WD 2007/ 123677 PCT/ US2007/ 007903 1 Apparatus and Method for Confined Area
Pl anari zation by Inventors John M Boyd, Fritz C. Redeker, Yezdi Dordi,

M chael Ravkin, John de Larios BACKGROUND OF THE | NVENTI ON [0001] In the
fabrication of sem conductor devices such as integrated circuits, nenory
cells, and_the 1ik a series of manufacturing operati r ornmed to
defi ne fea?vlﬂ'@gm&ﬁﬁeﬁsem conductor wafers. The sem condgc lggzn%@g{ois i ncl ude
integrated circuit devices in the formof nmulti-level structures defined
on a silicon substrate. At a substrate Level, transistor devices with

di ffusion regions are forned. In subsequent |evels, interconnect
netalization lines are patterned and electrically connected to the
transistor devi cefpparaieis gl Megifod for OotifigsdArda @unarizadioi ce. Al so,
patterned conductive |layers are insulated fromother conductive |ayers by
dielectric materials. [0002] During gdri ve i nterconnect manufacturing,
a netal |layer is deposited on the fer. The deposited netal wll fill

regions on theyygf .rséyatm%.ﬁ%ﬁéﬂeﬁrvézaﬁf)ﬁfdg%cﬁwm%, oHR aL G aAN

features, faster than-larger regions, such as trench regions. Because the
smal l er features may span&iz& h\z)%bi.r iyt he wafer, it should
be appreciated that these argéLareas~U#ﬂ§%g&ggéer*nay have an i ncreased
t opography. The increased topograph regi ons n%Fd fo be planarized in
conj unct i ol9001k ¥ e fabrication pb serBcoRRStay S8 86° i‘sowaéﬁﬁfj“?“é i gFEory

Si nul t aneous, pl anari zation of both the increased agg)dgire ed toggﬁéaphy
areas of t¢ralsygiddhe bk aseries of manufagiuring gperationsareperopmed f define fapur nt

pl anari zation of_ the increased {opography. areas. of the wafer, an extended
bver pol | ShHRICOTSFPE HafFRy BBe FERSPREIIOTIAERD dhe i BEETHed TPt HE P it ed

topography areas of the Vefer .o this sxtended overpoliehi ng. peri.ad,my

devices with diffusion regions are formed. In subsequent levels, interconnect metalization
lines are pattemed and electrically connected to the transistor devices to define a desired
integrated circuit device. Als.o, patterned conductive layers are insulated from other
conductive layers by dielectric materials.
[0002] During conductive interconnect manufacturing, a metal layer is deposited on the
wafer. The deposited metal will fill regions on the wafer between smaller features, such as
sub-micron features, faster than larger regions, such as trench regions. Because the smaller
features may span relatively large areas of the wafer, it should be appgeciated that these
large areas of the wafer may have an increased topography. The incréased topography
regions need to be planarized in conjunction with planarization of the decreased
) topography .regions. Simultancous planarization of both the increased and decreased
topography areas of the wafer poses a challenge. For example, fo achieve sufficient
planarization of the increased topography areas of the wafer, an extended overpolishing
period may be required. However, exposure of the decreased topography areas of the wafer

to this extended overpolishing period may cause removal of too much material from the



WO 2007/ 123677 PCT/ US2007/ 007903 2 decreased topography areas, e.g., the
barrier layer underlying the deposited netal nmay be undesirably exposed
and/ or damaged. SUMVALtY OF THE | NVENTI ON [ 0003) In one enbodi nent, a
proximty head is disclosed for confined area planarization of a

sem conductor_wafer. The proximty head includes a ch i to
mai ntai n an @ BEEE4) yte solution. A cathode is di spozg(gle/{']/\fztgﬁoﬂ%tgﬂe chanber

in exposure to the electrolyte solution. A cation exchange nmenbrane is
di sposed over a | ower opening of the chanber, such that a top surface of
the cation exchange menmbrane is in dirett exposure to the electrolyte
solution to be maintained within the chanber. The proximty head al so

i ncludes Qeérealed @b@%ﬁﬁ@arﬁ., @evaffd 1hRr GXBElyidel Hé detisisdt Jng%g%#a? bo | ,

adj acent to a | ower surface t he cati on exchange nenbrane.

a vacuum hassneblylekpsiRl hi®8r dhaghy.OvVi de suction at a |l ocation adjacent to
the .lower surface of the cation exchange nenbrane, such that fluid to be

expelled fromthe fluid supg & ofk! oW over the | ower
surface of the cation excha : anot her enbodi nent, a
met hod i s . disclosed for..confined, area pl.apar,i zati on of sem conduct or
net ord T JO0 e bl araR, o PRk Rl e S ned er e e
over and proxi.mate to a.top, surfac f Aa. sem conducy or fer, such that a
Ont ! on o B SR P B Proainiie Bref g IS 8 PABhe doBed b maiiein &8 of
t he sem conduct or .er. . The t hqd al so i.pcl ydes, an operation for

di sposi ng e%r‘ﬁ@#”%cf&@&%‘e%fﬁ?ﬂ?ﬁﬁ AR n“’éfg’l"og‘e chany Egino?xppﬁge '8t 5n
exchange rane and a,cat.hode, The nefhod, fyrther includes flow.ng
ot e o R AR silionn ASSHT Foh PaBLr0Y i9 (OB pY5h o (P ARGEEBr Bianc
and the t urfa f the sem ¢qnduct or fer. bi as .vol tage is then
appl i ed bEDWEER: TEE g5 O e 5 e s S BHEbErs Rk Sred fapastie ©
cat hode, eg: tclle%trr]glgrtecéab llm%rxlastol llxebrenrélafﬁaei\rqedf gv?tmnt Hl% chamber. The proximity head also

includes a fluid supply channel defined to expel fluid at a location adjacent to a lower

surface of the cation exchange membrane. Additionally, a vacuum channel is defined to
provide suction at a location adjacent to the .lower surface of the cation exchange
membrane, such that fluid to be expeiled from the fluid supply channel is made to flow
over the lower surface of the cation exchange membrane.

[0004] In another embodiment, a method is disclosed for confined area planarization of a
semiconductor wafer. The method includes an operation for disposing a proximity head
over and proximate to a top surface of a semiconductor wafer, such that a cation exchange
membrane of the proximity head faces the top surface of the semiconductor wafer. The
method also includes an operation for disposing an electrolyte solution between a top
surface of the cation exchange membrane and a cathode. The method further includes
flowing deionized water between a bottom surface of the cation exchange membrane and
the top surface of the semiconductor wafer. A bias voltage is then applied between the top '
surface of the semiconductor wafer and the cathode, such that cations liberated from the

top surface of the semiconductor wafer are influenced fo travel through the deionized



top surface of the sem conductor wafer are influenced to travel through the
dei oni zed WD 2007/ 123677 PCT/ US2007/ 007903 3 water, through the cation
exchange nmenbrane, and through the electrolyte solution to the cathode.

[ 00051 In anot her enmbodinent, a proximty head is disclosed for' confined
area planarization of a sem conductor wafer. The proxim h i ncludes a
chanber deVPHY12¥7" mai ntain an el ectrol yte solution.]xﬁbgﬁwgﬁggﬁg di sposed
wi thin the chanber in exposure to the electrolyte solution. A cation
exchange nmenbrane is di sposed over a | ower opening of the chanber and in
direct exposure to the electrolyte soluBion to be maintained within the
chanber. The proximty head further includes a fluid supply channel defined

to expel flhid thr@ﬁglf“AlthleQQQtSﬂ enasllednEMtrahd afld &Y {iiegga fsohtliBn ¢&keON

exchange nenbr ane. so, a vacuum channel Ts define rovide suction at
a |l ocati on.ggacent to the | ower surface of the cation exchange nenbrane,
such that the fluid-to be expelled fromthe fluid supply channel is nade

to flow Ov?boé]hﬁ Les: SHibb@ninl at PRxGALY A8 X N AIRsLE %ﬁﬁxaed area

Additionally, an electric current measuring device Is connected to nmeasure

an el ect ri SlakaizEtedi ofld @WidIHIRME wartP &HE ?}J}ﬁﬂi KERPRAR IR EARE: defid&d to

nmeasured electric current enables detection of a planarization endpoint.

[00061 | n @nathein SRERI|ERBIutioR AR isidbosd WARH hPinafBEEH dx qug%teo

pl anarization endpoint’in a confined area planarization process.

met hod i Ncihb dRSwAeQBRIBR ARafil exclliniHRARdrtEafs R dRpbIEdl Hreh E RlveP Y HEniANEE

proximate to a top surface of a sem conductor wafer, such that a cation

exchange ngalhafger@hd i Girdt QpddioNBAHERARE sbitfiok APbe HalnBfifedAitthil) She
sem conductor wafer. The nethod al so i ncludes an operation for disposing an

el ectrol yt @anibel, dthi probalipaes Rrth@Rndidds A budphecHathd] QBRFHGH 23R8 AlRITDT ane
and a cathode. The nethod further includes flowing deionized water between
a bott om syrf1868ioR kdfzbht €24 1dWer surface of the cation exchange membrane. Also, a vacuum
1 channel is defined to provide suction at a location adjacent to the lower surface of the
cation exchange membrane, such that the fluid to be expelled from the fluid supply channet
is made to flow over the lower surface of the cation exchange membrane. Additionally, an
eleciric current measuring device is connected to measure an electric curent flow through
the cation ecxchange membrane. The measured electric current enables detection of a
planarization endpoint.
[0006] In another embodiment, a method is disclosed for detecting a planarization
endpoint in a confined area planarization process. The method includes an operation for
disposing a proximity head over and proximate to a.top surface of a semiconductor wafer,
such that a cation exchange membrane of the proximity head faces the top surface of the
semiconductor wafer. The method also includes an operation for disposing an electrolyte
solution between :-1 top surface of the cation exchange membrane and a cathode. The
method further includes flowing deionized water between a bottom surface of the cation

exchange membrane and the top surface of the semiconductor wafer. A bias voltage is then

ap;;lied between the top surface of the semiconductor wafer and the cathode, such that



exchange menbrane and the top surface of the sem conductor wafer. A bias
voltage is then applied between the top surface of the sem conductor wafer
and the cathode, such that W) 2007/ 123677 PCTI US2007/ 007903 4 cations

| i berated fromthe top surface of the sem conductor wafer are influenced to
travel through the deionized water, through the catiop nbr ane,
and througﬂ“% g”ugﬁéctrolyte solution to tge cat hode. %ﬂﬁé%@?ﬂﬁﬁmgﬁrther

i ncludes an operation for nonitoring a flow of electric current through

t he cati on exchange nenbrane to detect $n endpoi nt of a planarization
process. The endpoi nt of the planarizatfon process occurs when the
nonitored flow of electric current is observed to level-off. (0007] In

anot her _e s MAtucedtifth UK Bp!sfBEGE 1S slhibehaed vietir 20 tifluaarkdac eavel

pl anari zat1 on a sem conductor wafer. The proximty head includes a

chanber defl el il aciBRkaH Yalbr AhrllghOhE Ualide® cRdHatigd attmblukpbfideosgh tosposed
within the chanber 1n exposure to the electrolyte solution. A cation

exchange fﬁ&‘%ﬁ&? sbidh SIBORRA cA%Bde. AThe WadtheP Sttty DEIdéd anChgariin, fauch
that a top surtace o% the cation exchange nenbrane is in direct exposure

to the el SRLLRLALS AR UF bROrbQuRSn WidER kAhsh hitinkd\doahbambaes dotéitan
proxi mty head arso 1ncludes a fluid supply channel defined to expel fluid
at a | ocatdan.a0hacRMariich proV&E. Theh oTfthd flenRbticprovsd actges wismbr ane.
The fluid to be expelled fromthe fluid supply channel is nade to flow
over the | QUBl Gl A& dtcldhR GilehiaB oBeEh@R@RvaRsHr ane. 100081 Ct her
aspects an aébantages of the invention will becone nore apparent fromthe
fol I owi ng fé@frf)iﬂ:e%&ﬁéc elBbiRibnt | @k Broxiditg ORad NG idiselaskd hfot heonfinebremyi ng
drawi ngs, " i1llustrating by way of exanple the present invention. BRI EF
DESCRI PTI Cgim%zlﬁﬁ SRA NG dlTk e afed. T ploxSinitp hidd includehecmiiber dkfmgd &m
Illustrating a silicon substrate having a copper |ayer deposited thereon;
maintain an electrolyte solution. A cathode is disposed within the chamber in exposuse to

the electrolyte solution. A cation exchange membrane is disposed over a lower opening of
the chamber, such that a top surface of the cation exchange membrane is in direct exposure
to the electrolyte solution to be maintained within the chamber. The proximity head also
includes a fluid supply channel defined to expel fluid at a location adjacent to a lower
surface of the cation exchange membrane. The fluid to be expelled from the fiuid supply
;  channel is made to flow over the lowqr surface of the cation exchange membrane.
[0008] Other aspects and advantages of the invention will become more apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

PSS AR L I A e ]

) Figure 1 is a simplified schematic diagram illustrating a silicon substrate having a
copper layer deposited thereon;

Figure 2A is an illustration showing a vertical cross-sectional view of a proximity

head positioned over and proximate to a wafer to be planarized, in accordance with one

embodiment of the present invention;



Figure 2Ais an illustration show ng a vertical cross-sectional view of. a
proximty head positioned over and proximte to a wafer to be pl anari zed,

i n accordance with one enbodi ment of the present invention; WO 2007/123677
PCT/ US2007/ 007903 5 Figure 2B is an illustration show ng a horizontal

cross-sectional view of the proximty head of Figure | dance
with one eMSbPHEAYof the present invention; Figure é@rfpézgg@%ﬁ% ustration

showi ng an exterior view of the proximty head, in accordance with one
enbodi nent of the present invention; Fi gure 2D is an illustration show ng
the proximty head el ectropolishing fufctionality that enabl es confined
area planarization of the wafer, in accordance with one enbodi nent of the

present inventigghye PEIW Gn 3BudtiBR Ahblvitd! baldr2Bnd eMsecfiofdl OXEWI &Y tisead
that does not incorporate a vacuum channel, in accordance. with one

enbodi me mpr&tinﬁl%@neﬁ S50 Rlre bRY ftcbSdandsivill! &% edodimeAf 6f Be PR ;ﬁnﬂﬁtri]on;

illustrations show ng traversSal of a wafer beneath the proximty head

during the confgingd 2f RmPIIRGH AN HoR i i SRS Hor 1HBWIGEREGRBERIY Hela ORe

enbodi nent of thé present 1nvention;, Figure 4 is an 1llustration show ng a

chart of  eb&ahildce withdng RhbbaidiWhnl Sk HEPNEER ivBRtonsal er and the cathode as a

function of tine during the confined area planarization process, in

accor dance vit e SBDAMIAP Hindaribd HRUARE Hhe | YRR Hoad Wodtloitidhing | S 2N

illustration showng a flowhart of a method for confined area _
pl anari zatg, a0k tﬁa‘%'&hﬁﬁ’é&%ﬁhﬁé'd ME{EaanAﬁ@&G%QW& ¥ dcBoraRfe SRS NT

of the present 1nvention. DETAILED DESCRI PTI ON [0009] In the follow ng
descri pti QhnhoditAGH 8tihe pRAGAhventlgh:2i | s are set forth in order to

Figure 2E is an illustration showing a proxinﬁi;'y head that does not incorporate a
vacuumn channel, in accordance with one embodiment of the present invention;

Figures 3A-3C are a series of illustrations showing traversal of a wafer beneath the
proximity head during the confined area planarization process, in accordance with one
embodiment of the present invention;

Figure 4 is an illustration showing a chart of eleciric current flowing between the
wafer and the cathode as a function of time during the confined area planarization process,
in accordance with one embodiment of the present invention; and

Figure 5 is an illustration showing a flowchart of a method for confined area
planarization of a semiconductor wafer, in accordance with one embodiment of the present

invention.

DETATLED DESCRIPTION

[0099] In the following description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It will be apparent, however, to
one skilled in the art that the present invention may be practiced without some or all of
these specific details. In other instances, well known process operations have not been

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



provi de a thorough understanding of the present invention. It wll be
apparent, however, to one skilled in the art that the present invention
may be practiced without some or all of these specific details. In other
i nstances, well known process operations have not been described in detai

in order not to unnecessarily obscure the present inveption. 2007/ 123677
PCT/ US2007 V80 P4h433675 [ 00101 During copper interconnectpégﬁﬁ?%%ﬁ%??ng on a

sem conductor wafer ("wafer"), a copper |ayer nay be deposited on a

seed/ barrier layer using an electroplating process. Conponents in the

el ectroplating solution provide for apfropriate gap fill on sub-nicron
features: However, these sub-mcron features tend to plate faster than the

bul k ar eaﬁ()ﬂ?ggDuh{i‘é a6 e[' RO O eE0n aca{lmﬂg on 4'seAPhAlAG Wafe "R, dhe

sub-mcro Ions” ar ypi cally ound in large nenory arrays such as

static rag S REbsticd oM aGRP 15RARsink Hn08 étfc%%‘ﬁnf bdags. waf er .

It shouldcﬁggg%%gggﬁgted %ﬁg§ thiglg%ﬁges Iéﬁge gﬁ%as o? t he mg#gr to have

addi tiona t AAS sSIREREpBYRL 36 Zfropriate SF0HN o8 Rub-ritbe

| ar ger ;rEﬁ%ﬁngﬁﬁﬁgﬁﬁ t_g?ﬂgﬁggsneed o be planaf?;éd. [0011] Figure 1 is

a sinplif 'feea%gs? RENRLLE o5his Shiiibh YSTicd tRd & phitd EARP tRanE balkerbiR\Whdg 2

copper | ayer eposited thereon. A copper |ayer 103 is deposited on a

soed! barf hfber (R olhe i%ﬁo%@atzpfhaﬁllaﬁﬁaun.r%mﬁﬁém«ﬁﬂ 2 eypicatiyafl er
ectro

101 using ating process. As previously nentioned, conponents

in the el %‘&I{dﬁﬂ habd g%m%f}} éﬁd#@ Budd R\ rirfbmIR0sks m&% (SRARN, dnl RartbpanON

features, 'Such as“sub-m-ron trenches in region 105, but these features

tend 10 RLAL Gk 5t GE hR! WRIPHS KopRlcRisl @Rknis/cBRED 1dr E0oof Wb wilticko 109.
ons or "steps in

Hi gh regi the topography of the substrate, illustrated by
region 11 i SHR-A0:8¢ Wbe hizaRekd! 80b@BidDR thEhager Gtaps are
al so refe}?géggghggﬁxgﬁgggﬁylI" regionsébThe superfill region 111 is

(igf?i ned b%ﬁgm%grd&%g‘?{o,{,gﬁl%&@& field regions 108 and trench regions
and . e superfill region 111 nust be planarized in conjunction

with the t[ﬁ@ﬂ% rﬂBﬂX 1 is a simplified schematic diagram illustrating a silicon substrate having a

copper layer deposited thereon. A copper layer 103 is deposited on a seed/barrier layer (not

shown for clarity reasons) disposed over a wafer 101 using an eleciroplating process. As

previously mentioned, components in the electroplating solution provide for good gap fill

on sub-micron features, such as sub-micron trenches in region 103, but these features tend

to plate faster than the bulk areas and trench regions 107 and 109. High regions or "steps"

in the topography of the substrate, illusirated by region 111, result over the sub-micron

trench region 105. These steps are also referred to as "superfill" regions. The superfill

region 111 is defined by thicker copper film than field regions 108 and trench regions 107

and 109. The superfill region 111 must be planarized in conjunction with the topography

) " over the field regions 108 and trench regions 107 and 109.
[0012] Current planarization techniques are not suited to handie the superfill iopography in
an efficient manner, i.e., planarization techniques are sensitive to pattern density and

circuit layout. More specifically, chemical mechanical planarization (CMP) pracesses often

must be tuned according to the incoming wafer properties. Therefore, changes are made to



over the field regions 108 and trench regions 107 and 109. [0012] Current
pl anari zation techni ques are not suited to handle the superfill topography
in an efficient manner, i.e., planarization techniques are sensitive to
pattern density and circuit layout. Mirre specifically, chem cal nechani cal

pl anarizatjon (CWV?) processes often nust be tuned according to_the

I ncom ng m&?ﬁ@&%V &rties. Therefore, changes are nadeg?ﬁU%@Y@@6W3123677
PCT/ US2007/ 007903 7 the CMP process (such as changing step tines,
overpolish tinme, or endpoint algorithnms, for exanple) in order to

accommodat e variations within or betmeeﬁ wafer lots. Also, such changes
are made to the CVP process to acconmpdate different pattern densities and

circuit | ayoutvir e iieh adciRRe¥alsehSintl &0 el t ﬂﬁtﬂlﬁ{ Lol i nes.
[ 0013] When attesrrtgti ng to pgrfgirﬂraﬁsgbsli ngs16e0 S}g?g]g’;%s?no t dggt opo%?(gjphy

having  supgfubid) lin '02@H: Q8 Sccdthbdns Viﬁﬁﬂioﬁp' fhird B b@t%% Wi YO ATeH, shih

trench regions 107 and 109 when overpolishing Is perforned in order to

conpl et el Yeha®sER Vilte nhhle 18 NERE RINID (rORRE o hE ' hQResladt
Additionafiy, noteonlg is the Cﬁ% proé%%gg@ggﬁgﬁégﬁgg&ﬁg#%géqgﬂgﬂﬁ%%%%ss

copper i n diRgit $3B88islehd dunteeqi &m&éé,ofhﬂ&eiﬁb&?d%amﬁﬁeﬁﬁﬁg hﬁ?s.al so required to
(0]

perform this renoval in a manner that- follows a contour the wafer. The

contour of[odis] WRERRttbSptifl!f HOFWAY aNGSSe | NPT §ibtesk ont B %Lgérﬁéi@rﬁ%fgt rate

of the wafer. The waviness is typically on the order of on to 0.5

i cron t otsaperfifli KBRS Txtdkiva disBihg {dl&rERén EMORLPHERSRD HBond Ph7 é:#i faply
deal with both superfill region topography and wafer contour, while

ef f ecti velwhendvaipalisihg B fREBRAed IRRPAT 3 Bimnh1Btehy 18mbb e ReAR Hink| gi ons.
Furt her nor e, theﬂ?ost %frﬁbonsunable; and %ﬂgte t r eat ment ofgfﬁé&%%%

process eftht bkl fegRinChl1. WaaioHal®), ndd KA idtBe CONEPosbss Yool 3 Rinfie @k and

solid waste) is high. [00141 The present invention provides an apparatus
and net hodexteys cBBdr ok Meip&BNrbged 11 AR afl @ﬁ@rqmﬁg 2210 CoRkreB o e’

using el ectropl anarization with m ninmal chem ca

this removal in a manner that follows a contour of the wafer. The contour of the wafer is
due tc waviness inherent in the silicon subst-rate of the wafer. The waviness is typically on
the order of 0.2 micron to 0.5 micron total thickness variation. Current CMP processes do
not suitably deal with both superfill region topography and wafer contour, while effectively
planarizing other topography in the trench and field regions. Furthermore, the cost of
consumables and waste treatment of the CMP process effluent (typically acid or alkaline
chemistry containing Cu and solid waste) is high.

[0014] The present invention provides an apparatus and method for performing confined
area planarization (CAP) of a wafer using electroplanarization with minimal chemical
effluent in the waste stream, More specifically, a proximity head is used to establish a
closed-loop cathode half-cell relationship with the surface of the wafer to be planarized.
Figure 2A is an illustration showing a vertical cross-sectional view of a proximity head 200
positioned over and proximate to a wafer 223 to be planarized, in accordance with one
embodiment of the present invention. The proximity head 200 structure includes an

electrolyte chamber structure 215 and a peripheral structure 217. The electrolyte chamber



effluent in the waste stream Mre specifically, a proximty head is used
to establish a closed-|loop cathode half-cell relationship with the surface
of the wafer to be planarized. Figure 2Ais an illustration showing a
vertical cross-sectional view of a proximty head 200 positioned over and
proximate to a wafer 223 to be planarized, in accordance with one

enbodi ment W& 2% esent i nvention. The proxinity healbCEBRHEHPRHE ure

i ncludes an electrolyte chanber structure 215 and a peripheral structure
217. The el ectrol yte chanmber WO 2007/ 123677 PCT/ US2007/ 007903 S structure
215 is defined to hold an electrolyte s$lution 211 therein. In various
enbodi nents the electrolyte solution 211 can be static or circulated. A

dei oni zed ¢ e 219 ﬁ’ip{iéﬁxﬁb RS an 2RérdiStelsORNBS 2D ARG 10 PRGSE REDbAIIRABA
wal I s of the electrolyte chanber structure 215 and near the center of the

proxi m ty Jead.200e sOn¥isk 24 Nced'88 Batic L sirdulatédATBEiohiebdRaRr biply clitael wal | s
of the el ectro?yte chanber structures 215 and the peripheral structure 217.

|t shoul o, RRREEGLAkEobibBing iiEmel WAlso?kE dodkloDEHantir sttioture2 Bildndand

peri pheral” structure 217 can be fornmed fromessentially any materi al

havi ng suf ' | & imtly HRED 260, 0 acuiH EHaBhA 25 GH &5fined between the
conpati bi Ir{e%“f/ﬁlgm'r&%wg?ﬁ{%?fﬂgg% ng materials. ac[ 00151 Figure 2B is an

1| st r at | g, S gidn8 ofiBirb B R/iainb6! AASnIG031s0fAl the iperipiafalldrectups 207 H ty
head 200 of Figure 2A, in aCcordance with one enbodi ment of the present

| nvent | on. g g 1) SR Baf BRMRIrOBAS kiie? sididhuic 21Shmdperiphdratictmgman
annul ar - shape, wt the deioni zed water supply channel 227 defined within

the centery@fc.hig ikl Bém SEaRGly Y amkdral Wikng hafitient Méchmitalseeditibandrhe
peri pheral structure 217 is defined to surround the electrolyte chanber

structure Mt cRemidaC@naRbility Wik aitdreiflyi rhattieds.ewi t h. Therefore, the
peri pheral structure 217 is also annul ar-shaped. As shown, the vacuum
channel 22@0!'1?‘1 rifehi #80isbet WMAREdE seivagk -0 hytifontd agrbsrsestionat tvieve of Tbe and
t he peripheral” stTructure 217. It should be appreciated that the vacuum
channel 225\‘0§Hﬁi€)9ﬂ£%32@0 REHigRE OA, Gh abtRdeicecbifipbyé embodiment of the present

invention. The electrolyte chamber structure 215 is shown as having an annular-shape, with
the deionized water supply channel 227 defined within the center of the annular-shaped
'elecixolyte chamber structure 215. The peripheral structure 217 is defined to surround the
electrolyte chamber structure 215 in a spaced-apart relationship therewith. Therefore, the
i peripheral structure 217 is also annular-shaped. As shown, the vacuum channel 225 is
defined between the electrolyte chamber structure 215 and the peripherai structure 217, It
should be appreciated that the vacuum channel 225 surrounds a perimeter of the electrolyte
chamber structure 215.
[0016] With reference to Figure 2A, a boitom of the electrolyte chamber 215 is defined by
)  a one-way cation exchange membrane 221. The membrane 221 functions to contain the
electrolyte solution 211 within the electrolyte chamber 215. In one embodiment, the
membrane 221 is defined fo have a thickness of about 0.050 inch. During operation,
deionized water 209 is supplied throngh the deionized water supply channel 227, as

indicated by arrow 201. The supplied deionized water 209 flows between the proximity



chanmber structure 215. [00161 Wth reference to Figure 2A, a bottom of the
el ectrolyte chanber 215 is defined by a one-way cation exchange nenbrane
221. The nenbrane 221 functions to contain the electrolyte solution 211
within the el ectrolyte chanber 215. In one enbodinent, the nenbrane 221 is
defined to have a thickness of about 0.050 inch. During operation

dei oni zed WXXP7BHG7i s supplied through the deioni zed &k 20%7@;3'6’% channel
227, as indicated by arrow 201. The supplied dei oni zed water 209 fl ows

bet ween the proximty WO 2007/ 123677 PCI/ US2007/ 007903 9 head 200 and the
waf er 223, over the nmenbrane 221, and uﬂ t hrough the vacuum channel 225,
as indicated by arrow 205. In one enbodi nent, the nenbrane 221 is defined

to have a b B3l vafBr 3730 G6eraHs BRAbRGE 22 DMndhpuhrdleR el vabiunh ehzaheut 2
i nches. Tﬂgﬂg?%§ﬁ&%PEthe nenbr%ne 221 correspong? to %%e | i near di stance

through whigh,d ﬂﬁicﬁt@h 8y bS8 2081 Blonk eRBBdireh® MelhiémSrAPE)) i€ Bemitalo B o 0
reach the vaéuum channel 225. 1t should be appreciated that a

subst ant | alldfy GARI £1gd iRl irohl Aoole95 iditowber2 2bfled Thé Gidihnethe

t hrough the vacuum channel 225, thus form ng a neni scus of deionized water

209 bet weep ol hine 5 PYchindids heAflardidahdianREE bhine deiblidhabsnaits ( e

meni scus o I onlzed wa is defined by a neniscus boundary 219. [00171

A cathode 213 45 BOS) Lh@RSH2 idvelcr A8 vabRimk bRidtEP22) anien Pddappiititant hode
213 is electrica connected to a bias voltage supply 207. The surface of

the wafer &%?aisﬂ?sltaﬁ%igﬁf HBﬁPfeﬁb 5hGurfl i O dQEhiNeE Rhter 080 ILREBSANMFoLEN tRNode
a

and is electric y connected to a bias voltage supply 208. The wafer

(anode) i S, iR AAEH 5, XnROThihiHe LhRfisvd bAASIoNZED wHASPEL betiweei ke
cathode 213 1 us, positively charged ions will be attracted fromthe wafer

5 223 t om[zg,xm £AHNAnA ke whitr OB £ phasHerESH the bitaisbiasr deinizeg evanetisveen
the wafer 223 dand the cathode 213 is nmaintained within a range extending
from about gdéhel vlyQ Abdths BSundary 219.
) [0017] A cathode 213 is positioned within the electrolyte chamber 215. The f_cathode 213 is
electrically commected to a bias voltage supply 207: The surface of the wafer 223 in
exposure to the deionized water 209 represents an anode and is electrically connected to a
bias voltage supply 208. The wafer (anode) is maintained at a positive bias voltage with
respect to the cathode 213. Thus, positively charged ions will be attracted from the wafer
5 223 toward the cathode 213. In one embodiment, the bias voltage between the wafer 223
and the cathode 213 is maintained within a range extending from about 10 V to about 25
V.
[0018] Figure 2C is an illustration showing an exterior view of the proximity head 200, in
accordance with one embodiment of the present invention, The proximity head 200 has a
0 rectangular shape defined by a long dimension (LD) and a short dimension (SD). Thus, the
meniscus of deionized water 209 between the proximity head 200 and the wafer 223 is
defined to have a substantially rectangular shape. In one embodiment, the long dimension
(LD) of the proximity head 200 exceeds a diameter of the wafer 223, and the short

dimension (SD) is less than the diameter of the wafer 223. Therefore, once the proximity



V. [00181 Figure 2Cis an illustration show ng an exterior view of the
proximty head 200, in accordance with one enbodi nent of the present
invention. The proximty head 200 has a 0 rectangul ar shape defined by a
| ong di nension (LD) and a short dinension (SD). Thus, the neniscus of

dei oni zed water 209 between the proximty head 200 and 23 is
defi ned to“ﬁﬁ@gﬁgmgﬁbstantially rectangul ar shape. In Bﬁﬂﬁgﬁ@%§% nt, the
| ong dinension (LD) of the proximty head 200 exceeds a di aneter of the
waf er 223, and the short dinension (SD) is |less than the dianeter of the
waf er 223. Therefore, once the proximt4% WO 2007/123677 PCT/ US2007/ 007903
10 head 200 has conpletely traversed over and proxinate to the upper

surface ofydab@onafaecom: 1%1%1}} ﬂa\;e%d@vreﬁﬁﬁd Eig»\:;ﬁﬁaté Reus 3 gre%lr?ggtgﬁ% »‘Iﬁ@ , the

entire upper surface of the wafer wll e been ex e nmeni scus

of dei oni zed WakSairkaE 8t the 56t BEMHsIBHIEDNGRE 200 u}?]pel:r QREH: Al ouehiine

proximty head 200 is described herein as having the annul ar-shaped

el ectrol ytigwe oSddft! EHelthhisth® o Ao NI PR UREE MY R PR iREy REAPRM, vacuum
channel 225, it should be appreciated that other enbodi nents of the

proxi mty foees RRkbusAMhd prekile, nealiPap ié?l&&leﬁﬁefdi Kerdi® B h&uﬁgﬁ{e%ﬁux&ﬁéha{,&f

el ectrol yte chanber 215 and vacuum channel 225. However, regardl ess of the

speci fi C oaeumRyb Shask sQWhak298 R c&h@splaﬁcﬁefg' HeuYor B d280un} LhanidlOkd D€

under st ood thap the deionlzed wat er shoy d be controlled to f!om/over t he
menbrane 22 khydill e phReiafRthHCotRerCShBddiheite df DR MR Ritnit) Bedd! 206 dhlidcii§ad 200

and wafer 223. In one enbodi nent the dei onized water 209 fl ows between the

menbrane 2Zheaiiniclif cmg%ﬁmoam@deﬁogﬁ%ﬁﬁ% 215 309 VaSthE BthnRE H250M
about 100 nUmn to about 2000 nl/mn. [0020] Figure 2D is an illustration

showi ng t hBoRERY! Rirtiefeatting Ahbcii CEdonRRN bctitighthtioh WPl RBRihehd 3bo,qnab! es

confined area planarization of the wafer 223, in accordance wth
should be understood that the deionized water should be controlled to flow over the
membrane 221 within the meniscus established between the proximity head 200 and wafer
223. In one embodiment the deionized water 209 flows between the membrane 221 and the
wafer 223 at a rate within a range exiending from about 100 mL/min to about 2000
mL/min.
[0020} Figure 2D is an illustration showing the proximity head 200 electropolishing
functionality that enables confined area planarization of the wafer 223, in accordance with
one embodiment of the present invention. The membrane 221 is defined as a polymer
matrix including fonctional groups that form a network of channels through which cations
can fravel, In one embodiment, the membrane 221 is defined by 2 teflon base including
sulfonic acid functional groups. In general, the membrane 221 is not permeable to wafer.
However, water molecules can be "dragged” along with cations through the network of the
functional groups. The membrane 221 allows cations to pass through the network of
functional groups, while preventing anions from passing through the network of functional

groups. Thus, the membrane 221 is a one-way cation exchange membrane.



one enbodi nent of the present invention. The nenbrane 221 is defined as a
polymer matrix including functional groups that forma network of channels
t hrough which cations can travel. In one enbodi nent, the nenbrane 221 is
defined by a teflon base including sulfonic acid functional groups. In

general, the nenbrane 221 is not perneable to wafer. %ﬁ»@ er
nol ecul es WRFIHEZT agged" along with cations through e %g 7(/(\]& of the

functional groups. The nmenbrane 221 allows cations to pass through the
network of functional groups, while prfventi ng ani ons from passing through
t he network of functional groups. Thu%, t he nenbrane 221 is a one-way
cati on exchange nenbrane. WO 2007/ 123677 PCT/ US2007/007903 1i [0021] Under

the influ d@NHRPRARICE AfCarl iaBSropRhtt A8 §akdgencaiivhd hwill easililyy moow e

t hr ough tﬁgﬁge%rane 221. 'Igheref orgﬁrphe menbrane 221 is suitable for use
inan el P RNl | nk OS2 1D A RTSel Ao HRMDYANRI2ZTIE §B kuitble for t@pipern from
t he vvaferﬁ%é . k%pec‘:allnfq’?&télal ly, nmetal E=cations, e.g., CQu' cations, can be made

to nmove f VR Afosess ForCremcVitRd @netdl) e cofiehodom2 it waker223ne
i nfl uencegfé&%a%? as véll gaggssapoglfed between the wafer 223 and the cat hode

213. As skgufigldlyFhbi Satidds, é.%?c&?nmiaﬂg 3R beirsadsap atcvk drbm fieowatbh223saf er
223 by the delonrzed water 209. Thus, the deionized water 209 provides a

medi um f Ori.e.t, laAGEHRD 88 theQdattoll8 208 uallerGAt ifiencecofa biaCwoltagecappliahbstwierotiet he
wafer 223 t0 the nenbrane 221. Upon reaching the nenbrane 221, the netal

cations CapRass iar@s einbdee2130alsbknah Higee 2Do e membraps 22b i spaatetine
el ectrolyte solution 211. Upon reaching the electrolyte solution 211, the

met al cat QRS i Whfel SEVE) the ActoliRe€ alah@ deo 2Mhisathd deienizkd vatbr 809 prdvides at hode
213. [002 In addition to providing a network of cation exchange pat hways,

the functiQnahm 16f RERPort ©fGhe mehiE caibrkpaips GET datiphsufosn thd when 22h¢éo thenbr ane
221 also serve to nodify a pH of the deionized water 209 within a vicinity
of the nenjLanene2d:. Uia reRBingthe@inehdbeane 221, the metal cations can pass through the
network of functional groups to reach the electrolyte solution 2'11. Upon reaching the
electrolyte solution 211, the metal cations will travel to the cathode 213 and be plated on
the cathode 213. .
[0022] In addition to providing a network of cation cxchange pathways, the functional
groups, €.g., the sulfonic acid groups, within the membrane 221 also serve to modify a pH
of the deionized water 209 within a vicinity of the membrane 221. The region of the
deionized water 209 that is pH-influenced by the membrane 221 represents a critical
boundary layer 233, as depicted by the dashed lines in Figore 2D. The pH of the deionized
water 209 withfn the critical boundary layer 233 is sufficiently influenced by the functiongl
groups of the membrane 221 to enable etching of a metalized topography 229 on the top
\  surface of the wafer 223, when the metalized topography 22'9 is exposed to the critical
boundary layer 233. It should be appreciated that the pH influence exerted by the
membrane 221 on the deionized water 209 within the critical boundary léyer 233 drops

within distance from the membrane 221, Therefore, etching reactions will occur at a faster

rate within portions of the critical boundary layer 233 that are closer to the membrane 221.



dei oni zed water 209 that is pHinfluenced by the nmenbrane 221 represents a
critical boundary |ayer 233, as depicted by the dashed lines in Figure 2D.
The pH of the deionized water 209 within the critical boundary |ayer 233

is sufficiently influenced by the functional groups of the nenbrane 221 to

enabl e etching of a netalized topography 229 on the to r f the
waf er 223, WHEH 12387 met al i zed t opography 229 is expose’gcy@%%@(&@??tical

boundary | ayer 233. It should be appreciated that the pH influence exerted
by the nenbrane 221 on the deionized water 209 within the critical
boundary | ayer 233 drops within distahte fromthe nenbrane 221. Therefore,
etching reactions will occur at a faster rate within portions of the

critical %ﬁaﬁﬁf | ,g% s BbReohald caRede221B. andQhe

2007/ 1236 PE‘EZ%%%% g%épal%Z 18‘6‘2;% égn%lﬁedra theei nfl uence of the bias

vol tage ap %(1| .?e?%gﬁ%‘ﬁ?eﬁﬂizwﬁ)ﬁaﬁgxhgﬁﬂ&%l%uﬁi& e wafePIs, mietaf catichb enchies al | zed
*THE sur

t opogr aph ace o0 waf er 223, netal cations such as Cumthat

are | iber edﬂia?a%hf‘befaé%i‘in&ﬂg?%ﬁ%%ix%ﬁoﬂ! $ohthid thd erifiéal bbemkryllaysn@as willay er

233 wil | e coordina ecul es of water, directed through the

nmenbr ane 22 é‘ﬁ%gcg%% ytcgégst %‘%ﬁl“'& e rAd ftEctéd Shrodgt i the B¥ABEIE 22Dfand e

netalized e wafer 223 to the critical boundary | ayer

under | yi ng, Lh DL 308G ' d1%8d b piveoimbt atdfaed
&lzﬁ?g fa%e ‘t:%%)dez%?léi‘ )f%\gs'?) o2 ameeof%@ﬁﬁ* dpografhy o

t opogr aph wa verses beneath the proximty head 200,

and the ra g.;]ﬁgf‘, | ; raghbend 21 eatllenblegilartahieatsmr f ace
of the c\%rmgﬁ%%aﬁg e la?ér%%ﬂﬁ@ﬁﬂ i

cl"oser to tthe nenbrane 221, and will therefore be
etched at i i bhd/Ead fhelvOlHBY 24:0RDGERP beath the ataxireity bead he
surface of%tﬁﬁ%&g*géég%géaﬁhﬁs, the nore rapid etching of the higher

t opogr aphi @g,lp a;;g%eﬁé]@%gﬁg;m (B EERNE! topbErapmibarfedads endbd esfact lvf the

netalized ogr ap the wafer 223 to be planarized in a

. gb stant L%%&?&’ivﬂﬁ%@olo%@@%m&n@&%ebﬁ@ aeDalll Beftqpe beibiehalat biighvetadt i zed
pogr apny o the critical boundary | ayer
relative to lower topographical features on the surface of the wafer 223. Thus, the more
rapid etching of th'e higher topographical features on the surface of the wafer 223 enables
the metalized topography 229 of the wafer 223 to be planarized in a substantially top-down
manner.
[0024] To enable exposure of the metalized topography 229 to the critical boundary layer
; 233, the membrane 221 needs to be brought within close eziough proximity to the wafer
223, However, if the membrane is brought too close to the wafer 223, the membrane will
be attracted to wafer 223 and will adhere to the wafer 223. Direct contact between the
membrane 221 and the wafer 223 is not desirable because the functional groups, €.g.,
sulfonic acid groups, of the membrane 221 will etch the metal from the wafer 223 too fast,
D  causing dehydration of the water in the contact region and suction of the membrane to the
substrate, resulting in damage to the wafer 223. Additionally, physical contact between the
membrane 221 and the wafer 223 may physically damage the membrane 221 and/or wafer

293. To ensure that the membrane 221 does not adhere to the wafer 223, a minimum

distance (Dpyin) must be maintained between the membrane 221 ‘and the wafer 223.



233, the nmenbrane 221 needs to be brought within close enough proximty to
the wafer 223. However, if the nenbrane is brought too close to the wafer
223, the nenbrane will be attracted to wafer 223 and will adhere to the
waf er 223. Direct contact between the nenbrane 221 and the wafer 223 is

not desirabl e because the functional groups, e.g., sulfoni groups
of the menPOMEBHITwi|| etch the netal fromthe mferP%g’SZﬁ%@%?gg%

causi ng dehydration of the water in the contact regi on and suction of the
menbrane to the substrate, resulting in damage to the wafer 223.
Additional |y, physical contact betweenlfhe nembrane 221 and the wafer 223
may physically damage the nenbrane 221 and/or wafer 223. To ensure that

the nenbr @sﬁ a6 afa wht B HRed R hittatPihe mididthm distihed betivebainee
(Drain) s fal ntai ned between the nmembrane 221 and t mafer 223. WO

2007/'1236 tﬁerﬁ)ﬁ%églogﬁ 8 s 2283 itli9 %5]nebé%szﬁf9 R eXjiist @ éM'faJSb bihe Regd to

mai ntain t emnlrrumdlstance(D,,,,,,) between the nenbrane 221 and the

waf er 223, () PEERRSA 83 STROS RichNbountad;a8Rr 083 tickneafreguired23 t o
t he crltlcgi Bod% ary layer %ﬂ The critical boundary |ayer 233 thickness

required 4o ?laﬁ&ﬁ%}ﬁl@ '\ﬁgertzlig g l:%ronztgg’ o RY BEtefiths bP Buirélis sFfmikRs.NEisor
0 mcCr

hundr edt hs sinply not feasible to control the physical

separat| onReh e Ra B B cf%ﬁm Y ﬂf‘s?&h 200reRBA betkegn WRR6xiRES bbal 700 didn a

fraction o m cron. |onal because the etch rate increases as the

menbrane 2g1 gk 2?& fP&linind H&ﬁm\i\/ﬁf £Fni2a AdditidnalI| b2 BaRe R eAAe ioreans 1 ol
the uniformty o e separation distance between nenbrane 221 and the

waf er 223. T DELESRALY tf Yo (R 20PAIakI Mb ficeisance beiobdr t he
menbr ane 2% 1H%n ahlﬂhé g Eié'&%23 to bee adaptable to contour variations

acr oss t he, yaf %%Bﬁm BRI R R ktvieeh brdnitiind 22020 GRA6IIIPTHE, it is

I|mtat|ons assotiated wth controlling the physical separation between the

ﬁ;%'r g‘ntey ZQ%%%aﬁﬂ@f gc{é% ep Bt MRfiRfandARtwb Ao Radai A2 | CharBe wefer 223 esbef t he
s exposure of the wafer 223 to the critical boundary
layer 233 h&p@abfel{g SLBhe Priaons across the wafer 223, and preferably self-limiting.
[0026) Despite limitations associated with controlling the physical separation between the
proximity head 200 and the wafer 223, the mechanical characteristics 'of the membrane 221
enables exposure of the wafer 223 to the critical boundary layer 233 in a substantially
uniform manner. More specifically, ﬁe proximity head 200 can be positioned within close
5 enough proximity to the wafer 223, such that a controlled flexing of the membrane 221
toward the wafer 223 will enable exposure of the wafer 223 to the critical boundary layer
233, without allowing the membrane 221 to contact the wafer 223. A pressure (P) of the
electrolyte solution 211 in combination with a Bernoulli effect caused by the deionized
water 209 flow over the membrane 221 is capable of causing the membrane to flex through
D  adistance (d) toward the wafer 223.
[0027] The proximity head 200 is capable of mainiaining the deioﬁized water 209
meniscus between the membrane 221 and the wafer 223 at a substantially fixed thickness.
| In one embodiment, the physical separation between proximity head 200 and the wafer 223

is controlled to be within a range extending from about 0.5 mm to about 2 mm. As



uni form manner. Mre specifically, the proximty head 200 can be positioned
within close i enough proximty to the wafer 223, such that a controlled

fl exing of the nenbrane 221 toward the wafer 223 will enabl e exposure of
the wafer 223 to the critical boundary |ayer 233, without allow ng the
menbrane 221 to contact the wafer 223. A pressure (P) of the electrolyte

sol ution 2YP 3 12¥bi nation with a Bernoul i effect cablSEEBYYPHE dei oni zed
wat er 209 flow over the nenbrane 221 is capabl e of causing the nmenbrane to
flex through a distance (d) toward the wafer 223. [0027] The proximty
head 200 i s capabl e of maintaining theldlei oni zed water 209 meni scus

bet ween the nenbrane 221 and the wafer 223 at a substantially fixed

thickness, _Jm.one e ' i ¥8b GleIeRAlRIrh @ ENRAB 70T t Y
head 200 %ﬁﬁ“?ﬁ%qﬁﬁ %?,3@%38%§m%g§?§%lﬁgd t% be mﬁthiﬂﬂg?range ext endi ng

f rom abouf, 0. 2 ARQUAi?hEIR 26 MONAH0 T HEROGer G ldRROAE/ DA 180fe 14

previ ousl I scussed, el onl zed water 209 is delivered from supply

channel 227 nea ; RIFQiXd Plokeinife Behd2ElD. ane Beadani effdd ow

over the rane £0 the  ~vacuum channe 5 near the periphery of the
| 2ol S0ankd] 928 HobLihe Yeribihy RIFRH Hckify 3 fall ow

proxim tY NGB8 sG 00 ndl6r BELROM Watdk 0O Gher fi8uRAbri 1A1%abidoimeibiansi zed

wat er 2090V nmenbr ane 221 causes the nenbrane 221 to flex toward the

vafer 223,,f @oeﬂ%%%dttﬂg H!ét?e{lfgﬁ?.“?ne?&ﬂoﬂ SXmERUSRE 2DY néhembiany @é flodeifoni zed

wat er 2092?5 depen |l ow rate of the deionized water. Thus, the

flow rat gﬁ{é’)‘énz%g')\\%&',fhéggl RhdeaP SnGRNADE e @ theddS@NEdObattN ThiE Ny Aoe 221

flex dist el éctrolyte solution 211 pressure (P) can al so

affect { ne, ARRRLANG. PRl J05%ailis8130H dofkol thd BeABlank D2 REGOERAREAANTHS ( he
p

f or egoi ng,mttet?e ysical ‘separation between the proximty . head 200 and the
waf er 223 e?&ﬁo%%ﬁ%ﬂ gfkséd?gr ﬁf)(‘c‘aﬁlaﬁé afTB AR médbiahé YEI flex diktancer@) i cal

boundary layer I ckness. en, the electrolyte solution 211 pressure

(P) and” dejon) 00, c HRLEE 0L QAL TR IRaIApNSHG bioropt Bl toxiiitye
head 200 and the wafer 223 can be controlled in a coarse manner relative to the critical
boundary layer 233 thickness. Then, the electrolyie solution 211 pressure (P) and deionized
water 200 flow rate can be adjusted to provide fine control of the membrane 221 f_lex
distance (d), such that the separation distance between the membrane 221 and the wafer
223 is finely controlled. In one embodiment, the electrolyte sohation 211 pressure (P) is
maintained within a range extending from about 0 psig to about 10 psig.

[0029] It is conceivable the a contour, i.e., waviness, inherent in the wafer 223 may exceed
the critical boundary layer 233 thickness. However, the ability of the membrase 221 to flex
enables the membrane 221 to conform to the contour of the wafer 223, such that a uniform
separation distance is maintained between the membrane 221 and the wafer 223. In other
) words, the flexibility of the membrane 221 combined with the control afforded by the
electrolyte solution 211 pressure (P) and the deionized wafer 209 flow rate, enables the

membrane 221 to follow the contour of the wafer 223 as the proximity head 200 and wafer

223 move with respect to each other.



di stance (d), such that the separation distance between the nenbrane 221
and the wafer 223 is finely controlled. In one enbodinent, the electrolyte
solution 211 pressure (I') is maintained within a range extending from
about O psig to about 10 psig. [00291 It is conceivable the a contour,

I.e., wavipess._ inherent in the wafer 223 may exceed ril boundary
| ayer 233 Fﬁ%@ﬁ%@ﬁ?? However, the ability of the nenbrgﬁﬁUggqﬁwgﬁ#lex
enabl es the nenbrane 221 to conformto the contour of the wafer 223, such
that a uniform separation distance is _nuaintained between the nmenbrane 221

and the wafer 223. In other words, thésflexibility of the menbrane 221
conbined with the control afforded by the electrolyte solution 211

pressure ﬁ of Blutdies A80Re 28 dertR 61 11R0%ationd Shéwing, trav@aRl 66 thewafere2BI ane
221 to follow the contour of t'he wafer 223 as the proximty head 200 and

wafer 228.0mwe i tppo:ﬁﬁﬁg%adtﬁb(ﬁﬂﬁﬂn%ttﬂgrmnm&%Z/ pldsfifdtion process, in
PCT/U820077007903 15 [0030] Figures 3A-3C are a series of illustrations

showi ng t Lavessal wifh the BbeainRedt BenRakR fohentdnoXihid,t the NaasbdRét difr i ng
t he confined area planarization process, in accordance with one enbodi nent

of the pr %&%‘J} s BRAVRNHERRs W Poxirhide hesbesh AP Béin® bratibhda MaSle e Jafdeasct s
the proximTy head 200 as being stationary while the wafer 223 traverses

beneat h t he BlaXblichih HRagoRMBr Aedl 406 G6td ORectiol . 3010 WHver, it sEhdltd be
appreciated that the present invention is not limted to having a

stati onar Yy,nreutddithit thegidsent Aeftich & R YindiQd Y& heving & Statibrarg padxiaity head
enbodi nent ;" the wafer 223 can be stationary and the proximty head 200 can

nove. |In yeh RRheine FRRd 2% th anblbherhhi@inedtthe 3afer 208 chlibe statianaryitdy head
200 can be noved with respect to one another. [0031] Wth respect to

Fi gures 3AndGroxithite RtadP00ThR wdre IR R hibthe chivedingnadoaptheovdfaai2draad t303
that. is within the | evel occupied by the critical boundary |ayer 233

beneat h' t Rg.xiHRRIHANS0Pebh be h@ied il resRprio DA utothdte proxi mty head 200
positioned just "prior to . )
[0031] With respect to Figures 3A-3C, attention should be paid to the topographic feature
303 that-is within the level occupied by the critical boundary layer 233 beneath the
membrane 221. Figure 3A represents the proximity head 200 positioned just prior to
traversal of the topographic feature 303 through the critical boundary layer 233. Figure 3B
represents the proximity head 200 positioned such that the topographic feature 303 is
within the critical boundary layer 233 beneath the membrane 221, Figure 3C represents the
proximity head 200 positioned just after traversal of the topographic feature 303 through
the critical boundary layer 233, such that the topographic feature 303 has been planatized.
[0032] The closed-loop caLthode half-cell, defined between the metalized topography 229
on the wafer 223 surface and the cathode 213 within the electrolyte 211, functions to plate
) metal cations, e.g., Cu’’, as the metal cations pass from the topographical feature 303
through the membrane 221 to the cathode 213 under the influence of the bias voltage
231/207. The distance between the wafer 223 and the membrane 221 is controlied by the

deionized water 209 flow rate and electrolyte solution 211 pressure (F). The relative

velocity of the wafer 223 with respect to the proximity head 200 is set to provide a desired



traversal of the topographic feature 303 through the critical boundary

| ayer 233. Figure 3B represents the proximty head 200 positioned such
that the topographic feature 303 is wthin the critical boundary |ayer 233
beneath the menbrane 221. Figure 3C represents the proximty head 200

posi ti oned r traversal of the topographic fe ough the
critical 8&“%@?@&%gyer 233, such that the topograph|a£¢%§%%$ém%% has been
pl anari zed. [0032] The cl osed-|oop cathode half-cell, defined between the
netal i zed topography 229 on the wafer ,223 surface and t he cat hode 213
within the electrolyte 211, functions d plate netal cations, e.g., Cum
as the netal cations pass fromthe topographical feature 303 through the
menbr ane ZibuhiOof PRinedidioneMbtd syedificallyhehd atgovarcduration be thd &spogabbiage
231/ 207. The distance between the wafer 223 and the nmenbrane 221 is

cont rol | egedpifet3Ng totkhE @HtiZAhNAERY 12RD chmbited atith thedetell extt detephines bbwt i on
211 pressure (P). The relative velocity of the wafer 223 with respect to
the proxi minich JTSRMopO@apic fRturé 90P isxeindecdadutingiitsarhviiEnI At BRAMTximity

PCT/ US2007/ 007903 16 anount of planarization. Mre specifically, the
exposur e Gad@bom NeQfhrdilph the peEabBhirklaryllewt 08% 138 2tchaateliea fimictiorcaf the pHundar y
| ayer conbined with the etch rate determ nes how nuch of the topographic
feat ure 3Q3 theddiSNBERatdt vithGh the Sritié-Abeinshty g3t anti Kive mypdied biss woltdpead

200, i.e.,.through the critical boundary |ayer 233. The etch rate is a
function ok1bbe. REho@H Bhenddateud mediheaire bf tid ddisnitdiewatet ithil tHecuitidalr y

| ayer 233 and the applied bias voltage 231/207. It should be understood
that the mdufdary Meslesniseesly tRtcdmpositibn bf theananbrinec2d1, i.botntar fndtmpelr 233
is set by the conposition of the nenbrane 221, i.e., by the functional
groups W thbupstWithintigmantraned21. [ 0033] During traversal of the wafer 223
beneath the proximty head 200, the netalized topography 229 on the top
surface of[ob¥s i rdltal 6f teawifer 228 bgneathnhe ptedintty hemb200, thomstalized
electrodes In one enbodi ment, two el ectrodes are used to contact the

met al i zed topography 229 on the top surface of the wafer 223 is electrically connected to one or more

electrodes. In one embodiment, two electrodes are used to contact the metalized
topography 229 on the top surface of the wafer 223. Bach these two electrode is defined to
be moved to electrically connect to and disconnect from the wafer 223. It should be
appreciated that movement of the two electrodes to connect to and disconnect from the
wafer 223 can be performed in a number of ways. For example, in one embodiment, the
two electrodes an be moved linea'rly in a plane aligned with the wafer 223. In another
embodiment, the two electrodes having a sufficient elongated shape and being oriented in 2
coplanar arrangement with the wafer 223 can be moved in a rotational manner, to contact
the wafer 223,

) [0034] It should also be appreciated that the shape of the two electrodes can be definedina
number of ways. For example, in one embodiment, the two electrodes can be substantially
rectangular in shape. In another embodiment, each of the two electrodes can have a wafer

contacting edge defined to follow a curvature of the wafer 223 periphery. In yet another



t opography 229 on the top surface of the wafer 223. Each these two

el ectrode is defined to be noved to electrically connect to and di sconnect
fromthe wafer 223. It should be appreciated that novenent of the two

el ectrodes to connect to and disconnect fromthe wafer 223 can be

performed in a nunber of ways. For exanple, in one enbodi t e two
el ect r odesWEIE238led linearly in a plane aligned wi t‘ﬂ‘%{ﬁ%%x&?}é&' 223. In

anot her enbodi ment, the two el ectrodes having a sufficient elongated shape
and being oriented in a coplanar arrangenent with the wafer 223 can be
nmoved in a rotational manner to contacl? the wafer 223. [0034] It shoul d

al so be appreciated that the shape of the two el ectrodes can be defined in

a number o W : SERPPORs chi? b NEsIPR@ I ¥BAId bemdbimot |tRatthotes can
be substaﬁ?ﬁ% yﬁnﬁggﬁgngular Fﬁ shape? 'n anot her enbodi nent, each of the

two el ectr, £ RtisfehbminAg gmodaisleed to fol | ow a
cur vat uree%?t?%gggva 3’¥&§%§“%fgmeﬁery. I n ye?ﬂgnot her WD 2007/ 123677

PoTl US200 fddiay e pldse AR thetPred 29 18Rt (PEARrRaRnaeh Geginamity | t

shoul d be rsto at the two electrodes of the present enbodi ment are

| ndepende gLy »60Bldi Ol @Bl Gond BkEkicb L) GifhE pRRImBIhad pimis dbaathllsr 223

is made tO traverse beneath T he proximty head 200 such that the | ong

di mensi on i e RE gk Tink YoxRRdih HABvieh tho!loeb alciraddsy Asae pafidi2eal ar t o
a virtualp%h%%mQQ?%ﬁﬁ?né etheeﬁ thegtmo el ectrodes. As the wafer 223

moves ben?ﬁ%‘%&"%‘*gﬁf 8% i lihith 88h 200 thel d16ctME Birtieglfroahe peirhitp head 290

proximty Is'controlled to be electrically connected to the

metal i zed i QA eRiRichiME chHcted Ub f 186 Sndilized aopakaihy 229. orflilEotopas t he
waf er 2231%0%5%&%3%a§% thecplrgggi mty head 200, the electrode closer to

the proxi ity nsAfle 300 acamal 8l hidviter 2 sboattcheah ke plosimtityiead 200, f rom
p

the netal iZ€ topography 229 on the top surface of the wafer 223.
Connect | 01k, 0h oL JdRr i GE picARY hoad 00 8R0RI01E230 ba cletumicatiydisrondeset | bed
S a '

above enable current

from the metalized topography 229 on the top surface of the wafer 223. Connection of the
two electrodes to the wafer 223 in the manner described above enables a current
distribution present at the portion of the wafer 223 in exposure to the critical boundary
layer 233 to be optimized. Additionally, connection of the two electrodes to the wafer 223
in the manner described above enables each electrode to be disconnected from the wafer
293 as the meniscus of deionized water 209 traverses thereover.
[0036] Although the present invention is described with respect to uwse of a single
proximity head 200, it should be understood that other embodiments pay utilize multiple
proximity heads 200. For example, if it is desirable to increase the traversal rate of the
wafer 223 beneath the proximity head 200, multiple proximity heads 200 may be

) positioned in a back-to-back manner to enable sufficient planarization. Additionally, the
proximity head 200 may be followed by another proximity head defined to perform rinsing
and drying operations. Furthermore, in one embodiment the confined area planarization
provided by the proximity head 200 of thé present invention may be used to achieve a -

uniform (planarized) layer of metal, e.g., Cu, remaining on the wafer 223. This uniform



distribution present at the portion of the wafer 223 in exposure to the
critical boundary |ayer 233 to be optim zed. Additionally, connection of
the two el ectrodes to the wafer 223 in the manner descri bed above enabl es
each el ectrode to be disconnected fromthe wafer 223 as the neni scus of

dei oni zed water 209 traverses thereover. [0036] Althou r nt
i nventi on MO{EEBGhed with respect to use of a singl eggﬁ{"%&%ﬂﬁ)ﬁ?head 200,

it should be understood that other enbodiments may utilize multiple
proxi mty heads 200. For exanple, if it is desirable to increase the
traversal rate of the wafer 223 benedth the proximty head 200, nultiple
proximty heads 200 nmay be positioned in a back-to-back manner to enable
suf fi ci eri% &'&erﬂez%'t%@;oééd_ of 11008 A¥astabBS toP2000 Mrdgytrdiea dhidld Gnneynde

fol | oned § another proximty head defined to performrinsing and drying
operat | on bo':dﬁﬁérﬂ&“ﬁ}%r@afef PR ERn{TeR (f1hRred) lhye Of aletd Wirednatizat i on
provi ded Dy the proximty head 2 of the present invention nay be used to
achi eve L Lk h@&%g' 1o BRET etéH praBdsato cl6arG necésbary i cHiess ofghon t he
waf er 222‘?6¥E+égﬁﬁgségrm 20 7?123677 PpCT/ US2007/ 007903 18 | ayer nmy be
on the Orgﬁﬁmﬁﬁ%$g ) Angstrons to 2000 Angstrons thick in sone

enbodi nent’s. waf er 223 having the uniform (planarized) |ayer of netal

t her eon, 5@ that (he QbitHhed afpMmticationpabeesd afforgudtydbs to -
clear a n@@gs fatllrggcmlt1 |Bec es‘g of tahe remai ning nmetal. [00371 It should be

appr eci at g,%,ggr%@}z %Jae%é‘cpﬁf iaefteRheAvBlRAAIdes Hot SRt QppEctial b htbehartial t he

proxi mty“héa 8 of the present invention does not require application of

mechani Cahgsﬁﬁgﬁééf &b Shi Qe 923 "R WARImEL3n cBivdnSiofAaiemidah nesehardedd i onal
p

chem cal chani ca anarization (CWP) processes. Additionally, it should

be appr eci %@2&% i ERALA! ASiitionllIg! ARBEID G pBciatia thatths asperaBdd. of
t he proxi M y argglgt(g(i)/gﬁand t he waf e? 223 in the present invention does not

rely upon ja rel 8tiveen &) REnbnb 22 1VBE the! fi6xiHEH a0 208 2ikd dRedwafor223 in the

present invention does not rely upon a relative velocity between the membrane 221 and the
wafer 225. Rather, the sepa;ration distance between the membrane 221' and the wafer 223 in
the present invention is controlled by the flow rate of deionized water 209 between the
membrane 221 and th;e wafer 223 and by the electrolyte solution 211 pressure (P) behind
the membrane 221. Thus the boundery layer is formed and maintained generally
independently of the head-wafer relative velocity, and removal rates can be then controlled

' by residence time of the head relative to the wafer independent of boundary layer thickness
control. -

. [0038] 1t should be appreciated that the boundary layer can be formed by forcing water
across the membrane without the use of a vacuum return line to remove the water (i.e., the
wafer can be flooded and the overflow collected in a drain in the process chamber). Figure
2 is an illustration showing 2 proximity head 200A that does not incorporate a vacuum
channel, in-accordance with one embodiment of the present invention, The proximity head
200 features previously described with respect to Figure 2A are also included in the

proximity head 200A of Figure 2F, with the exception of the vacuum return channel 225.



waf er 223. Rather, the separation distance between the nenbrane 221 and the
wafer 223 in the present invention is controlled by the flow rate of

dei oni zed water 209 between the nenbrane 221 and the wafer 223 and by the
el ectrolyte solution 211 pressure (P) behind the nenbrane 221. Thus the
boundary | gyer is formed and nai ntained generally ind I f the
head-mafer%¥ﬁwg?V@g9velocity, and renoval rates can beﬁQﬁﬁ%SQ%W¥pglled by
residence tinme of the head relative to the wafer independent of boundary

| ayer thickness control. [00381 It should be appreciated that the boundary
| ayer can be fornmed by forcing water d8r0ss the menbrane without the use
of a vacuumreturn line to renove the water (i.e., the wafer can be

fl ooded a F QEEEQlk 98! 8 defonired Waitd? 300 Al Pred BRSEefbandLL,.
Fi gure Zégpghgﬂ&¥§?ustral&on shomﬁgg a proximty head 200A that does not

| ncor por at . Ay QGHY E%z,%ﬁé@{a&{maﬂymo%mtﬂ@%&rms Bagene aeshatdbnhishnsof t he
present invention. The proximty head 200 features previously described
with resp H ARinRl Sredl pifhatiffiod PBskebd) ab RescriPEDMoVE with1eg@etdG0A of
Fi gure ZEﬁﬁavagﬁ(t?Lﬁ#gl{%ei‘éept I on oflﬁt he vgcuum return channel 225. WO

2007/ 123674, F&iﬂ?@é&?ﬁ h88, 40 Bow bt chifbnk AenPHRE QAEIRDS tdihe ChiBbdeR13kreat@

dei oni zed wat er ows over the nenbrane 221, over the wafer 223, and
event ual | y, L le%ych{ctm. Gihug f3s BEESic (o Brrént TRWsEEIn Bk WETaIR3 (ardd€3i)
During the confined area planarization process, as described above with
respect tQpe bifodd%! BhlelechRAG i 80medsifing 88N tean Gakbmitstet beimetinthewadfer 223
to the cathode 213 creates a neasurable electric current. Thus, this

el ectric cpyLatmd LANI18M Wisne tiRycldadk daratfpwing fdd theoudfardd?s 1218 An
el ectric current neasuring device can be connected between the wafer 223
and the catede 2233t LLUREBS dpetiited elae e diccttdIcurest fibiving fm tieomafn223naf er
223 to the cathode 213. It should be appreciated that the electric current
flowing frgmt hansafAan i@ 3Fundientdiehowbimamkaonfhdt irsa etfvearc thie@riticdl bbtwslanor ki ng
contact area between the critical boundary

layer 233 and the metalized topography 229 on the surface of the wafer 223. The working

contact area represents the area of the metalized topography 229 within the critical
boundary layer 233. Thus, the working contact area represents the area of the metalized
topography 229 from which metal cations, e.g., Cu'™, are being removed.
[0040] As the higher portions of the metalized topography 229 are removed, i.ec.,
;  planarized, duting the confined area planarization process, the working contact area will
increase, i.c., the wafer surface area within the critical boundary layer 233 will increase.
Therefore, as the higher portions of the metalized topography 229 are removed, the flow of
metal cations between the wafer 223 and the cathode 213 will increase. This increased flow
of metal cations represents a measurable increase in electric current flowing from the wafer
D 223 to the cathode 213. Eventually, when the wafer becomes planarized, the working
contact area becomes substantially constant, When the working contact area becomes
substantially constant, the flow of metal cations from the wafer 223 to the cathode 213
become substantially constant, i.e., each portion of the wafer surface contributes equally to

the flow of metal cations. Therefore, when the working contact area becomes substantially



| ayer 233 and the netalized topography 229 on the surface of the wafer 223.
The working contact area represents the area of the netalized topography
229 within the critical boundary |ayer 233. Thus, the working contact area
represents the area of the netalized topography 229 from which netal

cations, e.qg., Cu", are being renoved. [0040] As the hj rtions of the
Wg’p%ylﬂé?ﬁ:{g/ . MZO&%O;%O%

netalized 229 are renoved, i.e., planarized; during e
confined area planarization process, the working contact area w ||
increase, i.e., the wafer surface area within the critical boundary |ayer
233 will increase. Therefore, as the Hgher portions of the netalized

t opogr aphy 229 are renoved, the flow of netal cations between the wafer

223 and t kenstalhad Bodlct eldckdc sdfeheB&Reenl the SwAfC28 AR thd EBde 2l 3 BBloRles
cations represents a measurable increase in electric current flowing from

the waf er shhstahiallp chitfart. atHQIE 168k Bng-EHEIT the bleyiric \WiB Bnt! Kkewdial BE waes DRS

pl anari zed, the working contact area becones substantially constant. Wen

the wor ki aed @néakdde18ds A Rlifion TR ShaWafer LY iLHIRSR0E., Hdrde, tht Qlecel net al
cations fromthe wafer 223 to the cathode 213 becone substantially

const ant, chrrat beBPdeh tROWAIPI Pind 16 cIBOES 213Wah BE Eron@blellitd HEES 20 GHA it t O
the flow of nmetal cations. Therefore, when the working contact area becones

subst ant i yrkpe pRadRRTdnlteRésl PCT/ US2007/ 007903 20 constant, the flow of
electric current between the wafer 223 and the cat hode 213 becones

subst ant i ghdr] FREFE AN an TKEatich LRNEhE AEhaE bf efecttib QuAtRGIWiRE Bbtivesi the
bet ween the wafer 223 and the cathode 213 is an indication that the wafer

223 is pl apatd ZB0ndHeNERhod:PE3 8h 8 FHidctin of e Ahtind Ble\¥8SfinddLed abkiz4%3 and
t he cathode 213 can be nonitored to detect an endpoint of the

pl anar i zatgrdes)r PiC 8sordah@D 44t bhd Wiboflinként AT dnk | predchd li@ALSHORbM Base ehar t
of electric current flowi ng between the wafer 223 and the cathode 213 as a

function Qfisdubkdi®h, & 18t Berdn® AbRthelw QR th FaRE RZREhdhe cRIOEESS, willlbe

accordance wth one enbodi nent of the present invention. For ease of
referred to as the "current." From the start of the confined area planarization process, the
current increases steadily as the wafer is planarized. As discussed above, the steady
increase in current is due to exposure of more metalized topography 229 to the critical
boundary layer 233 as the higher portions of the metalized topography 229 become
planarized.

. [0042) As the metalized topography 229 approaches a planarized state, the current begins
to level off. When the wafer 223 becomes substantially planarized, each portion of the
wafer surface will be exposed in a substantially equal manner to the critical boundary layer
233, Thus, when the wafer 223 becomes substantially planarized, the current will level off
as indicated by a location 401 on the curve of Figure 4. The location 401 represents the
endpoint of the confined area planarization process. If the confined area planarization
process continues beyond the time corresponding to the location 401, the current will
remain substantially level. Eventually, however, enough metal will be removed from the
wafer 223 such that electrically non-conductive layers underlying the previously present

metalized topography 229 will be exposed. When the electrically non-conductive layers are



di scussion, the electric current flow ng between the wafer 223 and the
cathode 213 will be referred to as the "current."” Fromthe start of the
confined area planarization process, the current increases steadily as the
wafer is planarized. As discussed above, the steady increase in current is
due to expQsu re nmetalized topography 229 to th Lt boundary
| ayer 233 §§y@ﬁ%ﬁﬁwgﬁer portions of the netalized topogggg%%&é@gm%econe

pl anari zed. [0042] As the netalized topography 229 approaches a planarized
state, the current begins to |level off, Wen the wafer 223 becones
substantially planarized, each portionzéf the wafer surface wll be
exposed in a substantially equal manner to the critical boundary | ayer,

233. Thus expdsed, thbeumeiterill’@ddp ke satiBied bP 3t latdtionl 408 ¢l B duhesk File 4 ur rent
will level off as indicated by a |ocation 401 on the curve of Figure 4.

The | ocat mhas, 406 locatitneRB itgreichi thetdpaihith g poinh6f he Bbrfibed afs Panarization
pl anari zation process. |If the confined area planarization process

cont i nues pk&yand the tinme corresponding to the |ocation 401, .the current
will remain substantially level. Eventually, however, enough netal wll be

renoved f joga3] ke ond\ehibddimen, the eonfidtdtare Fadarizefinl ptodesdmap beltinitinuad hditer s
underlying the previously present netalized topography 229 wll be

exposed. ¥ breakirdigh Gloirit AR rdaghddld rHovesvel) Gh i avetheyabsdimest, Wo dinéd aa77
PCT/ US2007/ 007903 21 exposed, the current will drop as indicated by a

| ocat i on 4ikhativatiohepouézyemay Yei gottiudd unfihube pldvaritabeat éndpoifd3s regehekent s

t he breakthrough point of the confined area planarization process. [0043]

I n one entmdausethe nietrized tipbfaphydP ERiseAidRed ok tdpRddivd fRtter iR Ys Pehetlint i Nnued
until the breakthrough point is reached. However, in another enbodi nent,

t he confi refecdéd that @ plagdrizeditlayen off rraetals &rilivaymiie ©@o thel waketl stiice| wheiethe

pl anari zation endpoint is reached. Because the netalized topography 229 is

removed i plahatiOqtictOWdpdRid NI readted) Upgansaeliby the planarization endpoint of the
confined area planarization process, the wafer 223 may be subjected to a separate final etch
process, e.g., wet clean etch process or plasma etch back process, to uniformly remove a
required thickness of the remaining metal present on the wafer surface.
[0044] Figure 5 is an illustration showing a flowchart of a method for confined area
planarization of a semiconductor wafef, in accordance with one embodiment of the present
invention. It should be understood that the- method of Figu;e 5 is intended to be performed
using the proximity head 200 described above with respect to Figures 2A-4. The method .
includes an operation 501 for disposing a proximity head over and proximate to a top
surface of a semiconductor wafer such that a cation exchange membrane faces the top
surface of the semiconductor wafer. In an operation 503, an electrolyte solution is disposed
between a top surface of the cation exchange membrane and a cathode. An operation 505 is
performed to flow deionized water between a bottom surface of the cation exchange
membrane and the top surface of the semiconductor wafer, The method further includes an

operation 507 for applying a bias voltage between the top surface of the semiconductor

wafer and the cathode, such that cations liberated from the top surface of the



expected that a planarized |ayer of netal will remain on the wafer surface
when the planarization endpoint is reached. Upon -reaching the

pl anari zation endpoint of the confined area planarization process, the
waf er 223 may be subjected to a separate final etch process, e.g., wet

cl ean etch_pr r plasma etch back process, to uni e a
required t idﬁﬁ@@%ngf the remai ning netal present on tﬁgﬂ§%¥%ﬁﬁgﬁ¥face.

[00441 Figure 5 is an illustration showing a flowhart of a nmethod for
confined area planarization of a senig%nductor wafet, in accordance with
one enbodi nent of the present inventi®h. It should be understood that the
nmet hod of Figure 5 is intended to be performed wusing the proximty head

200 descr i hpdomheme witthakasnesitced & Fagilrbougid e ddibsizabwatd thiowghules an
operation 501 for disposing a proximty head over and proximate to a top

surface OEmﬁmﬁﬁm&&%QQﬁﬁﬂﬁﬁm%ﬁmﬁmnag@hw&Mﬂhoﬁmﬂmmthnuemehamgkznenbrane faces
the top surface of the sem conductor wafer. In ‘an operation 503, an

el ectrol Y&r@ﬁ?h%ﬁé)éinﬁoﬁih%ﬁﬂﬁ 86w rhetofeadeorinid wate ia contedlict vecicthti the
exchange nbrane and a cat hode. An operation 505 is perforned to flow

dei oni zed gk ElxcRalpRRIRaRAdeMowaEd e eopfurfabeotiht semicendnhanyefer mader ane
and the top surface of the sem conductor wafer. The nethod further includes

an  oper atg, O a30kel?a BRRbWI Rc@wihan conlatthgethbesmaatace hithe spnivondugtos of
the sem conductor wafer and the cathode, such that cations |liberated from

the top syifeac %Qfﬂe&ihg N 2O0Bh ERABRFe fiehbiineGRildes @AM trodifiRd gegiv ofithect or
wafer are 1 nfluenced to travel through the deionized water, through the

cation exGapaed Wk HANEmaR6 Hebort@huitie ditsctatioh prehasgd membane, des the
cat hode.” [ 0045] In one enbodiment the flow rate of the deionized water is

cont rol | edpsychedchibda &l Bairidery leyee23ag® beirbemmat fwitxibs teposvafade Phghe op
surface of the sem conductor wafer under the influence of a Bernoull

force withoukr GOMHoRmk! e ehdehifoddaRatIte pHaR0dified heziceof thoddutival walgngasses The
fl exi ng of the cation exchange menbrane causes a pH nodified region of the
the cations to be liberated from the top surface of the semiconductor wafer.
[0046] The method further includes an operation 509 for scanning the semiconductor
wafer beneath the proximity head such that a metalized topography present on the top
surface of the semiconductor wafer is removed in a substantially uniform top-down
manner. Additionally, the method can include a process for detecting a planarization
endpoint. The planarization endpoint detéction process includes monitoring of a flow of
electri;: current through the cation exchange membrane. The planarization endpoint
corresponds to a leveling-off of the monitored flow of electric current through the cation
exchange membrane. It should be understood that the flow of eleciric current through the
cation excilange membrane is monitored'by measuring an electric current between the top
)  surface of the semiconductor wafer and the cathode.
[0047] While this invention has been described in terms of several embodiments, it will be
appreciated that those skilled in the art upon reading the preceding specifications and
studying the drawings will realize various alterations, additions, permufaﬁons and

equivalents thereof. Therefore, it is intended that the present invention includes all such



dei oni zed Water proximate to the bottom surface of the cation exchange
menbrane, i.e., the above-described critical boundary |ayer 233, to be in
contact with the top surface of the wafer. It should be understood that
the pH nodi fied region of the deionized water causes the cations to be

| iberated fromthe top surface of the sem conductor wafer The
met hod f ur MPA¥¥47ldes an operation 509 for scanning ?ﬁBU§%%ﬁﬁ§%ﬁuctor
waf er beneath the proximty head such that a nmetalized topography present
on the top surface of the seniconductgg wafer is renoved in a
substantially uniformtop-down nmanner ““Additionally, the nethod can

i nclude a process for detecting a planarization endpoint. The

pl anar i zat,j;any&RIARiinsOfd-Riatations, RhO SQEFaltnts baIfhASviEn iedthiengirh fnd sddpew of
el ectric current through t he cati on exchange nenbrane. The planarization
endpoi nt  eaftianapds to a leveling-off of the nonitored flow of electric
current through the cation exchange nenbrane. It shoul d be understood that
the flow of el ectpig cliahatist hrough the cation exchange nenbrane is

nmoni tored by measuring an electric current between the top surface of the
sem conductor wafer and the cathode. [0047] While this invention has been

described in terns of several enbodinents, it will be appreciated that
those skilled in the art upon reading the precedi ng specifications and
studying the drawings will realize various alterations, additions,

pernutations and equivalents thereof. Therefore, it is intended that the
present invention includes all such WO 2007/123677 PCT/ US2007/ 007903 23
alterations, additions, pernutations, and equivalents as fall within the
true spirit and scope of the invention. Wat is clainmed is: 24 CLAI M



1. Aproximty head for confined area planarization, conprising: a chanber
defined to maintain an electrolyte solution; a cathode disposed within the
chanber in exposure to the electrolyte spfution; a cation exchange nenbrane
di sposed over a | ower opening of the chanber, a top surface of the cation
exchange nmenbrane to be in direct exposure to the electrolyte solution to
be mai ntained within the chanber; a fl uimy channel defined to expel
fluid at a first location adjacent to a surface of the cation
exchange menbrane; and a vacuum channel defined to provide suction at a
second | ocation adjacent to the |ower surface of the cation exchange
menbrane such that fluid to be expelled fromthe fluid supply channel at
the first |ocatiton i & presieityhdat doy conbned frea plananizafionf@oWrsMet he cation
exchange menbrane to the second | ocation, wherein the second location is
opposite the fhkhimbacafihahonsiatain ¢ecteolytedolntiof; t he cati on exchange
menbr ane across the | ower opening of the chanber, wherein the cation

exchange nenbr ageaisddakpired witiPhe eRRhb&!ih @Rposuld t8xhdélectiolyta soldiisgCt i on
away fromthe | ower opening of the chanber in response to a Bernoulli

effect caused Q%a{rirtg}? e)tc!hg}i\%eolfneﬁlgﬁagg H{g g?é?ilv &er tahgwkzp%ﬁé{n@’éff t8€ ehfibd: NS top

cati on exchange ne ane romt ocation t second | ocati on.

aher ot t hETERENTGIe SRR TPy SR e 11 A SRS Pt BHeEEeE

defined within a center of the chanber, the vacuum channel being
annul ar - shspatondbegaainkapdvyitan £ WbeEhe chamber. 25 3. A proximity
head for confined area planarization as recited in claiml1, wherein the

cati on exchange arfandsuppdy changel defngd tto espelfluid ahe fist ledaban adiasenyo aewer
surface of the cation exchange membrane; and
a vacuum channel defined to provide suction at a second location adjacent to the
lower surface of the cation exchange membrane such that fluid to be expelled from the
fluid supply channel at the first location is made to flow over the lower surface of the
cation exchange membrane to the second location, wherein the second location is opposite
the first location relative to a width of the cation exchange membrane across the lower
opening of the chamber,
wherein the cation exchange membrane is defined to be controllably flexible in a
direction away from the lower opening of the chamber in response to a Bernoulli effect
caused by the flow of the fluid over the lower surface of the cation exchange membrane

from the first location to the second location.

2. A proximity head for confined area planarization as recited in claim 1,
wherein the chamber is annular-shaped and the fluid supply channel is defined within a
center of the chamber, the vacuum channel being annular-shaped and defined to surround

the chamber.



menbr ane and bl ock anion flow through the nenbrane while providing bul k
flurd confinenent. 4. A proximty head for confined area planarization as
recited in claiml, wherein the cation s®xchange nenbrane is defined as a
pol ymer matrix including functional groups that forma network of channels
t hrough which cations can travel. 5. A proximty head for confined area

pl anarization as recited in claiml, wherein the cation exchange nenbrane
is capable of locally influencing a pH of the fluid to be nmade to flow
over the |l ower surface of the cation exchange nenbrane such .thdat a .
critical boundady | adeproximityheedl foreprrdingdqiea plRanzaligprascected ith&laim: fon
exchange nenbrane, the critical boundary |ayer capable of causing cations
to be |i bewhtreih fheomtam exohouge meathearieals deferedploaerabld gatinopdevr Breught Hie
critical boundary | ayer w thout being placed in contact with the cation
exchange nerhibaaeR. afil biodkr exion fow hibashghothecmefbree whdea ppbedegi balki Suwidas
recited in claiml1l, wherein the cation exchange nenbrane is defined to be
control | ablynddegihP! € in response to a pressure applied by the electrolyte
solution on the top surface of the cation exchange nenbrane. 7. A
proximty head for confined area planarization, conprising: a chanber
defined to maintain an electrolyte solution; 26 a cathode disposed within

t he chanber in exposyre to the e trolyte sol ution; cat| X 1ge
menmbr ane di sposéd ov p’é”‘?‘ﬁ%ﬁwﬁ‘%gﬁi ﬁ%“%’feﬁﬁ{sa (?Laél%%art%gn %eﬁﬂe(gin?g%?& L,
exposure to the electrolyte solutjon to, he maintai ned withi he chanber; a
fluid suppMpereiaihs SRtiQeXchareeperahigas 1qu“%¥‘8‘1 %?aH&WFE?‘aFB‘dQ&uéWgJH‘?%@Bﬁt to
a lower surface of the cation exchange nenbrane; a vacuum channel defined
to provi degeups ihahfeam ancteodnef chenwels through jvdieneations eandravel.

5. A proximity head for confined area planarization as recited in claim 1,
wherein the cation exchange membrane is capable of locally influencing a pH of the fluid
to be made to flow over the lower surface of the cation exchange membrane such that a
critical boundary layer is formed beneath the lower surface of the cation exchange
membrane, the critical boundary layer capable of causing cations to be liberated from an
anodic material when placed in exposure to the critical boundary layer without being

placed in contact with the cation exchange membrane.

6. A proximity head for confined area planarization as recited in claim 1,
wherein the cation exchange membrane is defined to be controllably flexible in response to
a pressure applied by the electrolyte solution on the top surface of the cation exchange

membrane.

7. A proximity head for confined area planarization, comprising:

a chamber defined to maintain an electrolyte solution;



| ower surface of the cation exchange nmenbrane such that fluid to be
expelled fromthe fluid supply channel at the first location is made to
flow over the |lower surface of the cati2zgh exchange nenbrane to the second
| ocation, wherein the second location is opposite the first |ocation
relative to a width of the cation exchange nenbrane across the | ower

openi ng of the ch r...and. an.electric curr ri LG&: connect ed
to measure an ef S%F‘rt’)fecdlﬁq?rsf’%ﬁ{&hﬂ tﬁsvcmfnr%?e(%%ﬁ’a{&%%ﬂgggﬁé oérll&gg? %ée/l%og@érirlénbr ane,
wherein the cation, exchgnge me ranﬁ, ié??aefi nefl to be .control lL.ably fl.exible
in a direction®&HER FCOHECHBOMBRRBY PRI Ry ot 'THE CPHYRBE t}lend’f'“é’i’ addng o 5
Bernoul I'i effect caused by the flow of the fluid over the | ower surface of
t he cati ondissat ksprserete the elecirolyte solutipr tof ba meinfairest widhn the ¢hambescond

| ocation. 8. A proximty head for confined area planarization as recited in
claim7, wherearfluihsuppit clemnelxddfimad ¢o mepeb flakdbati & ficsh padatien odjacant tkueheverg a
pH of the fluid to be nmade to flow over the | ower surface of the cation

exchange ngirpicadetiewation Bathadeschbhb&at; boundary layer is formed beneath
the |l ower surface of the cation exchange nenbrane, the «critical boundary

layer capabl e of \aalsh Qadid} ofed @ REyiib REERICH o mawfbcg@&ghaaaéat & iRl

when pl aced in exposure to the critical boundary |ayer. 2 . A proximty

head for confined. are I i j i } i

Compr i o1 ngtovir pEgfad, BF p ARG} sAR-EE bRt KR bl SR B cxllied Bl fhe
anodic materjal, the bias yoltage supply defined to be controlled sugh
that cati 0ﬁ§1d| ?%iya‘ﬁlg’&m?lr %tnty‘f: Stg BW‘EPIS%H?%% ioaflogr%ver ﬁf’? &é’}’ﬁfesﬁrfg%e ?gg}?er se
t hrough the cation exchange nmenbrane through the el ectrolyte solution to

t he cat hodeationgexchange snsmbrene ioethe seeond desatipmeheseindhe pecangd fosationyis opgosite

recited in claim?9,
the first location relative to a width of the cation exchange membrane across the lower

opening of the chamber; and

an electric current measuring device connected to measure an electric current fiow
through the cation exchange membrane,

wherein the cation exchange membrane is defined to be controllably flexible in a
direction away from the lower opening of the chamber in response to a Bernoulli effect
caused by the flow of the fluid over the lower surface of the cation exchange membrane

from the first location to the second location.

8. A proximity head for confined area planarization as recited in claim 7,
wherein the cation exchange membrane is capable of influencing a pH of the fluid to be
made to flow over the lower surface of the cation exchange membrane such that a critical
boundary layer is formed beneath the lower surface of the cation exchange membrane, the
critical boundary layer capable of causing cations to be liberated from an anodic material

when placed in exposure to the critical boundary layer.



wherein traversal of the cations through the cation exchange nmenbrane
represents the electric current flow to be neasured by the electric
current neasuring device. 11. A proximty; head for confined area

pl anarization as recited in claim7, wherein the proximty head is defined
to be positioned over and proximate to a top surface of a sem conductor
waf er such that _the fluid.to be el | fromthe £l u d supply, chapnel,is
made to flow befween®t B@XI’B’%' g‘ﬁ?‘fi@ec‘?ﬁ%ﬁﬂeﬂ%ﬁe ag%%ﬁ%;lgpoars l%glftée/dr maﬁ{c]?m{lhgé

| ower surface of the cation exchange nmenbrane. 12. A proximty head for
confined afHehePRIiSiBEti on as recited in claim 11, wherein the cation
exchange nmenbrane is defined to be controllably flexible in a direction
toward the top sbifsaxnitags surpdy sermiccioddstwesn thatathodeand Wemnesdicrnatgritieth§ f or
confined area planarization, conprising: a chanber defined to maintain an
el ect r ol yt Bia§ Gbltageosuippty defifedde i sapmetidd widthihat thiensHieteed fromethpaswdie t o
the electrolyte solution; 28 a cation exchange nenbrane di sposed over a

| over openjigtaf atdmifBaceh. t:r@ve{'&pth%ﬂg]haﬂhe @fioh kecikapt aReredaha figeugietier ane
to be in direct exposure to the electrolyte solution to be naintained

within the gﬂq‘g@r' .1 U upply channel defined to expel fluid at a
| ocati on a‘alj%ace SPléﬁggltgtv}\grcmhggé:"f ace of the cation exchange nenbrane such

that fluid to be expelled fromthe fluid supply channel is nmade to flow
over the |l ower surface of the cation exchange nenbrane, wherein the
proximty head is defined to %yositio ed over _and proximate to a,top
surface of a sehfcondutimipaherd o Fon R PIAnATLEAtog ??ereQ%B‘LI“F IR dm
the fluid supply channel is nmade to flow between the top surface of the
seni conduc whereimateversal doft the ¢atimey threuglf dheecasifont ¢rehange) HaMbLARR J8FESHEHIane,
wherein the cation exchange nenbrane is defined to be controllably flexible
in a electric current flow to be measured by the electric current measuring device.

11. A proximity head for confined area planarization as recited in claim 7,
wherein the proximity head is defined to be positioned over and proximate to a top surface
of a semiconductor wafer such that the fluid to be expelled from the fluid supply channel is
made to flow between the top surface of the semiconductor wafer and the lower surface of

the cation exchange membrane.

12. A proximity head for confined area planarization as recited in claim 11,
wherein the cation exchange membrane is defined to be controllably flexible in a direction

toward the top surface of the semiconductor wafer.

13. A proximity head for confined area planarization, comprising:
a chamber defined to maintain an electrolyte solution;

a cathode disposed within the chamber in exposure to the electrolyte solution;



direction away fromthe | ower opening of the chanber in response to a
Bernoul li effect caused by the flow of the fluid between the top surface
of the sem conductor wafer and the |owe28surface of the cation exchange
menbrane, w thout contact between the cation exchange nenbrane and the
sem conduct or wafer.

a cation exchange membrane disposed over a lower opening of the chamber, a top
surface of the cation exchange membrane to be in direct exposure to the electrolyte
solution to be maintained within the chamber; and

a fluid supply channel defined to expel fluid at a location adjacent to a lower
surface of the cation exchange membrane such that fluid to be expelled from the fluid
supply channel is made to flow over the lower surface of the cation exchange membrane,

wherein the proximity head is defined to be positioned over and proximate to a top
surface of a semiconductor wafer such that the fluid to be expelled from the fluid supply
channel is made to flow between the top surface of the semiconductor wafer and the lower
surface of the cation exchange membrane,

wherein the cation exchange membrane is defined to be controllably flexible in a
direction away from the lower opening of the chamber in response to a Bernoulli effect
caused by the flow of the fluid between the top surface of the semiconductor wafer and the
lower surface of the cation exchange membrane, without contact between the cation

exchange membrane and the semiconductor wafer.



