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BACKGROUND OF THE | NVENTI ON [ 0001] In the fabrication of sem conductor
devices such as integrated circuits, nenory cells, and the |ike, a series
of manufacturing operations are perfornmed to define features on
sem conduct or wafers. The sem conductor wafers include integrated circuit
devices in the formof multi-level structures defined on a silicon
substrate. At a substrate level, transistor devices with diffusion regions
are formed. I n Subsequent |evels, interconnect netalization lines are
patterned and electrically connected to the transistor devices to define a

desired int egrat,ﬁg QrARIY And Mefod £0F Corfié®AIRd PR HIticn | ayers are
i nsul ated from ot P conductive layers by dielectric materials, [0002]

During conductive interconnect nanuﬁ%ﬁhﬁ%%gg, a nmetal l|ayer is deposited on
the wafer. The deposited netal w | -fi regi ons on the wafer between
smal | er featur h as.. ; M.Cr . .t regi ons,
such as trenchiﬁgﬁﬁgﬁgﬁeggggg?gﬁbﬁgpgﬁéﬁﬁ%#ﬁﬁig%%%?%g&ﬁﬁgﬁgS%%£§e atively

| arge areas of the wafer, it should reciated that these |arge areas
of the wafer may have an i Fe®=s DU O R JNVERAION o1 eased t opogr aphy
regions need to be planarized in conjunction with planarization of the
decreased [Q08pbhr twhibricatipw of seigiconducigredayicep sieinps ndegrafad GRcHts: memesy

i ncreased and decreased topography areas of the wafer poses a chall enge.
For exanpl eeclls andithi ks @ seuigsfafmpayfactusingepetations ase paformed t¢ drfing fealiyyes on

t opography areas of the wafer, an extended averpolishing period nay be
required.  Hamevrductop wabst ke semiceaderier wafswsdne! p drcat deyiees BdbhSaf er

to this extended overpolishing period may cause renoval of too_nuch
mat eri al f faym efraulti-level structures defined on a silicon substrate. At a substrate level, transistor

oul

devices with diffusion regions are formed. In subsequent levels, interconnect metalization
lines are patterned 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 £ill 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 appreciated that these
large areas of the wafer may have an increased topography. The increased topography
regions need to be planarized in conjunction with planarization of the decreased
topography .regions. Simultaneous planarization of both the increased and decreased
topography areas of the wafer poses a challenge. For example, to 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 to0 much material from the



2 decreased topography areas, e.g., the barrier |ayer underlying the
deposited netal nmay be undesirably exposed and/or danmaged. SUWMMARY OF THE
| NVENTI ON [ 0003] In one enbodinent, a proximty head is disclosed for
confined area planarization of a sem conductor wafer. The proximty head

I ncludes a chanber defined to maintain an electrolyte solution. A cathode
I's disposed within the chanber in exposure to the electrolyte solution. A
cation exchange nenbrane is di sposed over a | ower opening of the chanber,
such that a top surface of the cation exchange nenbrane is in direct
exposure to the electrolyte solution t® be maintained within the chanber.
The proximty head also includes a.fluid supply channel defined to expel
fluid at [ | l.ower . surface.of the cat]on, exchange
menbr ane. ad&%%?%?éﬁ%g?%@?%’c% 'mﬁlg haRhaI Ay g “ﬂ%frﬁh%gdthf Eiepcﬁﬁ?fé/fn&??wgt ®on at
a locatio J: §n$¥ urface of the cation exchange nenbrane,
such that q"fnla%%l%ﬁ 0 é&gkta%gﬁg%ﬁ{gf‘%mthe fluid supply channel is made to
flow over the lower surfacegQ e, cation exchange membrane. [0004] In
anot her embodi nent, a met hodPFatS L tRE ANV ENIIONed area pl anari zati on
of a sem conductor wafer. The nethod includes an operation fof disposing a
proxi mi ty [REAH In gpepmbeimento prexiraity bead is disclospdffareonfnedarereplannsizatian ofr

waf er, such that a cation exchange  nenbrane of the proxinmty head faces
the top sufr fexeigonsiuctoR avalrniThe REpEmBy bagd includpne chambtrodefingd to mabitaidew an
operation for disposing an el ectrol yte solution between a top surface of
the cati orflesehis salutiend Aaseihaded iy %smféd@f.lthlrhéhenﬁbeiur expopure niol thees

fl ow ng deioni zed water between a bottom surface of the cation exchange
menbr ane SHFTrobkRsalypns dr qatiew exghangrmemhiape isodisnosed ouer erlowe aperivg wbiheage i s

then applied between the top surface of the sem conductor wafer and the
cat hode, <HaROEMsHehhRtiaAR synfise Pfthsratip® Frqhaase 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. 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 expelled from the fluid supply channel is made to flow
over the lower surface of the cation exchange membrane.

[0004] In another embodiment, 2 method is disclosed for confined area planatization 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 o_f 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 to travel through the deionized



top surface of the sem conductor wafer are influenced to travel through the
deionized 3 water, through the cation exchange nenbrane, and through the
el ectrolyte solution to the cathode. [00051 In another enbodi nent, a
proximty head is disclosed for' confined area planarization of a

sem conductor wafer. The proximty head includes a chanber defined to

mai ntain an electrolyte solution. A cathode is disposed within the chanber
in exposure to the electrolyte solution. A cation exchange nenbrane is

di sposed over a | ower opening of the chanber and in direct exposure to the
el ectrolyte solution to be nmaintained wdthin the chanber. The proxinity
head further includes a fluid supply channel defined to expel fluid at a

a vacuum *CRe 0P uf oA b bR fiant, b8 o SARINE AR TR "1 0

t he | ower %ﬂ%kgce of the cation exchange nenbrane, such that the fluid to
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operation for disposing an electro etween a top surface of
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fl owi ng dei oni zed water between a bottom sur
at a location adjacent to a lower surface of the cation exchange membrane. Also, a vacuum

channe! 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
electric current measuring device is connected to measure an electric curent flow through
the cation exchange 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 e!ectrolyte
solution between ja 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



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 4 cations |iberated fromthe top surface of the
sem conductor wafer are influenced to travel through the deionized water,

t hrough the cati on exchange nenbrane, and through the electrolyte solution
to the cathode. The nethod further includes an operation for nonitoring a
flow of electric current through the cation exchange nenbrane to detect an
endpoi nt of a planarization process. The endpoint of the planarization
process occurs when the nonitored flowdof electric current is observed to
| evel -of f. 10007] In another enbodinent, a proximty head is disclosed for
confined argea, e?ﬂ%f i;:&ﬁt Q'Eb(?ogurﬁtgé §Fine QBEEGh @icthal Er ard RSTURh&MI thitlayelnead

i ncl udes a chanber detl ned t mai ntain an el ectrolyte solution. A cathode
| s dispos e:ﬁm‘%f. 0 a5 6 ERE! thiBudh RABn 'eRohaBe nRlREIOlaNA erdlticon. A
cati on exchange nenbrane i s di sposed over a | ower opening of the chanber,
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exposure ectrolyte solution to be naintained within the chanber.
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fluid at a“focatron adjacent to a |lower surface of the cation exchange
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to flow o ower surtface of the cation exchange nenbrane. [0008]

Qther aspegl st AR urleifis bBYARMB Tovei-bi: Decome mor e appar ent

fromthe olTowng detailed description, taken in conjunction with the

acconpanyi wi j UangrBiiynal X anRlcied htr poBt arca
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schemati c di agrami L4 Psitiddddleofwalds BRPproxibil meheindRidedg clmbep pefiiied oty er
on;

deposi ted ere
maintain an electrolyte solution. A cathode is disposed within the chamber in exposure 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 fluid supply
channel is made to flow over the lower 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.

Brier DESCRIPTION OF THE DRAWINGS
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 nent of the present invention; 5 Figure 2B
is an illustration showi ng a horizontal cross-sectional view of the
proximty head of Figure 2A, in accordance with one enbodi nent of the
present invention; Figure 2Cis an illustration showi ng an exterior view
of the proximty head, in accordance with one enbodi nent of the present

i nvention; Figure 2D is an illustration showing the proximty head

el ectropolishing functionality that en@bles confined area planarization of
the wafer, in accordance with one enbodi nent of the present invention
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Figure 2E is an illustration showing 2 proxirrﬁéy 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 electric 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.

DETAILED 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 skilied 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 invention. 6 [0010]
During copper interconnect manufacturing on a sem conductor wafer
("wafer"), a copper layer may be deposited on a seed/barrier |ayer using
an electroplating process. Conponents in the electroplating solution
provi de for appropriate gap fill on suldmcron features. However, these
sub-mcron features tend to plate faster than the bul k areas and |arger
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wth the t[%ﬁ?ﬂrﬁgﬁ% 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 electroplating 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 105, 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, illustrated 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 ami 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 handle the superfill topography in
an efficient manner, i.e., planarization techniques are sensitive to pattern density and
circuit layout. More specifically, chemical mechanical planarization (CMP) processes 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 anari zation (CWP) processes often nmnust be tuned according to the

I ncom ng wafer properties. Therefore, changes are nmade to 7 the CW
process (such as changing step tinmes, overpolish tine, or endpoint

al gorithns, for exanple) in order to accommobdate variations within or

bet ween wafer |ots. Also, such changes7are nade to the CMP process to
accommodate different pattern densities and circuit |ayouts encountered on
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this removal in a manner that follows a contour of the wafer. The contour of the wafer is
due to waviness inherent in the silicon subst:-rate of the wafer. The waviness is typically on
the order of 0.2 micron fo 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
consumnables and waste treatment of the CMP process effluent (typically acid or alkaline
chemistry containing Cu and solid wasie) 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 struchre 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 nent of the present invention. The proximty head 200 structure

i ncludes an electrolyte chanber structure 215 and a peripheral structure
217. The el ectrolyte chanmber 8 structure 215 is defined to hold an

el ectrolyte solution 211 therein. In va¥ious enbodiments the electrolyte
solution 211 can be static or circul ated. A deionized water supply channel

227 is formduReiWee e RRAS hotd ah RlcehtiHe 0Rkiba 201 tHelin ah osdisugletibediateamber
structure 215 an near the center of the proximty head 200. A vacuum

channel 22p, Eﬁc&&%@%@lﬁ%\ﬁ@ Rat BE staB8 bEEIrMAES A ldefohiRe® Wath kOppIy Ehambanber

structures 215 and the peripheral structure 217. It should be appreciated

that the e)96! FRinkd BetwiBT DS osi iMeinbl WalkloT 1 Wledd@lytd Biiniler Sthick&é BT Pand217

i
can be forneg fron1essentia||y any material having sufficient mechanical

strength apd, ﬂ%%feﬁéeP bf e (rBEMGHead SR A vhivhind YhathéiR2isns esrhids begvesR U i al s.

[00151 Figure 2B 1s an i1llustration show ng a horizontal cross-sectional

view of t he. NLAK & hY RRGyROGafibel itllidhRes?Fs5 bl 46 GREFRMISHYIFe DITE It
enbodi ment of the present i nvention. The electrolyte chanber structure 215

i's shown &g BRViNghpRdkiAE Haf Sl lytd\tidtnbet BRudtRie@5Z0d pafipReralsstppluye
channel 227 defined within the center of the annul ar-shaped electrolyte

chanber st3ucLHMR farkRd TR PRAGAINANG matdrial Bhvia@ s lidiehtsmethhnibA dtrtmgtis id ound
the electrolyte chanber structure 215 in a spaced-apart rel ationship

thereWith-su-fﬁ'ﬁ&ﬂfcﬁ&ﬁicaf%paﬁﬁiﬁgﬁhﬂﬁﬂiterﬂcidgcthétéﬁalgl7 I's al so annul ar - shaped.
As shown, the vacuum channel 225 is defined between the electrolyte

chanber st @uﬁmgm%l@s a3 0arl MfusREEd BRFvahg S huidHtA Fd%-scbiionab vinw @f ke

appreci ated that the vacuum channel 225 surrounds a perineter of the

el ectrol yt Groximity head 200 of Figure 2A, in accordance with one embodiment of the present
invention. The electrolyte chamber stmc-ture 215 is shown as having an annular-shape, with
the deionized water supply channel 227 defined within the center of the annular-shaped
‘electrolyte chamber structure 215. The peripheral structure 217 is defined to surround the
electrolyte chamber structure 215 in a spaced-apart relationship therewith. Therefore, the
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 bottom 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 to have a thickness of about 0.050 inch. During operation,
deionized water 209 is supplied through 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 water 209 is supplied through the deionized water supply channel
227, as indicated by arrow 201. The supplied dei oni zed water 209 fl ows
between the proximty 9 head 200 and the wafer 223, over the nenbrane 221,
and up through the vacuum channel 225,9as I ndi cated by arrow 205. In one
enbodi nent, the nenbrane 221 is defined to have a wdth wthin a range

ext endi ng £ 4,808 B4 thOwer 22; Rvéaha BRibrahe 22 @M. uplihfoush didvadiuh bRannel
menbr ane 221 corresponds to the linear distance through which the deionized

wat er 1 owsys f,f Bilchiag bSURBHY208 B IR emB3dintedt, HeAGEmbiate P2ICH W8T RIAa0 A&le 225.
It should be appreciated that a substantially conplete anpbunt of the
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form ng a neni scus of deionized water 209 between the proximty head 200

and the wafgmnias 22 cHSEpBRE 6 16 liddRLdigiR¢eShtiugh Whikdl 188 aeaizab ster fiGws
defined by a neniscus boundary 219. [0017] A cathode 213 is positioned
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connected to a bias Vvoltage supply 207. The surface of the wafer 223 in
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connected to a bias voltage supply 208. The wafer (anode) is maintained at

a positive hiyas ¥Rinh@o824)i tlls HRSRE nieRistiie of alelbaiied dader 200 etwrosithe vel y
charged ions wll be attracted fromthe wafer 223 toward the cathode 213.

In one enbgdixiRMN heddohindShy Glafer 223.h8 pessier} bEthaaieisca2d defuiiletiiventerds hode

213 is maintained within a range extending fromabout 10 V to about 25
defined by a meniscus boundary 219.
[0017] A cathode 213 is positioned within the electrolyte chamber 215. The r::athodc 213is
electrically connected to a bias voltage supply 20‘7: The surface of the wafer 223 in
exposure to the deionized water 209 represents an anode and is electrically conmected 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
223 toward the cathode 213. In one embodiment, the bias voitage between the wafer 223
and the cathode 213 is maintained within a range exiending 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 h.;;\s a
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. [0018] 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 rectangul ar shape defined by a

| ong di nension (LD) and a short dinmension (SD). Thus, the neniscus of

dei oni zed water 209 between the proximty head 200 and the wafer 223 is
defined to have a substantially rectangul ar shape. I n one enbodi nent, 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 proxi mti# 10 head 200 has conpletely
traversed over and proximte to the upper surface of the wafer 223 in the

di rection jpbqatg Ix%g'g&ﬁpﬂ{ew&ge?%dgcﬁg) and PRx B Foetélgln.\g)gér ﬁ%fat:@gg th%fwattlgre
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descri bed herein as having the annul ar te chanber

struct ure 48 baafb){pegea% BR MG 2P GHizeaNPRE Dend, m%%%@nn?% 2. It

shoul d be appreciated that other enbodinents of the p ad 200 can
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vacuum channel” 225. © However, ‘regardl ess of the specific geonetric
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area planarization of the water 223, I n accordance wt
shouid 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 ex"cending 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 functional groups that form a network of channels through which cations
can travel. In one embodiment, the membrane 221 is defined by a 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. However, water

nol ecul es can be "dragged" along with cations through the network of the
functional groups. The menbrane 221 allows cations to pass through the
network of functional groups, while preventing anions from passing through
the network of functional groups. Thud! the nenbrane 221 is a one-way

cati on exchange nenbrane. |1 [0021] Under the influence of an appropriate
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[0022] In a lon to providing a network of cation exchange pat hways, the
functional,, cﬁﬁrﬁ"iﬁ? aﬁsggrt’ofttﬂn?nﬁ’tglfcgﬁﬁrﬁ, 8¢l €Ot eativhs, Mbrhthéwhkte 20Bndagne 221
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al so serve pH of the deionized water 209 within a-vicinity of

the menbrafg gale 2318 5fdadeMRi the Bembrane 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 trave! to the cathode 213 and be plated on
the cathode 213. .
[0022] In addition to providing a metwork of cation exchange 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 rogion 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 Figure 2D. The pH of the detonized
water 209 wiﬂﬁn the critical boundary layer 233 is sufficiently influenced by the ﬁmctiongl
groups of the membrane 221 to cnable etching of a metalized topography 229 on the top
surface of the wafer 223, when the metalized topography 229 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.
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relative to lower topographical features on the surface of the wafer 223. Thus, the more

rapid etching of thle 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 eﬁough 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, e.g-,
sulfonic acid groups, of the membrane 221 will etch the metal from the wafer 223 too fast,
causing dehydration of the water in the contact region and suction of the membrane to the
substrate, resulting in damage to the wafer 223. Addiftionally, physical contact between the
membrane 221 and the wafer 223 may physically damage the membrane 221 and/or wafer
993, To ensure that the membrane 221 does not adhere io the wafer 223, a minimum

distance (D) 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., sulfonic acid groups,
of the nmenbrane 221 will etch the nmetal fromthe wafer 223 too fast,
causi ng dehydration of the water in the contact region and suction of the
menbrane to the substrate, resulting in damage to the wafer 223.

Addi tional ly, physical contact bet ween ¥he nenbrane 221 and the wafer 223
may physically damage the nenbrane 221 and/or wafer 223. To ensure that

the meib
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,, ) must tween the nenbrane 221 and the wafer 223. 13
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bet ween the rane 221 and thé wafer 223 Is al so necessary to expose
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critical ary ayer 233 thickness required for planarizing the wafer
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because the rate 1 ncreases t he ‘nenbrane 221 get closer to the

vaf er 223, gl.t,je5 59b § cgwﬂﬁﬁeéﬁﬁhﬁn to?a aRGbh .0 ddifiéhanyiebisB et rateifereases

separati on glstance et ween menbrane 221 ‘and the wafer 223. Thus, it is

necessary ef 4i QR dist eR hekpess (he JRTRERERN2AL ikl e
waf er 223 hb Hémgaptgglé&?o contour variations across thé wafer 223, and

preferably, s ?chImtg ol s@ ati ARk IR Rl deR nhdntBrinf 220 Nd ASSWALRE B0 THMS, 1 is

controlling t hyS|ca separation between the proximty head 200 and the

waf er 223, p J%%‘saﬂ%?ﬁ{é &g&aﬁ&%ﬁfa}l@é btivb&Sthe fmdatRad PN Aaahe Rafer 2D BS
exposure of the wafer 3 tothe critical boundary layer 233 in a
substant i alnlléfotable to contour variations 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, t};xe proximity head 200 can be positioned within close
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
a distance (d) toward the wafer 223.
[0027) The proximity head 200 is capable of maintaining the deionized 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 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
solution 211 in conbination with a Bernoulli effect caused by the deionized
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 is capabl e of maintaining theldlei oni zed water 209 neniscus

bet ween the menbrane 221 and the wafer 223 at a substantially fixed
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head 200 and the wafer 223 can be controlled in a coarse manner relative to the critical

boundary layer 233 thickness. Then, the electrolyte solution 211 pressure (P) and deionized

water 209 flow rate can be adjusted to provide fine control of the membrane 221 flex

distance (d), such that the separation distance between the membrane 221 and the wafer

223 is finely controlled. In one embodiment, the electrolyte solution 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 membrane 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 (P) is mintained within a range extending from
about O psig to about 10 psig. [00291 It is conceivable the a contour,

I.e., waviness, inherent in the wafer 223 nmay exceed the critical boundary
| ayer 233 thickness. However, the ability of the nenbrane 221 to flex
enabl es the nenbrane 221 to conformto the contour of the wafer 223, such
that a uniform separation distance is _naintained between the nmenbrane 221
and the wafer 223. In other words, thd3lexibility of the nmenbrane 221
conbined with the control afforded by the electrolyte solution 211
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221 to fo contour of the wafer 223 as the proximty head 200 and
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i nvention 1s no |n1teg ?o having a stationary proximty head 200 and a
moving vaf Paid thit ROPIRSH 1RAERAGH HEM linkife (WBhARg 3 AtktioAdty PEoxEhAY heddar y
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anot her. [0031] Wth Tespect to Figures 3A-3C, attention should be paid to
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Itical boundary |ayer 233 beneath the nenbrane 221. Figure 3A represents

the proxi mityi18Alad 96b ERYhARAWvitiH128peR! to@he hfvther.

[0031] With respsct to Figures 3A-3C, attention should bé: 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 planarized.
[0032] The closed-loop céthode 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 featare 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 controlled by the
deionized water 209 flow rate and electrolyte solution 211 pressure (P). 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
positioned just after traversal of the topographic feature 303 through the
critical boundary |layer 233, such that the topographic feature 303 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 the cathode 213
within the el ectrolyte 211, functions tl§ plate netal cations, e.g., CQu"",
as the netal cations pass fromthe topographical feature 303 through the

o i
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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. Each 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 ]inea;:ly in a plane aligned with the wafer 223. In another
embodiment, the two electrodes having a sufficient elongated shape and being oriented in a
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 defined in a
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
perfornmed in a nunber of ways. For exanple, in one enbodinent, the two

el ectrodes an be noved linearly in a plane aligned with the wafer 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
moved in a rotational manner to contacfi? the wafer 223. [0034] It should
also be appreciated that the shape of the two el ectrodes can be defined in
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223 int hethe e@t%de §i5sek (rd p%ﬁy%@?&)ﬁ(ﬁﬁs%oﬁﬁﬁlfeﬁ% be electrically dlsco_nnected
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
distributicn 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
273 as the meniscus of deionized water 209 traverses thereover.
[0036] Although the present invention is described with respect to use of a single
proximity head 200, it should be understood that other embodiments may 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, muliiple 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 the present invention may be used to achieve a

uniform (planarized) layer of metal, ¢.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] Although the present

I nvention is described with respect to use of a single proximty 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 beneat?h the proxinity head 200, nultiple
proxi mty heads 200 may be positioned in a back-to-back manner to enabl e
sufficient planarizati@n. b I p 'm’ﬂggmt}ﬁ@ 100 Gn NRyndoe
foll O\Aedriﬁﬂ’/e?arﬁ%{’ hbeer %%rﬁ(;l)%i ?nléglgoﬁelgggﬁgisﬁgﬁtg gg?q ormri nsiq]?llglg and drying
operations.. Eurt herqor | . ' AT XA g Smdtarzat i on
provi ded %bc{dﬁge F01>;<H|%n\1$ f# %ﬁ%ﬁgwwglaenfmi%ﬁ%{%ﬁﬂ% be used to
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waf er 223t.he"r Ig3 Oﬁglg:s%g?’?h azﬁ%g%/rgtlﬁ%r‘r‘glyﬁ%remgﬁés? hoeCI%r%er}ecof 1000 Angstrons to
2000 Angstrgﬁ%gé L,GK in some enbodiments. The wafer 223 having the uniform
(planari z er of metal thereon, can then be processed through a
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remai ni ng e appreciated that the confined area
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I nventl on 86_ require lcation o nmechani cal pr essure/stress to

the wafer 2 29%1-?/%57]5% Yo %mﬁeﬂ QZS%&%Y?I o 6 RSB bndTEGHBAAl Fhechanical

pl anar i zaPT3h processes: , it should be appreciated that
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and the w8 present 1 nvention does not rely upon a relative

vel ocity hetween tRe, WRIMEADRNG231 8P the! (Iximity head 200 and the wafer 223 in the
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present invention does not rely upon a relative velocity between the membrane 221 and the
wafer 225. Rather, the sepe;ration distance between the memb;ane 221' and the wafer 223 in
the present invention is controlled by the flow rate of deionized water 209 between the
membrane 221 and thé wafer 223 and by the electrolyte solution 211 pressure (P) behind
the membrane 221. Thus the boundary 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] It 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.c., the
wafer can be flooded and the overflow collected in a drain in the process chamber). Figure
91 is an illustration showing a 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 Figare 2E, 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 | ayer is fornmed and nai ntained generally independently of the
head-wafer relative velocity, and renoval rates can be then controlled by
residence tinme of the head relative to the wafer independent of boundary

| ayer thickness control. [0038] It should be appreciated that the boundary
| ayer can be formed by forcing water @8ross the menbrane without the use
of a vacuumreturn line to renove the water (i.e., the wafer can be

fl ooded and e nenRVBRLL O Foelb 98! 8 dofbrfhcl ik 00 AW SVep@RSRebRRD L],

Figure 2E 1S an (llustration showing a proximty head 200A that does not
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present inve proximty hea 200 features previously described
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Fi gure 2E, exception of the vacduumreturn channel 225. 19 1In the
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cations f rtgglcgtngaev%ﬁén%?e%ﬁ@cmﬁt £84:0868a% 1 b ®RcBEncRted WRRE Gl veafer

electric curren this electric current flows fromthe wafer 223

(anode) t 0,5t A AL 4330 nfldsib 8R! didcbridHirfen HoWRaStth B Wit 198 1ol be
connect ed between the wafer 223 and the cathode 213 to neasure the
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be appreciated that the electric current flowing fromthe wafer 223 to the

cat hgde 213 1S cAnddd b0 hctida® Ry kbikiheCntatirea baehe isesiricdl bowetary i cal
oundary

layer 233 and the ﬁ'letalized 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 confact 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, ie,
planarized, during the confined area planarization process, the working contact arca will
increase, i.e., 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
773 to the cathode 213. Eventually, when the wafer becomes planarized, the working
contact area becomes substantially constani, 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.g., Cue, are being renoved. [00401 As the higher portions of the

netal i zed topography 229 are renoved, i.e., planarized, during the
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 BBgher portions of the netalized

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

223 and t Rga&ak Mdodld ctlc LREhERSGoen ik vt 928358 thd LBWde 9;1? BBdodes

cations represents a neasurable Increase In electric current ow ng from
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pl anari zed, the working contact area becones substantially constant. Wen
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cations from wafer 223 to the cathode 213 becone substantially
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the flow of netal cations. Therefore, n the working contact a econes
subst anti glelps : Qgﬁggﬂk the flow of electric current between the wafer
223 and the céﬁ%ggg- 1 eg%nes substantially constant. Thus, a
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detect an endpornt of the planarization process. 411 Figure 4 1s an
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223 and tfe carhode 213 as a function of time during the confined area
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i nvention. 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 layets underlying the previously present

metalized topography 229 wiil 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 exposure of nore netalized topography 229 to the critical boundary
| ayer 233 as the higher portions of the netalized topography 229 becone

pl anari zed. [0042] As the netalized topography 229 approaches a planarized
state, the current begins to |level off. Wen the wafer 223 becones
substantial ly planarized, each portion2bf the wafer surface will be
exposed in a substantially equal manner to the critical boundary | ayer

233. Thusex;%g& tﬁb%@ﬁt%u?&s%lasmﬁ@ﬁedswgtxa&ﬁbaubx o B8 Nbve et Fiklie acur rent

will level as | cated by a location 401 on the curve of Figure 4.
The | ocat itgfs #l1oEARNADS Mptedeh® thEBYeRQhBLePhoihi6X thOBEHABE afdh BRnarization

pl anari zation process. |If the confined area planarization process
continuespheyand the tine corresponding to the location 401, .the current
will remain substantially level. Eventually, however, enough netal wll be

renoved f eps| REond\@hiSdaimes, B! e&ﬁd&afare%: lafib it Yol me LBy & dy er S

underlying the previously present netalized topography 229 wll be

exposed. Wieprehbifirdtbl point G kdatndd0 MRRNEY Gh IaMSihbAUBbRIBER, &t corkRAS&@a t he
current will drop as indicated by a | ocation 403 on the curve of Figure 4.
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area planarization process. [0043] In one enbodi nent, the confined area
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reached. However, in another enbodi nent, the confined area planarization

process maynheCant iaglbl%&rﬂéﬁ itdyet BE dMtANRI Z8hAiR breEPRARE sirfack SARCHe

Because the netalized topography 229 is renoved in a top-down manner, it is
general | Y pjanarization endpoint is reached. Upon reaching 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 ermbodiment of the present
invention. Tt should be understood that the method of Figure 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
perfosmed 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 process or plasma etch back process, to uniformy renove a
requi red thickness of the remaining netal present on the wafer surface.
[0044] Figure 5is an illustration showing a flowhart of a nmethod for
confined area planarization of a sem conductor wafer, in accordance with
one enbodi ment of the present inventih. It should be understood that the
nmet hod of Figure 5 is intended to be performed wusing the proximty head

200 descr isgggmgcglg%g WD e CRARGG ed B Hatdll Bfoudiv-tie ddiagi-BR WG, tifighudes an

operation i sposing a proximty head over and proxinmate to a top

surface of,d 38600 MGG Aeodk heldidtroBiRhiteR 16 Mehange:. Tenbr ane faces
r (0]

the top surtace he sem conductor wafer. In -an operation 503, an
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exchange ane and a cathode. An operation 505 is perfornmed to flow
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and the top surfac e sem conductor wafer. The nethod further includes
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t he sem conduc waf er the cat hode, such that cations |iberated from

the top s %Ji%c §no fﬂe&%@ of%he é&i&h%ﬁ&%g& Henitedr®caféed al pH hisdifadedion bf eieel

t hrough the déioni zed water, through“the cation exchange nenbrane, and
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the flow rate oni zed water is controlled such that the cation

exchange n&g%ﬁgggn{,éde al gx\a{dqr,l Bferl38, &/bé 8 Bortdct tWith ®E ML Altfhide bbthenaf er
under the 1T nfluence of a Bernoulll force w thout contacting the top
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menbr ane 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
clecb:i;: 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 electric 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, permu'tations 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

| i berated fromthe top surface of the sem conductor wafer. [0046] The

nmet hod further includes an operation 509 for scanning the sem conduct or
waf er beneath the proximty head such that a nmetalized topography present
on the top surface of the seniconduct%r wafer is renoved in a
substantially uniformtop-down nanner.sAdditionaIIy, t he nethod can

i nclude a process for detecting a planarization endpoint. The

pl anar i zataitgaﬁ&{;g&giﬁansdsérﬁméﬁgﬁs, REQ 6QBFalbits ha|EISwiEDN itiericngi and séopew Of
electric current through the cation exchange nenbrane. The pl anari zation
endpoi nt  ealrieshapds 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 ectphg cUlfeitist 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 23 alterations, additions,
pernutations, and equivalents as fall within the true spirit and scope of
the invention. What is claimed is: 24 CLAI M :



1. A nethod for confined area planarization of a sem conductor wafer,
conprising: disposing a proximty head over and proximate to a top surface
of a sem conductor wafer such that a cation exchange nenbrane of the
proximty head faces the top surface of 24he sem conductor wafer; disposing
an electrolyte solution between a top surface of the cation exchange
menbrane and a cat hode; flow ng dei oni zeg apRfser between a bottom surface of
the cation exchange nenbrane and the top surface of the sem conduct or

waf er; and applying a bias voltage between the top surface of the

senm conduct or wdf er andmtthed fatdmfieed unke tphatarieatdnonf 4 isberandactér evaferhe
top surface of the sem conductor wafer are influenced to travel through
the deioni zgd¢Rigr through the cation exchange membrane through the

el ectrol yte s(?l utron to the cathode. 2. A nethod for confined area

I [ [ f..a sem d f Yoy j ' ,
Compri st ng: _conBRPPTRg o ey B e Biproti Rl B2 P sl schfi b

cation exchange nenbrane flexes toward the top surface, of the

semi conduc oy thayAgaton srhim mERkanG Pl ths PERRRERINERd Pisee e o Hstice of
contacting the top surface of the sem conductor wafer. 3. A nethod for
confi ned arkasepiamatuctoatiabon; of a sem conductor wafer as recited in claim
2, wherein the flexing of the cation exchange nmenbrane causes a pH

nodi fied regi on Ripoling HetRPiAfE WAliRIN PétMsbiRl ®pt Qirfabe dfahé eaish ekéatagef
the cation 25 exchange nenbrane to be in contact with the top surface of

the sem condu tr9nr1 a“@fa?é (;t({ée pH nodi fied regi on of the deionized water
causi ng t hé" %3 |o?1sdtoa%}é I berated fromthe top

flowing deionized water between a bottom surface of the cation exchange
membrane and the top surface of the semiconductor wafer; and

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 semiconductor wafer are
influenced to travel through the deionized water through the cation exchange membrane

through the electrolyte solution to the cathode.

2. A method for confined area planarization of a semiconductor wafer as
recited in claim 1, further comprising:

controlling a flow rate of the deionized water such that the cation exchange
membrane flexes toward the top surface of the semiconductor wafer under the influence of

a Bernoulli force without contacting the top surface of the semiconductor wafer.

3. A method for confined area planarization of a semiconductor wafer as
recited in claim 2, wherein the flexing of the cation exchange membrane causes a pH .

modified region of the deionized water proximate to the bottom surface of the cation



surface of the sem conductor wafer. 4. A nethod for confined area

pl anari zation of a sem conductor wafer as recited in claiml1, further
conpri sing: scanning the sem conductor wafer beneath the proximty head
such that a netalized topography presen5on the top surface of the

sem conductor wafer is renoved in a substantially uniformtop-down manner.

5. A nethod, Ringf %mni%g&rt R RPinRloARR! {Nﬁﬁtth@{bglcglﬁnﬁcé8%@%@&%heﬁctm§ftérﬁﬁe

recited in cla er conprising: exp i ng deionized water at a

first location jagcent to . the. bottom surface of t.he t§-on_exchan

merbr ane; é%lfgmé’ag{quﬁglﬂﬁ ogg?e fopizsd ates, cayping the caliots fo, eaftlﬁetgﬁte‘g%jog%:gl R o
the bottom surface of the cation exchange nenbrane such that the deionized
wat er f| owsutfeesrofithesdspcerstvctoniaie of the cation exchange nmenbrane. 6. A
met hod for confined area planarization of a sem conductor wafer as recited
in claiml, wherein the cation exchange nenbrane is defined to enable
cation now through the cation exchange nenbrane and bl ock anion flow

through the catipn exg r}ﬂfﬂ:ﬁ@d HEOBEGRA. eh | RarRkiOMicH B abégnlﬁcéﬂdﬂl;lccﬁér wafer as
a

confinenment. 26 7. A nethod for confined area planarization o
sem conductor. wafer.as .recited in claim1l, further conprising: controlling
a pressurerﬁ?lteﬁﬁ’écéflﬂit% t RS on on the top surface of the cation
exchange nenbrane so as to control a flexibility of the cation exchange
menbrane. 8. A rfetdRg the semisoadudtergvafenbensathitbaprios iy bgsdi syeh H’&“}t a Mgz ed
area planarization process, conpri sing:

topography present on the top surface of the semiconductor wafer is removed in a

substantially uniform top-down manner.

5. A method for confined area planarization of a semiconductor wafer as
recited in claim 1, further comprising:

expelling deionized water at a first location adjacent to the bottom surface of the
cation exchange membrane; and

suctioning deionized water at a second location adjacent to the bottom surface of
the cation exchange membrane such that the deionized water flows over the bottom surface

of the cation exchange membrane.

6. A method for confined area planarization of a semiconductor wafer as
recited in claim 1, wherein the cation exchange membrane is defined to enable cation flow
through the cation exchange membrane and block anion flow through the cation exchange

membrane while providing bulk fluid confinement.



di sposing a proximty head over and proximate to a top surface of a

sem conduct or wafer such that a cation exchange nenbrane of the proximty
head faces the top surface of the sem conductor wafer; disposing an

el ectrolyte solution between a top surfacd® of the cation exchange nenbrane
and a cathode; flow ng deionized water between a bottom surface of the

cation exchange 7 nmenbsamethdddiok Renfifd aal ReRarRhtidh &F £ RLARBANGIQT Wik &fs;
appl ying a bias voltage between the top surface of the sem conductor wafer

and the Caﬁe@ﬁ’é%ﬁ Sc'ljacﬁlﬂ { ?@r}he??&hﬁﬁiaéj berated fromthe top surface of the
é Influenhce

sem conductor wafer ar ced”to travel through the deionized water

t hrough the cation exchange nenbrane through the electrolyte solution to
t he cat hode; ano"%ﬁﬁ’cn&rq Al d Iog\%}?%Fleéqr‘élWr?rO&utlﬂﬁlr?réme Pﬁr%‘ﬂéﬁe phhecetiogn
exchange nmenbrane to detect an endpoint of a planarization process. 9. A
met hod for ekehangeimgmbrapd soartd zantradre faxdlp byt thewcatioo eréliangel mgnhgane.

pl anari zation process as recited in claim8, wherein the endpoint of the

pl anari zation 27 process corresponds to a |leveling-off of the nonitored

flow of electric current through the «cation exchange nenbrane. 10. A

met hod for detecging riczathan: pai -1 fine r
pl anari zati on p?%cessga}sﬂerﬁg’?i (é-d‘d{et%&érfg;%ng gﬁ Er\}\%%ro gi (rélt?cﬁqr?lielﬂf 0\% gﬁn%l}egcfﬁrrefic
current t h[ﬁﬁu h.the cation exchange nmenbrane is nonitored by neasuring an
electric ¢ WU} RHETTS1 QERSIE sur f ace of the seniconductor wafer and
the cathode. 11. A nethod for detecting a planarization endpoint in a
confined area plismangzaprowmipr krad syengnd prokineade fna érdpesunfags of aisenhiepnductor
conpri si ng:
wafer such that a cation exchange membrane of the proximity head faces the top surface of
the semiconductor wafer;
disposing an electrolyte solution between a top surface of the cation exchange
membrane and a cathode;
flowing deionized water between a bottom surface of the cation exchange
membrane and the top surface of the semiconductor wafer;
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 semiconductor wafer are
influenced to travel through the deionized water through the cation exchange membrane
through the electrolyte solution to the cathode; and

monitoring a flow of electric current through the cation exchange membrane to

detect an endpoint of a planarization process.

9. A method for detecting a planarization endpoint in a confined area

planarization process as recited in claim 8, wherein the endpoint of the planarization



scanni ng the sem conductor wafer beneath the proximty head such that a
netalized topography present on the top surface of the sem conductor wafer
is renoved in a substantially uniformtop-down manner. 12. A nethod for
detecting a planarization endpoint in a 2énfined area planarization
process as recited in claim8, further conprising: controlling a flow rate
of the dei qpized MR:BEndRU6 A IENFhgldfEoLAL INMhiR¥ENARIOF cIFBHR! ui@ni hedRh the
toward the top surface of the senm conductor wafer under the influence of a
Ber noul | i fogce Wit hout contacting the top surface of the sem conduct or

waf er . 13.‘ﬁfﬂ%@ﬁﬁ?@%ﬁmﬁg?%%ting a planarization endpoint in a confined
area planarization process as recited in claim12, wherein the flexing of
t he cation exchange nenbrane causes a pH nodified region of the deionized
wat er proximate to the bottom surface of the cation exchange nenbrane to
be in contact wilh the mothod ufol adetewingt heplaBarization candgoint on aa¢anfined haepH
nodi fi ed region of the deionized water causing the cations to be |iberated

fromthe tmmHLbiRmEolest BEreeREA MONSIHES ORhotethakie fldd.of RloRidEchothrélghand i ng
a planarization endpoint in a confined area planarization process as

recited in ¢l.aim furth risjng: oy Welsll L&
first loc atcl%ﬁn 0 j%gn en’fnte?@{:atn%g%gﬁ %I[r%gsb Jﬁﬁgagghfﬁg? ggbﬁféa‘%ﬁgﬁ exch%rﬁ%lg%p
menbr ane; and, suctijoni ng dei oni zed ter gt a second | ocation adjacent to

t he bot t omsutipgepidhgsermeendugtor waker g H&ﬁ@gm#%nbrane such that the deionized
water flows over the bottom surface of the cation exchange nenbrane. 15. A
nmet hod for detecting a planarization endpoint in a confined area

pl anari zation process as recited in claim8, wherein the cation exchange

nenbrane is 11. A method for detecting a planarization endpoint in a confined area
planarization process as recited in claim 8, further comprising:

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.

12. A method for detecting a planarization endpoint in a confined area
planarization process as recited in claim 8, further comprising:

controlling a flow rate of the deionized water such that the cation exchange
membrane flexes toward the top surface of the semiconductor wafer under the influence of

a Bernoulli force without contacting the top surface of the semiconductor wafer.

13. A method for detecting a planarization endpoint in a confined area
planarization process as recited in claim 12, wherein the flexing of the cation exchange
membrane causes a pH modified region of the deionized water proximate to the bottom

surface of the cation exchange membrane to be in contact with the top surface of the



defined to enable cation flow through the cation exchange nenbrane and

bl ock anion flow through the cation exchange nenbrane whil e providing bul k
fluid confinement. 16. A nmethod for detecting a planarization endpoint in a
confined area planarization process as RB&cited in claim@8, further
conprising: controlling a pressure of the electrolyte solution on the top

surface of Lhe  aldQNwafeX SHANG ShIRART RBRNTA RS ddiSnisQINERE calisfreaté Bitlonk Yo Of

t he cati on exchange nenbrane.

be liberated from the top surface of the semiconductor wafer.

14. A method for detecting a planarization endpoint in a confined area
planarization process as recited in claim 8, further comprising:

expelling deionized water at a first location adjacent to the bottom surface of the
cation exchange membrane; and

suctioning deionized water at a second location adjacent to the bottom surface of
the cation exchange membrane such that the deionized water flows over the bottom surface

of the cation exchange membrane.

15. A method for detecting a planarization endpoint in a confined area
planarization process as recited in claim 8, wherein the cation exchange membrane is
defined to enable cation flow through the cation exchange membrane and block anion flow

through the cation exchange membrane while providing bulk fluid confinement.

16. A method for detecting a planarization endpoint in a confined area
planarization process as recited in claim 8, further comprising:
controlling a pressure of the electrolyte solution on the top surface of the cation

exchange membrane so as to control a flexibility of the cation exchange membrane,



