tﬂq plIhng weaf edntdcss &ﬁtﬂ@b»laﬁer PEripR NI K nown as
electrlcally charged_as a cathode. The

el etherterprnalicHgctahisatieetis mase pigaenced pn hxrgeﬁ gralrsaguch as today's 300
capgpﬁg,gﬁsbelng positi oned over or under the surface
?er and capabl e of being electrically charged
as {1)006]1 et isHeededphatfory idwatecisplaapablsenothagiratiiédngriform
a%llc Iatl be ween .t he, surface of the wafer and
t he®

PRt @gr?él st sicerdugion Wafeas WiBow daplaeliects.
charged. The platlgﬁI inréﬂ g@hies a vol tage

sensor pair capabl resent

bet yavoam) Broaﬁfjﬁsp&h@ﬁ% A fReRE; 1%0&‘1t1§)ﬁ@s Upb&GRIs What %)H.R/ides localized

waf er, a controller capable of receiving
f r ofleetreplatisietusing agnenisses pated platihepuatsa. recei ved from

R L A A LT A T
ap p hi@eroby whig irkNQAGE as\Whigscekd)@n E;B@thﬁ‘sg a @?@éin | SdNR@REEH method.
|n ositions over the surface of the wafer ]

R H dnveakroein badimens of the ppasens énventionvara tdpsmLe@below
met Iﬂ%9f B o e‘?ﬁﬂoﬁgné’i]lt SHIY ie%frgplatmg apparatus for electroplating a surface of a

wafer is provided. The wafer is capable of being electrically charged as a cathode. The

electroplating apparatus includes a plating head capable of being positioned over or
under the surface of a wafer and capable of being electrically charged as an anode. The
plating head is capable of enabling metallic plating between the surface of the wafer
and the plating head when the wafer and plating head are charged. The plating head

further comprises a voltage sensor pair capable of sensing a voltage present between
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of a wafer is provided. The nethod consists of formng
a plating neniscus over the surface of the wafer, the
pl ati ng meni scus having an applied charge to enable
plating of a netallic material, noving the plating
meni scus across positions of the wafer surface and
controlling the applied charge of the plating

nmeni scus. The applied charge is 10 varied when the

pl ating meni scus i s noved acroks the positions of the
waf er surface so that a plating layer is

substeapliting! Heyd biitd tho suprRE OGS Wdle:, MRI £fonfUNErassabld O8Lddiving data
I n anot her enbodi nent. of the present invention, an

el edOPYHe 3piiaeg sepsorpait uSherdsia reegivast frasp Iharvotgeeasensar foais és used by
of  gheMRhEblIdrTo leafb\féiﬁig%bs‘toéna%ﬂgz:ée&gtflnt[eﬁ)ztaéeg%gﬂre I%éﬁgd tgyothe anode

be positioned over the sur
capaihkee thefpldsgigrigadiseddced aapdsitionk ava etk @sfaadoflthe daRde

for In netal lic | ayer over the surface of the

et RO othef B fodimset GRS wsenhiavoiqpabmetiof for plating a surface
pr owF dllage: & drbviged. f Tid { i & Plei i

The o s R e D R LB AP gyer e

t o befaskat the veafer theipdating nfeatseusdifavingenwppléed dhargeaap@ddleeplating of
of the .plating head and

o1 oSttt ier, e uBahdpRling Meq i heroSpsponapt the wafer surface
anoufesoneistingi thespplied cltlal?gef o tﬁ@ﬁlfﬁﬁné ﬁl\ﬁf%@(gdls._o Fhe &p ?égté;gﬁhe is

for electroplating a surface of a wafer is provi
A plaiiqdighdndheipiaing mpeibtus inmokxsi asgpsp tei posivinasloftie wafensurface so

sur . fer .and . able of bejn | ectrically

ch a&%‘gg P %&ng %a\ggrnlcs) 8%]:35%?';{%%_&%{0% gﬁcmﬁ%@a %Tagerélnéf%cec apabl e

of  ¢uuAb] [mgnotiRt ambbdimRhBdfithdpe@hvReEhtioRCarSlEdRPEUIRE apparatus for
the wafer and the plating head when the wafer and

pl afieRgemEHg axueaesiraguafer iypeovidedt Anpjatingdad Sorifravradde be

a vqlt ' . SENS| a vol.tage

o LELAFORLELORE SRR LRSI SRS B P st
t he anafedor, plativey @me@hicrigfet everciapable: &fthé faRl VIRY 16@’;%11%(1 is
fromthe voltage sensor. pair. The data is used %y the

conf FBICT €APablg ofRioYiHnge Hrss {lpigtbstivaen theplatingrhepdand the surface of the
vol a8 WhAbxitty! ' & N&yafer i

pl ati ng hggdmi S yglﬁ g(ggocﬁ% ﬁ}eh S‘gg‘?? %a%%sovggglg g%‘%%%s% 5 tP]’eavtv:aefer s

of tépableaff éollowiihg insthe patof thetplieing ihaad ardigsocsgin@bie Fuitidte of the
head 30 capabl e cl eaning and drying of the surface of
the"™Rdfer, a wafer handling nechanism5 capable of

tr aqgui1e[ i 41t 6mb&d iR e rb@h einvedioR0s) {eﬂffog gfei:tp(ﬂ)lating a
ol i ng t He

proceSS|n?; and a conputer capable of contr
opepificonl divatanis mbeided. o Ipkating heaslyis tapable[ DORABE pdhidoned over the

O SOHBESR Rk I BP0 BB ™5 i

t hugieddasluigd BgpablRerfagibivng nivARc Phti BltvOG tBEurface of the wafer and
the plating head when the wafer and plating head are charged. The plating head
includes a voltage sensor pair capable of sensing a voltage present between the plating
head and the surface of the wafer; and a controller capable of receiving data from the
voltage sensor pair. The data is used by the controller to maintain a substantially
constant voltage that is to be applied by the anode when the plating head is placed in
positions over the surface of the wafer. The system further includes a proximity head

capable cleaning and drying of the surface of the wafer, a wafer handling mechanism
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5 inmproving chem cal exchange. Localized netallic

pl ating reduces the total plating current that nust be

di stributed over a barrier or seed |ayer, thereby
significantly reducing the resistive |layer effect and

I mproving deposit uniformty. Constant nonitoring and
control of voltage applied by the anode provides
uniformcurrent density across the surface of a wafer
under goi ng pl ati ng operations.5 Concurrent pre 10
treatnment, plating, rinsing and drying techni ques
consglabliatferapsfocig ahdPoldmQAWCvaRr @ podBios defifi Flo8&king; and a
nmet hodol ogy. For exanPle, by haying pre-cl ean and

pl af?fﬁa‘“ﬁ'? allg afcqnyrollng thgsonerasion of disrelegtippletingsysteac al

pro :

For TA3L e AanaRt R bkl ERlin aF: HENELR B porapli ghe
t o pmevdntentsenable tmblized pofting fthus redtdivgthe detbuerar@Ce plating and
region fornmed between th re-cl eapn and. plating )
pr otk Vi Shemiee) sihongs. Lagslizedmeialicalintredyees e tsllating
Pr eg@idnt kHay Bkd 1RNUiWibhie PSR TBARPEF £8Y lafr\{&? me}tﬁﬁ significantly
following detailed description, taken in conju cton

wi t Fedupiag sheciesiptivieylinvey eect wichigsproving Hemsit ahiformityy Guaytant

of . e inci pl.es of ,.the present inyention.

ora AR ol F5E Rl R Bt S oS b S gurrent

| nvdaisitpacrobd the Beface adh hyifed DA®:SIiRO _aﬁ’lYg &ﬂé@;ﬁfo?%l@?ﬁcﬁgent pre-
e

detailed 20 description in conjunction wt .
acc GRPENDS Algtiag-ditishgand Ty italeshniqugs eonshiidate processing producing a

descri.pLd ' r rals. designate |ike .
st Qor R b G0 B IR EFu T Befing B AP P g g processes n
enbouldjecent afnfignragbe,dbdad plodédsing agibiak 8érd$tionks dan be maintained
accordanfe with the present jnvention. [0016] Figure 2

pr oV IGEEAxYaafpt- Bt 2avrusipiss CRbRbA et HyPrapgt Fapxidation of the

Wi t Botfvafia# i ! iy

B coanaR RO e & [GRTRPRI e BAGER! SR ok eps. Ot
el eatpeoiphad adgnapparfabeseshut innentmnplilltbeogmogpashi Bom the

in (?FcordincEﬁgﬂth.the resent.invent“gn. [0018] . )

Fi gfRWing detajfpd gesctipfipR dpkeaip eQniyncipn withthefccppganying drawings,
Pl afliveGattpRALUS dkinpRMAS IncWIdshbf (R invdd;

accorda%ce mﬁtﬁu?ﬁ% p?eséﬂ?rFﬁagntfoHﬁ@%ﬁ{?ﬁ%ggT'

Fi gure 5 provi BRIEY DESARIFEXIO8 OF THEDRAWINGS pl ati ng

head over a wafer, in accordance with the present

i nv & dbhhe proeemdjnventimrwilldy rpaddly iugderstaodiby thielfeldovsing detailed
i & | ati ad. .| t.i i t . .
! r adeRliphottin oAb OfbrdBALnL Ac OREERDE B Io dasiigr s

W t Hescliptiqar, éiRe rdferemveaniretdls designate like structural elements.

[0015] Figure 1 illustrates one embodiment of an electroplating apparatus, in
accordance with the present invention.

[0016] Figure 2 provides an example of an electroplating apparatus with a cleaning
component, in accordance with the present invention.

[0017] Figure 3 illustrates the electroplating apparatus during a plating operation, in
accordance with the present invention.

[0018] Figure 4 is an electrical circuit diagram of the plating apparatus in contact with

a wafer, in accordance with the present invention.
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5 [0021] Figure 6b provides a top view of the plating
head in operation as it transitions over an edge of a
waf er, in accordance with the present invention.

[0022] Figure 6¢c is a representative graph of current
density as the wafer is positioned beneath a plating
head in operation, in accordance with the present

i nvention. [0023] Figure 7 provides a side view of the
plating head in operation as i€ transitions 10 over a
waf er, in accordance with the present invention.

[ OOMUFF@MF@SS Brolvides!s HE@l @iSsi @ VieX e §1Rfhg ReMBERE a wafer, in
transport apparatus for el ectroplating operatlons in

acc 8t @uee thl thedtieseahipyriitioant of t he present
' nVZ(mﬂ]fpléu LVlﬁéM(ﬁeet‘al%d E[d%\(llewgf A0 o{,agg% Eeeargaﬁpﬂer?%cgl as it

oplati ng apparatus in ~acc
pr e genditionsweert dnosdge dBa (VARL6h addoglanee Witk khel Présefit ihAdnidon.
ﬁkiitggﬁla ing systemin operation, in accordance
021 |, Etenes ObaprgwidPniop visw tise platiaghead;i lﬂomf@m@has it transitions
[ oogzar afeQil B OBk il HRbEARES AN AL RRLATRRAARNt of an
el ectropl ati ng system 1n accor ce w € present
i nv é()ﬁZBbﬁg[um&]s alFepgesentatide grb;bh,lsﬁduateﬁ!lsdehh@/ asnh@@ﬁﬁf is@Rsitioned
of he atln 6y3ten1|nto a larger 20 processing
apparf tﬁ%ﬂ‘? ad §t ORFERH08LE assosdange Brthihepreseat myentios.

acc ‘PO'(QQP F%ui’! 1 grovﬁi@ﬂl kg V%Wﬂli‘ﬁ?ﬁg og\?jeagar ' ﬁ)‘ﬁrys 1t transitions

i nvention. Figure 12 1s
thaDV%waﬁd@31anomhmanMrwepushmdnmﬁnmelectroplat|ng,

ance, th the pre i nyention. [0030]
R R R R e —

opebadrhhs] Blac@Rdflce HlithQRk @ﬁl’b&gmegtsofstbfé e88nt inQ/entlon
accordance wi th one enbodi nent of the present

i nv#H25bRiguRESTAdoN ides @@@@Rﬁﬁﬁb@ﬂemm@m&ﬂaﬁa@pamus in

EMB entlon for methods and
appgggkggg%WF%9“@F5%€$8 W%PPng surfaces of a wafer,

IS (026] Btk 10hhBuddaRS @ﬂ%lebt%ﬁﬁin‘g%?st&ﬁn@Bﬁér&tYonan%h%%ce with
el ectrical contact in dry regions of a sem conductor

maféW“WﬁPF@06W%@H@fﬁgPHﬁ@ﬂ@ﬂWﬂ@@EctropIatlng on
o 10687 Fibuye (U SHLERES DU BS oRRRESE e Dol G . n

and acondntd wih Gheﬁj’r%ﬁﬁlﬁt/é’iﬁlon To ensure | ayer
uniformty, the present invention inp|lenments single

poi HO28} jigkreckl ngteatosdbminigeratian of s NGRS ko 2 arger
o SPFO@EQ n$Gpp& s Eﬁﬂbg: 09|VLI§\&% st Itggse(gfe&é{cﬁ%{g% iN accordance with

ributirng curre
another embodiment of the present mventlon.

[0029] Figure 12 is a flow chart diagram that provides an exemplary method of
electroplating, in accordance with the present invention.
[0030] Figure 13 provides a flow chart of a method of operation for an electroplating

system, in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0031] An invention, for methods and apparatuses for electroplating surfaces of a
wafer, is disclosed. The present invention generally provides electrical contact in dry

regions of a semiconductor wafer while producing uniform electroplating on barrier.
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5 [0032] The follow ng description provides further
advancenents in the field of plating techniques in
the sem conductor arts. In the foll ow ng description,
numer ous specific details are set forth in order to
provi de a thorough understandi ng of the present
invention. It will be understood, however, by one of
ordinary skill in the art, that the present invention
may be practiced without soner all of these specific
details. In 10 other instances, well known process
0 p efra¢dratad rihsivge pméss&maﬂ pobeRied ibadeffor Webdictk ckposuRrtHhed to
%t(gnnec ssargzé obscure the present jnvention.
[oo§ fir \y

Vg cansp iddle rogrSog Ly Fisiiredpyee eifpmapy the present
el egveRidrahipan HRPaE AL PSind &9 ele@trlcgi%ﬂfag?\w ﬁa%& WHYE maintaining

enbodi nent of the present 1nhvention.
capéapistanpyoltage, therelst evsnlyi Chsilhblylng@nnerutdenismymcmss a wafer.

ele ntact at.the traili.ng ed of the waf )

5 TG T B PR e rintiaf pkdidesetirthat SanSeradsi méb“ggelépf plating
t h e teoahiglies P G2 sAini@aBRGor dsAth BEESIovAXE LB, §HhOBus specific
of the wafer W The electrical contacts 150a an B

candgpijssare é¢tlf9ﬂh irorrderite peoviileragberoogh i8R rstandongohd rthet pzresbet

att on r f ,the er, W
or gn élglgt?oa p 1r %%9} gs{(vvaf e:r IO OrQB?EWYlfquW the art, that the

I egpresere m\&hﬁorﬁdhaj? bBepfaetidep h\&ﬂq)éuﬁ)sfometdﬂ allvafiREe sedific Yetails. In
typi aIIy betmeen about 1mmto about 3 nmm for 200mMm

and® kgpogvn moif‘éweragmp, hgiv erfwg hedmdspgribed in detail in
cha t hode by way

of 2‘{“@??@?@ Si“?%’ggﬁ? MBS R Rug hoce by vay
heaﬂ)O:B?zDFlgu& capalbilletrafiorhe exgmphar gedrophitiag agiedes 100 ia

power and is gapabl e of being suspended above
t he a%gfcéﬁﬁ’q,% iy enbptimen gfhe RreRent iBY@iop o A walenly is capable of

app%lﬁ% Hl%ctiligﬁl}p&iﬂh&taﬁo a 11%&@1 _I%gtag{]egit}lle; tgﬁh%g%fg% fg\(ﬂleéwafer

above the plating 25 hea
not 150a andrn absctrigat dontdeeatshe fratedgd oftthe wakt eﬁOBAittached in an edge
howeyv

or oSy o RE Oty s TFrabpPiatongiachid g ol ayamahysially

confrogeliregldidgtion P82 irl dtadr 16t 8RR PR RSl f
t he waf er Vb H%e piatlﬁé head 1%0 may %eggﬂ%%g??ggngfme“mkr

an Y a4 seapraed dronethd Wader Wo Aneﬂdge ealusadn Ieglod existeat the periphery of

poo i G i Bl b b CRnadGE Ead e B, Bpoopyg and 300 mm

waf eafey. rm)bohﬁvﬁpﬁlyﬁﬁgﬂlvb@)@ﬁrges-r e watedv |t@ﬁﬁi\6t1d)r§as a cathode by
opti onal_, however, sonme enbodi nents may benefit

froﬁ@hﬁ@ﬂﬁ@“?%éo@%@ﬂ1§%N§H59%rned thereon before an

e PRSP R 50 BECI L e SRR sy

t y phudais lcypadlet &t b&lﬂga;)dqj’en@éd dbopPie wiadfatw rTWhlhﬁqo*S v E1Rd
electroplating apparatus 100 could be inverted so that the wafer W is above the plating
head 110. The plating head 110 is not in contact with the surface of the wafer W,
however it is capable of being placed in close proximity to the wafer W. The plating
head 110 may be configured as a bar that extends across the surface of the wafer W.
The plating head 110 may be supported by an arm, an overhead bar, or any suitable

device capable of allowing the plating head 110 to be positioned above the surface of

the wafer W. The wafer W may have a seed layer. The seed layer is optional,
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deposi ted using known techniques. 5 [0035] As the

pl ati ng head 110 proceeds in a relative direction 160
over the surface of the wafer Wtowards the

electrical contact at the trailing edge of the wafer

150a it |eaves a plated layer 103 in its path. The
plated | ayer 103 is fornmed by way of an

el ectrochem cal reaction facilitated by an el ectrolyte
contained in a nmeniscus. A mdniscus is a fluid vol une
defined between the plating head 110 and the wafer W

10 qowserssel ehibogintatsahaydehafif frdie hhg theRe@ayer formed thereon
alternative enbodi nent, the plated | ayer 103 Ttcan be

f or REETEAResieciroplgiing opgstion;is perfrmad.s Mehgn cegnsr is thgmaterial being

exa . FLi I r,or so

ot MO, B sty BI5HicARYa B fyer R LOMEF paEHRL bEfuBERE or
met dépositat usirgamoba tedhajueopl at ed, such as one of
COpﬁg%S ni ckel , .cobalt, ruthenium alloqys of these

i sTW3Shés Heplating headnh B progeedp inga fefagiverdiregtion| 160 over the surface of
sui r | ] ' T. .

ol o e e TTE ARAKEIAT c ARRL AGA! LNTe ok gr bl Ty

i n &ayesrptied layer 108ay $ts phth. sHeylldebryapis dcfoamed by vay of an

t he stemis, exenplary, agnd that any other suitable

ty pERBTOCE ML TR T His PaD P BRI Fbh meBRcs. A

t henkREREsS) a fINIOVIHhAS 8e fc@bEiWekY thetp@atfn%@leXWi ﬁj_'arfaetﬁe nger W
utilized. In a preferred enbodi nent, the plating hea

110 (disppsseduiy grepigr dethil badaw). flashiabernftiemndndinedgehoplated dayer 103

waf apot her dianmetrically. 20 opposite edge of

e b P Bt o AT B okl e AP LTy 0h Biver may be
uti barziedlagereh séde othbPlay@t iR, TRe plagdt dyePdI @By b@any metal that
circular notion, a spiral notion, or a zigzag notion,

et ¢ %an eglecieplgdesuchas pheofigapper Wekihd-obahtralberiumsaioys of these
andy;la§ QICY%; Gr 5&{1]53%5&% %netamgc r\ag?éérlp%%ﬁ%%gr SJE%HQCOCH%Hl%}gi §pplications.

start at thé cent rogr essi

nov §@036h &hs piutit®hdade 10 oart by preg@mmedTo kQAIRI whir ANRL A umber of
enbodi nent , Lpe pl ating head 110 coul d navigate the
uld be-app t

waf 8RYw 9 ESCHAtG! thet thsystept is sxempiaty; @il that any other suitable
ot e o8 BorRViEBN BHfat %ﬁldﬁﬂgﬁé rﬂd&eﬂeﬁt%?ﬁ%eﬁ%aé\ﬁ?@}o clcﬁ$ éaroximity

enabl'es processing of a portions o

ot icothe mafer alaydehigiliagty s niprefblrel apedifiéregdhe piatihghead 110 may
profil e.as..desi.red a user. rin vemrent, it is

P oo i SIS HsFign o st e Sieagh 1§ drother dimatiaplly

| aygppdfte B@%‘efﬂf heCwirRE @F. | Gther RntIRaSHbI @GR Ohat BeutVBE&Such as,
W 9 Details re?ardlng t he operation of the plating

headPrexamplel ¢ ragial desion.i dnrgulanmgtiemaepiraldeetiin, obetigrag motion, etc.
Erggﬁ%] %xé%gge? ?fﬁg@ \zvrﬁ%gp\égrlugcg)ﬁlggéﬁ%p%gﬁcﬁ 1 gOiwaéele %teilt&% t}ilesplating head
110 could start at the center of the wafer W and progressively move linearly to the
outer edge.
[0037] In another embodiment, the plating head 110 could navigate the wafer W while
circling in an orbital fashion or otherwise move over the wafer in a fashion that enables
processing of all portions of the wafer. The motion may also be any suitable specified

motion profile as desired by a user. During movement, it is desired that the plating

operation deliver a uniform layer of metallic material to the surface of the wafer W.
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plating head 110 where a netallic material is

deposited. As shown in the drawings 5 (Fig. 1-3, and
5-10), the area beneath the plating head 110 is | ess

than the entire surface area of the wafer W Thus,

| ocalized netallic plating will occur only under the
plating head 110 at a given point in tine. To

acconplish nore netallic plating over the surface of

the wafer W the plating head 910 wi Il nove over

anot her surface area of the wafer W In exenplary

enb odtaie dgardiid e pbérhiidigohBapladdOnaati 1o Rl 6€ Héécﬂy&ﬁq greater
in the 10 shape of a bar and is capabl e of novenent
ensgﬁﬁﬂée@ﬁ*forn1plat|ng over the entire surface of

the r venen

ol at (IY@I%’EF ﬁAesZM e%%@f 6\3)%?1Y2?h¥netaﬁ¥p§lg\,é% 1§ :Tg‘flt ttoI gne 'i;rhegea Fbeneath the
waf elatig hewd ldi0edierd £ metatienhateitial islddpasiadd ALSBEwE anthB@rawings

th | at head 110. [ 0039
i gtne D3 f0sTaArea Agea R D14 hesg 40 igsippainausre surace
t habyreh 9f BRRAIECWOIThES 164628 AGaliik! pﬁﬂn %R cu‘ij ro}{fgrl%d&nﬁe plating

waf er Wafter the plating operati per
t he hegsl Hijahg ghengoibd O tirder Hngtcumqﬂmh mme mteimﬂquilaingrtg/er the

head 10 0cC t direction 160

C onar e oRIrRSETEw: Pt feft (S e Siprepmatien surfags arca of the
of iatrwaf Bf exbfiblary dmBbdiefts| tRY SlatidDRealiNab “h@%e @&{ﬁgured in the
been cl eaned is shown as Iylng et ween the pl at

headharg P2 hpfchng iseapebld of mauerkens wnsuaisg anﬁomplmlng/omw entire

130 h 30, h 20
i np u%rgallg g?%&a’%ﬁ\x/p r%@eragtwﬁ % %ﬁceatlh %’Q' &gt Ocﬁ él%i }g?ﬂnzgé@ad 110

wat ever tihenteE W B relaiVe, tHeaohf&WHng alestr@alcboh&@@n@@yand 150b can be
al cohol . A plurality of outputs are also contained in

theHEWB&FﬁF$?Oﬁ@8Wn&§UIﬂﬁﬁg}@@ibUis belng capable of
STMOOB S D SHALADE B TSl

r i nsiealgng,amdmgrayd dgyiighde Kagir O afoér the?ﬁlaﬁlli‘gi‘o;y&étﬁ)h 1¥Yttdried by the
|.at er. 103, renoving any remain

th

el EEE‘P% ?aé‘ P RuEing operafam dis Trtingesdhal Ghrovsedeirethe rejative

pl atigetioR 60 'Ebv;lzgés Hb Q?M% lnd \b@felqu o, utngaq t\é@tar%g %e wafer 101.
contact at t e front

nearest the electrica
t he Avelfted lay80K)3Hhat hoeeot tebrednattd h)&yshbkm as ﬂmﬂg(bemvééh the @liting head

130 ne e ment, the electrical tact at the
Tr ohtd B srnd e R s 4 BOBTEAHNBA iy LB ity head 130 has a
di r grikdlIRY oA Buts CapableldT p?&ﬁdlﬁ? ordYorGROE BE He-WrkfrdWifer, chemicals,

wafer W30 during the initia | ati ng operation
p er fidutas ehemicalhand isemopyd d@eh@f At lbieraslwazf @routduts drbelse as®ained in

t hethgl #ﬁﬂg z’F‘?‘gL g}:etou gnngo%’g%’qe g dgltogfngﬁﬁ’éfs\,\f,‘éqr% the surface

150af ths walf@okd i n phyS|caI contact with the wafer W

pFOVIdIn% the )
[0040] The proximity head 130 is capable of cleaning, rinsing, and drying the region of

the wafer W with the plated layer 103, removing any remaining electrolyte from the
surface of the wafer W. The dry plated region 105 shown at the edge of the wafer W
nearest the electrical contact at the front edge of the wafer 150b has been cleaned by the
proximity head 130. In one embodiment, the electrical contact at the front edge of the
wafer 150b can be moved in a direction 162 so as to not be in contact with the wafer W

during the initial plating operation performed at the front edge of the wafer. In the case
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current path necessary for the el ectrochem ca
reaction. [0041] Figure 3 provides an alternative view
of the wafer plating apparatus in 5 accordance with
the present invention. As discussed in Figures 1 and 2
above, the plating head 110 proceeds in a relative
direction 160 over the wafer Wtowards the electrica
contact at the trailing edge of the wafer 150a. During
operation, a plating neniscu30111l is fornmed beneath
the plating head 110 that is in contact with both the

pI abf ngh keadatibhGbetndn 1 beb waf t8E wi¥er 10 tﬁ@@é&ﬂxca‘f‘cﬂiﬁ@ét%@iﬁ% back
€§ s the use of a fluid s surface tension %ra i ent
( ST

Q) theyppiat hiGs inplagaddn payaical eentant sdthdhe watgr W prowiding the
or @ﬁlré?l\f"pgth%%é‘s%ﬁ forPhe @@&P@Fﬁ&n geﬂ béa%ﬁgl’? The

oper at i on of I scus enployed by proximity heads is

di s§00d3pHigure tprop&iadam@ternalﬂv&vxe%fem whePplaGid apparabid.in
10/261 39 fhé d on Septenber 30, 2002 and entitled
" M EHEERRY g‘frpé‘fﬁigt IPB?HUBPyAﬁ&ISQé%%@er%%} angh? above, the

Elg I bRER|S hdddl NG pRodebasiftlair i ef duje\'::‘tl(% &f(?\/e?ﬁlg vgi}ér \g_ttgwards the

in Cose Proximty to er Surfaces.
pl aﬁlepﬁglcalrﬁemastmn sheltn_aihrtgﬁdtgapﬁ&le etafotlS0d. yDeripgabdten of platlng
co ting the.electric
as nﬁ’aﬁ Brysah 1 1?’1&5@5@% %otp‘??l En e&?qﬁgjvi%ﬁgrlgf?lg%td‘éth both the
despknbgﬂammlﬁwgwtmﬁwgkﬁ“zbeIOM/ The plating head 110
and the plating neniscus 111 nove in a relative

di r ¥42bA maggeus émam%thewee offe lidisedrfasegensadn gridiemd8EE) to

v B AR ol BN ER Eb T ORGSR 4 P e a” bty suruces

t hatTh¢ opdrarivmh df%hhé’idsch.h@mpl@!y@i byﬂﬁoﬁﬁﬁgf hbd& iB@/cRsed in co-pending
cleanlhg meni scus. 13 provi des one of de-ionized

wat ef-> attfnt\ﬁ&dﬁéli%)tlonu%ép@éix|83%ﬁk96h>@|sept|emhyr 3AR02 and entltled
Vac Uil od Bfd R%gﬁ?ht% ot gﬁlgl ?\%&)ﬁ 3&&%&%% S}l elljcrefs smg q Plurallty of

the wafer containing t ayer

dry Irpd:tatusﬂOuﬁzgs Hﬁldihﬁ Blose Creamitngo fhe Wﬁ‘éﬂ&dfd@h‘s ’t hehe platmg

pr oxi m i nclu an optional rinse.

of %“'lsfﬂﬁ ﬁj opiEl naﬁE?%%}m Cﬁlaét%?%%fé@wéﬁlvg ithe ql%l%é@rb ﬁ@ the wafer
prowy Melb%s Itnﬁ'l%rlﬁ’l's HE@EéaY)V fo?the%'étf?xg ?ex‘aﬁon 84 dd %Qa%eﬁrh? Fires 5-7
to renove ds on the wafer ‘sur e and the nove

of belew. ﬁ"&l@plaﬁng jle&deld@ andthel ;ﬂatmgnnemdcbedill hoee i m a relatlve direction

P s Dl e P ey o T ot 1 er et Pisd st nrinsed portion

10/ 3B Shferf10B Sth 6He IRRBTRSK, a%ﬂ@xmlg@@lgacﬁmb tﬁQttfbflJ)\ﬁgbehmd the
"Menj scus, Vacuum | PA Vapor Dryi ng Man

pr oi?iaHP&beaéd 18 At ¢ plgeniag mepiptus 13hthat emwbls omef ofDle-mized water
A A —

pI aBurﬁxge béﬁ\é wafer containing the plated layer 103 leaving a dry plated region 105.
Cleaning performed by the proximity head 130 may include an optional rinse. Use of
IPA is optional and not necessary if the vacuum provided by the plurality of outputs is
strong enough to remove fluids on the wafer surface and the movement of the
proximity head 130 is controlled. The proximity head 130 is capable of operating in
the fashion described in U.S. Patent Application No. 10/330,843 filed on December 24,
2002 and entitled “Meniscus, Vacuum, IPA Vapor, Drying Manifold” by providing

continuous supply and removal of DI-water within an IPA boundary.
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110 may incorporate the features of the proximty head
130, thereby renoving the need for a separate head or
bar to be used to clean the surface of the wafer W
containing the plated |ayer 103. The proximty head
130 di scussed in Figure 2 and Figure 3 above 5 may
al so be attached to the plating head 110 in any
suitable fashion so that efficient rinsing and drying
of the wafer Wis provided. [0D44] Figure 4 provides
an electrical circuit diagramof a plating apparatus,
i N [EASPIOERaRr vhbodiMes: RIS ERNvEaTtioh NSorRb R Me p]atmg head
|nvent|on The plating head 110, positively charg
H) Bay sormositethe deatirenel the pronineitt @dtlé(),ttg@rebmlfeemvmg the need
by [ [
conte oty BefpflaPl] Wk FIE AeHTncddtooq Ofige wag v gorgginine the

an phkteddayeoll §3. eTl&npiomﬁfid/uehdl V) disdussddah Figued? andEidude’ above
t he fluld The plating meniscus 111 forned between

t he B atPikg afieegd e Risde Al éi awy Pablp daslioarso that efficient
el eghihgald cﬂ?fnlé off?]{e wbEHTE \Agi%smieg. travel on the
t er W bet e

surface” of en t el ectrical contact

at {00d4] E@uka ‘epigeides art ¢ectried eitculSlagrihen apling tappurddS in

is en ‘%ﬁ n the d%%ﬁctlo of and in 15 contact with

the® £ Wilp opG s bedimeat of HE AP inkgtigagdheplatipghead 110,
vaf gsitlrPRchaldtd 8he ﬁﬁcfdecﬁlelecﬁféﬁltl}a&inﬁeétécpﬁ) tﬂ@@a@e?%b?@vﬁy of the

negatively charged or grounded, conpl eti ng
el eplating memS@uSrldlhl {rhe comduptivtyi quhemdatmg:lmmlsmhé 1 hisaaebled by an

) R degha Pinddfy BOF8E conthe bRl The aigtingmepiecus 111

C Onf(ﬂﬁa‘é& bdan tht3MingAead PLIbnE 2w RPN groQRles A& ectrical path for
switch 155 is capable of increnmentally shifting

el e€leprenglto gavrl ab thef suefaseef thovafer B havberndhe ﬁhgtrltcai@ontact at the
pl ab%&gedgg &f %I \ eC rq§0§ grgﬁrp Jl §w1ltchgl ﬁsﬁa gng!i%(% 5 él? &retcﬁgn of and in

are acr oss

waf esnthbt wlith thdﬂéibé”tﬁéal Qﬁﬁl@ﬁlaﬂﬁiéttnalltdg%dg@&ﬁ 86 Wafer 1502 BRGlectrical
150b are ca abl e _of independent physical novenent (as

di sEYEaE 10 apd Jodleare negaintly rhargecdprampundsd mognlatiag the electrical

| {
[eoggfrédll‘;?%rﬁ ?)ga@iﬁggggr:%cﬁ/ fl gglegiﬁ@ ,E §>I tfl@ graf‘eﬁ‘ W}n St{x t]}ﬁ%f;? W}We simply

t heilbiseated,did awwitahgl Sappeapable of Empagisi g coﬁﬁac&l’i 5046 SOkéI 0(; both 150a
| ati e 111 pl ati hem str prQvi

P B B B i F55R Canalle of BeTms il e cligygonl contact from

pl ay SMOQB@UH&Ql{g\’thé %&tlﬂ?%p@ﬁl&% 'tlgﬂﬁgtlrfgq{ea@ h 8 bf&geéaé in a relative

copper, however ot latin chem stries may
S u bdireationd 0 d@‘péﬂfﬁﬁ S\lgf@ﬁ of the Vp‘éﬂrtWC i amtheapmlbod:l&teno the contacts

bl a1 ar b B S arTES Dt T et BEv e ko gt in Fewre |

sol ubdveninf srlerds pasvidel dlttriitdl @dndact B drQYSarat@h FHTRRSVAE W.
netallic 30 materials. In one enbodi nent, plated

met H045E iguranepigisles »detaiustillnstrstiow df the eleomeplatingzapparatus focusing
on the plating head 110. A plating chemistry 118 is provided in a reservoir within the

plating head 110. The plating chemistry 118 may be designed for plating of copper,
however other plating chemistries may be substituted depending on the particular
application (i.e., the type of metallic material needed). The plating chemistry 118 could
be defined by an aqueous solution for depositing metals, alloys, or composite metallic

materials. In one embodiment, plated metals can include, but not limited to, one of a
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copper material, a nickel material, a thallium
material, a tantalummaterial, a titanium material, a
tungsten material, a cobalt material, an all oy
material, a conposite netallic material, etc. The
plating solution 118 provides for a reaction at the
surface of the wafer Wof the form Mex+1 [conpl ex] +
e 4 Mex [conmplex]. In this case, Me can be 5 a netal
ion such as Cu, and x is 2. THh2 conpl exi ng agent can
be et hyl ene diamne, amonia (NH3), glucoheptonic

aci dopper matehiel, @ nidk@OAaEridnethalliati Mete RS tah&Purh 8ftedl, a titanium
anode 112 on either side of the reservoir containing

t he M3feate) AdURgTERinaaietal pibal/praterigl apraloyyaatariall ¢ eampasite metallic
the g : : : L di t charge

o A kL RN P R 15 o
bet waésn W bethtGomvaMes™ Vicamgickhe cobaat¥ [ealpl&qnif@is @be, Me can be
the trailing edge of the wafer 150a described above

pr ovimpéd ien sigh peQt, gadtxhis 2hBle domphading anadahybe ethylene diamine,

sy ri iN the. . traditiqgnal sense. The plating

ch grrg{n_El EST}OP §3W’C%H?°§FW8&° PRt Het B&ting meniscus 111

Pr OYO046p TB&platth€Bdati Al ¥ hhLarSaHodé | PRoVEiBIE BYe bIe reservoir containing
reaction at the surface of the wafer Wis Cu+2+2e- 4

Cu Wiseating chpraisiryilé®l VelizgegeayHesipblisttoaippiriodd 112by hpower supply

ano lat i ead 15 110 pr.oceeds in the

rel gﬁv\%ggdﬁh?g}é%rggﬁ& 1%0‘41?%\/(\’&%@0% RE L C$1Pg18 Y %(B‘ﬁalcég‘?tween the
at taker W and ihegleceitgicontact fighanadiRfig dp@af tHRivia2EM50a described
current distributionis realized in the area

und&PYEiPEY 1dss1aurteRt Regeihatk s apfgadiathesmmetrieal ph theitragitional sense.
hea : 2l T Ly, .4 I ically.
connicbadry g [ e iR plouded o REN | bV gye

of thetrolgiesolitbdbyviencbytthereadtatar tmahrfmraifalca watbr while Cu™+2¢ >
traii edge of the wafer 150a, 20 The el ectrica _

co nf:é{é’i’r}%n 78 g%cfgﬁal Ci’%’fﬁﬁm%ﬁ? éeeeé‘ﬁ%lﬂﬂdéo e anpde pEhddsthe plating head
cont [@proddids ilde PARARMireERIH I%Q)ttg\zv?r)cllg E‘f;el YR[fI é@ntfc‘ta at tp]% trailing

porous applicator 114 sits dire owthe p
c hepdgetafyhely@ept Waiudifogn tureenbdiseibiton ishrealized ar thebrea undergoing

Th | i cat 114 . i d of
cer RIEE SFer s Pt g ParngPeeritdl chat i s capabi e of
al | Qe4MpThé pevlsappl s SEaall t¥nrkd@d tPhe @f%%trfc?]lgdgih{agﬁaé the front

reservolr to the area between the plating 25
andedgeef dhprwalerel Wb and shegddcsnicaligontest etherphiding£dge of the wafer 150a.

sui hcatar..,. 114 h been described,in

ob! ARPLERRURARIA A pn R DR, SRR ERTRT R b

doc keltpdnabitiRAB@gt, to ilid waleOW. JNIRrodB aplRatbr 18Mtikd diRMtly below the
"El ectropl ating Head and Met hod for Operating the

Sarg'etigg theneer pldrripwidingghe base & dircresdrrpir. t Bheeprrpuseppylicator 114
Pe; l%'od%mf-égla@l AR5 BPRIIE R Rher Laarld RUHESIQL capable %?Elllowing
the plating chemistry 118 to pass from the reservoir to the area between the plating
head 110 and the surface of the wafer W. An example of a suitable porous applicator
114 has been described in co-pending U.S. Patent Application No.
(attorney docket LAM2P486), filed on June 28, 2004, entitled
“Electroplating Head and Method for Operating the Same” and incorporated by

reference in its entirety herein. The porous applicator 114 provides for current I flow
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fromthe anode 112 to the surface of the wafer Wat a
substantially normal angle of incidence. [00481 The
plating chem stry 118 that passes through the porous
applicator 114 is preferably confined in a plating
meni scus 111 that is defined as a thin |ayer of fluid
5 lying over the wafer Wbeneath the plating head 110.
The thickness of the plating neniscus 111 nay vary
based on the desired applicati®dn. In one exanple, the
t hi ckness of the neniscus nmay range between about 0.1
nm &oth tabanddel102 mrthe Biitfsoe of B WAfet WNg a siieathtidlPndrihal angle of
pl aced cl ose to the wafer surface. As used herein, the
t er HCOENese” defines a separation between the

or S SR Bl DBl 0E, AL A RS 1105
suf pretirably cordired bk platihg mienisemtlil 0thadis dfihbdiagh thin layer of fluid
man:l scus. The grr& s applicator 114 acts as

a

r esidi§ Y& picat reath thatlatige e 50y sThe_IlliEI?f&S%@@hf plating
t he nRUISERCA 1Phayt A8y WREELN e léed'ra gﬁcaﬁ{)ﬁ. 111%1%%?%@81%, the thickness

t hrough a nmenbrane between t ervolr an

por ofidie appisceamay rabgelbetio@ddbbut i1 aoe endlzbone 10ininh TS, the plating
invention,. the plated material is for by a chenj cal

15 %azgc]tqirad%plf‘%ﬁgi %ﬂeﬁ? H@é”%??f SPﬁéceplAaFt‘}SgEg‘?fﬁlﬁi e fggmy "phose” defines

cont aégatdien boRyeaeh de MeGREATe BF e platfie held (D
anode I{Lalz within the pfati ng heaﬁlg fCaci I%ng?gintﬁﬁée of the

chetefea W raag ¢hat sepapation sheuld be suffieemsito ehablavh ormatioT of a fluid

T X N ST

chem s{

chan gedosstoahcairfaoslel hbnatgw .t g ieheré itealicedIRILAEE membrane
150a to the power supply. The chem cal reaction causes

a pPgtveen theyeservorand thq payeys appligséorfldfned. Reacti on

byp . . ctapt. fluids are renoved by .

o IRAYE acBAda Rl L8 p BRELE e Pl iAo BEGR &Y p Bemical

r ef ezartiongtakiag blagelireth® pladiny alehd@s 19¢REMAINARY the pRANOhemistry 118.
t he :headi n s‘ip%g of the plating head 110 when the _

pl afi ?Fél%égﬂaa I VSin the plgiing bisadtil) dacilitriee theghermizal reaction on
OV efhelsiface I th G e PV tﬁ?erﬁgfe\?fg atéxg; QY HeTor %‘6@%@ the chemistry

moni toring data between t Sensors
122istpriarmahatitiod wWefer Wsiwiiidhas blyargml dshesathodd thraghekigeeafical

the plati head 110, a. second voltage sensor pair

128 B B OURT DY SHRRY -t @?ﬁ% Leapiiqn gauses @rdated layer 103
vol 18860 b EaaRds RN prbdfct®Bnd &8 1didichd

t he agl atOi ng head 1101tgg{)rhe (i:tont r%ﬁol er. Trﬁgﬂfﬁgﬁ%r&femoved by

conthegrxmity diged 130s(djseesdprhatovék om t he vol t age sensor

S NS AR N T

andplatieg Beéhd 110 when the plating head 110 moves in the relative direction 160 over the
surface of the wafer W, provides voltage monitoring data between the voltage sensors
121 and 122 to a controller. Similarly on the trailing edge of the plating head 110, a
second voltage sensor pair 128 provides voltage monitoring data between the voltage
sensors 123 and 124 on the trailing edge of the plating head 110 to the controller. The
controller receives feedback from the voltage sensor pairs 126 and 128 and is capable

of regulating the power provided by the power supply to the anode 112 and the
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el ectrical contacts 150a and 150b. The vol tage sensor

pairs 126 and 128 provide data to the controller

whi ch is capabl e of providing current density control.
[0051] As shown in Figure 6a, feedback mechani sns

allow for nonitoring and control of power applied to

the plating head 110, in accordance with the present
invention. 5 During a transition of the plating head

110 over the edge of the wafeid4W feedback fromthe

vol tage sensor pairs 126 and 128 allow for nonitoring

and elebmcslubﬁ@qw @B80a arforsob O Th@olR@¥eEnsehi Iﬁﬁlrs 'lQE’ b&H1 W/ provide data
t he power su to the plating head 110.

conftGF Ic%‘ttrqlgc é’%tﬁh ﬁfgw@altla of prowriding quanget ctﬁaismcomrel and

138 [(Ytls'll ARGt eﬁlgﬁrg %g,{}ﬁgdb?}%li r%tec%amm%s a[low f%rénonltorlgﬁ gnd control

begins to pass age senso

enboﬂpomtapplﬁddeto e pladrgrheWd 1 68 s ackbrdahie wigip e preséfSnvention.
the elegtric I contact at the front edge of the

vvaf RIiRE 8 EraRafigh As ARG AL oV e iha gizeof din W§isVe Bedback
cont;

ConyasteLoly e ekt s BB IREHR B o
of térgrohaf Ecywerli&{ﬁabt(t@b@ the gewerlsupply itmtha pihting dege110. The

excl u n on of fer W t ting head

110° ?}ﬁ{;’i’gr teﬁgéimﬁé*la@tf% %gsetlr%t?%sf@éqgwl e tasyesegee of the
t he wagd &V a¥¥ bBEnPlodIakindah Wo?tﬁ%@:{énbcﬁ 1957 fE&deVbbdiment, the
controll ed despite the evolving plating area,

i ncmekesiWheestsan the sipperitl 65 wathribe eleciion! comadt anthe Yot a@e of the

as ¢ St Vi f .th rea ,subt end,

Ehe " aferd P Rhlokd .8 gleFioR Jh8 RSB P ER RREN 5T e Vs W

ar edlepeieahdrgt hahel &plivdathBaelectdidd c@ﬁtﬁ@t% th‘é%taYllrfgee'agé Bfthe wafer
constant. The controller is also capabl e of

r ec oot 5562t Ha) b AErY gslea exelusioniedion o thesvaforsV i Axrtbe plating head
onl Y1080 (Iésaﬂt la%elgtf\% d1¥£ﬁorﬁ@é vey\fhe%ggé{)) tﬁzlwgﬁﬁgvg}elfggglg

prOV|des a roprating

t he opdratidanng effetadlelykbﬁtrolleﬂnﬁsﬁlteahlée\@%&ﬁg plagnd sreatin@eifhg the
of the Mﬁfer A in accordance W th the present
i nvEHTIHo TRINENLGRRstaptyoltageesthe eesistivibneldbe susface pisa subtended by

fr OEHe tﬁaqgt h@fid § a8, &%nt' &Eg@tln eﬁéf&{‘ﬁéﬂgﬁl Elge pé%téng head

waf er ol tage sensors palr e tral
of h(beﬁﬁftcawlm gerh@ngicontot. [ide cnotrolter &ndsdt dapateel oPreedgniifgg that the

f 11 t 25
bor BIGRE beacHE i5elfbogy pwa Shgiedy usrial YR P roduct i on
of  UsREPioute ACHOvided {@p MW SGhe Qltictﬂ g’ﬂﬁmﬁ@% rathé %ls the B%atmg head

through the el ectrical contact at t ng e
the1Waﬁ@ﬁﬁm5@aVﬂTh®ﬁOMUMg®g@hsenﬁmNVpmaummﬂﬁcesmhhnMﬁexmt
are i.on of e el ect

O a
opel Bt1 OH: AI'snsél oggh{b? 816%1?&(@8%&@ gbf’ t5dge ‘Bferil} %fter I5bb is not
capadakkingthe vegred Wt i Vidtabb€ends Btk 19§ on ﬁfértfaﬁmg ddg@BPtht Bfting head
to the region of the wafer Wsubtended by the plating
head !0 has noy ransitioned over the wafer W. The plating meniscus 111 is present over a
portion of the wafer W thus providing for introduction of current I across the surface of
the wafer W through the electrical contact at the trailing edge of the wafer 150a. The
voltage sensor pair 126 is above a region of the wafer W undergoing the electroplating
operation. The controller (see Figs. 5 and 6a) is capable of regulating the amount of

current I applied to the region of the wafer W subtended by the plating head 110.
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[ 0053] Figure 6¢c provides a graphical representation
of the anobunt of current applied across the surface
of the wafer Wundergoing plating operations in
accordance with the present invention. The

rel ati onship between the surface area of the wafer and
the current applied while voltage is held constant is
governed by V=IR On the graph, the 5 x axis
represents the distance from ifie | eading edge to the
trailing edge of the wafer W and can al so represent

t he [(03BL Piguef 6¢t prowidésak@pHied rdpa@ebh@dd SYahdSasunt %@cﬁrﬁ:nt applied
transverse the surface of the wafer W The area under

t h eagrnisvhe jeface pf e evifes W mndarering plefing eparations iragnebidenke with the
o DRGSR, RSl T v

t he careant epplmﬂ WHllle vehfgeris held comseanvitgiovieed EQVHX{ g€t the graph, the
surface area waf er is subtended by the platin

head X't éepfﬁa“&f“é “F“r 5%’9%@0% Hleteaganesdge B)rthﬁ Hpiligg fé@ %fﬁge wafer W
128 ah 6 ¥R FeP¥schDhe GRIGUAQI e (IO fgr @15 ?Kaltlv\g h@ad ]Fl 0 to transverse
graphi cal representation such as that

6cC. th&§lltfh@ Qltleet Wafgr We althelat@ mndearﬂae/ eunsze é(etrb;ﬁesemfae rarriAhnt of
the n effecti contro| |l ed

despi r{en ngeg\?g{h\?tl??gl%l eai% Pf{fge S 5 lT‘h%re% e Gl cuFve Xc
capapteb afi 866 ioR Gurdkdh aprflle@dt the el JrAREWSASUme when the
pairs 126 and 15 128 ensures that electrical durrent

appiéﬁr&f‘ét wrfapqeres of tha safasfis subtenderd oy the slapngu bcadt li1On&kag from the

sunt TRAESHOFRAE BPReT 1 REGuALSAnE e (s il pitige o sraphical

111repi'd36nt9:mtrrf wioh as that $hotvaas ETbutebTR th@pRLiFORGAND transverses the
vol t age &zé\s the resistivity of the surface area
subtakd lating oppsatipmis %wwgag%dqsmﬂﬂd svelmiag plating

centeh fhe Lol Gt QNLET

S b i RS TR AT 60 s
el et2$ ersates dmlnbkacttISalibﬁﬁantalpﬁhéﬁfﬁi) khel sairfadu (fﬂtﬁxdwafér Isﬁﬁ‘oportlonate in
pl atin crosses the center of the wa

d
2 oA RS e it A Ve abiengishy 5 Pieiag head 110 and the

ele 1160
Che ﬁ?f‘gt@llﬁnlglq X gg@@ﬁl_r{é(’)ﬂ? ?s?haﬂgise& t@mgﬁ?ﬁﬁ F(ﬁxtstaqf ﬁ&l@g{? ?sctfl}g P stivity

Whenl thh surdasa tasgatsultended by dhd 1$1alﬁngltdaé decrbasnsemwaydsft]nmenter of the
t he

| ur.rent es are nost
uni h"rw %4}518??8?68 %503} tthﬁ F%‘l%?rﬁﬁwﬁrgéglef@gl &Bvanci ng
t he [008URThy @sedif eREHricRINtoh RO 1 50450 IF0b 4edhsfddasithe hiBhe head 110
area beneath the plati ng\j head 110 effectively remains

con§Hoasss theyeentgeokif weaffir N bif ordesrie anpintdin onifodnecurrent density the

TsogertcRisenGRTNAA dhe bRl Ptk a8 B ot i 1D vsea o

t hecm;ﬁletre tﬂéiﬁthult[ D] thd-t@teice utllided iafubthe® liMéRW fRfm Uﬁ:ﬁ)latmg
pl a gléhead 110 iin operation over the center of 30

t he P thig cuneent field hines are groplasdfonm Gpesandiculae plating headel 10

I N gavafbig tneGe @il €&itdABn 188. Current density in the area beneath the plating
head 110 effectively remains constant by the switching of contact from the electrical
contact at the trailing edge of the wafer 150a to the electrical contact at the front edge
of the wafer 150b.
[0055] Figure 7 is a side view of the plating head 110 in operation over the center of

the wafer W. As the plating head 110 continues to move in a relative direction 160
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16 toward the trailing edge of the wafer Wit | eaves
inits path a plated layer 103. Current | is directed
fromthe anode 112 through the plating chem stry 118,

t hrough the porous applicator 114 and into the
plating nmeniscus 111 that is in contact with the
surface of the wafer W El ectrol ytic properties of
the plating nmeniscus ensure uniformcurrent 5

di stribution below the platin#6head 110. The current
path over the center of the wafer Wis uniform

t hr tnwgalnd tH&Eeralilng(Hdge appk et & itldAeamdtstfach Pplated 'Mifer 103. Current

scus 1%% [0056] After the plating head 110
t r a r‘gréﬂte 198Y p 8RdstL 12 Hurougly the plafing Chsmyston k8 thrm@adhe porous

13044801 6L dI 1Ht0 tlé@[gatlg% l%el?ipﬂl\éqg %gﬁqﬁ Cglptgctq)\;l{h lgqe e sprface of

t he region. progress

t o thervegerow. lféa;ltrolylme peapRttes oﬁfhetpMng/&fe&[scﬁMsdﬂ’eymlform current
pl at.ed. 05 (shown in_Figs. and 3 as dry

o1 atiBtEdh Blot g PIite a0 d e Herclae pagtie cclhe sempralthe war
contagtuniforrh Bfoh gAML P&oﬁg%h@ of D@1 éi\@ftﬁé plt: eelﬁg ‘(s;i?l

el ectrical contact at the |ng

1500056k Afectha phating \hﬁ:etdhl 10Hes Wawfeesred at}jtbetlcml (Efalﬁer wafat W, a proximity
cont act, .at .t he f waf 150a | s

o8y R Srd hdies SRaBPE it Benagion. When the plting
Pr OMéAders 0Was hkrBs§drt & RbgicH Sdaf {hl %ﬁt&rbﬁﬁ HARr e

of the mafer§V$ t he catﬁ%de 15 [0057] erln{:;ﬁllédfr}aﬁl%tedreglon
t r ahQ3 (shoyin iy Bigs.:2andg aécsitry plettl regiort Htﬁr) cart ba ¢vetactediHyithagelectrical

d f 150 h
e 9 n% %ﬂgle Ye\%dl%fg e]dgei %F ?i@oea %(étﬂg%&togégt zft‘ tgqe leading

1 5 Oad@nﬁ tﬂe&@ﬁeﬂlﬁﬂb 1ﬁkﬂ<e§ amid@ Wlith tﬁ@waﬂép heSectdTbRY 8bifia: at the
contact of the electrical contact at the | eadi ng edge

of {Angafgs ol thpwales 1 Ypaderasroved mamtmweg appigiecdiy cortags that
C ur gl%mdeg ﬁm%osrgpcuntéﬁt (ﬁllé]t? DENEL o % s of the \t«VQ%{ ﬁ% ét‘ltlé cnag-ts)de

110 crosses er cen e curren

t r a[‘[ﬁlSﬂ] Doenlg ﬂk(minélﬁ&ﬁfrbm tﬁéabctﬂ&ll ﬂbt&hﬁlaﬂﬂ)ettﬁllﬂig edpdlof the wafer
current densit reducing the trailing

2333% Ahelequde conacs é? e érﬁémg iegR efhepasr yS0b charge applied to
| nci e@siniq 5‘)1‘9 Rust w&&&lf&ﬁﬁoﬂép *:Phgfyif:zgl%%ta%t O\ftélﬁ %%céncal contact

desired level in order t'o nmalntai n"constan

acr aighe teading @dgea@feheswn&oﬂsmnas madd goran @hel@@hcdtimn of current to 150b
accg% ance W th

t he ent ntion,
ef f PORSE S‘F’P% hepis afigg E“é‘gs@oéf%ﬁﬁsrﬁ]@e Y‘i?fef ?Félt% [ty Qpent I is
mat ghdstiondd FR&L | 30a 46 d50b ﬂlﬁﬁta?rﬁng;‘t%@l afed SonsBhEcURER &Je%glty while

by the use of single-point dry electrical contact wt
t heresiyeingghs ttﬁﬂhn& ehiee \Aé@aequrreﬁ’tl tatzenocand simpEenedvalydnaressin gsthe

gthLelg{hg% %%% f%lb curr r\I/ lt% :)c{rg%laeg;lg&ei gh?r:dgr?/tg g%?dntaln constant voltage

r el habsslthd yoltakg @éiﬁﬂ)r fRilgupe a&i PI8OVih desor@antORith 'tl%’}.’)r@srenﬁiﬂventlon
el ectroplating apparatus. A plurality of wafer Wnmay

be PiPakspdraeabedinmlly prisppiabing of the aintadipaterialalirectly under the
su p%}{téctsj; R dvBiddd %? It}i%tllsg Bt single-point dry electrical contact with the surface of

the wafer. Plating contact hardware is therefore simplified in the present invention
significantly improving process control and reliability.

[0058] Figure 8 provides a top view of an electroplating apparatus. A plurality of
wafer W may be transported beneath the plating head 110 on a support 165 in a relative

direction 160. A proximity head 130 may be in line for subsequent cleaning of the
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30 direction 160. A proximty head 130 may be in |line
for subsequent cleaning of the 17 wafer Wafter the
initial plating perforned by plating head 110. A
series of plating heads 110 and proximty heads 130
may be positioned along the transport nechanism in a
fashion simlar to conveyor belt type processing.

O her suitable wafer transport and handling
mechani sms may be used to aidl7n the efficiency of the
pl ati ng process. 5 [0059] Figure 9 is another

enboedfardV aftef thamitl] @Cdtlh% pbiddriieg b@@%ﬁ%%b‘aﬁi 1100 A §irRs of plating
platin ead 110 and t proxi mty head

h
130?’1561*13E é‘s ?'té%ﬁr@almlbv heady] Hmey bmlt@a%@p@g B thaafnegt mechanism
pOS i & Pa@ﬁi@h Qi\frﬁ[ar tGns Y dr @QIT g@g ghggssy}%f %t}é%rl Wopil I":} e é&eﬁ B’ansport

Wis placed on a support I's =cap
c haal}}éhial‘dbngmahdmmdfs rhay ted used ta aidiin the effict@t oflth® plading process.
150? érﬁ dle 20 supports the plating head 110
and 100521 Tt Siriae &t Pebngimeny 05%6'?@@&1&1&5 [PBPaSELUSTOND thig

i N ehBodifleat thy ﬁlaﬁhé R&ddi 190 a;'t@@le roilﬂu MEad fﬁ)vzﬁé t?achec{ foda spindle

direction in order to be pl ace in pgS|t|ons ove
maf8ﬁovmmbhefbpngaben®20ov@&hesu&neaﬁﬁ@&&ﬂ&h@ Jue fate W is

fer W | ati era |on e spindle
I e R R g A
and cohgetP1 30ai it t Joh epek sh3fielBO su? SGHRRS 1§9n0é Rah 11h%n %le
proximty head 130 folloms t he plating %ea 110 shou

t he PpRERItBead 150 gadiis dspabieaimpying intfbe wddtire diteetivnt 166 or in the

0 L0 EORRS g S RGPS im0

t he caedcan adbdsswhi hi@fact bEthe W@ddhiwm dufilh l§ﬁﬁg90§é3a11oh9 e 8findle 220
bet ween the proximty head 130 and the wafer Wis

showfapdle elucpgsititningstha pladae headd 19 pod tl{eom@g]mtmhgm 8301180
Ca j r@esci‘b@l% &Bmﬂpté/glleg(fn%jdg[%h% #)?e%fﬁlg%ngld,s plQ) %hould the plating

accor dance WI presen

i nv berdi berscarifiive the atafengV ivethd dikrddiohDppose @ik cbtécﬁorhﬁ(ﬂﬂ The

A WEPEPE beBRCisa S aphebtegs AR G 1601 HyTIHGe el whil

W bﬂﬁ%%aﬁln'grﬂl?en@cﬁfx !ﬂglobﬁ@(gbe]f\;fgen the £ g X eﬁﬁeaﬁﬁgo afld &19 wafer W is

known as a control I's capabl strating
opeplvinoiellowingtike Blla‘emgluﬂapllat)l ng syst em 500 i ncl ud| ng

t he ive e wafer Wwith regard to

e A R E T8 ot e 498 bl wir one
headmbs@meptithel§oschmvaRioay

head 130 mhlcﬁ |§7% aglelo q?%%%@&ﬁﬁ%kngfsg&%6hﬂl%yaham

t hetrpisapit 485 peayg anvger W) pdansil 0y atsheponafésr Awafentrgmsport 187 is

<S8 SPIOBHIEL LS RS ASHRR bk e BhoRRRR S o

IS Reovin gl @thitroDers lspppable HUréhedtrating the operation of the electroplating
system 500 including the relative movement of the wafer W with regard to the plating
head 110. In another embodiment the head transport 185 can be outfitted with a
proximity head 130 which is capable of following in the path of the plating head 110
cleaning the wafer W. In yet another embodiment, the head transport 185 may support
a spindle 220 like that discussed in Fig. 9 above that is configured to support both a
plating head 110 and a proximity head 130.
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plating head 110 and a proximty head 130. 18 [0061]
I n anot her enbodi nent, eddy current sensors 230 are
integrated into the electroplating system 500 as
shown in Figure 10b. The eddy current sensors 230 can
be placed in the proximty head 130 (in Figures 2, 8,
9, 10a, | Qo) or the spindle 220 (Figure 9) wth
conplinmentary sensors placed in the support 165
beneath the wafer W 5 The edd§ current sensors 230
are in comuni cation with the conputer 350. The eddy

cur l[(ll]ﬁll] e e e BOdimket, E@@Quﬁ@nt‘i@ﬁé@fﬂm& RecgpitES RS Be
and i ckness of a net al | | ayer and to determ ne

whefi egtr Mg System 5'99 gs élg)qu ig FM I @ eT}(eeedgy curggyd sensors 230 can
Ol f
20, S 7, 0t BTATE R OEE 06 e e 2

be (}égms @OJ “dhrcpmgllmhﬂ!tapzl sehiongplpcedde 8. support 16 5SheBin &fe,wafer w.
congﬁ Ilcatl of .netalli,c 10 materials can
at t aihg yfcr“ ttsﬁ‘ﬁsoé% 6 Y MM WHEAgR 8Viidhe ?‘H’éﬂmﬁﬁéol FF he eddy

CONBkidrE drsOR 230MatdlistNB cfe@ém%ggfle %{%Qenc%ﬁd RickhiRl¥ g pstallic layer

drawn, the placenent of the rrent sensors
is end ip Cbi@émpieavlysnmrtwiar atﬂcessas cangjewgat., ofd pdistira dyany

cour 8RS TRERe L iR ol bubGReHe e b Hgst fant kst iss 103 can be
of séked PlratgaBe paMRY prbB&s antth@hvanRbat&rdieg bﬁﬂlclf?orh §8fetallic

be used, For a nore detailed 15 description of
f un&viesiak Ger e aitaingseiren de addy eerent sensers 230 8oy are in commumcatlon

28; %@Qﬁ%c‘zo {% SPHg‘ﬂullets?rré%fPf g{q %hgfplegAﬁxggtr cf%li%eé@y current sensors

Vet 280 syl mmpﬁemmmwme Qfrarffic0RASS thdedi9 Ruient sbhdoRD30 may
on June 28, 2002, and which is incorporated herein by

r ef AFReAE &N theppplivation g G sourse, jothep technigueas fotmeasuring the thickness of
i nt gg pﬂtécpﬁg&flot}. hed Bi@&lét@%r%}’ LR HE %dl F00% ¥n0]%e detailed

processi ng appar at us of several™St ages

waf écscpp%ﬁtsf’sthmﬁmcffdnmh@il efchia @iy atuiréty ser&ppi%ﬁ(ﬂtéfsrence can be made
can be integrated into

- wit U il Ne ol MOr372, G e Rajsaon an of Sensor Baved

pr osRssIddy N8 SemEconBudst P’rt)é‘elgsﬁé’ ?B&g‘ fifedreRRL B 2002 and which is
system a chem cal mechanical- planarization syste

depésprpoiedsieseinty réfemeheent at i on system a I|thography

st t ste
The ML Bl 5 Mo i hon 2R B b oy demgio & Breer
i nc bwd@ssﬁlfg)é%p@r@ﬂuis YaableTAORN tab &y F v&éllféﬁ)tr&fesé?ﬁg of}n:eerlectroplatmg

suitable configuration that provides nmulti-too
f unéknagiey dasqritied im Figyersd - WY 4biogé eant berinteprated 1(1ﬂ0|a|waferrtgansfer and

L e ST S -

of slemical I’mﬁhmtuﬁdfal Ijlimﬁhhﬁ@@bhl ERkein, anldpbdieorCyRRAL ilplhhthifon system, a

of }q%rolgr%%lsly system, a masking system, and an inspection system. The integration of
such processing tools may include physically arrangement in a cluster or other suitable
configuration that provides multi-tool functionality in a space efficient manner
(limiting the footprint of the processing tools). The integration of such processes may
depend on the needs of semiconductor manufacturers and the compatibility of various

equipment components. Industry standards established by Semiconductor Equipment

and Materials International (SEMI) such as the Modular Equipment Subcommittee for
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equi pnent conponents. Industry standards established
by Sem conductor Equi pnent 30 and Materials
International (SEM) such as the Mdul ar Equi pnent
Subconmittee for 19 Comrunications (MESC) and the
Generi c Equi pnrent Model (GEM assist in the

i ntegration of wafer processing equi pnent. [0063]
Figure 12 is a flow chart diagramthat provides a

nmet hod of electroplating in &gcordance with the
present invention. Providing an el ectroplating
app&oatnumiasions (EESST) dnddhd Gererig WqaHnkend MoABIQGBM Y Rist in the
nmet hod begi ns when a plating neniscus is noved across
positiFBHLONGH Waitireessing $@eanen: oper ati on 400. The

pl afyg ' S i t LN ead and. .
R Ao o LA LU RN et B 09 SR e
a ptardange whkbthegireseniinderelonc Providitieardded@piting @bdrdius as

the figures above, Next, in operation 404, an ) )

el oSE ¥R BRgEw 1 £ Sbesit 16 el peaigmbera platipaaneniscus is moved

pl akérBs fRMoAS ¥Ba wiREsRRRS IfshedPioh Iﬁ@?]gg}éé ﬁlﬁtglﬁgol?‘lélggﬁsﬁsoformed

the plating neniscus by the plating

el ebttricemt blating headged tlassusfaceasfadeatby Eheppiating nsanieliycontains a
The | i.ed.char constitutes.both a voltage and . i
cur P%ﬁlﬁg 8%e|%8t%?{gie eé?{:gr.oﬁﬁ%/a s%rgnﬁg ihihe g@uw agove. Next, in operation
subgoqnhielcirical @@keat EdiBrollly YW1 feB S HRplatinl En Nl € Mhe applied
during the el ectroplating process. In operation 408,

t he Clpgt is @aovidadrtg she platingteenitcas byithempiating head that iv aletteidally

to tantially uni formpl.ated |ayer. 15

0 SR BRI A AR Yot PLTR S el Btk ol
cur eehturst@nsiniponkest ApPhdyedd cattksIRE bylshisstaMaibRyY repulatiRE e voltage or
[Oggfe]waﬁ gure 13 is a flow chart diagramthat provides

a

greyrduging theslestroplgtingiprocess e by anspatian 4Ag thy appdied clrarge to
o1 oA ftrkSbul BE ER Ukt BEGRLL By T PBS by

aboRegulatonopfehaimplicd chargeadmspes thalhifystdafemURhsiBriovpiRd across
a W@{?er with a seed |layer 502. In an alternative
emb Qi WS 2%fe  wafer may not have a seed |ayer yet

for p@4} PRLROM is I%W’@lfaﬁrdiigg%? BS: bloPRASOL MR d P opelgmeon for an

waf er support of the el ect ati’ng apparatus 1n
nunbleetrapfiatingyssstenal agcotdaacesyith the pnasyntiingdntide. Giwethes

of ual, or automated robat.ic. mov nts assisted by

mec E_@% Ly R oSt Eta%ﬁpﬁoﬁh%?» BReQpsragy or transport
hol gysign iier previes a white vwilfBked Ryerdd2! BSh ALY SmBOdiment, the
el ectrical contact in an edge exclusion region 504.

Nex tvager glagmiohlpve heae! fageryeaiogdedthercon.hEhalwafer mey be transported to

0 B0, ok ST o008 BSO8R s capon

f acilay iralieid adyriesofahdnaaBdrediohidd roBoticévements assisted by
mechanical, vacuum, electrostatic or other ways of holding the wafer. The wafer is
then provided an electrical contact in an edge exclusion region 504. Next a plating
head is placed over the desired plating region of the wafer in operation 506. Placement
of the plating head may be predefined and facilitated by an automated routine. The
plating head may be scanned across the surface of the wafer.
[0065] In operation 508 a power supply applies a charge to the plating head responsible
for plating. The charge may be applied at any time prior to plating including during the
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pl ati ng head may be scanned across the surface of the
waf er. [0065] In operation 508 a power supply applies

a charge to the plating head responsible 30 for

pl ati ng. The charge nay be applied at any tine prior

to plating including during the 20 wafer and arm
nmovenents. A porous applicator provides an

el ectrolytic plating chem stry between the plating
head and the surface of the wa@er in operation 510.

The charge applied by the anode in the plating head

IS watnaheamesiovdmaigha hoeus hgsichnt plovkles M @bétRBytic plating
chenistf% to the wafer conpleting the circuit and the
mat SRILPY Retyper the plafing hepdand thewriaaeof thiwalse ingapsration 510. The

gflf’pt:lirl]agéé &pliBd {}gt%lﬁocﬁcﬂﬁ AR e%d td t?a\ﬂsfeﬁ‘e% nng?lfeg%{)tpg 8&ctrolytic

>~ waf er a substantially norna
i ncplting ehenlibiey @phd wefdr chapleing the ciegiil ek mhRrigns plagd in
tha% atpoqﬁ?a currentldensit .is_applied across al
r eg’BRE" V¥ hgi‘ﬁ/&f’@lus BR:Lirgtor BroXidss fo slisentil AigwdA thenwrface of the
pl atiafeg Wesd $ubeiantidiAREhal@Rsldt iRRRnAO SR h'anr%; '
i nt er changed mﬁthou? aff%ct?%g t he EO gTeggpg%ﬁétl é?%gMamd
pr otedisure Thas agbegant comént demstyiis apphiabhdrog allregiphsadfitigwafer being
S o | et e til .. the.electrolytic chemstry is
in E%Let(i é% %%vr\llllqghont%ﬁ%p %H?g %%S:étmé‘f the wafer. The
el e@i066] Yperationd 58IaNg SCHBAY Bb (¥erfiRingEvRBSUt hf¥ecting the
material to be plated by the el ectrochem cal reaction

Di f Flepteqplatingiraeqess. sThesjechicahtivpnisgnahding el plgtiregnis nbiecomplete until

| aty ] 2 ' n. e ar nmbodi npnt a .
P opieiesfilfiT Shdnlstt? Bln obllad Ninn TETRLRE S0 ERGT: Bl pronyic
| ayplatind Eheatistey dadratines[thOdtbridho be plattidyithy/ 818dthRRe RSl reaction.

beegﬁgescribed in terms of several ﬁreferred . .
enbOdiFreHRaterials fay pe plated dgpapdingtoadhe pating shegdsteskised, drjan

in then : ' . | LEications

. P, RSP0k Do PO M RSB LT o e
al t enatiabms, additions, pernutations and equival ents

th i nst . the electroplating 20 syst
oo BB W il P RS hes Bon dStbegn ps Shispebaesrd e
of sMbsdimdheSit SHIEBe Aprdlied ﬁ&%ﬁ@é_&kﬂlﬁ@% MAhEH ?eagglg(?he

mm wafers, flat panel's, etc. It is therefore inten
t hapreceding speeigicattons audsttidying tha dravdess waill resliretvarious alterations,

o B 0 BRI S

cl abyseeh deavEbYd IRfein WaRbe LEliLddnMBY shape and Fiz€3f substrates such as for
example, 200 mm wafers, 300 mm wafers, flat panels, etc. It is therefore intended that
the present invention includes all such alterations, additions, permutations, and
equivalents as fall within the true spirit and scope of the claimed invention.

What is claimed is:
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CLAIMS 1. An el ectroplating apparatus for

el ectroplating a surface of a wafer, the surface of

t he waf er capabl e of being electrically charged as a

cat hode, conprising: a plating head capabl e of being

positioned either over or under the surface of a wafer

5 and capabl e of being electrically charged as an

anode, the plating head capable of enabling netallic

pl ati ng between the surface o2l1the wafer and the

pl ati ng head when the wafer and plating head are

charged, the plating head f i ncluding, a

reservoir for hol ding an eleikhﬁ ytic solution and a

pl atilng c mmmﬂtmptatin@amfaramssfoﬂﬂadtfooqbaitiﬁg a GOt atvxﬁtférhﬁe surface
j ' [ oxLmate to the

EFLAS dopitc B VAL Thorko & 4 IR BrriPenea < o

del i }d@ﬂating][mead%&@ﬁlﬁllé @_fbéih%p(fs_ﬁlﬁdmbiti gi’dhe@ Bderlgd‘ﬂ @m@ér?ﬁét fil¥face of a wafer
r r al i in surf.ace o .

o8 FaBlioH PG cTUeh oty Ghofec s A 3. 2 PR Resllcabele ohpabling

sl b Blatipp beteaerothe gurfage of thesyafeiadd thof plathes hehdvhagthe wafer and

Mg hedd e bhdrgdd, WRIJIAGE 1R ' to sense a
I@%I?aae 15 ggtmeeg;tgg p%gﬁgﬁgqﬁggﬁﬁghd the surface

of the wafer; angeavogdodmddiughi elgardygitsotutipaiand d@fating dhemistry;
bet ween the porous appljcator at. a second side of the

pl ating head, £REOSRENEAPBFURES te Hieasteryodi # adeqatinp hat is

to senseptdxémateld thg sulisicwE e V}ldf&l, e ot dng laﬁ;ﬂ&ﬁto@ﬂgﬁﬂeheo deliver
surface ofy . t er: ' ectri.cal.contacts ..

def i ned tgwﬁg g%g%gfggﬁomﬁ#ﬁhgﬂgﬁg @F@E%“b rpﬁ%%%ﬁ%@p@the

20 when t Befaseaf thegvaderad is active, the electrica

contacts being ahl.e, and wherei n one of .the .

el ectrical conf glgs;{ g Oilt%getfgl?sloﬁ%r ileg-{nﬁg %Bﬁwﬁﬁ%ﬁ’eé’ﬁﬁf’r“ts appliggior at a
the surf afiestoidewhthermlatngmend, dtei fivgt vodtage senbrg defieedath stiive a voltage
pai 1 of ebatlot GRlplARNYAE! id e SRAE OF hE Lo OGRS ST NG

data fromthe first and second voltage sensor pairs,
the data bei ngsu®ed vblyag:sensoopdir ddfined béteveemihe tpaidus applicator at

substanti gl y,§ t S ce. .2
of the wafer gngﬂtg tr?gﬁ%ﬁgﬁnﬁ%gﬁdég% , S\égoﬁlgi \Iv(\)ﬂg ee%éﬁg%%ﬁglr aftned to
cont r ol | efespEisgeliage Repweeadhe plaping kagd gyd thesurfpesad thawafer;
resp [ I hanges .fro jther th
DTSR SRR M LELLORG EIROES LA STt N Do o

véen sy plpfiierhead is aafiveitheelpatpitah eomiastalming mpabld, end wherein one of the

eBlc@ichl @pladtsi i Gefthed s bapBcdAf ag@rt Wahethe 8548 OF Wakr When Blting near
tglalmjﬂiéJ mheﬁghn thF d?ta.o tained fromthe vol tage
ee?{éeoﬁf Aty 4 .§elff§rb°8 199"t er mi ne when the plating
head aiconidifek btRBGtheatd RS thPB5Ldndsbdbnd (BladehEnddRb&Fs, the data
being used by the controller to maintain a substantially constant voltage between the surface
of the wafer and the plating head, and wherein the controller changes a voltage applied by the
anode in response to sensing voltage changes from either the first voltage sensor pair or the

second voltage sensor pair.

2. An electroplating apparatus for electroplating a surface of a wafer as recited in
claim 1, wherein the data obtained from the voltage sensor pair is used to determine when

the plating head is positioned at least partially over the wafer.
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22 3. An electroplating apparatus for electroplating

a surface of a wafer as recited in claim1l1, wherein a

nmeni scus i s defined between the plating head and the

surface of the wafer facilitates the netallic plating

on the area subtended by the plating head. 5 4. An

el ectropl ating apparatus for electroplating a surface

of a wafer as recited in claim3, wherein the

meni scus i s maintained by a s22face tension gradi ent

of a fluid containing one of the plating chem stry

and She CYRGULAFLEPRIREN KPR ARG NEALAN LG o recied n
iﬂp& ey Hnepiseists dfingd petyean dgplasiog head =aldvth¢ gyrfage of the wafer
facamatee thei metaltic plating on \teedr€d subteh@edthe platigg helgf i ned to
receive data fromthe voltage sensor pair ensures

that an electrlcal current applied at the surface of

t he wafer nat de to a surface o
ar ea\hg ft n el C?I%BB.[IB%? glas t{ér g8 %%opéﬂltllglg Iaﬁbrf?ﬁgé) g{ﬁagergs recited in
PRI 3 @/lhgreml@e grenjzpusals é@m’f@mdab}{ ngrfapprnsipu grafient of a fluid
o@ht@ﬁﬁr{gckﬁiedifltﬁé%lé’mfg%feﬁ%@r Qhd %ewc%ly?ébé’t\%énttﬁéj?l'ag g }éerad and the

Qnac rein the data col l ected”by the con
§ 5 7264% n order to provi de an anmount of current
to be applied by the anode when the plating head is
pl aced in positions over the surface of the wafer. 20
7. Aj. el edralgitmpliatiog wmtlﬂtfdﬁeléﬂfopeitlﬁghrsﬁtfﬂl@tdf @@veﬁer as recited in

cﬁﬂﬁlfla%elf%fn tHe \S@{tﬁﬂle?‘&effngg J %?ﬁ(f@datg l”rgmrﬂle gol?age s&Hisor palreensures

el ectropl ating appara
thit % eleririgalirurantcpphiosl @ thy waiarnef thawa r wmgpqrﬁonaltrem magnitude to a

satfideage difthd Wefer Wbidated b @ie Plagink Abddaniaredifigh udi ng, a
plurality of inputs capable of providing one or nore

of de-ionized 25 water, chem cals, diluted chem cals,

and |sopr p an | ur al of qutp o
c apabr e o%ny é?fg Eng ?Rﬂa@gusgff’g?}?ﬁ’é’@i%‘%g Pﬁ%rfaqer?g g fegas recited in
ddimi ldwheneth the datd Qe@ecpﬂdésfem camtrotlérds snulfzed én oddet fogrovide an
aﬁﬁ)ﬁ;ﬁtr of cﬁrrelﬁrio Bt 85118 %g@ﬁé ﬁ?dg&\%@a}{ @t %Etl(ﬂg Eleadtls glaced 1n§6)smons

troP ating a_surface o er -as

fwwag Emﬁﬁgﬂﬁﬂﬁiﬁach el ectrical contact is made to an
edge exclu3|on region of the wafer. 23 9. An

el ectropl ating apparatus for electroplating a surface

of a7wafe v\nﬁecttepﬂatlﬁgiapmra‘ﬁds&bmléctrowhﬁhg b BurfAtR off b el %s recited in

| f
Epﬁq]§%&¥l fgﬁ&nﬂﬁgm‘aﬁgngu%g g?“ﬁ@?ﬁ%%ﬁ?, grnicke
nrat eri a| , @ t habldxitmtyhéaarcapdble dedndit MdWRiABRLEME Rhrfac® of the

walfer, the proximity head including,

a plurality of inputs capable of providing one or more of de-ionized
water, chemicals, diluted chemicals, and isopropyl alcohol; and

a plurality of outputs capable of removing fluids provided by the
inputs or fluids and residues present on the surface of the wafer.

8. An electroplating apparatus for electroplating a surface of a wafer as recited in
claim 1, wherein each electrical contact is made to an edge exclusion region of the wafer.
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titanium material, a tungsten material, a cobalt
material, an alloy material, or a conposite 5 netallic
material. 10. An el ectroplating apparatus for

el ectroplating a surface of a wafer as recited in
claim1, wherein the electroplating apparatus is part
of a cluster of equi pnment capable of processing
wafers. 10 11. An el ectropl ating apparatus for

el ectroplating a surface of a2%afer as recited in
claim 10, wherein the equi pnent capabl e of processing

vaf erns | n%n@&%roﬁﬂﬁgg 5 ﬂMl?s fg{ el@&rog?a‘i ﬁg a%é{r% "0 aSvafer as recited in

C??é‘?}ﬁglﬁiher&fn tgit% gi‘i‘aﬁ% E%Ftnilétfv lsyisfné% by a5 ageenys isoluoim fy plasing metals
ihdipdiagd adppenmapsib e Bnickel hith@g r@ﬂhaﬂluﬁb’rﬁﬁtﬁml AtaBIh RBterial, a
t?ér/nzlhrg Ifrﬂoa}eiarp 13u| nﬁq%fng%tler?@,caféﬁplg Hjélterliig oyorrnatrgggleor\/\e/la éoengposne
Ieﬂ@bcn@prating apparatus for electroplating a surface

of a wafer, conprising: a plating head configured to
be positioned over the surface of the wafer is capable

of 3@, be 'Arx‘i%léacln%ﬁfaﬂhg ?ga}’a‘t&%{ QE&ro@?&tl?lg a@@ﬁ?c% ofﬁ Qwafer as recited in

atin over
%‘P %?Ii'?gln‘gi? g leﬁ@&&%@?% isfngetiod @ clustep abeauipsnent capable of
pimscxevsmywqea first fluid between the plating head and
the surface of the wafer; a pair of electrica
contacts charged as a cat hode and defined to maeke

cont At s T i OpRRE BHEGE ot HERleGhe ainuf ol ptaties recited in
cmd@nvherein thseq}emmm danabled provessime wafhtsandludes one or more of an
eﬁih' okt 4 &@aﬂ’iﬁ% @siehie a%anflg?‘ﬁ@teﬁf a‘éﬁérﬁ&fll @dﬂaﬁkﬁ?]aﬁ]\gr%atlon system,

ar .the one ectr]cal contact

B%Itiﬁ‘i vstﬁ’é]aanli’i@itatb@ ﬁ%@te@h %f araghy isterb @ MARKING Y Hiesmen
imgpettha sgstedearsinohe ©0 nfolr@wafedtrartspoﬂt) endéareretimestehisihiie
surface of the wafer, the proximty head capabl e of
followng in the path of the plating head and capable

of preces %n@ec‘iﬂaglaﬁfﬂ% 5&%%& &o; Q?ct%? ating a Quif ecrefo go n-

30 plating processin rop ating ap
PEPriEngct ropl ating a surface of a wafer as recited in

ol et SORL R fiebl o bl Bsand By IFBHAET oS Rlpr is capable of
W@ﬁ@cﬁl%]lb@hﬁf%ﬂdﬁs iag apedsdfer platng mhetalie layer sverfthasuiface of the
vo&r] ih'e!p?attlﬂ heddesdind ﬁﬁhet“dﬁﬁﬂ;lé %roﬂdmtgt&%rgﬁiﬁd bet@Rth &Q?la‘[mg

r as .a cathode by an éelectrical contac
V8 5 s Bt

a pair of electrical contacts charged as a cathode and defined to make contact with the
surface of the wafer, the electrical contacts being movable, wherein one of the electrical
contacts is defined to be in non-contact orientation with the surface of wafer when plating
near the one of the pair of electrical contacts; and

a proximity head not being charged as either the cathode or the anode and configured
to be placed over the surface of the wafer, the proximity head capable of following in the
path of the plating head and capable of processing the surface of the wafer to perform non-
plating processing.

13.  An electroplating apparatus for electroplating a surface of a wafer as recited in

claim 12, wherein the first fluid comprises one of electrolyte, DI water, and a plating
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region of the wafer. 5 14. An el ectropl ati ng appar at us
for electroplating a surface of a wafer as recited in
claim 13, wherein the plating chem stry is defined by
an aqueous solution for plating netals including a
copper material, a nickel material, a thallium
material, a tantalummaterial, a titaniummterial, a
tungsten material, a cobalt nmaterial, an all oy
material, or a conposite net2dlic material. 10 15. An
el ectropl ating apparatus for electroplating a surface

c@lgmﬁtr l?errelﬁ%lepﬁ&'yﬁger h@r“ueézé)ﬂhg}‘ r’lsgﬂum&ﬁfa[efsteregtr{cgl couplmg to

ene r OX|
§ ¥ bran er‘f)ér)fef 18K nfé@rrgidaase caaroriabﬁéartﬁerﬁleadrcgntaan@ hn exclusion
rd@emoﬁmzedﬁmater 15 16. An el ectropl ati ng appar at us
for electroplating a surface of a wafer as recited in
claim 12, wherein an area beneath the pIating head

def i ngs l %%aél#c%r%ﬁlaen % alqa‘tu 15 P%%lgcrtreo%lfl?el n%urfa Sfa wa?er as recited in

an entire
cqiadpy Wbrratnr thgplapp&rmsryf io defirled by rap phatoun golati@ufot alating metals

ifflud@n YRt &pePfaleBial, B%ﬂ:kblr}natgr@alca ﬁhﬂ‘uﬂﬁnat@ﬁ reid ataﬂﬂn ?nqlf@hal a
tﬁ%ﬁren21§%$s%r epa es gorln opa ize

YT agerat gy ten paater) ek g, 'a PR gllappaicaeluer § epmposite
nedtdbic mapriat.i ng a surface of a wafer, the surface of

the wafer defined to be electrically charged as a
cat hode when present in the electroplating apparatus

c‘é:é??ﬁ;' nan fruPpRUAL RD: ORHBRAR AR orh iy as recitd i
videtherpia tb@ﬂwécb@n@rh thn@rcmnéy headds pieorphereiofigsopreay, alcohol

(I, gHedtiéang dneR@herhitals Udr¥e-iofikdd Watk€ser voi r for
hol di ng an el ectrolytic solution and a plating

chem stry; 30 (ii) a porous applicator interfaced with

t he A serv0|r or ous i cat havi

t hi cRiess? ﬁﬂ ?;Pﬂafar‘sstafgg?la‘em@ atipg a Sb%?cﬁu’s a wafer as recited in
cigipl 1i2cah@rpln| 3&;1 arerarbeocaulu thetplating heddhdefines praltded phitidlg,ahe area being

1§§%&B%n%hﬂﬁap1ﬁﬁpgaﬁp&gﬁéeappl|cator defines a
plating head surface; (ii1) a first voltage sensor

pai r defined between the first side of the porous

appllgator and the second side of the porous
app! ildat OIAn glgcaroplating apparatus for electroplating a surface of a wafer as recited in

claim 16, wherein an eddy current sensor enables monitoring of localized metallic plating.

18.  An electroplating apparatus for electroplating a surface of a wafer, the surface
of the wafer defined to be electrically charged as a cathode when present in the electroplating
apparatus, comprising:

a plating head having an anode, the plating head defined to facilitate metallic
plating between the surface of the wafer and the plating head, the plating head
including,

(i) a reservoir for holding an electrolytic solution and a plating
chemistry;

(ii) a porous applicator interfaced with the reservoir, the porous
applicator having a thickness, such that a first side of the porous applicator is
in contact with the reservoir and a second side of the porous applicator
defines a plating head surface;
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vol tage sensor pair being defined at a first side of
the plating head, the first voltage sensor defined to
sense a vol tage between the plating head and the 5
surface of the wafer; and (iv) a second voltage sensor
pai r defined between the first side of the porous
applicator and the second side of the porous
applicator, the second voltage sensor pair defined at
a second side of the plating B®ad, the second voltage
sensor defined to sense the voltage between the

plating head aﬁﬂa& Iﬁ?st .v&l?ag% g%/rgs?‘f;gairoéeafﬁqgﬁ? Péggfe?ngfh{a ﬁigsq 51ade of the

controller for a Justhg a .ge '
anode bas &8royhapplicaighrdibe second sige pbide pawue epigatat, the first

Zin t hler : heol&zigtre&tans@f pﬁEB@ﬂgjdéf?Ieﬂ @Q@ﬁ@?ﬂ&@{)f ﬂébfaﬁng A&, the first
el ectropl ati ng apparatus for ectroplating a

surf ace o#gg%ﬁﬁggyrggﬁpg%???83?WﬁgfghgwgphhT§%”W§PFﬁ§Pdﬂm
conpri si ngurfagepéihe vofferehmct ri cal contacts defined to

make contact Wwi.t the@iurface of the

. fer, the i
el ectrical conf¥t?&cB ﬁ%}taﬁﬁ%‘i’ré?a‘r\ﬂ%%%‘fwt?fﬁ@ the figghaide of the
el ect ri capowontpdicstor sndithé sevedd tide bethe porons apytiehlosalie second

ientati j . .atin
o ho USR8 LU S JREHRLR] 08 e econs
20. An el ¥elassspaser Ayfingd paseaswide veltags|betreen theanliting head and the

surface oturfaceaf e e g6d ted in claim19, wherein
the controller is defined to process data fromthe
first andaseesniier (wladgiing serltage appdied &9 theheodtdiasedmi mmagnitude

used obyolt38 deRbred &l difer the fifRboPiRbIY folBYL IR Jaak! ¥
constant voltage between the surface of the wafer and

the plating head, and wherein the controller changes a

25 vql,t age applied . by the anode in response to sensing . .
vol t é-e CRATBLOp LAY e IorgeqpLAfing g Gl agg o evideses recited in
geaiinrl 8ofurthbiecosgesing: vol t age sensor pair. 21. An

el ectropl atj ng. aratus_for electroplating a surface
of a %B@?dggt%pé&%{l@ats idgfined,tg makeq g(’)ntgqgi Mithdpe surface of the wafer, the

etmoirpal @intgts tthgemovabiy wheeill dne @f RGNt dn@dcts is defined to be in
n%ﬁ%ﬂﬁé&r&feﬂﬂu%gvgﬂ ?llled uled &e Wa\llf@rf\is}réenggatgl%ﬁ{e%rl tﬁ{a‘ Pﬁeggf{tﬂgpair of

rocessing; a conput er capab 0
‘%ﬁ@%@k%@ﬁwﬁf the el ectropl ating system

20.  An electroplating apparatus for electroplating a surface of a wafer as recited in
claim 19, wherein the controller is defined to process data from the first and second voltage
sensor pairs, the data being used by the controller to maintain a substantially constant voltage
between the surface of the wafer and the plating head, and wherein the controller changes a
voltage applied by the anode in response to sensing voltage changes from either the first
voltage sensor pair or the second voltage sensor pair.

21.  An electroplating apparatus for electroplating a surface of a wafer as recited in
claim 19, further comprising, ‘

a wafer handling mechanism for transferring and holding the wafer in position during
processing; and

a computer capable of controlling the operation of the electroplating system.



