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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 gnabling |localized

pl anarization. 2. Description of the Related Art

[0 | td , < . -
{ oA BT 0 AN AME TP KER PIh T RYKT SEMIER e Tor
el ectroplating is typicalk%pﬁﬁﬁ rmed in a

si ngl e-waf er processor, the wafer i mrersed in an
el ectrolyte. 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 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 chamBXCKGROUNINOF THERAIWEENTM@Ne it is
rinsed in de-ionized (D) water to renove residua

el ectrolyte fromthe wafer surface. Next the wafer is

subjected to additional wet processing, to renove
LuKigtthefdthe doypdionf r om t he backsi de and bevel edge, and

e e TN
anngalagidathpf D embie gaftiduagytof Dbarahedd altechiRfBafvr @dre effectively

pl anari zation (CMP) operations. Unlike processing
wafdspesifipg thircfilgs 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 CuSQq, pH between about 0 and about 2 (adjusted by H2S04), 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
processi ng stations on wafer 2plating tools are
dedicated to plating, having a significant negative

, , (L :
ol VBRI HRH frohiMhe Y RgY on Rber ) B ART bl RASH Rinsed i
pI ﬂé-lldirgzen]r(Di) water ioaembay msidubldectrobtnfromfthd water betaced¥ext the

ur activation and plating  nmust be mnimzed. Th
ﬂ@gqr iy efbiaels %dp agiditiong) W&E@C%trﬁgv'&trmﬁvw%\va}t?dowppgr from the
l ' 'ﬂa&]&gie%d %g’vé’fgg et Lm?({]ﬁllen LhTBer S Aed fhsk ! 'ré]ﬁ v&y&éﬁfcessing
aft'er surface act vation and to transport t e waf er
t o chémicpl ratidng. Thaithe wakdr i ndrivdtand grnoeal adeatfiat itgs tdady for chemical
anDunt of separate D water rinses_  between wet

pr &840 Planaizatign &QWégp%rawe LaHike progfising wafers in vacuum
rre ROFQl09Ys “'LthOQé '(ﬁ)gm y%sﬂﬁg&%‘cﬁ?ﬁo&éﬁ% an additional
er acts as a ¢ e req |r|n at power J ﬁ

be mlmérrmﬁahhcydmrs&}i dBlietto eteb&ol\pm‘cﬁhmoﬂ' ycmldeﬁislayld mcreased
nunerous di screte _contacts on

su dwar%%r%cqontpﬂféﬂwﬂwa%mwg @ﬂﬁmﬂw fiwq wﬂ@lﬁ dhe plating
ed i f r

¢ netuRberr A8 bBfroximfl F45 PercEld SRR w PR LASOHIR wafer
| n pldiagtodislateidediahted ppplawed) hayihat mg@nmuntrreghtmesmmrdnwafer

di stributed around the perineter of  .the wafer
t hé rgedrp%ﬁndpmsva%n&ame?ﬁsm&%td é%%dl&l% A O fpoqnﬁble direct copper

T
25 nseete hﬁt)dﬁﬁzedT’ﬁB&‘ eff@rieenesofahe afrfae hcti\(atlpn opdraliton is limited by

unlforn1dep05|t|on cl eanliness and repeatabjlity of
t heddigapaldime taken ainse p Safeseder %JF%P“e?CéWF‘é‘Hl andfo Srafigport the wafer

Cas&e Spq ﬁ%h%@ ]%lé]rﬁﬁla 1&%&{ r@%czn%r hofigt ﬁqgﬁatr tQ 'ibqlwater rinses

proces a uctivit

pl dletwign wap proatdsinassteps paHodes Binpart affioddrt antindalogy.
anot her chal |l enge in copper electroplatlng, and are

obsI@Wé Purng aleineduntcss the wafesicintsa o C\?‘ér“;‘ﬂullfﬂgﬂqthat a power
%Béﬁg fe@&ltcﬁl go(fﬂéclt%w&ﬂh ?oﬁ"@&h eﬁdﬁ?gls&]pferbontacts on
he e

ess ch n

t he \Gﬂbﬁl&ﬂdtﬁ‘&)@ guﬂp@ﬁﬁi}nﬁhd ﬂﬁtWafer Holdie E]etﬁiﬁaklb@tmtthe ‘eGge of the wafer.
t hereby severing the electrical contact between t

wafldecteerl coment proidad thipph (hesripantagtsdp atitizedgp g{eicﬁ@plate the wafer.
Bi Hg lthehtra tgo%% %)rp%a%h%%‘igﬂr?ge&nigﬁﬁ e%rﬁ Sﬁmb%&tdsar@n% t}t“le %enmeter of

use Ulre co
seahe daftk %lthah\éjg@ﬂ 8f Pio0Tdengt Lﬁllﬁnﬁeﬂep@ﬂhdﬂ t[ym&fr@lhie@l‘iﬁtlon typically

As feature dinensions on sem conductor wafers contjnue

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 ati ng process. Since3the role 10 of the seed

| ayer is to distribute the plating current over the

enti fife g, rgééFé. Alis #feBChbRRL Blchiig of thel J&Pg&%&d@&& directly
resistive ed Tayer 1 ntroduces a Significant

c hainlernbecomacts; wndbgrssvamgitipe detfical comtbétdretwaehahd wafer and the

near contacts on the wafer perjphery. Kno s. the

{ ePRIRERPEI g clsiirapantes dpplt et BF BHO LR Ren gy contacts are
| ar ' , :

 OBE] LR o SHER RO R RIS s o

Sy stleilith ptobbenosy | Aleteaturs diatensiosd @ciend@inductogwefers continue to
barrier |layers of sem conductor wafers w thout bipol ar

! 0
ef SBERK coPERRRARYY DEITiHIESY RVERTPIEN!III0 99 fretsolip ppproximately
SPeakh Qﬁ’gstl{)nﬁ t@daggg% i gﬂéw.it 980 blesBBmRPARIRh4S rédi@fion of the
provides’localiz efectrop atlnégu5|ng a menl scus
baseel jayatis ngepancezasurd @ r¢adaBle dizedsipenihg abihe top of the features so

appreciated that the @resent i nventj on can be .
e b VG e BARERID 4TS CORRSE PlseiTRlatnS PRogss e the role

an FRRALAY Hﬁgr ig todist®le fe ﬁl@f{hér: Surfint %Mé@fﬁi’re wakY Qﬁﬁﬁg
i nventive enbodi nent's of the present I nvention are

de stdctropldtihg laahinn £1GO6@ Jredisni ve Recdd o diitroelntes asignificant challenge in
el ectropl ati.ng apparatus for electroplating sur.face

of CHampgs é‘F’Slg@dﬁg’bW@é@. Dlatifg iR ntacts %léb%lma%r BftipheR nown as
el .cal : T '

o S5 | YA, oSBT oy todays 20
capahlveafeds, bei ng positioned over or under the surface

of a wafer and capabl e of being electricahb¥ char

ged .
as 180068 k. 1s 1erded Prertprggis HB AHECIreplBtipatbE atenﬁ%ggwlfom

ot . . _
¢ netiobleRbE A BrBPREE B LA hLRE ity bilfoBl e B0
charged. The pl ati QgMMARY ORTHEREINVENTIONES a vol t age
sensor pair capabl® 0f sensing a voltage present

bet[0ee&T] Brohdig spdakinghthe pescntamebntibe issrdpaaratus fthdt peovides localized
wafer, and a control|er capabl e of receiving data

f r gisqtiealating peipe o 1ASEYS Bapd PlatEPI9sess: recei ved from

t DOrBN)! ASFio i B8 Abnrahica ikt HRBoOM infdifiof O Ol EmbAed in
mai ntal'n a substantially constant voltage to be

ap phingdourywayRcinalnditig as wipsstesshen pppatdtung a besaen j sdgviceaed method.
in positions over the surface of the wafer. 5 [00101

| n Saystahiyvertissmbogarenss ok the pissed anvention & dessribed below.

et [|6899}f191r0n8 ler%i)ioé}lgne%t, Al refe@&(?plating 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 #s 10 vari ed when the

plating meniscus is noved across the positions of the

Waly Rl oIS, l?e%& aﬁ@t Sfhcef %@vaf@g ah@%( %BHti‘cﬁler cap able of recelvmg data
substant 1al | y un| Form across the wafer surf a

In fmmoﬂmlawoltagetmdsompmm' the ddie reoeiosd fibmi the eailtagarsensanpalr is used by

el ectropl atin arat 0 el ectropl at i

of T domkafients %ng Stﬂﬁwﬁlwmé%a&%ﬁg? geRlise 'y anode
caniBR Ry %%%?.*@W B b St et

f onoQioqtn m:g)th?errmtbaﬂirm&lt bithe preseretrintendos urthethed fifr pldtiag a surface
wafer. The plating head is further capabl e, of

pr & F‘d‘f"’ﬁ‘@i igproyidsd. T heymgthgd caputis ehianpingts Rigfinganenisgyy over the
t
%Bﬁértfe A% Wil ik %éﬁigﬁlﬁ?m&u@ El?%%lglg}l gﬂ]@?@lhé‘gé‘ Eda%ggﬁgﬂatmg of

l'aced ovér t rface o
of afrmd:thlhmm@enah rhdéngthe |p]abi&1g1n‘iﬁ1sphsaﬁdrm pbﬂiadnsamfdhe wafer surface

processing . the surface of the wafer. 20 [0012]
andff&pnt E]%‘é‘%ﬁﬂhﬁéﬁﬁh%‘fc}‘ﬁlﬁé op e MM RRALFS- o N %Ppé‘% elrge is

f Or laﬁlec?%h&ﬂ %idng{g ggem Fg fs?l?cﬁregfacrﬁsmre ?BSlhoc‘nsgff‘?lYé \qgféhsurface S0

ating pa bei n tioned over
s u rtﬁsa@q)lmfngaaymfsesmbamdiadg paifbren mfrostmhm@a&k eafacecal |y
charged as an anode, The Iatln head is al so capabl e
of [ %&H&IIP AP theteabodinat gf @r%@@tm@nh%@nselﬁorrae@t% apparatus for

th

ol 1 ROTRUAE kB oPs Bk NGRS KRG HUEH En Bl 1o e

a \p@lsma@&l Sengersuifade ofambﬂeﬁls(tﬁpeﬁﬂmsﬂ H@@ely@hteﬂﬂgeharged as an
present betmeen t he plating and the surface o

t hengeg for plalipga aw&%m fagen Céfrer @s ﬁb\mc‘é od theweles. vT*r?qﬂagtgahead is
co%{M Qa 36?4 éfﬁ ?glgﬁ(‘}gsrgﬂ{)& Petmgn ﬁﬁ%&;"f]atfél ns?cg%%dbt}ﬂe El!i}?ace of the

anti a

volwa#ge A pakimisy hadrenfigped ecbepladeti @varthelsurfilee of tH’eEWafer is
platln? head Is placed in  positions over the surface

of cepblgwfiollowmgdn Sieradhetthe platipg hend| and eEocassyretlr sirfape of the

heqaﬁép capabl e cl eaning and dryi ng of the surface of

the wafer, a wafer handling nmechanism5 capabl e of

t r goer®n iaﬂ@h&mihﬂaﬁhﬂérﬂ] of thegrevahtdnvenfiopasdysieanfod eletthgplating a
processi ng; and a nput er capahbl e of controlling the
opepEesesH agralemis peqvef&dr platmmgeaéy%wﬁblembmg pqﬁﬁgoned over the

ﬁg;’ a \geffelt #go f)fﬁﬁg {;'f bél%%?&ﬁ?ﬂg%ﬁgr%g% g?z}:ng de aLE S plating

t hugead Esdalllsbl dagaloef @eblivemaratii fiting teti g thmdlrface 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
undergoi ng plating operations. Concurrent pre 10
tr ) it @ﬁpgi o
co ?1:2% d%tléaggir%%% SSlI r? 8 n%l}é;%u gﬁiﬁe& qlg%ﬂ%?&e i ﬁg?ﬁstmg’ anda
rretchmq:ioﬂeﬂg@pab]lé@if centartigthe byerhaod ofthe eleatccb;ﬂeﬁmgaslystem
plat rocesses in an adjacent configuration, %ca
%33 g adyantagss olihaaresens r#%VeEH?P B& DHEICFRUS] e notably; the

reI R L

eﬂ*rbé%@*n%ﬁt%%%l% TpliF pIafiE, P00t AE o oF p4ARE and

r egmpﬂ)vingr dreshidaétxvhanpd Necplidthedlic pladngtalicssghe total plating
process steps. Ot her 15 aspects and advantages of the
pr EgEmt thatvent bodistaibuied paeioneare iR sest awro'ilmeh@ Significantly

f ol
R AL ST o ARl DRI
of motdssphg aiidheoniol afvgliags agflict b tipr @mda pravides nmfmm current
BRI EF DESCRI PTI ON, OF THE DRAW NGS 100141 The pr esent

i nSRHIYGASTaRs e syeageeafdi Yafer ndsreoingqiathyg apsetipps CGRFYHEeNt pre-
d

agglgelr@r%lg%)ti s 1ngeﬁﬁsﬁf%£ﬂdod%ghg é C?.Fiq{ﬂé‘sf@n?(ﬂd%éﬁo&é@ﬁng producing a

desssre Rfficnt netodologl e Foneampleyby b dng pretdemtaad Ipilekmg processes in
structural elenents. 100151 Figure 1 illustrates on

entodiliesit corfigimatiqne BICF]dEP%ﬁSﬁ“H@ agpisat eandiion pan be maintained
acGOLAANGS rygghfhe%h?ne@t;ﬁ &Mt Vel 8B 9&9\4&1 b Qiifonf the
provides” a ectro lat1 ng appara

W taatieated ﬁﬁlfmb@g:glcﬁﬂoﬂﬂémﬁﬁéﬁn thé preaﬂmraﬂlarpdmmg/lptdtekmeps Other
present invention. ;00171 Figure 3 i|lustrates

el eEPgchANdadHANtagspa ﬁlmesalerrmwgltlan mﬂébm@m‘o@@ﬁr&m %wn the

in e e

- RSP RAR ALl e PRI TR 0Py ing drvines,

pl dllunigtiap panay ds etamptothceinciples bf the pwa‘eﬁtr invénmion.

accordance with the present invention. 6 100191 Figure

5 pr ovi des a dBlRaEF SFI@TWH\@E)THEHEREN‘&N% head
accordance with the pres

 nentd) &Fne W@Qfoa!vmt@a rall 65 resdy madsstaodiy frifaliowipadetailed
vi e&@s&{ptltonqn Qé)rgléﬁcgl%n ggt?lgh% ?ccgﬁl?aﬁlﬂlhé’@ra% st To facilitate this

transit'i ons ov ccordance
W tdeséripgions leawferdnoy ﬁtﬂﬂhemh; 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 100211 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.
[00221 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. 100231 Figure 7 prevides a side view of the
plating head in operation as it transitions 10 over a

i§d101 . 1 . | T, 1
[ 048501 ERRE I BERANES g LBE uRK AR, pl BT Her o wafer, in

t r anspddrice apthahapresent orvesticect ropl ati ng operations, in
accordance with one enbodi nrent of the present

i n\eeR0] digure bopmyides g detailed BeGviFwed theRlpther headibenssion as it

f . ' t us. i . i th..
o sy 40 R SR
an [edHq tRig@pé 6b prgidey 8 t@view odperpitirprhead ih gmeaiotan deransitions

wi th anot her enbodi nent of the present invention.
[ 0029 andge pE2 YoEeri injagerdaice ¥ith1be present HySHiGRent of an

SR T Bl b iy REROTPANGE bl o HE PHEPS Bhsioncd
of beh&tlph plating heddsih @peraiéry imadcdfdaace Rih (HeqResRi iRgention.

appar at us capabl e of vari ous stgggs of £rocessjng,‘in .
ac d892R degurow Providastsiier visheb e piatingdead Weonsratigp ag it transitions
i nvention Ei i . chart di agram
théﬁeiég@?&éggéﬁ%gyg%%pgP%%ﬁg%ﬂgg®%ﬁ%h%Iectroplating,

I N [0 TFI@IRE 8 iNMstritel B cingsie bf a vafke frhhsport apPA3Rk for electroplating
Figure 13 provides a flow chart of a nethod of

opepgrations, frosccardantectitlh on anbadimentint feqresept ingention.

BT P S R R P HE R gagpparatus n
EVRCEI-VENE Svith[ B9 eeberihventi@nt i on, for methods and
appar at uses for electroplatlngﬁsurfaces of a wafer,

i s (09261 |Fogwel | Oarthiastmatessansledtioplating systeye irepperatipnpinggierdance with
el ectrical, contact..i n dry,. regi ons of a sem conduct or
vvafaé’f’{h\%?rpléocg?jg&?g iﬂﬁegprﬁ#} 1_5‘?’ Fﬁglé)lnect roplating on

bar[od27) -Figurk 108 dRuatrfes Aol BEbPEIRRAESEM e’i‘éc@ropfaﬁii% \3ekm, in

in an effort to reduce exposure tinme to electrolyte

andiccodsskivdt the presgd siviengon To ensure | ayer
uni i1y, esent . inventi i mpl ements. single
ooi NG re A S BleERS i nlseeti o pEPE g e Arfer
- MRirBdeRdiRg BshabRNSdapible YO rRES stabeITRYcce®) kY accordance with
distributing current density across a wafer.
another embodiment of the present invention.
[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 100321 The foll ow 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 sone or all of these specific
detial I

opeP RIS T RO ey a8 i Ao RN PLRRAAS i o
noteldctrolytermndesasuiidhte pmchmssmnge Toreasipe derensnifommént tho present

100331_F|ggrel i S. ag?tlll trati.on of exenpl ar

ol GRYPHpR P Fgents Siaelkmoin #hte Forricel coppeiAbe e ler whilgmaintaining
e n

L D e

el 40032] dak feltowiag ﬂeﬂhpﬁdm?plblvmlleii fun@leeaigmn@ﬁnmmdnw #eld of plating
15 150a and an el ectrical contac th front e

t hdCGRATAES NShe SURICORAVEYT AHS- I they SEHRIONY %@%ﬁﬂus specific

of f I

O 19 L TP OB 105

at tinadnedn.t b wal be dgéeretsod, sivenert b;gomf@ﬁ-dmhrg skﬂ]f iarthe A, that the
or separated fromthe wafer W An edge, ex¢l usi on

" egTERTaRY e e @I FEHiEhgH pme oR g ahibere seRd i deails. In
ty

ang B R o B R o TR o N B i
c harr@msnot toeunnadessarily oisschienid presenamvantiat hode by way

of electrical contacts, 150a or 150b. [00341 A platjng

hea[90113l Fogure d ipapRiysiEation Oéérﬁaplewﬂfggaplégn%\ﬁppé%%l Gixpn
pa%%ﬁ%ncblé%tﬂonew&&l?e%l éggntl?f?veﬁlgoﬁ URREEEH is capable of
bove't e not

eI i ctidatig calﬁmaﬂfeﬂtt(hl sn dl6@rical wbnltabreat Itl’n:vtml]hmg:le@e of Hetwafer
the wafer Wis above the plating 25 head, 110.

pl a0ngnhameleqtrid cpatagtai therfrons fdasc! the Vhfet h%Obs%WF%F@éﬂ an edge
of etxpﬁm\@ﬁfr@%oﬁ%f th %Y?’Ke'rhe l\s,ctﬁ\%l%?_hﬁc@ f sBL T 5ob %gl? Physwally

in close proximty 'at1 ng hea
10 meye iha di‘l@ﬁtﬁ(brglmad oader & basttachat toantedgdmcmm(ﬂsmg]bh ef the wafer
surface of the wafer W __The plating head I 10 mm

be .
supporserpragd amdhevates Yoy 4p wé&%eﬁw&}mwgl&ﬂ §xistgiat é?&mgﬂphery of

devyj,

oo FaR2RAEL AR SIASeb PR b A, oy JRyhf 8300
\Naf wiafeld/ WyOWKﬁ\SEp];&y seetivelayhirgesithe waée oV i@figctiosas a cathode by
opt i onal however, sonme enbodi nents may benefit from

hawwﬁ%t%@qt%}wp@r AelP-t hereon before an
:[%bgfﬂ ? alltlﬂg hgﬁlefl%pl gzga’%e ﬁ%&%@%ﬁ%ﬁ:d\% G Iax‘fcgﬁ%?fr ﬂo%ver supply

elrn ayer
t Y pin@d$ tapabletofibBing aygendidd 2boRpHE utalfatwnwhltbam phuve e

or 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 facigitated by an el ectrolyte
contained in a nmeniscus. A nmeniscus is a fluid vol une
deti . .

0P 3P, SR er o) BeheRE Ay iy heed 1Rk Rl thereon
al befonadr slectaphicp wpattion Reedbahaid WhgrecoppOSis ticamatesal being
forped qver | ayer that is not a seed |ayer. An

ex R ﬂl’ifse%‘ﬁ'@biefl lép@rcaﬁw thya layer pigopperthatagasbesputigpg or

ot : ' . pl ated | ayer 103 may be any
rre{agéosétﬁ%t%m%gé}&{)%éé é%‘%brg'opl ated, such as one of

coppiss] Asithkplatinglhdad! 1110 proceédrin unlatid digstiod 16(hese the surface of
listed netals, or conposite netallic materi

|

suithappier Polowaedsitho elaciaea contagh at thertragling cdgs %f tsms’eqferrlﬁga it
| at.i .

P el BEAL 1D 1650 Baf OTREFTER 14 162 blified B iy an

t helesysthemitab reusemplaailiyateditngart ¢ladtrodny carithiaed sid namibeis. A
type of confjiguration that woul d enabl e novenent

¢
t hangaissly is)a fiuid yolumsdetipsdobstipanythe plgting Beqﬂalrl&anﬁ&% Yefer W

S 8 PO TRBEA R ERE B o 6 g 0

wafcer b\fdrmed ooérivetnyeditlained iot @ 8kddylagd. eppraanpk ddgeh afer may be a
the wafer W Ot her. non-|linear, novenents may _be

ut PRI ST RASOmS other dpverspaieple, The Hlaten laflwern%ﬁw begpny metal that
cir ' i ral ' - ' -t i

oL LA, SRR lr OO NS, Pl AR o e

andisttd letalgroe compadiednetaltie npkaiaisngithidador séhtoadudter applications.
start_at the center of the wafer Wand progressively
mo036] g plajing headhkl 0 e tbe progagamed b scap Grejwater Wnigapy pumber of

e i y : Vi i

oo DA oy € B 08 vREAL 00U By, 481t st
ot harevdfenfigirsicamisat whidd aedbdy movengert afthie dBad(B)dhto close proximity
enabl es processing of all portions of the wafer. The

rott? 1% ey mpsbe Welizahy Insupretasted eghedimant dhe phatinghead 110 may
e b eI B RSN I IPHGB U oty

| aysppodife cdBé af the: ovaretver Otther hOn-lliRear hvicaBtsGhayt hrautiabdsuch as,
W 9 Details regar di ng the operation of the plating i
hedér expoplg, iradiel raetiosy p sseplarAnefiaiia g spiral gration| oTedighag motion, etc.

[ O% 215 ﬁﬁ g %?%e@@arfgri N anld %Sr?tla&t § nﬁltdal%bi) Qﬁvepé I%Ht&g tﬂesplating head
i

meant 10 deflne an area beneat h-the

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 platpng over the surface of
the wafer W the plating head 110 will nove over

r . .
erisis o AE A RS of IR puitfilond 0 BUPKETRLAS in greater
i n detadl bbbvehape of a bar and is capabl e of nnvenent
ensurlng uni form pl ating, over the entire surface o

t hd 04 efis voed hercin degatiged petalicplaingnemeadtderepiincom Webeneath the

p| f?ptl H%vl—ggcﬂjl (r'vtgef'rs |%C T talgg ﬁ}aﬁ{agﬁ %s?‘tg{ri] gh%gfachg% irf tﬁg grawmgs

noV(Bid. msmam 0y, thﬁlttea’l@:nédi’th thd Iﬂhtlufg;hdaé ad:l() ilsﬂ@ss th&0MO entire surface
Fi gure provi des _an enbodi nent_ of i ng appar at us

¢ hahes @ ﬂaﬂawa%r W.oFhusslogalizss mf‘éalh? ptﬁ@ﬂwﬂbﬁ@ua PYly g derrie plating
f
S T e e R

h eadrfadibmh@we&dw ithe plagng ledadtlil @ evill diove overamotheDsurface area of the
towards _the edge of the wafer Wand an un-pl ated

of wHer Wafle ﬁxqmlary emh@ﬂatws theplatinggead 4 49 Whlbbe Ffa‘(aﬁrgured in the
be %gaﬂ:é (%%rtﬁlg alluis 15%?112 @tﬁg cf,'n{.;é%g \%{?}sﬁé@& gm'ﬂ?gn éy&gar thé: entire

13&urﬁ&690fhh@‘xlam W Mthail%lyhs&ﬁceahQﬂtopéthﬂlolfﬂte }ﬂétmg head 110
i nput s _capabl e of provi one or

ed
wat@er her\*@ﬁtrc%l&relatwm the éfa?eéﬁ’%ﬁ% ﬁlﬁgtnaﬂcton%tﬁ rléPfytlnd 150b can be
al | |y re al so contained in
thceh(’?gf}r%(()i)zIllsr“tte%Lll O%t@gdﬁéitgg%laﬁﬂéﬂ%dfp?t s bei ng capabl e of

r enou39 Fifire 2gsofid@mntdatbodinidnaoa plafing Bgpavahethatié capable of
100401 The proximty head 130 is capable of cleani

r i rideanie. Bptingiad dryingitlee valgT Bhattr thexsatingongeation 1w‘w?firwed by the

{ e )
L SR R o Eon RO T Oy
pl atiedtise pdioowhal tsh@iye ofithetidereWomd ah unhdatedfires OWhe wafer 101.
near est the electrlcal contact at the front edge

t he ritesklayes 383 et hasorn besneddenngd kyshowa as bﬁ’é&‘i"tﬂ”ﬁ?ﬂ ‘Ilié fipting head
13glnltOI agg %%Sccﬁtﬁ’?ﬁgd @ﬁﬂ\%ﬂ asl Jj{%@ﬂlrrﬁgﬁ}{eg& %O.C’?lgé ]?r%;(m‘my ﬁéﬁ& 130 has a

fr
di fﬁﬁﬁah@%ﬂﬁﬂ:@@pﬁﬁleb@ pridifeotdbragit aﬁﬂe-Wnﬁi’edtvl’h@er chemicals,
wafer W30 during the itnitial plating eration

perdibitagechemicalsrndfisaprapyb algehads Amtéraw@w routpugs arpalse gauained in
10 of h. bet
R e S S O RS

150sf thewpfea®ed i n physical contact with the wafer W

provi di ng 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. [00411 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 gf the wafer 150a. During
operation, a plating neniscus 111 is formed beneath

ol i e BafGiekdch {40l e VGO B Oty bl bk

enpligysf thb eafts @ S0f ispldckd irdptsysishlrdoaget WRR SieOafe W6 illing the
(STG to _maintain an encapsul ated area of fluid above

or CHEPR DAt Regessay dor e cleatrophemicalirehetians.  The

[ e} ity heads i.s
o 0P 5 BRI 36 Mo RERy A o oo R T P s 9
1 O/a2éntd4h30 wiithl tR¢ipresenbaRtamdre rA 3@ scudé¥dan ?F&,ﬁllrt%nlt arld 2gbove, the
"Met hod and paratus for Drying Sem conductor Wafer

suPfating sieass] racqﬂfiam Iielaylvéfiquglonriﬁ@tosﬁath@lW@iﬂr IVétcsvards the
mleﬁeclr&a&o%?a%tﬁtﬁék%ﬁ% g rﬁe of I% v\é//%ff L r@ruﬁ%%gé)}gg@ figm, oafplatmg

comfmnéstmsn Ul 1t 18 €oréed Wehdatiathe padting head NE) a8 in coMAS witkIboth the
as materials necessary for the plating operation as

dedtingbead hl0mnguhewalr . pel ow. The pI atl ng head 110

ai JOSF Al HRISTE v b 4 TRNE aftedle LGB afiens 00 0
1 0 Indigtaivii s @&ndapetiatct dreatif fIRE dUoRs Sﬁbél@«/ta' sﬁffac?eo opﬁetﬁigﬁl surfaces.
wafer 103. In one enbodinent, a proximt

t hérihePBFrﬁEh%OﬁjélﬁPWQWSWélplqﬂeébV pepxireiiy he: IShCasclased in co-pending

cl egaj pgé@%ﬁg onlﬁgo d@é& Sﬁ%g‘igg et rﬁ%r W54 und itted

Vv aCMd:EHod-Elhﬂ App@atudifbyDRAALS chdiCorcdue @i WA Bes urided @ﬁﬁg @Plurality of
the wafer containing the plated |ayer 103 | eaving

dr ynlgts apé Qutlety skl mc@ose Ripwiamityg ﬂpfe\r\fa&rr&ieldfaw ”t hEhe plating

ead. 130 i,nclu no
or BT 1t TP O o BBl P o BRGLaRfy he woter
pr wiasled] by niaf&al@'ﬂéé@lsdr& Yorctﬁe ﬁ’lﬁﬁﬁ’%ibﬁeréltﬁ)n a%td%%eﬁ NPk res 5-7
to renove fluids on the wafer surface and the novenent

of belew. Thealativigthpac eHbanti3be platispmenistuseld | Miwes in a relatlve direction

f t
P Dl BB il e QARG R00 LB Pyl Ml insa porin
10/083@ v 1031 el oferhRCRABR! a Bl%mm@}Oﬁ)e%dqu t]?iﬂ%ﬂdu‘?sdoehmd the
"Meni scus, Vacuum | PA Vapor Dryi ng Mani f by

pr olatiae heas Odwa nickeaning n@ﬁmpﬁpwl ?alnthatrmmdeﬂ ormfobewvaz@rwater
Bl PropRRRaLaR s ehd S, TRGR B M 1ifcleans the

Pl Shirifsr@ of @@Avafer 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 effixdient rinsing and drying
of the wafer Wis provided. [0044] Figure 4 provides
an t

n (BLBELS fRher Clobinien bEE DR il A ARRE 1R iing head
| nJén tnagnncoﬁlmaqa It femgrds @d thelpkOximitydsad i M Itl}erd:iyamyledmg the need
as an anode, electrlcall%Pcon ected to

by fwaeysegpraﬁ{@a or lqué? b% Ese]q\;_t lea, effljface]qféltle wa%lc\:? “?contammg the
gg rﬂ)‘i’a‘gf&e rt1¥J3 Ofrpk E@xﬂjnﬁ% h&Q MBHREURA Tl fighte 2RRAG, g&le Eyabove

ro yte and conductive material s contal ne
t hendyl dldoche aftaehedltathicdatingrtiead 00 th dnybuitdbde fashiobed Weeafficient
the,pJatin% head, 110 g;d t he mafer W provi des an
el dveReRy Ipangekths wakr diSIAYYED travel on the

200 s g8 BGIIRRl U PLE R kel pRAE,
i s aectgdged with dneembodieadnt oﬁthebreami ninmnfi&n C Olnd piaiﬁng/\lhdaﬂ 110,

the electrjcal contact at the trailin %gh
wafpeﬁltlxsl@& ArepbaEATEORT dnslectbepbaopRecieda Haffsb}bbwgy of the

el g> % %ﬁl&%ﬁ?i %Wcogal?&ﬁ’gg Igtr"] th%ﬁawgl%ﬁé&gsc{lﬂ 11 s eaabled by an

circuit from e ano
t o dd&&oby&f ad c‘dﬁdlidtll@e ﬁ&tdﬁﬁth&:ontﬂnekien gienfhlig. The plating meniscus 111
| ustrated, the ch 155 is capabl e of enga

corfPlé’éftdsbei‘BW& thqsl%ng BradgdPand Bsavatay reges &r%%n%ﬂcal path for

SW

oA ko ANARLAERL ORIE A bty cotct
pl atatlhedgenpdtiat wathr B¥0atwienpl satiichd 55 esashgddad ip Ithmdmadﬂon of and in
arelative direction 160 across the surface_of th

vvafC@FltaWW‘lﬂhthérﬁ%ﬁCHEta st ﬂtrféﬁtralhpa gdgeatiitheyater 150 peglectical
o7 SR8 S0P Bl AASRA ISP (R

el efictit o wlamiglodad 1100,0he seday tatt]ncDWaﬁef Wntlhd‘lcmthmiie.e iW}We simply
[0045] Figure 5 provides a detailed _illustration

t hallejtestads Bisisuitrhdo apsrapalesl meegiag Hiy copesr SPhd 565, or both 150a
P! afingolead sJhdh 1§s g'ca mo ln@mhﬁnggl%mse%% 88fact from
inaréeservoir wt atln e . e

pl atsioago tﬁ‘%rdlﬁlhgyhe];il&m@ﬂeandeas gmqﬂatfrxgrhep)dl &iIO p\@cfﬁds in a relative
copper, however other plating chem stries

s u jrertion EaP arEqse e wgfa%oiith%wsﬁ:ffw cln %wtheasrﬁbv(@&% Hhe contacts

) Bon PO E oGl R AELRh AERAEAL o Mot n i
S oI dbbi@nn bafer AeROSidt elkgtritel @heaict @l dr eyRiratidn fﬁﬁlﬁrﬂmwtfer W.
netallic 30 materials. In one enbodi nent, plate

ed
et [8P45] ignre Sdreiides avistailedillystrationel the elegtrepleingaapparatus 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+' [conplex] +
e -* Mex [conplex]. In this qase, Me can be 5 a netal
ion such as Cu, and x is 2. The conpl exi ng agent can

DA g N TR e e AGRE A, o

an@theeribl, 2 tomgsentriateria] dleobalt midoeriatl em@ﬂltap infateziai taadomipogite metallic
the plating chem stry 118. Vol tage maybe applied to

t h@asﬁma@tq 1Tzheu31atalgﬁampné & proyides fonA raa%@n@h@eéﬁﬁfwé)f the

ot ALERY PROEIORGTEr - (PR ke o M IPeip ehb fdfs . Me can be

the rﬁ%ﬁ'lgﬁ 08nedes Q{d i {}l% WaE Emprelig qgta‘lﬁ < ngéjethﬁQﬁ’é’ &aminc,

provi des a current pat hat 1's not
Sy aneddnic@H3 )nglubsheptoadt etclcbnabthslense The pl ati ng

chenmistry 118 contained in the pl atlng iscus 111
pr 6Q048é I g platigg Beadr i0\has an apdgtlil d 9\ ?réaf{} qifle resérvoir containing

re f g +
oAby 5! 858k IS 0y R e
an@eevidihg theAhaitgd éomhaéllectgacﬂiemcba]l&adﬁt& (bimgie égscontact ‘thaﬁaween the

rel ative dlrectlon 160 towards the electrical ¢
at Ve Wread fhafgecticag eonstct ehibe [iar e eﬂsmft %ﬁ“ﬁa&rdgo Gacribed

¢ “%B&Fb‘ oprgblﬁég e} gﬁénPﬂath $halt R0 ga%galfl)‘/ the traditional sense.

erg ng" operation a I ng
hedthe ﬁldﬁmg [cﬁﬁﬁiﬁiry The caoymed ﬁluh@blyltmgmehleatsrllld zplrdwydes an

connected to the electrlcal_contﬁ t thg@ %%g

of claolxEie SO o) R E-AHER FrinE B At RErvaer WHECH -+2¢
ct [ 1ati

oS08 Gy Mgl G 198 Rt 20 AL B i s

cont 0 procaeds in dckapRridediredtiontl 6¢ toviapdd the elmatﬁneal ddhtadt at the trailing
porous applicator 114 sits directly belowthe platin

C hefgselr e vater 1503 i fosg urentsagabytinn is mralizediay k}%ilr,ea unc?ergomg
Sp]&ﬁrg%géraﬁ?# hendkR Eheé#gtl |%ah%a&: ¢ g?’. osed of a porous

sulta teri that is capable of

al || 0647 Q‘hetpbefepi@blmg clebeiahibi ¢onndctéd foahe alsstnf:e[l@rmtahtmt the front
reservoir to the area between the Platlng 25 he

110
anctdgnel the afes d S0 andhiae wlerigicalgonigst & mb%ﬁdgg ot thewater 1502
ig'_’lth% dﬁctrpc%[ﬁgﬁ%c%DﬁOa %ﬁ‘%g(?b %ré?a%ﬁﬁe'\%ﬁﬁ#g?rﬁ%ﬁg ée(})?l%l hil

do Gkﬁpehmaﬂﬁ&) to thie wvageros. JAiperod8applRadr 1 ehtiistdiedtly below the
"El ectro Iatlnq Head and Met hod for Operating the
Sarpdatingrehemistiyripé peaviding the bags (o BRdeserypis. tEhWWS@&)ylwator 114

herlFe Iccg]mll(\)sseg oP® f)gr%ﬁs 9&95’&1&9 oftfer ﬁ?&b&rrBXtegfﬁqhit 94 ca%%l% %@Ellowmg

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 hercin. 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. [0048] 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 ggeniscus 111 may vary
based on the desired application. In one exanple, the
t hi bout 0.1
mnfgﬁgﬁ%gagﬂ?é lllgrtg tﬁ@%ﬁ%&‘é@ tﬁg%ﬁl eg&? (r%tg g) Sit,?\'\ﬁgp all Ononnaloangle of
plammdambose to the wafer surface. As used herein, the
term "cl ose" i nes a separation between the

und%‘?‘%r ﬁlﬁ@@t@g Chmlsw 41§ gt passes throogtafe poreisapplicatas 114 is
g}gral} fdd 1}{va| p%ﬂ?lﬁt y Hisca$ PR it { o%gﬁﬁ%ubﬁs & tEln layer of fluid

|cet 0 €enab OFITHIOHO

msmylﬁg user tHdwaROMOBEncadBRhé Slatify hehdi4 18C The BSckdess of the plating
resistive &Iate at the plating nmeniscus 111 close to

t haneiscpa bl By vare basstlon ty desied ppplisatiore Iniene exaropld, the thickness

o & RS Ples JE B8 g B BRCA Ity T e plating

| n\head | s ptdded plogd wdhdmhRF hidfack S Ak QEIBERr&Y, tHe RRAMEL" defines
15 reaction taklng place in the plating neniscus 111
\:

CORSEPHRHY Rekuegs)t um@rwn@m @ﬁthcy plptisg hea@rﬂawgmd thet gueface of the
an%?er]\ﬂ?' 2anvéf th%} ht?orp ulclS 5P hCéeni gﬁa ¢ ﬁ)?xtnwl?tso fe a fluid

chem cal ’ reac

e n axbalnﬁsctlé'] €T HB }ﬁird)li};gxppﬁcd%@‘dlllqtab@ s @freﬁsﬁﬂé plafe ithﬁe platmg meniscus
mstry performed at the wafer W which

c h drl bé@s%\? tae élarfm @éthewraf@rgw 1 icais @t intreduced ﬁuﬂmm membrane
15%?1‘.\%%1&&1{%%&% d;tgé’ érou;l'héaphx(::htgn} gfrrer eaction causes

a er e d. Reaction

by mmy ] &c@fﬁin@lﬁ@itﬁﬂfédnf@ﬁ@h ahé platedinifter?d] §s foBHBYB¥a Bemical
the proximty head 130 (dlscussed above). [0050] t|II

r efr@wlmh@ktrkg 1acgn &ewlatmgmm@ge 1 Eeerntainipgithe p_JMgnhemlstry 118.

ol St B8 RdEG gldS ie firbe FO eEFF ehetay reacton on

OV elie dubface Sthé dafer W. Thenadé gk p‘l/z\(tln@rzpl\é'dgﬁﬁ)n\fﬁll&ﬁgﬁ the chemistry
nmoni toring data between the voltage sensors 25 121 and

122s pesfoamed at the wakar W Sviich arqhyrggd] at eathodsi thiongh gugectrcal

t he npl ad 110 a e _sensor

128 R durRe \FEpoRgoaBi B ARG A REER SER T pBd taer 103
V0|15y@ﬂ@» beSRABET. RehBortyhrdRittsGRd td ettea %Actaﬂgﬂﬁiel 8reQEmoved by
the plating head 110 to the contro

corﬁhf’rmp!ﬂ@TItYr@ééﬂ%ﬁilwwdab%’eﬂ romt he voI t ag_e sensor
0 50T B TGRS S0 e o

an PR hdt 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 transitjgon of the plating head
110 over the edge of the wafer W feedback fromthe

0| r
g RRSaEERERs AGag 156, 3 billadichWhionfl 170U P fHbvide data
t heo freventrsllgwhich o Chﬁﬁblﬁfqtrmh@lnb ean‘erfﬂi@nmﬂ}fmntro]

controll er receiving data fromvoltage ?alrs 126 and

1380031 | Asrhpwn im Eigyrelde fredbask machanisis gfownfoggngnitoringand control
b I
oo PR RRE PRSRLNe UG, MEL RS SRR Y R pr i mon

Wi thuridge: tedneition iof éle ptaitgdrebd 810 sWee tHa @it ofthgevadér Whitedback
waf er 150b renoved in the direction 162 from physica
corftore theyoltpee ywasaxppiss 134 andNe§adlpydfor manpigerngsandiilagsubsequent

g}? %lt {?6’1 $) o{vlale(ilg%l%ﬁ{eﬁ 'bg%'l]ﬁ %ogﬂeﬁ' %&EBI?I nﬁlg Sgl?;lg/l g iéllaégdgﬂ 0SoB

ex cdouﬁmwﬂ réceDiigdad frbmerolagepaitd/l 26and B8 wildhoto glehﬁesﬂ:nce of the
110 noves in a relative direction 160 over the ed of
t hevafer Wrasy Raginspp apsshgnepth %éﬁﬁ@aec?ﬁmi% 126 1 Weanees] pdiment, the

co %Jf&l \vaergst%i ﬁﬁ Eﬂe S%Pécn‘? lgltlsf '[H’é%l aﬁ Ot &tk Gethe ﬁ'OP ed&g of the

i ncreasl ng aln constant vo

as wdfer rasirehowdtiy thef difdogors L6 ﬁ@xﬁ phpsieal 3u1h1hawcieﬂthbwafer W.
the plating head 110 decreases. Current density in

ar ¥egsbyreeiareaip ghemaaplp qqigat ﬁg&ﬂectqq@@) captacd @t the éqaylmg@ﬁrgq: ﬁ%the wafer
¢ onl%bgﬁslee F;égt h%fﬂ} E!:](?ljyleﬂé %)&Il]\% ea%%ﬁ?g he VQerT \'Y As the plating head

recoghizin posi ti oned

only Opdick & 4 yelaie mlrbh&)nv\mbejvexvﬂle 20ed cﬁaﬁe?}vaﬁr g\mhe pﬂidzmg
provi des a top view of the electroplatlng apparatus as
t heopgTaien Fﬁgefff»‘éﬁ‘éely gamyrolled Aespite dhesevaang pIRENG #rehinaeRyg the

of du %ntvﬁg %ksﬁ%.lﬁl c@n&&ﬁ Qf%ﬂ%égag tﬂ)rmi %gﬁﬁﬂgxncﬁ{tﬁfﬁﬂfac? frea subtended by

I nvention.

fr ahé pladggeheld tbelcywaies Chdéntidensiigtin tHetedbangath g plating head
waf er W Vol tage sensors ﬁglr 128 on the trailing edge
of klﬁ@fﬁpta‘tqlsh@wcvon%% he copgtoller Bradsorgapaideiolrpeeenizipg that the

£t1nI$ hegﬁ]?h(ﬁ) %a Fl?lgn%%i ﬁzﬂ’glra%\%%vdér zlbep\?fﬁ%le% i ?\é g L C?l gﬁ

Of [OUSI] Elﬂ%urb 6B pEBSdestaltep Siehf cFake élf:ctrdphﬁmg@F BaratV¥ as the plating head
through the electrical contact at the trailing ed of

t hel 1\Mfa@ﬁltlsnmver ihecfrony edgcapicheswniso W, papecordapes \ylth esent

g p(ri‘regﬁfn% Afﬁgo%l\gﬁﬁe elF(ftn?ﬁ %g t%{[g'i‘ gaetiﬁg'lt g(lrl,%cogrt]?éj\ug‘lt& P$bb is not
c anabé}@n@ﬂhe ARG VAL Vdltadd@nsiiDpalt 1% on thetfadlitg ddg@PPiht @thting head

to the region of the wafer Wsubtended by the plating

heald 01hag notjteansitioned 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 grapls, the 5 x axis

represents the distance fromthe | eading edge to the
iﬁdﬂng 30 §i ﬁ@? ﬁlfovfdlég a hﬁ#@al\% @E@Et ig?lozglﬁﬁag{(gﬁgqisﬁﬂltent applied

t I atyeths Qurfide®f sher \f/ﬂ‘éEWandbfgemmﬂﬁrnnge?éltﬂenﬁfn%cmﬁm with the

the curve Xe represents an_anmount of _ current app|

at Prgsentjipyapting dbgelationsip botwess thepueacagen oftbe aten énd the

cur, pin €

h heﬁl?gﬁ%gpﬁe%fp&ﬁiﬁeevr&ﬁg@ﬂ l'éfg)éﬁ%taglf Lis %chrrﬁéht bls?“p iaﬂr gg)élacfle graph, the

s urxf axéerepresdntothe titmnwfrem ths leadnlng edgtew thytraitiag Bdl@tofmlge wafer W
head 110. Data fromthe voltage sensor pairs 126 and
128n¢ eablserepispent e apennt of Vime takgnfer the Bkﬂlﬂ%h%?d 11070 transverse
gr [

0 ol SEOSHE PRI LB RO o

t heufitbittappliedof elictlichdifig e@eﬁfﬁmafﬂ!ﬁl Thecoed uralet 8 curve Xc
despite the evolving plating rea. The control
c aﬁ%ﬁ@ntsfanraeweﬂt/@frfglﬁaa& a@ph%@ﬁth%%msfémf ﬁlj’é”%féfn%‘me when the

pa'l I%e%r%@rtf : %e]a%f 8w§fg181$ ?lﬁeﬁ&ﬁfbg%eeélgﬁﬁ%ﬁéadqlfbr %{a from the

he surface portionate

I n voltmehwﬂ@air@lZdﬁsﬁldSIlIleraceeveﬁ@ah@cfomleeNWuﬁf pr\é\{/lde a graphical
subt ended by the plating head 110 and

T Fepreasaiation aghes et SOV R HIREUE GO e AR D transverscs the
voI t f
LRSS b LA AN B g

cenkey Tk cbht@ollewaﬁ;eable\/&faa@wm@da&aﬂeﬁx the ooltdgeseienpars 126 and
towards the trallln? edge. 20 [0Q54] The use of
el d@beneuss haRlectncal eweat aprdicd sbiheisurfage of hegwaisr ispgoportionate in

PLq%%%lgP&]%%qhégﬁf & LRAof e%?erc\ﬁ%{lﬁ{en%in%ﬁg Btﬁﬁgé he¥d 110 and the

aln unitrorm curren

el eaénidcuall 1 CoTlieairentis divréased ta»engnaat asbtadi wilapess the oemstivity
the plating head 110 is used to nplete the circui

Whef SheriarBeerae ubiArded bisfhei platigend é%crwsm%ﬁetawsﬂw%ﬂfﬁnter of the

uns?'z%raw a4 1ncl}§ gs i]rﬁi% tflc—b? n?elllrt(gxﬁ a{:}ile%lfg r@ Bgagg are nost

orm (p erpen I'cu dvanci ng

t hgoosd] atHeMse of Elegtit r@oﬂxﬁ&& 15@Jernﬂe1r5t)b dieshstkddyasithe plagng head 110
area beneath the platin head 110 effectively remains

corrsesant thpgentercofdhg welsr g lafordes e maintfip ypiferecurrent density the

ig%iectt%ga? ﬁont:éci?gtg)tlc%%g% Qa? s‘i Fl% an{)é’]?%r%qgf?%lg{m%ge%dvﬁf)ssr used to

t heconipl @€ thkuit [ mﬁ]thd:ctoﬂtaﬁ:ﬁutﬂlzleﬁ ifusth ekt lideLW ﬁ‘lfm tHeplating
Iatlng head 110 in operation over the center of 30

t hehepdfl &9 theycumentifiedd Pnastarqggostamifonn (pespamdicylas platisg headel 10

in a varar?cln?gt fhe ?elgtlwree 1rte|c &h I]&B Current density in the area beneath the plating

head 110 effectively remains constant by the switching of contact from the clectrical
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 urg formcurrent 5

di stribution below the plating head 110. The current

pa fie frlifi f iR wifBEWR 1 103. Current
t hﬁ%ﬁg}tﬁt tte”np?)g g(égseeo;ppl V|vcat or ile%zesz;}ré\gﬂsi aﬂ'er g&ﬂa e urren
mediisdivtellffom f{r0m6{e Af2 ﬂaroughehqoﬂalaﬂlmg@lehﬂﬂry NBOthhaggh the porous
traversed a portion o roximty . head
13¢Ppiaierdd@nd o ﬂtegttatlr@%e%atévy LR szmac%*mhége surface of
they Ras PEOYNBTSHE current
to aé ﬁ’g{?.‘)g\ﬁ ]\rltll(veégt?dme E%Ihggr]gfop Q? %gn%/a;r%gr t he u eurren

pl aligdbutegibetowl the bifing hlbadvhl 0. Thecgsent 2athmdfe’b’tha$etdetyof the wafer

pl ated regi on 105) can be cgntacted e.electrica
cont a&vnlgqmt theoveh &b lwgow@eh@rtort iHé ﬂﬁg¥l&rpqitmnewu€ Hel-

158@656 Cither O th?ﬁ Rad tl'i‘@ H‘.gd a?gﬁ{%n%ff tid\§a >l proximity

kes co act W th t he el ectrica
cortiead 1 3@{didchesed tint Bigh.i 2Ry abfd@ﬁe cleﬁnstdnd dvia$ thie rdhiom Waien the plating
renoved naintainin% a single dry contact t

pr d¥A¢ d50 hasi rregrassed i %t?swa. @t‘rrtlhﬁ Genterptahe ‘tVPtfg; thgdryplated region
of ltOtﬂ sﬁ'éﬁ@én ?1 F\{gn bRGa sak Bmatei}ﬁe“gu&l%@ citid ﬂﬁeﬁtatc% by the electrical

tranS|t|on the electric ontact at t tra
edgenttt dthiee leadirg edgbaPahd watehE50b] e@cstthe elabtncain:batabt aitthe leadmg
t he Ieadlng edﬁg of the wafer 150b charge appl

1504 sapbthe Smberhgh n@téew@cumtb ﬂtﬁ‘o‘ﬁ"t‘f% theeqtectm E?IH%EF at the
or e G PR IR LRIk ISk ad R g

curprevitles unifbnfl Rurrbit dishlﬁbtnmtﬂlt theupthee ofAlse tvhﬁr W ahd c@hode
head 110 crosses the wafer center the current is

t r dASSTi Ryyeng the Bansitsmairers thasdertieal geniag .ahtjlett@tlatg t‘éa%lof the wafer
o nl%tﬁ? E%th% lé[gcﬁ‘ma &)%ﬂl%t Btythmla{ijlﬁg ie%%%%aﬁeF S?/S(M ﬁta}ée%phed to

acurren to zero an

| ncrsgaahd g5athaustlbe 2aiefigl yedgrollalO Physical edhtattaftieelectrical contact
desired level in order to maintain _constant_vo|lta

ac rab dhe leaing, el aed theawafeioh S 09 ds made priordp ghejapplication ‘o Current to 150
o PR by BL R BT LSl b} Bl gt 1

mat tednisitdonél fre@itll5Pa unthdb mdiftadingotil asd Sonsaihecamai dedity while

by the use of single-point dry electrical contact w.th
t heredypingibe tigflingedge rrep) (g ZFiong SRRt CoRshiReteasipgthe

t hel ﬁ{lﬁ’%&%ﬁ%' l%t) ctfnlr&q td ﬁ‘letdggre%rlg\%?m ?ﬂdgrvtg 'H)eidr(&gm constant voltage

proces

r eI Acnds ket %ltaé@%&}r p'ﬁlrg lllﬂ@atﬁi IJZSOVIh d&for@n&@ﬁnt‘hltlﬁé/\ptﬁienamventlon
el ectroplatin paratus. A plurality of wafer may
be ipelasgifactse atﬂ@dé@tlnllx eraspftaking gt ﬂ@avéptqdlmat«;ﬁaledlrecﬂy under the

st p@onta?ctslgr% a'vgldgd By th%tusg &t 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

maybe positioned along the transport nmechanism in a

fashion simlar to conveyor belt type processing.

O her suitable wafer transporty and handling

mechani sms may be used to aid in the efficiency of the

pl t r . .
ey o e i e OB, plole FRAUR A sgries of plating

e rrthewtisriﬂ Atand peoxihay hewls hd@ehai bO pasidodddenl gareake tratispoh e@dhanism

130 are attached to a spindle 220 cap able of  bei

podh & fashiod sypHAr te H@erfb&&témﬁ PIPERSSIR&T QF epulinhis vﬁ%%ﬁranspoﬂ

Wiafd h%&cﬁl‘ﬁg%e‘&ﬂmﬁ rgyfﬂgg bt }15"::950 Qﬁlq iR &ﬂ@i@@éfoq@ ngu’ri%process.

char ged as—a cat ectri ca cont act’s

15000597 Feguse b iddnethz? 8mbodipent o mi&aecpbplhtmgaﬁmmﬂusl 18 this
and the 10 Erom mty head 130 and, i s capabl e of

" n ephedineana heyplatingiiéed 1 Khenddhe roxjmity head 1@@@@? @@gﬁed 0% spindle
dir j a
e 20 SRR R 8 60 R BRAT: L AL LARP R PRV FakEH s
of pﬂdaed mﬁenp;wﬂlﬂﬁ ang iptaphble of beiag elﬁargemsas aldachodlp bm éleetncal
i s capable of repositiagning the plating head
an &oma@ts 6?5@(‘1‘% 15pbn d g spindle 230 sunpogs displaineg head 1%@1@1d the
h?%ﬂgﬁt%#g%g?(ﬁ%g dg E%Jagfggﬁ E}rltbﬁrér@t ttl'\@l% aﬂ%@&,’é&%ns‘l%@ Ok ¢h the
di reetrseaiireop@omi dréerite baplavel 1dlﬁoembn@ib0316 the Water W. The spindle 220
pl ati ng meniscus 111 i s shown between the plating head
11 a8 sepnagoseiresprigge afjihq wafer Nedwingaistig Q?EWI"‘%% 3 hg gpindle 220

| o LR PR M el TR Ry GRS 0 18

FI glipeed sdhat the ﬁrodirﬁ@y HmddBOEfdﬂll(Bifﬁhé pRphahédigl lwbﬂmthe plating
500 i n accordance with one nbodi nent of th
pr disachbe sqapring thenvatemyy ig)thg ﬁhﬁf‘g}“ﬁ’é aapc’fyterqlat“@@@rﬁsmvewo The

o Ao Yy b e .
m)\the’lgeiﬂﬂ@ wvahiecus\W3 b dnaaddibetwsen plhealtrbm@lhael&dd 1 1(0) andthe wafer W is

co uter. 350, also known as a controller, is capable
PWH@@%WPEH’QH‘%@%}S@F hY-on of the el ectr opl ati ng

ﬁb@%}rﬂ& hrllﬁée ﬁgd'r %ﬁ'éu?l ﬁEt'tr atﬂ:%g? gm d‘SO? ile)%&‘.l%ﬁdance with one

an GinktRidiredHd @ﬁth@wseﬁthﬁvdmaﬂ Thaplapng heall83 0¢asupperted by a head
outfitted with a proximty head 130 which is capable .

of traspasiv §gpbiome 8 mafes Y mlased pma syIpett 19g. Mewaten ransport 187 is
cle

heagﬁ%ﬂjgﬁfs Hgy%@i@wé%r W“béﬁ@%tp ;’E‘ﬁboﬁl?t t%g’ﬁ??gg%ﬁ%n@&hso also
t hatnotinse laf‘cﬁﬁl(ﬂolldﬁ 1Eb®ab& cﬂb@dh%stfdﬁﬁg théopkmfoh@lﬂ flecklécroplating

>4 psr))/gt[artn 5%%t11r1]c13d1ng 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 | Ob. The eddy current sensors 230 can
be placed in the proximty head 130 (in Figures 2, 8,
9, I Ca, I b) or the spindle 220 (Figure 9) wth
conplinentary sensors placed ggn the support 165
beneath the wafer W 5 The eddy current sensors 230

ar @nd Lcatl Lth.the c I 0.. The. edd

L 2sl) SRR SRl et RGP RRRbR o R in ey EhEh e
andldctibslkiiass/sein SO0Bishbivh tn FigRr10baMle badyW@irRnidnSors 230 can
when a particular process is conplete (e.

| . s ¢ g., end
poibstrlased inothe arximiy hesdnd0i(onigwes 3ot, 9 H0apA@b) or the spindle 220

i . [ f th I d |
TPy A5 R85 L Sk RS RSB v .

C orMthe @Udeebradapsdnsats 200 afin BB Alubi catiddw IR HRS dodd gt 380D he eddy
attained fromthe eddy current sensors 230 that are in

corphiipitearsT23Ovire psediie detormpae the eEncaswidthicknayppla metallic layer
dr a t of .the eddy current sensors . 230
7 W 1o AT SROTL bartbu b s SIS 2 B2 Uopinghg any

CUlch@binatien et 2Bbr¥Rynbod RN dhOthidknessalhd Slated @er &3 can be
course, other techniques for neasuring the thickness

of sensqé dpting dg platipgproces. dn thisimpanisr seoatoledjipplicalod fametallic
be nl['aﬁgrgfils Fa%[b};%gg%{raﬁ grgglt d‘?}lf/ le%cgfr(gugrﬁgF széésgolgg?é(g%? z];re tn"p ceommunication

functionall
r efvathehe Cotipite®SOTBN Rile Sithpl: drawkahe BlacR@itiof el €dBy Matrent sensors

I
10/ 186,472, entitled "Integration oP Sensor Based
Ve t2BB oy Pxiner |y né syithbs asrangeraers oF thegeddy ersent s¢rispes@30 may

on ne 2 2002 .an ich i i ncorporated herein b

re fdé eenﬁlcoéﬁhf 6%?@12]%1(&1' S%t:\(,g)uis% ?tﬁfrl}g%}:ﬂﬁéqugg Qr casuring the' thidkness of
I Nttlegplated 0yeP03 A @Y BlatddGeS¥S | @tdnBeusad.| BérdhorQetailed
processi ng appar atus capabl e of several stages of

wafdescriptioe et tie gnctiphalite pEide cddy eurfenysensgypdParelisence can be made
q : Atatis: ) o di
O PUFUER B O E S b S

Pr og@fsidHRUinted @iiSorldicdn PRICERInEYEdo®T) filkd ©h 98 78) 2002, and which is
system a chem cal nechanical planarization system a

depersirraraiad bereindy refergiiceint at i on system a | it hography

Y3008 B R TR e
| Npratdssimhappharadlsl MpaléE aNEERNade o waled §fc%ésstﬁfgb lqth'e @lectroplating

suitable configuration that provides nmulti-to
f unpparama describedingdigypec b 18 abo s canbe irtegrated ir(td awaf¢rrgnsfer and

| natrder o oroeles P taee ety R Bt Ene enineagem. o

g; c\%ﬁﬂcgﬁfggﬂﬁﬁi@ﬁl PIRRMERINL SR, 2BEbIsIRNGOIBRAL inilddtdton system, a
lithography 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 Intemnational (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 Communi cations (MESC) and the
Generi c Equi pnrent Model (GEM assist in the

i ntegration of wafer processing equi pnent. 100631
Figure 12 is a flow chart diagramthat provides a

nmet hod of electroplating in accordance with the

pr - . .
o e AR RSy AR I AAREE R BRERNbA (BM) gt inthe
nehm@gabe@bﬁ@aﬁh@mcampganpgmneniscus is noved across
p05|t|ons of a wafer surface in operation 400.

e
pl 4096} higsiie 3¢ issa flew chirhiigeramethaiasnvidesst methad of élsﬁr%%}mg in
th f

S PHOLASS APl Rl NG PSSR RGBS o

t helebdribed Fizhey @ -1 1Ndole, themethed aégiﬁs’lwhérﬁzﬂplaaﬁg meniscus is moved

el ectrical charge is controllably &f|led to the

pI a'acrqﬁg Pitiens o 8 waferesuepgs inogeration gk gkhe Rlathieopenisys isformed
p«l'@ehl atmﬁ cad Hred ﬁ’% sﬁljf‘fce%lfgg\'ra?%. %@glatnggtmén%CPS contains a

elec ri a ged as an ano y ‘a power supply.

Theplafl dheﬂlstﬂ?&h@ eleCdliei s deesibbdintha ﬁ‘gﬁhleb algeve. dNwt, in operation
current conponent and may_be control
sub¥datt ¢ aqtrlyal cBayes wﬁ@olﬂ%v %Rﬂh?@\&bths plaﬂpﬁ &caifepse nthe applied

dl"r'hn tl@ r@ gtd 191@ f)a'ﬁ'n s lgsel?f‘the Rm‘R %ﬁitﬁgtrls%fggm ally
athe T gV ErsIseey &4

ar ge CUS I'S vari

t o chaﬁgeﬂ @s &n Sdds tbgatploa,ief smppry f’ldfermphat efdrgea.wﬁftltutl:5both a voltage
Regul ation of the ensures that uniform

l'i ed h
C Urdng FEITER FeMmpyngIg alacgﬁlia?élg@% d by syhstantinlby regiileting the voltage or
10Q64

3 qg %urgéng?{lﬁn %e eﬁc@o %B@Js% ectoﬁ)@fal‘ﬁmlhb@tth@élﬁ)glr%@?ﬁarge to

ration ating s

ac OtBé gansgmshisbustibearydas ensuré Aventandally Giifen ;tlited layer.
electroplatlng apparatus as described in Figures 1-11
abdiegulatign op eapplicdghatgesnsiey ﬁhatzen@y@wéﬁﬁmﬁ@ﬂmkyﬂéwr&@d across
a seed | ayer 502. In an alternative
enﬁ%%aﬁgﬁA&%F%e waf er may not have a seed | ayer yet

f oroBek|tgEreqB is 4 lew\wahie diagfyh thet frodidepoetiddtod opérhtton for an
waf er squort of the electroplating apparatus in a
n u nidestroplatipg gystenyi accordpagesyid the praggntiipvantige ghwathes

i N T

hol gktagh i preids a wikewnhfageed Ryerd92! Meh ftepvitidedmdodiment, the
el ectri cal contact in an egge excl usi on regi on 504.

NexWafﬁr pranidgve hé%ml lpxer pptdfesaedtheicon. hEhejwaler @@y be transported to

pi S e STy Ml el RESS B BB nat. Wgor ranspon

f acihy tnehad al@b’ns%rbf&lﬂnﬁﬁmir QtohatddiroBotichii@vements 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. [00651 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 stagy between the plating
head and the surface of the wafer in operation 510.
The,.6ha, b

! o oG AR A pRGuSRRHE brb e PR ating
¢ hediermistry betwdeh ehevyltarg lmad‘phaéﬂﬂersgrfadme)f the walict inaopdratioe 510. The

mat eri al lated in. 5 operation 512. The poro _

ap mhﬁléata@'?l?f&ﬁw\}he esoldpél? ﬂ@fqutea'thwd is|teRsfeed ﬁ@ %gfth%eectrolyﬂc
[ r I

P g iy 6 Bl ParB 8h Ao B4 AR i ARBeRaITL ploted in

t hatpemtion§$2.aihe pamwaﬂ)hdaemsprbyldessfoapmiremdi flagriosise mlrﬂace of the
regions_of the wafer being .plated deepening.on th

pl atafeigh) paééusw%wtlaﬂbee@}al epdle at insilsnesp el 1‘5@813]5%@1\%%? ipeegulated
| ntGr ﬁﬂﬂ@%ﬁfja X\!}r}sm%urﬁ‘]% g&{sit g %%r@gs%ﬁtrééw{l@ﬁf*tﬂgwafer being

process ectric C|rc ng th
| s plated dédpfeﬂllﬁgenur&plhtmgtﬂmmehect rolytic chem stry is
in contact with the surface of the wafer.

el 0P| anrfatloné |SQ$ apeh> Kany be mper%l@péWHlé@lt @Ffectmg the
Di feiéeclrtlgh ahﬁ%?l%cggsatlﬂg ef?:Xttr)lthl 1&%@%5%)‘?&2%? }ﬁgtlm i§ ﬂﬁ{ éo%lete until

erial s my

pl ahe Blgctedlet Sefryisttisie th cdnmaoawlthememfaaﬂs yf thabmﬁdrn‘ﬁhﬁ ela:trolync
copper plating chem stry nmay be used to plate a cop

| ayRlitingiahenistey dgtermines tgoeatiriang bepleisd bylthe eieetiashemigal reaction.
b
eﬁbe[gléf%?e%? Ha&%@ls' IH&){ tferpggte&’ ﬁgfeggtl% éll?({ ]ﬁ % ﬂ‘gmlst K le?, elg an

ment's,
I N dxbmphiiy emb@ﬂméﬁlﬂdddpgeﬁﬂlﬁlngmhem&ﬂriyﬁ@a}&m&mﬂ tcplife@®pper layer
and studying the drawings will realize various

aI t@&Hv6hs, additions, pernutations and equival ents
o) R R G P LR A B e

Of antaslihaitest wiliche @‘pré‘cﬁited tﬁm&ﬁ@eekllﬁ@(ﬂn ﬂimawafpeﬁ $cadRCGhe
mm wafers, flat panels, etc. It is therefore I nt ended

t hatreceding speafestions aubiivdione tha drayaass wlll realizeryarious alterations,
a' t rdfl on8 rlfeﬁm@t%ﬁhﬁs a[% gul%kﬁ@é‘ﬂ?e&é g” SFor mganfcg Clﬁé Yidhfidting

rirt an
C| adystesh delsrebdihertin Mhpbe u&h@ﬂ&l)lnmﬂﬁ shdpe aﬂ& si2d of 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 electroplating 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: 5 a plating head capabl e of being
positioned either over or under the surface of a wafer
and capabl e of being electrically charged as an anode,
the plating head capable of emmbling netallic plating
bet ween the surface of the wafer and the plating head
when the wafer and plating head are charged; the

pl ati ng head further conprising: 10 a vol tage sensor
pair capabl e of sensing a WOLARgS present between the
plating head and the surface of the wafer; and a

cont .ol | eAn chpﬂ@plair@ appemBisforgeaimpkting omuifive of eIwadigethe surface

d by .t troll t
b ey Reeols s ariop S anodgerpripe
appl j Eﬁtm?ﬂeaﬁ%pmgpodﬁﬁbsm&e@ Elﬁ{e'r Ggerhﬁ" %ﬂdéﬁh@étﬁ‘ﬁ%g of a wafer

in positions over the surface of the waf er .
am,fl cmpahrlc) pf tingeleatppalyathaseed os atehlmdbrthp plattmg] Yeal capalﬂao’éenabhng

fer as recite claim 1, the_platin
mﬁE‘HtF B %Hftgmvv%ea&ﬁ? ?lgg&e ofthg srafrand s Rl Iﬁ @ &&3&% gjter and
p1q§lllgp{&a|a;@clﬁfgegl ectrolytic solution and a plating 20
chem stry that enables netallic plating. 3. An

el ectheppitiagihagl tupther @imysisingr el ectropl ating a surface
of a wafer %s recited.in @Ia|n11 mheﬁeln t he

ata .
obt ai ned  YOHEE RESOLPALERaRle AL Bmsiag v oftaes gty 65W8en the plating
det e iy WARrabd\or i Ghfebdpiead s posi tioned at

| east partially over the wafer. 25 4. An
eI ect r opl atongpllappanlt 0f raceiving] dact ﬁraup itizxt vohigg@sepsorfpropthe data

waf er ecite claim n
0 o See e sintfle P ain g SRRl Shpdal S0 5T TR e applied

waf ey hkagbdd \Tvﬁénetﬁe gﬁ fiag hidd 19bﬁ%écf‘i§i &&tlbﬁ@O\%i' % surface of the
subt ended by t t1ng head. 57An el ectropl ating

appawafeus for electroplatlng a surface of a wafer as
recited in claim2, wherein the neniscus is
mai nt ai ned by a surface tension gradient of a fluid

cont gi ni nﬁn%fé%tr@ﬁlaﬁﬁ? r@ku%}dsrfgr AB&RIpSAinY aRNHa@Mbf a wafer as recited in
el ectrol yte betwee plating head and the surface
clafm 1 hehexeihighe plating head further comprises:
a porous applicator capable of delivering an electrolytic solution and a plating

chemistry that enables metallic plating.

3. 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.

4. An electroplating apparatus for electroplating a surface of a wafer as recited in
claim 1, wherein a meniscus formed between the plating head and the surface of the wafer

facilitates metallic plating on the area subtended by the plating head.
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5 6. An electroplating apparatus for electroplating a

surface of a wafer as recited in claim1, wherein the

controll er capable of receiving data fromthe voltage

sensor pair ensures that electrical current applied

at the surface of the wafer is proportionate in

magni tude to the surface area of the wafer subtended

by the plating head and the mgniscus. 10 7. An

el ectropl ati ng apparatus for electroplating a surface

of waf e ' ' [

col et ed bgpf s Appftptuf 1 RechopiR P ric 1t a recited in
clgmod; ivderan theanatistus tsfma:imarr&dﬁJytacsutfeceﬂplpﬁloreg"aﬂnyntt dfe flmd

de wh I h
coggagqlgg H)éeergﬁ}h g]@gngtplt{;r% ead 13 l%sra ed In etpi %?12 head and the
su?l#ac%%ftﬁ Lakd-ng apparatus for eI ect ropl atl ng a surface
er as recited in claiml, wherein the
el ectroplating apparatus further conpri ses a

proxi mty head capabl e cl eaning and dr of the
surfice ohn eleetrepdftine; apperARs §%cmopgau gqgﬁﬁf il é&gaﬁqj as recited in

t
leiPP de%ll?e(lgéﬁfl %‘heeggon{rglﬁ)éf cﬁpsﬁ)aée)m C@ﬁx\g’flg gétﬁ\lﬁoggﬁggg%ggce?égﬁ 'b§1r ensures
thalm’dedtmﬂ) cumpaytit amlmdhwt}ze sarfakeao fphew afler is)pr(qformﬁamMSnagmtude to the
abl e of renDV|ng fluids prOV|de i nputs or

Surfaaff prsa ghitre pedsr gpiEngsddydhs Plgting hea §E}¥ flhecleefawﬁ he

wafer. 25 9. An electroplating apparatus for

el ectroplating a surface of a wafer as recited in

cl aiTn An elbh&d&pihtﬁng dpparsafsdor dlsctephtitip heaﬂf:ho; of havafedis ascited in

t he cat hode erfétan el ectrical contact.

claimp brwhsgeia thedptagnblsetsd by thegonapberay 6‘&1%2?'{] ﬂboréerstarpr%‘e%e an
{:
oflpf o B Bt GEILEL 1 ano it MASHERPAL D Blaced i postions
ovat theharfaaf efithe @@fc23 11. An el ectropl ati ng appar at us
for electroplating a surface of a wafer as recited in
claim2, wherein the plating chemstry is defined by

an agueougy, %f%t:tlll’(gﬁl&ﬂxrg a%éaﬂ{"d@tfblr@e bl@lhﬁ% ﬁ Wéclé%'fggva@er as recited in

copper materia materi al
claiai &rwigdreinahd dadtoplacmgapearatad further donipiseum material, a
tungsten materi al co ?It rraterieH,, an at\IIon
materi al @ Br,oxgmgblgﬁgaéng e cleaning and drying of the surface of the wafer;
the proximity head comprising;

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.

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

claim 1, wherein the wafer is electrically charged as the cathode by an electrical contact.

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

claim 9, wherein the electrical contact is made to an edge exclusion region of the wafer.
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5 nmetallic material. 12. An el ectropl ati ng appar at us

for electroplating a surface of a wafer as recited in

claim1, wherein the electroplating apparatus is part

of a cluster of equipnent capable of processing

wafers. 10 13. An el ectropl ati ng apparatus for

el ectroplating a surface of a wafer as recited in

claim 12, wherein the equi pngyst capabl e of processing

waf ers includes one or nore of an etch system a

cl eani ng gy §1Eaf8 18ing"a: ?Sgé}gtﬁ ¥o§tef€&ro§1agxlf%£r§tﬁﬁ{ce of a wafer as recited in

mechani cal pIan rrzation system eposition system
clainml, avtteadin dre Iﬂ@tﬁtg&hbma;tﬂylis thefmicd plyn smemolaticmaﬁk 'phlg'ng metals

tem an 15 in peCtléﬁaﬁ f and one. or f
‘“W‘g 78 BEPPPEA P A TPk BIaffEIR & falliyng mage t%taata materlal a
tlt&:naltn rﬂ&eﬁalsyfufng&& RhteRal chISal HAERA B ﬁ ?EHAIP& Feomposite
ating mehi sctis over the sur ace of er, the

mﬂ&ﬂknm@aﬂﬂnlscus having an applied charge to enable

plating of a netallic material; 20 noving the plating

meni scus across positions of the wafer surface; and

contyol |i

co tha (hackafi SlbaeRaRIBlop Aok Sk PR NaRi S recited n
clafenl , sehesein therabootrd platng aispatdtas ip eait bif @ nlistef of dymipmadng capable of

surface wherein varying the applied charge ensures
mPﬁﬁP“&“Bﬁ%%lng | ayer is substantially uniform across

the wafer surface. 25 15. The nethod of claim 14,

wherein the controlling the applied charge provides a

subst3ant i Aah klgctr@datiptapgdaratus fagdectrophtieg pkatice@f a wafer as recited in

chenmi stry on the surface of the wafer when erform ng
clpifel 3 Whefsigythesguipgrentrnpable ohBrcesng vafers fludgh apepimort of an

f:t&l{1 sféﬂptar gf%a}'l n@%ﬁtg‘g? @xgzldirgfsgst&qaﬁ gl?enﬂﬁﬁ é%ﬁe?m%‘} tpﬁananzatlon system,

taﬁtl nt denS|ty rou
a d)é}:@t;lltmg sﬁn@m intplantamion agserh helithogrhploesystent, heﬂask\mg 8ystem, an
17. .An el ectroplating apparatus for electroplating a
ingRectiaR: &stsm. AARePr mew A Fidrangeorsand qontipl mgchaaigens.
configured to be positioned over the surface of the
waf er is capable of being electrically charged as an
anodst. f or A phattiodnfyr platieg aklrface Ioﬁy wafamvm;irh'mgs urface of
the wafer, the plating head b fu&@?er ca abl e of
pr ovaEPH’@ ad)lgtmgsrpemwgp avgéb@\gg c§ ﬁfSth5| qrntée P atmg meniscus having

an applied charge to enable plating of a metallic material,

moving the plating meniscus across positions of the wafer surface; and

controlling the applied charge of the plating meniscus so that the applied charge is
varied when the plating meniscus is moved across the positions of the wafer surface, wherein
varying the applied charge ensures that a plating layer is substantially uniform across the

wafer surface.
15. The method of claim 14, wherein the controlling the applied charge provides a
substantially regulated voltage to the plating chemistry on the surface of the wafer when

performing the plating.

16. The method of claim 14, wherein the controlling the applied charge provides
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head and the surface of the wafer; and a proximty
head configured to be placed over the surface of the
wafer, the proximty 10 head capable of following in
the path of the plating head and capabl e of processing
the surface of the wafer. 18. An el ectroplating
apparatus for electroplating a surface of a wafer as
recited in claiml17, mhermln4he first fluid

conpri ses one of electrolyte water, and a plating
o B O A M L3,k et

wafef.er; and the wafer is charged as a cathode by an
el ectrical contact in an exclusion region of the
wafer. 19. An el ectropl ating apparatus for

el ec ' -
oo B0 OB LA A SRRl s
an aa:]pﬂeﬁm@h&dlcunﬁ aned orbeploaitiongl ovet dlesurfacd (bfdhcﬂgfaﬁ:r is capable of

per material, a nickel material, a thalli
beiad @F?tapallmhfir&ﬁ@ a3 Yhanede &ripkatingp metallig GO R jugface gf the
|
wgfép Ql’?é Iﬂﬁtir{ﬁgfﬁe%g 'bglgﬁp Osl‘lfe? g%ak%sét@a lth(g\}I@lh tagfrﬁs@“d_l@%%twﬁ%rf th&lﬁ)latmg
lumﬂendﬂmmhﬂhmng%hﬁwakQMMé for electroplatlng a surface
of a wafer. as recﬁé n claim17, wher he flu g@
benehPRXIHE brad ep ed o s Hlased fuérdhe HsEC 6 thﬁw&ro [proximity
B th
h%h“c&ga% z((efI vva‘?%l% ﬁ%%% . Ofﬂt\ﬂé @I ec fr%%gl%e]\? ?L g app r %cea%ng ©
surface ef thctwadpl ati ng a surface of a wafer as recited in
claim17, wherein an area beneath the plating head
defines localized plating, the area being |ess than
an eqgire I
o el opra¥ ltbubilg i Bl T G aoplsife S facp of  water as recitedin
claiin 87, welfeedin @& firstcihtié domprih anmﬂfmectme d:i)IrwaBr exmldzlg/platmg
curr ent sensqr enabl es nmonitori

chegtigny where) glegtipdytic pzepersa\esaféheeﬁw %wd é@%@@t@é ﬁlesm%lgm&?lmg to
the Wak@CEndthe @/aY@ﬁseéha%%mﬁE h%%tﬂgde gyparﬁelpétf}&éfl @Qnt!?&?ﬁjgn exclusion

capabl e of bein tioned over the surface o
1@@&&@ﬁﬂ&ﬂdﬁbﬁpable of being electrically charged as an
anode, the plating head capable of enabling netallic

plating between the surface of the wafer and the

pl at M‘g h%@glew(%laﬁr{ﬁpWaﬁfs f@f‘geoﬂloﬁfa'tlﬁg aREALVS wafer as recited in

charg
claim 18 wherem the plating chemistry is defined by an aqueous solution for plating metals

including a copper material, a nickel material, a thallium material, a tantalum material, a
titanium material, a tungsten material, a cobalt material, an alloy material, or a composite

metallic material.

20.  An electroplating apparatus for electroplating a surface of a wafer as
recited in claim 17, wherein the fluid beneath the proximity head is one or more of isopropyl

alcohol (IPA), chemicals, dilute chemicals, and de-ionized water.
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20 the plating head further conprising: a voltage
sensor pair capable of sensing a voltage present
between the plating head and the surface of the

waf er; and a controller capable of receiving data from
the vol tage sensor pair, the data being used by the
controller to maintain a substantially constant
voltage to be applied by the2smnode when the plating
head is placed in positions over the surface of the

waf ef;  a }Qﬁ%ﬁf:tr(gkﬁﬁtg'}ﬁcﬁﬁggﬁtﬁﬁ 2@1{/\% eroﬁ}%ﬁﬁ b §u®dce of a wafer as recited in

transferring an osition during

clpimot B seticndn ammeta bewsatiptht pratiog pedal definés looaltzed plating, théiarea being
operation of the electroplating system 25 24. The

13%%/'3?%%‘ FIHfreté‘loé&}ter‘?ﬁfFraqt“ﬁ%@e- a surface of a wafer as
recited in claim23, further conprising; a proximty
head capabl e cl eaning the surface of the wafer; and an
eddy2Zur r &nkleseas atingcappalats fof el etmplating g sarfadeiof kivedsr as
of the netallic platin rovi ded by the pl ating head.

recited in claim 21, wlherePn an édd%]/ cureent\gé:nsor ena)éles mon?torin;g 0? locz?l?zed metallic

plating..

23, A system for electroplating a surface of a wafer comprising;

a plating head capable of being positioned over the surface of a wafer and capable of
being electrically charged as an anode, the plating head 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 comprising:

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 being used by the controller to maintain a substantially constant voltage
to be applied by the anode when the plating head is placed in positions over
the surface of the wafer;

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

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

24.  The system for electroplating a surface of a wafer as recited in claim 23,
further comprising;

a proximity head capable cleaning the surface of the wafer; and

an eddy current sensor capable of measuring a thickness of the metallic plating

provided by the plating head.



