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Robert J. O Donnell Thomas W Anderson BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention 10 [0001] The predent invention relates to

sem conduct or wafer processing and, nore particularly, to apparatuses and
techni ques for nore efficiently applying and renoving fluids from wafer
surfaces while reducing contam nati on and decreasi ng waf er processing
costs. 2. DescrPHOBIC BARRIER:MENISECUSSEPARATION AoNdct or
chip fabrication process, it is Wgtggﬁﬂﬁgﬁgxﬁﬁgiyhere is a need to process
a waf er using operations such as i I n each of these
types of operations, there is a need to effectively apply and renove
fluids for the wafer operation proce@’sfm’ff’@%S] For exanpl e, wafer cleaning
may have to be conducted where a gg&ggqbgg 4P operation has been
performed that | eaves unwanted resi dues on t surfaces of wafers.

Exanpl e8 of such a fabrication ope’le)masﬁNlmndam pl asma etching (e.g.,
tungsten etch back (WEB)) and chem cal mechanical polishing (CWP). In CWP,
a wafer is placed in a holder which pushes a wafer surface against a
rolling conveyor belt. Th|slggggg*gﬁﬂQgkﬁrﬂﬁgiggﬁggﬁpﬁ%y whi ch consi sts of
chem cal s and abrasive mate . 25 Unfortunately,
this process tends to | eave an accunul ation of slurry particles and
residues at the wafer surface. If left on the wafer, the unwanted residual
materi al and |Mautdreh&mviyien CauUse, anong ot her things, defects such as
scratches on the wafer surface and inappropriate interactions between

met al | 12at i[@001] deupesent | mvswie: celstes, tos sahicosfetirswaky p@useingewnd esmorson
the wafer to becone inoperable. In order %ﬁ avoi d_the undue costs of

di scar di ng %ﬁ%fﬂé [VgéP RBRATHYSSS N1 lesBriguesetpr caare gificiently gpplying %ndneegg%rs&y

to clean thgiyef (F[{él HBOUREELYw N S re%l éc‘c\sf[ltg.g%ﬂﬁfmﬁ g ;degrggsﬁ %%ﬁ??r cessm

operations that ave unwant ed reS| een
cl eaned, tRkestsafer nust be dried effectl vely to prevent

2. Description of the Related Art

15 [0002] In the semiconductor chip fabrication process, it is well-known that there is a need
to process a wafer using operations such as cleaning and drying. In each of these types of
operations, there is a need to effectively appiy and remove fluids for the wafer operation
process. |
[0003] For example, wafer cleaning may have to be conducted where a fabrication

20 operation has been performed that leaves unwanted residues on the surfaces of wafers.
Examples of such a fabrication operation include plasma etching (e.g., tungsten etch back
(WEB)) and chemical mechanical polishing (CMP). In CMP, a wafer is placed in a holder
which pushes a wafer surface against a rolling conveyor belt. This conveyor belt uses a
slurry which consists of chemicals and abrasive materials to cause the polishing.

25 Unfortunately, this process tends to leave an accumulation of slurry particles and residues
at the wafer surface. If left on the wafer, the unwanted residual material and particles may
cause, among other things, defects such as scratches on the wafer surface and inappropriate
interactions between metallization features. In some cases, such defects may cause devices
on the wafer to become inoperable. In order to avoid the undue costs of discarding wafers

30 having inoperable devices, it is therefore necessary to clean the wafer adequately yet




water or cleaning fluid remmants from |l eaving residues on the wafer. If the
cleaning fluid on the wafer surface is allowed to evaporate, as usually
happens when droplets form 5 residues2or contam nants previously

di ssolved in the cleaning fluid will remain on the wafer surface after
evaporation (e.g., and formwater spots). To prevent evaporation from

t aki ng pl safBcicntheaftdr dahnicagor bparations shat brave enwargdd wsidyes.ckl y as possi bl e

it hout t ti | et f . ) tt tt
ncconpl | SHOPMNARBA SRR hath SR et S1eRhest B Vet gy Rewhiedi 504y © BRiFby £
such as spyftedsydifhing fMAd r&hindYRY ﬁﬂﬁqgéviﬂé)regfdﬁéﬁ&q twabaref 1F ﬁﬁ%%ﬂfn)éifﬂﬂd '

techniques utilize some formof a noving |iquid/gas Interface on~ a wafer
sur f ace whitrcthe wéfepswfac| iy altaived &b reaporates ud tsually lhpyensgwhdn dropketseforsuir f ace
wi t hout_ the formation of droplets nfqQrtupately, if the vi ng.liqujd/ gas

i nt erf dce HAEKY CRIVGMIngLs m‘féw%éjla%ﬁge% Helfarine {48 WibrgmOldhed
drying metoadSsurhtobha! Sapdiidh QNel £43805 9kl c | g1

cont am nant s bseuirng I eft 8% tkll(gl @g’e@&sur g’tgtee?gpditg) %@pﬁ@% e\gagogrﬁonéryi ng
t echni que talsieg flamayhd slesping fhiidseusdrbei reeovERE . qiidIPaF fosghieewilifout the

illustrates novenept 05 flui&gs o? a wafer 10 durin% an SRD pro}cj,ess. In
this dryi n%nﬁ?téﬁ?e% droplej o0 \{BF SrafSresurigeet B g atigmpt 4o aceamaplish thisy 98¢ 6 14.
I n SRD, by, i : r } d r i t ris
pul T od 1 o T he e e WERbigh e erblafpd bithihe R e 8 2
final Iy ofdrymg. tAlbofvhter drgmgsdrbwiquby ufilizel s foaa of amadviay liquid/gaOintdfacéds t he
fluid is being pulledq off of the wafer, a myving liquid/gas interface 12 is
created atoh RAAIBRTERCEVIF HAREIY RN HGRSS. Fsuknin GUIRE Bba oTalemeirits or
(ie., the i d | B Gud gy ' r:f ae 2.

| ar ger) as\gftﬂ%(g]!t gﬁf}?\%q%fogc%@sﬁoﬁﬁsdmm&ses.dtfﬁgf ﬁ\%géﬁ’%%g eﬂcﬁl}:&%ﬂgs gﬁl?%%a% t he
i nsi de ar daeakls dower, @k loftee hhppamedvitty all bé theoafortghentibiidd dyfasmethbéy, fdasidetd2 i s
free fromthe fluid and the outside area of the circle formed by 25 the
movi ng | i ofGMB/3d<cvppRIaion eecurd rgsultingdn foptaminapiebeing deft ondhe male syrlaes-

7l qut a7 gas. e of PSSR ORQRSLER by R S eBhnd [90F, C2) ' ot si de of

t he novi ngoDOS|Fighgas ihkestanevdderd of FIeRS 0F a vifer BY @UrR@ ISR prskss, Thf the
novi ng Iicluj d/gas interface 12 breaks down, droplets of the fluid formon

t he waf er HSJITEBEPEIFCHE Y Wby lbrdaied afrehigh raie Bp setation k. ol I/I8, Wrusploét s.

As 30 suc [t~ 18 [RY; t.droplet.for i,en_apnd the subsequent
evapor at | oot APRGLE Bk R Re R Fhnt & ARG et BEFRLED
Unf or t unatiat yutstdeeMhesamd: afd Yinlily FEITAdSwaRF s Siwh PRithidaditetisne GasRtul  at
the prevention of noving liquid interface breakdown. 3 [0006] In addition,

the SRB prideeds thadluid is being tuled wilt ¢f deywafor, wamevingiduad/gas micafacarld is

pyalr 0P NOD! Gear b S BRNARIS o e Waft BRGRY e Bt Buthidd bt wisl: ALY, (REERS®

produced by the moving liquid/gas interface 12 gets larger) as the drying process

progresses. In the example of Figure 1, the inside area of the circle formed by the moving
liquid/gas interface 12 is free from the fluid and the outside area of the circle formed by
25 the moving liquid/gas interface 12 is the fluid. Therefore, as the drying process
continues, the section inside (the dry area) of the moving liquid/gas interface 12 increases
while the area (the wet area) outside of the moving liquid/gas interface 12 decreases. As
stated previously, if the moving liquid/gas interface 12 breaks down, droplets of the fluid
form on the wafer and contamination may occur due to evaporation of the droplets. As
30  such, it is imperative that droplet formation and the subsequent evaporation be limited to
keep contaminants off of the wafer surface. Unfortunately, the present drying methods

are only partially successful at the prevention of moving liquid interface breakdown.




repel water and water-based (aqueous) cleaning solutions. Therefore, as the
drying process continues and the cleaning fluid is pulled away fromthe
waf er surface, the 5 remaining cleaningsfluid (if aqueous based) will be
repelled by the wafer surface. As a result, the aqueous cleaning fluid
will want the | east anmount of area to be in contact wwth the hydrophobic
waf er sur f[048] IAddiitioonte! SRD tphexestbasodisfiaiitta nivitly dgahgitviafen stfacs tiedtiang t o

itself as ., a.result urface tensiqgn (i.e,, result of nolecul ar
hydr ogen HSHERPRGC %?FEPE%‘W& BauIAcE 590 bhdithgHlh 5oL I R CUFREETRS and
the surfa I S p %’E‘a eo ni Ld, forms
in an uncgﬁqérlg"lo%%lgann%ﬁé%%gga% ﬁ%“qﬁgﬁdﬁ? o% 0 |gc9$1\l/1vg§%f s%%s%g@g’. hgllﬂ?és%%ati on
of dropl etpgogess abttsnues ahfethbaedhitlg Sumphr pillednaveayd fibhre thec eafeasurfadd, ahc

di scussed Qre.\/lou%lg\%]ii The ljmtations of the SRD are particularly severe at
't he cent er“HM M iEeC EE MU wlueet Pasedigul] ?%F%’éu%%'?ﬁ’ﬁf& wifer REfgeopiSet s i s
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comon way of wafe rying, this met can have I cul'ties reducing
t he f or matthohydbdplobaawaiegsdrface d Adddjphelly thomuehs claingig slutfoacendspegial |y

when used .on _hydr ophobi c fer surfaces. Also, certain ortions of the
waf er may e &S resuf et S“\FA@B? SIOB éﬁpr*’ép"@a restk<of nolseutpr EV@@E@ pending).
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that area. The portion 22 is 'hydrOErBObl c so that area repels water and
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waf er dryhagedttab! tenwhfdtnelkge cenrifigdil fatt abidLyeltte anpldih ey kommldeacr ease
waf er production 25 I%iae.!ﬁszt? é0008] Therefore, there is a need for a nethod
¢

and an apparstasntiygg RP picress iamresently Eisampstngprapen iayedf Walgr d

manag nt i i er_ that reduces. c am nati.ng _deposits
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30 wafers. SUMVARY OF THE | NVENTI ON [ 0009] Broadly speaking, the present

i nvent i on PRrtans of Heswaferaay hixe dfferendivgorhobisipsereaties. 4 processi ng appar at us

that is ¢ .0f__pr, ssi.ng wafer surfaces, with multipl nisci ,while
o 1 oot Tidlre AEE ARRRARS bR RE AR Urth heiter 18 Tn TR i imale hat
t he portion 20 of the wafer 10 has a hydrophilic area and a portion 22 has a hydrophobic area.

-]

20  The portion 20 aftracts water so a fluid 26 pools in that area. The portion 22 is
hydrophobic so that area repels water and therefore there can be a thinner film of water on
that portion of the wafer 10. Therefore, the hydrophobic portions of the wafer 10 often
dry more quickly than the hydrophilic portions. This may lead to inconsistent wafer -
drying that can increase contamination levels and therefore decrease wafer production

25  yields.

[0008] Therefore, there is a need for a method and an apparatus that avoids the prior art
by enabling optimized fluid management and application to a wafer that reduces
contaminating deposits on the wafer surface. Such deposits as often occurs today reduce
the yield of acceptable wafers and increase the cost of manufacturing semiconductor

30  wafers.

SUMMARY OF THE INVENTION

[0009] Broadly speaking, the present invention fills these needs by providing a substrate




present invention can be inplenented in nunerous ways, including as a
process, an apparatus, a system a device or a nethod. Several inventive
enbodi ments of the present 5 inventiongare described below. [0010] In one
enbodi ment, a nethod for processing a substrate is provided which includes
generating a first fluid neniscus and a second fluid neniscus on a surface
of the subistessihg aphezates thee i capmblef dfiprdcavEing seafis doefacg it stvdnivile abdnysci

adj acent to . he s¢ contf fluid nmepiscus. The neniscus al so includes

subst ant i af'H é@ﬁﬁwa@'shéeffuﬁ@gf VRSt copigmunation; sdughould bgmpprasiatede Bvhdhg | ui d

neni scus 3’3&&3{1@ Brp/%ﬁtrléda an [bg iqglﬂlenli&ééﬁem] ?gﬁ%ﬁ%ﬁ w40 ﬂicm?ﬁc%( 287 @8&%5 apys for

processing a substrate 1I's ose I'ncludes a prokximt ead. The
proxi m ty dpeactusne bysthes, aaddvidestr agatthed. Somrellitenti tkeéibedimeanis if thet fresent
proximty head where the first set of conduits configured to generate a
first ﬁluﬂﬁwﬁgﬁpéﬁugﬁmfﬁ@tﬁkﬁkinity head al so includes a second set of
conduits i Lt D e i m . r secqon

conduits ggtrlljf I ggr%% tyg%gglgnee&lgt%q%&ﬁ%({engélyngtﬁg%flgﬁe%bé@%gﬁ 8%8§§h19ﬁ1&% y
head furt Hechidadeda@tinga lfastrihed mdafstnethdeedosgantliideneriddis bn a8trfade cfaReui t s
and the second set of conduits where the barrier substantially separates

the first subsirate wharestha dirsinfpiel Heemssus haing| subsiantiatly sdipsent toohe peqond hidd her
nbodi ment ' i i ich 20
Cnobudes. anefbuRb ARGl RERER! Ao BuRRP Ll fine dpl FY AR PLEls 20

capabll@ ofandgienetaid Agidanseeandithlabagidgreni scus. The proxi mty head incl udes
at least one first inlet defined in a processing surface of the proximty
head confil§@Fddntyst apgher embediment auiagparatus faepwgessagen sibstrale inalisstosedhd at

| east one fi.rst et defined i e processing.syrface.of th roximty
hoad cont ER fndiles & pOEIE edd! HE PORRERNAT FhAE Al sel e BHEE
second 25 defidbdliwithimht heoxsmith aesl GhelehiBe ARE 8dt-of THRIRIEQEhAbIrYd Readefad 4 her

i ncludes at |east one second inlet defined in the processing surface of

t he proxi ristileidaderdsonsi Jlie adoximitygishy alsp heclsdssonstephdibed df eondidtssigfinete of

t he f.er _and | east .one second outl et ,defiped jn the rocessi ng, surface
of t hapr oRLHR £ye RESRHLG ] Ve (B hesting eobel Pt ebRgeBed 6 aihfie ™
second f I weebrldr iy bh@iseiy. fPcpeintilehatd fgther Tt8udRE QblafHer YeMSAh AR the
includes a barrier 30 between the at | east one first outlet and the at

| east one f#eiceridofoaendstits wingr thet srsobdrsel ef cosdintst whticatticybardpasalistmtinhe
first fluid nenisc d,the.seco fluid i scuys. [0013] The advant ages
of the pr é?f%ﬁftef’ ﬂ\?ﬁ?&g‘ﬁdﬁ%ﬁﬁﬁﬁ&g%:Sec%‘lsg%ﬁd?%ﬁ}‘,s' the 5 apparatuses and
met hods de[éﬁﬁ]ﬁﬁ%@t%ﬁﬁﬁbéﬂifn’eht?%Q%Sa”rétﬁé ﬁthp(Poc%?s'i‘H% 9%905%%% @kﬁri&@ﬁ%ﬁi% to
efficiently process (e.g., clean, dry, etc.) substrates by Operations which
i nvol @ opnhélpdds a proximity head capable of generating a first fluid meniscus and capable of

generating a second fluid meniscus. The proximity head includes at least one first inlet
defined in a processing surface of the proximity head configured to apply a first fluid to
the surface of the wafer and at least one first outlet defined in the processing surface of
the proximity head configured to remove the first fluid and at least a portion of a second
25  fluid from the surface of the wafer. The proximity head further includes at least one
second inlet defined in the processing surface of the proximity head configured to apply
the second fluid to the surface of the wafer and at least one second outlet defined in the
processing surface of the proximity head configured to remove at least a portion of the
second fluid from the surface of the wafer. The proximity head also includes a barrier
30  between the at least one first outlet and the at least one second outlet where the barrier
substantially separates the first fluid meniscus and the second fluid meniscus.

[0013] The advantages of the present invention are numerous. Most notably, the




managenment of fluid application and renoval fromthe substrate while

reduci ng unwanted fluids and contam nants renmai ning on a wafer surface.
Consequent |y, wafer processing 5 and pregduction may be increased and hi gher
waf er yields may be achieved due to efficient wafer processing. [0014] The
present invention enables optiml wafer processing through the generation
and use ofapparatus¢d @df hethdds@datsisdd dréih woiliee bRRleBA0 Scfehte gnigdpRadngi fo om
anot her fleetflljéd meni scus by a barrier. In one enbodinent, a first set of

fluid inl SO oesede emsicapedryoctqy sHbsmeps ity asrations gawdy iapealvy opfimal
fluid meni t e r f ]l ' '

gener at ed e R R of EMRE AR ol Pl EED e bl TR g e
enbodi nentfluidsaumyd sotitdraidhets rufibeingamnd hoyafeo Aif@ur @bheguditlyBals Prodiynde
separated by barrier(s) to optimze nenisci managenent. [0015] O her
aspect 3 arf@d Radistionaay be inoraser} enddhigherwadenyields may be pelioved dap paeldistent r om
15 the fol ] ow gcecggﬁlgi | ed description, taken in conjunction with the
acconpanyi ng draw ngs, illustrating by way of exanple the principles of
the presernooid)ViRt present BRlchfodERBR Ptk GraftHprJRAWNERUM0hE ] gchbiatiny esent
invention will be readily understood by the follow ng detailed description
i n conj uncii e gf mriliMe Bwplaplyivith ode avinirgss baipg semwrdted fom areithker fpgl

descriptian,..like referen nuner,al.s designate |ike structural, el ements.
0017 " gt By B, BoRGTURnOT: » B ant Hg e TaE o HOBER rf ng
an SRDo dnyilied WHAGEsm %@ﬁ%@h fisOHGR ABnikddsUbht Rt RPardle SHANPLRLY WRiET
drying process. [0019] Figure 2 shows a wafer processing systemin

accor dancenstisciys dhat isrgsodiatadnby of seco®l séteofpfleideimicty avdmutlaln. nogRdjoral gur e
3illustrates ,a proximty head perfarm ng.a wafer_ processing operatjon in
accor danceen\ﬁ\ﬂofiﬁn R brlr%ﬂ't'mg?r Orp?roggg?if?u‘?rh%ﬁ‘ﬁnﬁﬂ. mf%g‘? i?paﬁ%ﬁtf?)‘é 4A
i1 T ustrat esrerd@ teoptihios ARaisBim@RgEAEAON that may be conducted by a

proximty head in accordance wth one enbodi nent of the present invention.

30 [0022] [MOHA]rRthamaspedtsignd advastagesofithe prasentahivaienptitibecpme xpprrent fopads
for u i n,a.dual. fer, surface ocessi ng systemjn accordance wi.th one
enbod fentholning FEEH 5o, PR Tecqronsiys PrUREAGRTEHBARE dravines
mul ti - meniifgdaBh@By Wal bt BRAHIE ASERIFAANASh I brletbn AR eniiiPOdi ment of the

present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings. . To facilitate this
20 description, like reference numerals designate like structural elements.
[0017] Figure 1A illustrates movement of cleaning fluids on a wafer during an SRD
drying process.
[0018] Figure 1B illustrates an exemplary wafer drying process.
[0019] Figure 2 shows a wafer processing system in accordance with one embodiment of
25  the present invention.,
[0020] Figure 3 illustrates a proximity head performing a wafer processing operation in
accordance with one embodiment of the present invention.
[0021] Figure 4A illustrates a wafer processing operation that may be conducted by a
proximity head in accordance with one embodiment of the present invention,
30 [0022] Figure 4B illustrates a side view of exemplary proximity heads for use in a dual
wafer surface processing system in accordance with one embodiment of the present

invention.




[0024] Figure 5B shows a cross section view of the nmulti-nenisci proximty
head in accordance wth one enbodi nent of the present invention. 5 [0025]
Figure 6A illustrates a nulti-nmenisci pgoximty head in accordance with one
enbodi nent of the present invention. [0026] Figure 6B illustrates the
processing surface of the proximty head in accordance w th one enbodi nent
of the prd882i] HigwensAoshowWs0@Q2Hultkinguisei Gb:dmitys hendc irosecordaey oftht bee
processing surface of the nmulti-penisci 10 proximty head in accordance
with one é?‘?%%?&i‘ﬂ"éﬁf’?g’feﬂr??émp‘%%wp- i nvention. [0028] Figure 6D shows the

facilitiegopAlf t 1 Q e | b oiEAhLREH imty
head in agcorﬂan%"g&vﬁ Ehcr’oxgsetdecr odsl’egg%%/ V%%gv %ﬁil@pﬁggé%mshlvgntl o%).g he%%Q]

Fi gur e 6E actdrdafceatiisore categiinas of tepravcaninoéntione proximty head in
accordance wth .  one enhodi nent of the present invention. 15 [0030] Figure
7 i 11 ust r dPESIFg1e e dHBEsar MplEwWReHSH HEORHNIE] bensnins agscoptagss Mty okead in
exenpl ary I ) ions in accordance with one enbodi nent of

t he presene oiﬂ%%%??gﬁﬁjrf%ﬂgﬁéﬁ%we BA illustrates a cross-sectional view

of the nmul[D0261Einge icBOXIrites theh@aekssing isaHadeSofuht Ipkdeshity hepd A€ B&Sranphobi C
barrier in accordance wth one enbodi nent of the 20 present invention.
[0032] Fi guifeorgembqdientaf dhe pressmpiweniipnvi ew of the nulti-menisci proximty

head operat4 . i1 r surf in accordapce w.th one enbadi nent
o ¢ hepr JOBTIFiBe SO p 0BG VBN oF i bOCRGHE SRERE ) GG RRERR e
nul ti -1eniggetintytehdrid Jechriafceopiel ahd AabodPe@brahdhefint inefigsn, sur face in
accordance with one enbodi nent of the present invention. [0034] Figure 9A

i |1 ustrat d9928] dtigxe AR yphowadhevifacilitias pixtengstaghing ital the /body | tet fopatthe maulti-
including the barrier in accordance w,th one enbodi ppnt of the present

| nvent i on. D{ESSBORG PeOR Aoses i e CRBRdIOR SR BrFORBYTIORy  head
Wi th an exeem)aiyure ioh!iRhdRs SdroRAbLRIVIM bhud gg%%ifxﬁtgrheh@irﬁé‘c%&fdgﬁ&%tﬂ“ th

one enbodinent of the present 30 invention. [ igure 10 illustrates a
si de vi ew caf canbpdipenirot thelpecsentiinvatienat i on where the barrier separates a

54O E O,y SSER, TN SCle L1, SoSprdance wL L one sobad fent o
region in geMBlaff wiieP pRESHE QRENRLE Maccordance with one embodiment of the present
invention.
[0031] Figure 8A illustrates a cross-sectional view of the multi-menisci proximity head
which is utilized to process a phobic barrier in accordance with one embodiment of the
20  present invention. _ _ _
[0032] Figure 8B illustrates a close up view of the multi-menisci proximity head
operating on a philic wafer surface in accordance with one embodiment of the present
invention.
[0033] Figure 8C shows a close-up view of the multi-menisci proximity head operating
25 onaphobic wafer surface in accordance with one embodiment of the present invention.
[0034j Figure 9A illustrates a proximity head with an exemplary inlet/outlet pattern
including the barrier in accordance with one embodiment of the present invention.
[0035] Figure 9B shows an additional exemplary proximity head with an exemplary
inlet/outlet pattern with a barrier in accordance with one embodiment of the present
30 invention. _
[0036] Figure 10 illustrates a side view of a proximity head in operation where the barrier

separates a first meniscus from a second meniscus in accordance with one embodiment of




usi ng a hydrophobic wafer in accordance with one enbodi nent of the present
invention. [00381 Figure 1 IB shows a proximty head processing a
hydrophilic wafer in accordance 5 w th7one enbodi ment of the present
invention. [00391 Figure 11 C shows a proximty head with a barrier that is
partially hydrophilic in accordance with one enbodi nent of the present

i nvent i on.th¢ pE4oL ifiegtiore 12 il lustrates a proximity head with a barrier in

accor danc i .one odi nent of the present invention. 10 DETAILED
DESCRI PTI Mﬁgﬁwe&ﬁﬁ"ﬁwﬁtt DINSNBF! FREAIGAR refien Hpp Jrederpecestipg OpFraiessi ng
a substratg;d j : | i DL : specific
details arlglri et}gi‘dzﬂhﬁﬁﬁﬁmag?ﬂdlﬂrakﬁd%{%w g}e a eﬁ%{%%%?%ﬁgg#%ﬁg%ﬁéﬁbf t he
present i r0@38]iKigure|ltl Bvdhbivs heproviderydicad grocoaiveyvehydrbyhiia e afedfin acddidvncy

skill in the art, that the present_ invention nmay be practiced wthout sone
or al | 315 ¥fh epregabedimentiof thegaresent Eventiptot her i nst ances, wel | known process

operation . SCI i i tal b ] arily
obscur et NOVE ik HEChonR b AN hAGNFVE R b e M E pfSin BudtBRgRE EF
descri bed dctortienorsvidf omensticadim@iief eiealibent @wbatbnrents, it will be
appreciated that those skilled in the art upon reading the preceding
speci fi catiPOHY diigpre tlddifiusigatene rapsimifghead with raebarrige ity apeosdance widy ane ons,
20 additi [ ! ivalents thereof. It is therefore
i ntended t atOd?ﬁéﬂg?%gggﬁnﬁﬁg%nﬁﬁﬂbn includes all such alterations,
additions, pernutations, and equivalents as fall wthin the true spirit
and sdfpe of the invention. [ TAIEED DESCREIETION ow i | | ustrat e enbodi ment s
of an exe ry, waf er..processin yst em usi mul ti-menisci. proximty
neads to qUNENATL G iR RE e ol DhEtig PoeEroine SESraerLNac Reth sci
separ at ed [R¥hAfIRWiASHeLAPEAE I sh¥cifie Bltaild freWLEHEMAAVARS prdvide a
mul tiple nenisci are separated by the barrier and the fluids of that nake
up t he eadhorofigh hederstesiies vf the presenisinverdmnndt wilhbe undargibed, hweveter, bhene
separ ati on .of ..t he ni sci. This technolo may be utilized to perform any
sui tabl e t%fﬁéd%wegﬁlbwﬁ? %ﬁﬂ%}fth% prgeet GvelfpgLRay gﬁéﬁ&ﬁl?%@)ﬂ% geRe gsall £ or
exanplig diofiRGe st Bail 1AL [ Lt ed
that the syst eﬁéﬁéand pr%lxi rrllﬁ t yﬁbﬁg}i s%gséa%leisl%rgi&@épé&%ﬁéﬁ&%g? Zlagilg(%%l%gl?y in
nat ure, anisarftet iadstaidihedesnotttabiectyspely abkcwcotiei pgereat inoagionhat woul d 8
enabl e thﬁ ga]e\&gél on.and novenent of two or nore nenisci separated by the
barrier d28%¢4li Wade nitisi RveRiPnhBag,chaep 2 described (e (@S0 AT nesveR! sPGTREDIE he
proxi mty hgadfs | ) [ r: 1] of
the wafer & t&eénetg?éf vggpzéﬁeé%%é%ﬂ?&ﬁ?{t tfhgs?eh sﬁ'ﬂea iRMnd &F q.ltpgﬁ Iggcfﬂlé B
preceding specifications and studying the drawings will realize various alterations,

20  additions, permutations and equivalents thereof, Tt is therefore intended that the present
invention includes all such alterations, additions, permutations, and equivalents as fall
within the true spirit and scope of the invention.

[0043] The figures below illustrate embodiments of an exemplary wafer processing
system using multi-menisci proximity heads to generate multiple shape, size, and location

25  of fluid menisci separated by a barrier on the proximity head. In one embodiment, the
multiple menisci are separated by the barrier and the fluids of that make up the each of the
respective menisci do not intermingle due to the separation of the menisci. This
technology may be utilized to perform any suitable type of combination of types of wafer
operation(s) such as, for example drying, etching, plating, etc.

30 [0044] It should be appreciated that the systems and proximity heads as described herein

are exemplary in nature, and that any other suitable types of configurations that would




shoul d be appreciated that other enbodiments nay be utilized where the
proximty 5 head(s) nove in a linear fashion fromone edge of the wafer to
anot her dianmetrically opposite edge of gt he wafer, or other non-Ilinear
novenents may be utilized such as, for exanple, in a radial notion, in a
circular notion, in a spiral notion, in a zig-zag notion, in a random

noti on, etanablerthagendraioon andeavemiennofveno at swrdenamivgi separadd by shebaficed
nmotion profil desired by._a user, In addition, in one enmbodi t, the
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not rot at edlonldt b¢ hppreriatcdnihby otieadmtedoondis guuyebe tutilizedb weheoy dte ploginaf er in

a fashi_on thgés enabl es processing of all portions of the wafer. In  further
h ase

enbodi MentSAAEhBYE IR himsar Hasiothfgmpent efge ok tei walsr (o arefhemdiangiticallyay be
15 noved t t i | SR i roxi m ta head,
t he wafer @geﬁteﬁ% e?ﬁﬁ§$¥eghgfg%%@%ﬁ??%l as Pgﬁ% r}e%; ?%]iel&lzzee@i s(raéf(lj IaEvfla er

pr ocessi ngxapeteain oradid matoeo iph cehida mpHEE 5 a kpirdldedtion i a kizezagmeoton t y
head and the wafer praocessing system as described herein may be utilized
to procesdighjAidAmpMoliay &fz dngriditipys theametion yaay also sranyxanable specified0o mm
wafers, 3 ; - , ... \NDr- r i

b oxi ity o BRHR] & disBh oRANEE. 1P bl 0B RS ermpbldind e ety iy e
enbodilfentrptatdieaisi #e pboxinhiey hgadorioned yn held@an fdhioResosihiegsoRimitynReademip Ci

may be |arger than a wafer_ being processed, and in another enbodi nent, the

proxi mi ty Messds all portirnsafAbe wgfery Hb shaavd glsp beaypdpwstood ikt athert gmipdientiaf er
bei ng pro - e i.SCl S rein 2 be
e 9,01 R A BRIy a8 HSBHRAR: L el
exanpl e, rheushidighe Wateh0gs d&phion FRIGRSBIRE ffoceRirg: of Al paHitnsEMths GdferCan be
supported and noved (e.g., onto, off of and across a wafer) with a

proxi mi ty eher eplowlmpnts; the pserimitychead praychaheld statigpanyrradsthe veafierdeac be bed
herein«d s j i re, .an he .proxi m ty. heads descti bed
her ei gsnaydlgéeetdl}g)égrﬁf%%g%ég bg l}lllggﬁéeﬁ%%}%fl g‘mhél}‘f:l tggﬁroﬁ%lty%a%)’i}?n‘ﬁ%f Mfhose
descri bed rhowd heranhedbiable iotishQid| Bngl &otHRedapRd egifet @fodchade PhaMfies i

t hrough 4B describe formation of a single nmeniscus and theretore process
vari abl es aceomplisheflow rates, dinensions, etc.) described therein may be

di ff h .1 abl 9 i hed f lti- ' .
or oxi m ty IREE1 AR TS ol S e ed3RE ialSlowea e poiy: drsed 2

through 4/Acshin\whBXe i iRded 18RS hnYy ﬂﬁ?g and BBt oFR0LRHFRLUGEh 8s FirNGhfiple
meni scus and are di scussed to illustrate how a meni scus may be gener af ed.

Fi gur &9 5800 mm wafers, 300 mm wafers, flat panels, etc. Moreover, the size of the proximity

head and in turn the sizes of the menisci may vary. In one embodiment, the size of the
proximity head and the sizes of the menisci may be larger than a wafer being processed,
and in another embodiment, the proximity head and the sizes of the menisci may be
smaller than the wafer being processed. Furthermore, the menisci as discussed herein
25  may be utilized with other forms of wafer processing technologies such as, for example,
brushing, lithography, megasonics, etc. A fluid meniscus can be supported and moved
(e.g., onto, off of and across a wafer) with a proximity head.
[0046] 1t should be appreciated that the system described herein is just exemplary in
nature, and the proximity heads described herein may be used in any suitable system such
30 as, for example, those described further herein. It should also be appreciated that Figures
2 through 4B describe formation of a single meniscus and therefore process variables (e.g.

flow rates, dimensions, etc.) described therein may be different than the process variables




through 7 illustrate exanples of proximty heads that can generate nmultiple
meni sci 5 without barrier separation. Figures 8A through 12 show proximty
heads which include at |east one barrier between a first set of conduits
configured to generate a first fluid neniscus and a second set of conduits
configured to generate a second fluid nmeniscus. The barrier between the
first set dgbcribeddoi msltiamdnitdiproamitydesdtasalksceibadin FiguenaBl tardulgk 12separ at i on
fornped when the proxinity head is in operation. 0048]

f fluid menisci .
gi gur g' 2 gﬁ@@ Cﬂdﬁ%% érthigngh A4sshaly sypakHy PokimnHy Aeedsrthetfag nrpduse @rlﬁglg[le

enbodi nment_ of: I L L SYSt: 1 r IS 4102a
and 1025 TR sh® end AR Bk aRne BNE SXPAEI IS LB A e
be pr ocesskmbughHe ilhsyratceamatiilesabs proximity desdp HoxX ican tgenbagdsultda neemikcil 06b
that, in one enbodjnent, are__ attached to an upper arm 104a and to a | ower

arm 104p rEERREbRiET separafionn Eigaras e Wemheh 12show@rerionty teeds waigh inchge at
and/or 10 = I,.SE F N -he SGILi BN, fAdE L her
Gorai bel'gu ok ety beru BB Blst REQEF Wby CRRE ARaIOC G o by (LTS
is a proxhedisopshedd wapabie d@fcogduisr @hifiggreane seheraler£sdcbbd diufemicsigéus. | N a
one enbodi nent, a first fluid meniscus is substantially surrounded by a

second f | ufly brsripisketween theafirshparolrogpietsemsbiierreeand soheT cprduitsiangblg the

( ; ) . _ i th th g
Tt SouS, i, SERAAGHA LY ATV R R RREET Hhathf ¢ e sepond
may be0any[0848]t dihee appdoIsUs WhRRt proYesSinpetytctn 00! i ChobBASRUNifRS one

descri bed herein and described herein. The upper arm 104a and the |ower arm
104b can ebogapentat the Paeserinibyentioni chheesstsne 4 08 dmrdudes troBgrs yiOR4 padid 02b

novenent (Qf. 4N er nbhodi ment. a slight arc-like enent f e
o oxt ity ligh B 0RY Sra F IR, TSR oSt P A spe e TR RO s T
anot her ergyQEinME0H alsé M IRRS PidHidhitFeeadP Y864 AR DIABXhAT Y onb @AMEdiktRE f0d
106b in any suitable user defined novenent. [0049] In one enbodi nent the

arnms 104 attlechedripiaguippel am Hdhdnd kea pvox iarm tl)4theapecliodly. Tabowembdbmegit er
dt imity.h b_bel he wafer. .in cl imfy to t.

aat or Sror Ry Birs JHER apinoitioh pou oot ploiay b drbs st PEhed by

having 30 jhiFerthep @@fail&fe[ﬂv%oﬁﬁ deREibhd BerloRVERE é&ﬁ]mn%ﬁf}l?né?ﬁscﬁfeycﬁ{%&¥ hBad is a

vertical manner so once the proximty heads are noved horizontally into a
| ocat i on tmoximitythead tapabpr ofcgessiatipg ondher mpreofkiidintepiser aliisa dfibembEmidnaith can

be e VL iEa] 2,2 [0S AN oS B85 Ph b Byl el gt
con | e srsioSiuhmat okt 1adsoife altolCHboid Supoapiial goero
al ready bewncegene mathethebscombfluideeniscus surrounding the first fluid meniscus. The
proximity head may be any suitable apparatus that may generate a fluid meniscus as
described herein and described herein. The upper arm 104a and the lower arm 104b can
be part of an assembly which enables substantially lincar movement (or in another
embodiment a slight arc-like movement) of the proximity heads 106a and 106b along a
25 radius of the wafer. In yet another embodiment, the assembly may move the proximity
heads 106a and 106b in any suitable user defined movement. o
[0049] In one embodiment the arms 104 are configured to hold the proximity head 106a
above the wafer and the proximity head 106b below the wafer in close proximity to the
wafer. For example, in one exemplary embodiment this may be accomplished by having
30 the upper arm 104a and the lower arm 104b be movable in a vertical manner so once the

proximity heads are moved horizontally into a location to start wafer processing, the

proximity heads 106a and 106b can be moved vertically to a position in close proximity




proximty heads 106a and 106 nay be noved onto the wafer surface to be
processed from5 an edge area of a wafer 108. Therefore, the upper arm 104a
and the | ower arm 104b may be configurgd in any suitable way so the
proximty heads 106a and 106b can be noved to enable wafer processing as
described herein. It should also be appreciated that the system 100 nmay be
conf i gur edo it wanfgr. Slni ahatheeembadigieni shel upper A 103@ apd ohd loiviey ale delbshayy be
noved in close proximty to the wafer to generate and control nultiple

meni scus tRBESUPH o garg Hie RApBEHbksAds 1 Qfiecmd B # Pestipn Fbersdhe BEREH 19 ¢

shoul d al t iy
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proxi m ty head descr.i bed herein) may each be | ocated between about 0. 1 mm
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on the wafer surface,_and in nore preferable enbodi nent the@ﬁprom mty
heads 1064 0883y bsoyfi@redein anyssuiiahle spanser psfbwgraﬁttbe pReAE e S saéaamhfr ei n)

may be | o oM e. waf er to tet efIU|d Ni. SCi
the vt er ToGUd Ak etortmiil ROVARE RS SnPEERE G merbets FRE MY e
104 ane cahbiegibo@indi®, £8abh@nirltewitPesotl ¢théry s :ll@@@e ARMerdB68 tHao clege NovVed
from processed to unprocessed ortions of the wafer. It should be
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@tl’
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for exanple, any of ‘the proximty heads as described herein. The different

confi gur atgeoerstedbe (ﬂrmbmdmscremeﬂzn vgécreauaﬂaee, tehé i morel preferiislc ienbedinemn thhe

pr oxi m ty head h d 11 n| sci ve cross the
harer to pronadd it varerthyocGeyrellts rin AREObamERTY aret dSERPuE gAY
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applied to tthe wafer, cleaning, drying, etching, and/or plating may be
20  surface.

[0050] In one embodiment, the system 100, the arms 104 are configured to enable the
proximity heads 106a and 106b to be moved from processed to unprocessed portions of
the wafer. It should be appreciated that the arms 104 may be movable in any suitable
manner that would enable movement of the proximity heads 106a and 106b to process the
25  waler as desired. In one embodiment, the arms 104 may be motivated by a motor to
move the proximity head 106a and 106b along the surface of the wafer. It should be
understood that although the wafer processing system 100 is shown with the proximity
heads 106a and 106b, that any suitable number of proximity heads may be utilized such
as, for example, 1, 2, 3, 4, 5, 6, etc. The proximity heads 106a and/or 106b of the wafer
30  processing system 100 may also be any suitable size or shape as shown by, for example,
any of the proximity heads as described herein. The different configurations described

herein generate the fluid menisci between the proximity head and the wafer. The fluid




acconplished. In addition, the first fluid neniscus may conduct one type of
operation 5 and the second fluid neniscus that at |east partially surrounds
the first fluid nmeniscus may conduct tfye sanme operation or a different

waf er processing operation as the first fluid neniscus. Therefore, the
proxi mty heads 106a and 106b can have any nunerous types of

conf i gur atmensi asaysbowovhé rmeioss dre whiterto porkssgtheatafensy tpplyingniibt do tthe

processes escribed herein. I} should al so be appreciated, that the system
100 may prEdEsYrhie and gemayng ids omelhigehediceor Bh % Yay-tdperding gEdbdnd

the bott o34y f20Re®f o : ] ddiion, ' - sihg the
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conf i gur ecictamplisheé s In additiohdehe dirst fieidwaémscuninidy conduttyqe @pe of opeasen
(e.qg., _.etching, cleaning, drying, platin etc.) and pr ocesg t he ot her side

of the’ wendingsecord flpe mepiscup that aicleas parially pyretuads theye TBrd piegiseasmpy,
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conf i gur edn¢msqps.otrasfdréehdpreeimietigade | 06endidbs cak Ravedahly thumerdue types of
processing the top and/or bottomof the wafer. This can be acconplished by
movi ng t heonigHpEens @f fshowin batel) of hether gentigisatipme thahfnghlep thsc BESESES he

bevel esggigsc%rhbeﬁr}%%ig. aﬂt%ﬁo & als%nﬁj@%lgérggrgteaggﬁt d@?}%;&&%h{@y%%g rbg(?é&s %99 a and

106b ma e sanme type of appafa rent proximty

heads.10[ 0QhZhceldfahyvahest ol O&hRYtob euitadcchnd ke battoat adrdey of e wadtd ers 102a and
102b in ané suitable orientation as long as the orientation enables a
desired priB%Hilnyaddiion. besidrs nracesgingdlee mposadrrtBption surfrses phtheovafehdhowaf er
108 that i rocessed. | e i.nment . rollers.102 nd.102b
can ot at VTR R AREEEroidh AR TRROSITE s S cP et yBer

count er cl qir6wdss €e.6l, eRBlrgdRleahings Bitled phfingneRNSdnA0stobdialthd Behef QideiTshémy be
rotated in either a clockwi se or a counterclockw se direction depending on

t he waf er W¥eavsing thedwsa prgceess pr andi{ferebb Bipeed toroaeke by dpatingnandn@rdputtins on

t he feer th lers [102a__an 02b serves.to nmove a.wafer.area
that s PCsaLRPEY oF Sl By Boes LB BRER AR SR pHRLE, KPR RLLds
106a and 1HG8s ciloWRWEss cb &6 & ipPdteld 8R) bevdPRANOF 1HE WvdfhreinvadBfio® o 30
nove fluid on the wafer surfaces towards the edge of the wafer. Therefore,

in an exdwpleasipg Wt tep apdiot bekim @f tipewafier. ofhistche banpranedisbedibynmeaimedhe t he

waf er woul d be. sent tq the proximty heads,106a .and rough both
PRl i moarterttei o &2 SR ElhelsSec S PR ik ot BES g e 5 SR e BRS¢ po
rotation afndeR@odah&ithd fdxintienhyat ensa m@m%%@%rsﬁh%%ei draPpirafiB Yy be
conduct ed b%? at | east one of the proximty heads. Consequently, in one

enmbodiZ2@entditfprentlypeserf pporimitydsadsf t he waf er 108 woul'd expand
[0052] The wafer 108 may be held and rotated by the rollers 102a and 102b in any

suitable orientation as long as the orientation enables a desired proximity head to be in
close proximity to a portion of the wafer 108 that is to be processed. In one embodiment,
the rollers 102a and 102b can rotate in a clockwise direction to rotate the wafe_f 108 in a
25  counterclockwise direction. It should be understood that the rollers may be rotated in
either a clockwise or a counterclockwise direction depending on the wafer rotation
desired. In one embodiment, the rotation imparted on the wafer 1 08 by the rollers 102a
and 102b serves to move a wafer area that has not been processed intp close proximity to
the proximity heads 106a and 106b. However, the rotation itself does not dry the wafer or
30 move fluid on the wafer surfaces towards the edge of the wafer. Therefore, in an
exemplary wafer processing operation, the unprocessed areas of the wafer would be

presented to the proximity heads 106a and 106b through both the linear motion of the




froma center region to the edge region of the wafer 108 in a spiral
novenent as the 5 processing operation progresses. |In another enbodi nent,
when the proximty heads 106a and 106bjsare noved fromthe periphery of the
wafer 108 to the center of the wafer 108, the processed portions of the
waf er 108 woul d expand fromthe edge region of the wafer 108 to the center
regi on of priveinii@fleadd @864 anda166Y aal thiOVRNMBBtrotalif® 98 thd Wakh 108 eMHeak ¥fer
processi ng operation, it should be understood that the proximty 10 heads
106a and TOSESHAY operationfisgliredy be capducted byat lesstane ghdicoprogimake heads. waf er

may be ol au B Lot Ay o Rat: RESee epRiB e s RolR b espy

inlet), theomta d@8strcgon t@fth@e@g@@dmi off @b wayr 108 it anbirgumetderhéntiaBpkE N2
carrier. gas containing isopropyl alcohol ﬂjl PA) in vapor form gal so _known
as | PASj ningpqessipg PerReorhproessss. dhanadhar|catbodienbevhanthe giaxémity beads fboe
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sui t abl e di08dndie agatsdresiay ¢fdhe wateo APdimalspiral oloaeink’t. chenical s, etc. that
may be m sgj with water. In addition, in, other enbodi t any.suitabl e
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cl eaning solution may be substituted for the DIW An exenpl ary et ching
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desired. [00551 1t should be appreciated that thé inlets and outlets

| ocat ed oralgo kacen @s IR Adnlepy andi the ty/lchs ade watfetheay e aomfigeradttalbéreove fluids
configuration as lo as stabl e nenjsci as., descri.bed rei n_nmay be
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at least 30 one processing fluid inlet to gorn1an MA- vacuum pr ocessi ng
flui d ori entsemieod thSexmparycorfodguead, iaon oten typendvaper may beutlizkel swehiascus
that at least partially surrounds the inside neniscus. In addition, the
i nsi de ne Pgwgﬂprﬁw%%é@&eﬁaﬂr%éﬁe @f?Pﬁ‘e}g‘ﬁpan CERNICFIPAROMBHS, Yalalifer hemicals,
processi NGd Ity rMARUHRLBID @ik AhiePn f 005 Rk L gEnt
where a second fI%ﬁﬁ? neﬁiscus g%kfegg%hggg%?g 3 surrou%ﬁ%qéyfﬁggﬁ uid
meni s@iis neynohenisgbleenabwandpbeanilizBbswcacifior seaepie, G, beems) ¢ivapor, etc.

f1uid-vac irst processing .fluid-
U[HHgJ] In an exemplary clegning embodiment, a cleaning solution may be substituted for

the DIW. An exemplary etching embodiment may be conducted where an etchant may be
substituted for the DIW. In an additional embodiment, plating may be accomplished as
described herein. In addition, other types of solutions may be inputted into the first inlet
25  and the second inlet depending on the processing operation desired. _
[0055] It should be appreciated that the inlets and outlets located on a face of the
proximity head may be in any suitable configuration as long as stable menisci as
described herein may be utilized. In one embodiment, the at least one N,/TPA vapor inlet
may be adjacent to the at least one vacuum outlet which is in turn adjacent to the at least
30  ome processing fluid inlet to form an IPA-vacuum-processing fluid orientation. Such a
configuration can generate an outside meniscus that at least partially surrounds the inside

meniscus. In addition, the inside meniscus may be generated through a configuration




vacuum second processing fluid-vacuum | PA orientation as described in
further detail 5 below. It should be appreciated that other types of
orientation conbinations such as | PA- prpcessing fluid-vacuum processing
fluid-vacuum | PA, vacuum | PA-processing fluid, etc. may be utilized
depending on the wafer processes desired and what type of wafer processing
nechani smwish sopgkesstrg Heidevdocamaedrientaticane Tantefate,mond extmplahyPAmbadicient
processi ng fI uid or| tatl on may be utilized to intelligently and
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dependi ng “‘on the“con he proxim heéad desi

appr eci at etc.tthat bé hﬁll@é(ﬁdépeﬁ@lﬁlglcguﬂﬁtwﬁﬁr pfocésees ddsired anddviwttyyet of wafer
orientation may be varied depending on the application. For exanple, the
di stance Rse¢cREiBg mashanisn, is pepght ta, %a@rﬂnc%dﬁmm@dﬂfgew thed PAnyaspum-
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dependi ng on t he si ze, shape, and conflﬂg{atl on of the proximty head 106a

and the d@%fPrrSe(Tl@pz@ce@#m&ﬂpwd@@é% threlNi/ B venor énletsnand the vagapeutistidmay ze) .

In additi P, essing fluid ori ti

f ound furﬁ:{}fi Hﬁ re| e [%H%@f %’H‘grnlefl?%n%n 33 e tatl?lhles nﬁer”% a’imr?’?t yﬁ reeg(g%p{f);C)Ga
and 106b ra.ddition @s iHel NP Vapor Afets t}QS@cWrﬁbhﬂétt ¥nd Bie prdRBsisgifhidGRlennd a
bottom surface resgectl vely of the wafer 108 and may utilize the I PA and

DI Wi nl et snaadditipnaaembediognt, diese §§1Yd3@§¥§1ﬂm§)@@ﬂ detsr &ff IR At vapge netlels.oorowasing

processi n ni i,n_cont act 108 which a abl.e .of

P ocedst nd I B spulbe SRELES it Aebgintcin g spRaehch RERRTRERMIGe R,
vaf er procRsiged)d NEREEbe dFpYechRed BRe RS @Qadt RoAFRME of RS indétesd Muﬂelﬂ the
descriptions herein. At substantially the 30 sane time the WA and the

processi ngrfentitign may mgurarisd, d@)emhuglm’n theyaripdicaipyl. | &0r isxambles ghe distaacen ty
to the waf,er sur to rempve the | PA va cessi n flu nd/ or
the. 1 ut dEy R RTEA i R ot PR e 1T BERE B et e Rt b
al t hough |Rfances bfe BéisidttRbrisd th@%l%gpbﬁrlﬁcm%lt MR taddRoY, MeNBitafidst abl e -
type of vapor may be utilized such for exanple, nitrogen, any suitable

al coh@0 vdptweenothgalfiic inpukpognas, ahfé)pwmbsmg élluthu@itmnw differeinomegnitatie .

that may bCFengil(ﬁr(l:é tg)lneth\«lsvI stizhe Vgﬁgpeer, ‘an hc%% 1gur|aHénSlj Sof nﬁg prox1m1tyq1ead 106a and the

desired size of a process menisci (i.e., menisci shape and size). In addition, exemplary
IPA-vacuum-processing fluid orientation may be found further herein.

[0056] In one embodiment, the proximity heads 106a and 106b may be positioned in

25 close proximity to a top surface and a bottom surface respectively of the wafer 108 and

may utilize the IPA and DIW inlets and a vacuum outlets as described herein to generate

wafer processing menisci in contact with the wafer 108 which are capable of processing

the top surface and the bottom surface of the wafer 108. The wafer processing menisci

may be generated in a manner consistent with the descriptions herein. At substantially the

30  same time the IPA and the processing fluid is inputted, a vacuum may be applied. in close

proximity to the wafer surface to remove the IPA vapor, the processing fluid, and/or the

fluids that may be on the wafer surface. It should be appreciated that although IPA is




known as surface tension reducing fluids. The portion of the processing
fluid that is in 5 the region between the proximty head and the wafer is
the nenisci. It should be appreciated j{hat as used herein, the term
"output” can refer to the removal of fluid froma region between the wafer
108 and a particular proximty head, and the term"input" can be the

i ntroduct iwiized if khei eketpldrh entoedinomt, betyveker sultebleafper of poandytheatilized

particular proximty head. In another e dj ment, the proximty headsl06a
and 106b ri¥§h B8 cHARl @eftéqge@pa%%n%ékégy%hvmm FEHHP HEMRBVEY: I_aﬁtxatlﬁe end
of an arm ¢ ;géjég%i,g%e{b%e,”&}é.eﬂm{ ha? 52 @bl &6Gh whil0OS Thedel iiae nlfhx kgL r ates

a proximt performng a“wafer processing operation accor dance
W th one dirboai avesuifacd tenkion pedirery flaidy.e Mhe ortiohi dfithe pradessmgofigid th8 islow a
met hod of generating a basic fluid neniscus while Figures 5A through 12
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cl ose pr ox%pﬁl%cilag@h%? %S(%q 833{ h?pfe I&% gn:et?%[é a&gtf)m; Eg@%ﬁg@%ﬁ%@ﬂf}% Elc%%g?r oﬁ%\m er
processi ngegipe batween thd wafsh 008 shdaepapaiagiratiamty Hebdtant g erraXinput'yatbad 106
may al so be utilized to process (e.g., clean, plate, etch, etc.) a
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rotating h LM 6. ey - i i f i ong
the head 35°8our ARk Hh¥adiERR, RSy TRNBPy BB RRS allqeb BRI Rah kRt
appl yinog tthewhafA 184 &/Hilebeinghnovedat ihzlcdtl 0B8R arrt that Médeiigithovod ih ArstipighrQut | et

304, and the processing fluid 314 through the inlet 306, the neniscus 116
may be gen@Pflddgumet3 dhsfrates prroxppitebad: ¢ neHatminga Wer piecessingpporatione

i nl et s/ out.| h in Figure 3..s only exenplary in tur d t hat
any sui ¢ anacsorid M onsteoiad o P ach SN e Pheeds 3Pl 45 o
Meni scus raeehod26f YendratéRda d3sidemad i adsdue rvehie FipgdRBBIA FhaER 192Adiscuss

illustrates a wafer q;i)rocesm ng operation that may be conducted by a
proxi mty aneadiusesand meieedsr Yargeaenaiing aonercesrmeplenermmisst confggyrtiasenthe

i nvent,icon.___ Al t.hou Lgure 4A.shows.a to urf.ace 108a .bei n rocessed, it
shoul d e HERRIOEE 406 P che RSy o BB il SFasf PR RROR sRPEHERSE
subst ant i algsy offige ware 108Yo Eetdubne walr PeddegMSspdarn. T0Sbudd bt Bspruabiey 108.
In one enbodi ment, the inlet 302 may be utilized to apply isopropyl’

al cohol ( Ithat)the apwrimityheed 166 toy alsr bawidizzdga poicesshie. guadlea, 168 plancich; he
sur face 108 8ot MutiiarsRo T8¢ R aRET ol SheneRbiaE: st Ak 108 i
utilized UQ@RAR!Y MBGHHMTIG HealMIGOMay he MOAICINPE Wbkl Fa¥hibR A4t WRMIRAA
surface to renove fluid or "vapor that  may | ocated on or near the top
sur f ad® 108etionswhide dertobsurfadsolBa i beisppuicdssod. Bypmppliieg the IPAzd10zhsough
suitable the inlet 302, the vacuum 312 through outlet 304, and the processing fluid 314 through
the ilet 306, the meniscus 116 may be generated. It should be appreciated that the
orientation of the inlets/outlets as shown in Figure 3 is only exemplary in nature, and that
any suitable inlets/outlets orientation that may produce a stable fluid meniscus may be
25  utilized as described herein.
[0058] Figure 4A illustrates a wafer processing operation that may be conducted by a
proximity head 106a in accordance with one embodiment of the present invention.
Although Figure 4A shows a top surface 108a being processed, it should be appreciated
that the wafer processing may be accomplished in substantially the same way for the
30  bottom surface 108b of the wafer 108. In one embodiment, the infet 302 may be utilized
to apply isopropyl alcohol (IPA) vapor toward a top surface 108a of the wafer 108, and

the inlet 306 may be utilized to apply a processing fluid toward the top surface 108a of




conbi nation of inlets and outlets nmay be utilized as |ong as the neniscus
116 may be 5 fornmed. The | PA may be in any suitable formsuch as, for
exanpl e, I PA vapor where IPA in vapor fprmis inputted through use of a N2
gas. Moreover, any suitable fluid used for processing the wafer (e.g.,
cleaning fluid, drying fluid, etching fluid, plating fluid, etc.) nmay be
utilized tthatvafemy 08nabhddigon, elmheuttot 304 enawdieattilipedegpiyngculnm toneegion in
enbodi nent, an I.PA inflow 310 i s provided, through the inlet 302, a vacuum
312 may b&lRSSROERTYLP &ﬁgwaébsqrf?@eéwr%qveﬁbad ShYRSF Hhab 8y Hera 1A ATHen IEET ow
314 may benppiQyiggg et ug i | |1 ilm
resi des on th(gywa ere %8% J§S H@%gtb@?%ﬁli’?g@glt glé%g@}%?r&h@%yedak%f ?13% Sglgé%tlie
waf er sur feaodbiumyiohhd ihles amdf bwiwt3i@y be wiizohds ldng gh heansiisons Ay ey be

applied to.the fer surface by the processing fluid inflow 314, and a
third 3| ui 8B sEhf 1EA IHEX/‘?%@ Ay shitede By weh o dorarample, A Ve A
processi ng.,fJl L PA: id feil S fac 91
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i nfl ow 314racedsihinehd WAfer (¢.5.0wleddig i fhrid pirlingdldid\vacting kT, elatidgrihad,este.j | ui d
(if any) on the wafer surface is intermxed with the processing inflow
314. At t ARy by wilized ghat mpayepalle g enlfange the) wHPoRiogaingh it opcserabiimert. fhwar d
t he waf er r : i nf | 3
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t he pridceske ogtlétl 304daridnfroosysidg ATvad dn fdvo 1394 whiyhbd PR viKRAUHTough Zhagdetsios. i n
the renoval of the processing fluid inflow 314 along with any other fluid

from the stfPaeendy: imduidafikn regdes pi tanavalarpdlsi wefist fuid prdfrpreselsi ng
fluid int A&f 1;(3L h?e (/v?lﬁegcsgéfa&é]gg.tﬁg rﬂ%g&ﬁg&% éﬁ)r's' é)e%agé gﬁl?(g Pqts%fr? ﬁlzelly\r;va? er

fluid. In eration, _processi I's”appl 1'ed

surface angpiédmsthe wafeduahed by themeyResiad aiid bR 3k Udrd Ohidki TR MvBfetsure
surface by the vacuum applied by the outlet 304. The processing that is
appl i ed t d0e e anphied ffles V@wmﬁé tasieme sy the prasatsing fwidi Wesandithe flwid Bt on

bet wegn a pr.oxim ad and the wafer surface along with any fluid on the
mferqgurfog'ctgékg}rﬁetrrrémg&ﬁéni scus 116 where the borders of the neniscus 116

are the | RA659100RESHRY if |oak erhBHaBHERCES a Idter PRREQI @s BO ﬂrb&sﬂﬁ%ifﬁﬁ@s 116
is a constant flow of fluid being applied toward the surface and bei ng
renoved atin8eSildnnd daPA ihBowate is pprdieditowardrmypwifkusuiaon fthé (fafirondbe f ace.
The nearly nredi

surface prvé%/fgrn%ugglf %i‘se- f)e?’f?ﬁmgvl l)‘ﬂiﬁg.gfeggf% 0‘%%%}%% %mog%ﬁ&{g}\g HL% ﬁg}e’; E%i p\é\%gegqr:ing he
waf er sur fGe kg1 4tHae e ipaee Ryvdr@dhCiBtr biveach QasdRitdrb the 1A RoBkAsignat i on
on the wafer 108 after the processing fluid has acconplished its purpose
dependPng e Prie (peraat intanface 18 (alee Ehdwig as ehdBAIpTgsessing ifhgd ingerdiacerid 8)
etc.). Thewith the processing fluid inflow 314 and along with the vacuum 312 assists in the
removal of the processing fluid inflow 314 along with any other fluid from the surface of
the wafer 108. In one embodiment, the IPA/processing fluid interface 118 reduces the
surface of tension of the processing fluid. In operation, the processing fluid is applied
25  toward the wafer surface and almost immediately removed along with fluid on the wafer
surface by the vacuum applied by the outlet 304. The proceésing that is applied toward
the wafer surface and for a moment resides in the region between a proximity head and
the wafer surface along with any fluid on the wafer surface forms a meniscus 116 where
the borders of the meniscus 116 are the IPA/processing fluid interfaces 118. Therefore,
30  the meniscus 116 is a constant flow of {luid being applied toward the surface and being
removed at substantially the same time with any fluid on the wafer surface. The nearly

immediate removal of the processing fluid from the wafer surface prevents the formation




pressure (which is caused by the flowrate of the | PA) of the downward
injection of IPA 5 also helps contain the neniscus 116. [0060] The fl ow
rate of the N2 carrier gas containing tfg | PA nay assist in causing a shift
or a push of processing fluid flow out of the region between the proximty
head and the wafer surface and into the outlets 304 (vacuum outl ets)

t hr ough whifcfiuitl hdropletsi ats theageghvm oD tiicpwtfee dufficenbdiie dped thareliyy rddecidg the i s

noted that the.push of processing fluid flowis 10 not a, process .
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and i rioet sna80b praryss eequiirembdteButdepe Beliuzgd a0 dpiignizE @ini@us douBdarpfeohiiel.
apparatus and the neniscus size and shape desired. |n another enbodi nent,
the |iqui diirefares asethe dRd end Mapmesssindwurhers pakied e Hhe raticish#04, dhal

liquid fl ' . ut | et. I ntipu .S0.no.gas f| i.nto the
vacuum out TPt Tk PARboGhink T PGP 8l it dhor s AP e
may be ut i Bec@iBd g‘a@I(e.g.b@irj\lZs{lbd?pPg pulwdoﬁ&SﬂiertﬁlﬂHsLBOdgal@t@witﬁ%%lﬂhﬂﬁ. li®Bge as
t he nmeni scus 116 can be maintal ned. In one enbodinent, the flow rate of

t he procesupbpgimenti ¢ thavecm Fosethe optleta d0f phbs theawecessing Huidaddh, addhe 25

m i . h 0] .m te. . | di t,
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fluids may vary pending on the size of the proximty head. In one
enmbodi mentvaguigigexeried 2o qempinidive of uyl wul gss. Cansequénthy, a$ thefirovintitydiead

N im ty heads. Thi b | 17 im ty heads,
' one. enbQaPrBRY e b dIRFES; FPkes 258 WHE SemRtribndeats b FHeRs) |

one emocj'()}ﬂ'&ﬂbusl& hRchpiow tyatiR Henlsbes HR¢ 1HRA \BRAT ddd P YR BoiflenPlortiRe
inlets 302 is between about 1 liters per mnute (SLPM to about 100 SLPM
I n a Plef dPAlprecessing fluid interface 118. Tt should also be understood that the any suitable
number of inlets 302, outlets 304 and inlets 306 may be utilized depending on the
configuration of the apparatus and the meniscus size and shape desired. In another
embodiment, the liquid flow rates and the vacuum flow rates are such that the total liquid
flow into the vacuum outlet is continuous, so no gas flows into the vacuum outlet.

25 {0061] It should be appreciated any suitable flow rate may be utilized for the Ny/IPA,
processing fluid, and vacuum as long as the meniscus 116 can be maintained. In one
embodiment, the flow rate of the processing fluid through- a set of the inlets 306 is
between about 25 ml per minute to about 3,000 ml per minute. In a preferable
cmbodiment, the flow rate of the processing fluid through the set of the inlets 306 is about

30 - 800 ml per minute. It should be understood that the flow rate of fluids may vary
depending on the size of the proximity head. Tn one embodiment a larger head may have

a greater rate of fluid flow than smaller proximity heads. This may occur because larger




enbodi nent, the IPAflowrate is between about 6 and 20 SLPM 5 [0063] In
one enbodinent, the flowrate for the vacuumthrough a set of the outlets
304 is between about 10 standard cubicifeet per hour (SCFH) to about 1250
SCFH. In a preferable enbodinent, the flowrate for a vacuum t hough the
set of the outlets 304 is about 350 SCFH. In an exenpl ary enbodi nent, a

f | ow et erpromayityeheads, in aederhimdpasyhae nidre ifleto 302 ahd3@f artdautiNR/J0RA,

pr ocessi n% él uid, and the vacuum 10 [0064] It shoul d be appreciated that
any sui t abPB6%lypengronhenimenty e dowi rie obbeaY1BA Yy thieugonatiof de Wsthg t he
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Cu Sulfate, An Chloride, Ag Sulfate, etc. in conjunction with electrical
i nput nay a%eut Fhdfid e dn anp exqroges|enfioginent4atlow imerrmeke vlilized do picasyrof

exenpl ary xi.mty -he 0 -10gb. for. . use in a dual wafer surface
pr ocessi ngtﬂés@glfvg?ﬁteiorﬁ%glgg%%E%Q%I%ﬁ%%a@n%%3?%31‘ of the present
i nventiigon. [0bé4]tIb kisovdrbe dppretihted Biat Ws R agitBie Pk of %a?éi’%r@d’égsiﬁ%ﬁpérﬂidrﬂﬂw

N2/ 1 PA and processing respectively along with the outlet 304 to provide a
vacuum t He perlusied susing thevmepiscere depeating. on rhagddacsvng flwd iidized. de Fof t he

inlet 306 opposite .that af.the inlet 25 302 e§e ,may be a out | 4 to
Femove  pr SoRDOTng Frainte BH Lo iR R SSEheS G 76 S riral e e TrdBe s oo
above, in (j[ﬁﬂébsﬁﬁﬁqmicﬂﬂwtgenéﬂﬁﬁ‘_ Wwhtef lcheadity 1386 HRY SABilsH fashid8ddiffeRint | PA
inflow 310 and processi n(g fluid inflow 314 respectively while the outlet
304 may bvidg may deditiligedippd yinvidee uniet 31Poutleh canfigurattoms may Yettimsdeo the

enbodinents,. . the proximty heads, 106 .and,,106b be of _a confjguratjon as
Further deSiet BRaBT e, Mo RIS SV Sub RiEcBt cBFing™ MECIEBATEERS v ¢ b
the meni sclishidd GrufidCichSs, f*o@rex%gmplfﬁ:, PIRE 8ot GBRutioh ORDIARE. 1A8PLef the
waf er 108 'may be processed by the novenent of thé neniscus 116 into and

away fromuthiged ta étale the viger]. 00G6HthE guibeimbs, platiogifhids Guchowferbadpleetit s of
t he prese Lhvent i ere a_ first fluid neniscus.is at, |least partially
surrounde%"ﬂt?teat Fe(g]glf)}lxlﬁe’s‘géoﬁ‘&fqﬂ?’u?ta' He sPRiEpgtion pithg ﬁ](?ﬁtlr’&albglpéibﬁ’?‘@’c}’ﬁt ed

that the fdghd#ctbd ui d meni scus and/or the second fluid nmeniscus may

20 [0065] Figure 4B illustrates a side view of exemplary proximity heads 106 and 106b for
use in a dual wafer surface processing system in accordance with one embodiment of the
present invention. In this embodiment, by usage of inlets 302 and 306 to input Ny/IPA
and processing respectively along with the outlet 304 to provide a vacuum, the meniscus
116 may be generated. In addition, on the side of the inlet 306 opposite that of the inlet

25 302, there may be a outlet 304 to remove processing fluid and to keep the meniscus 116
intact. As discussed above, in one embodiment, the inlets 302 and 306 may be utilized
for IPA inflow 310 and processing fluid inflow 314 respectively while the outlet 304 may
be utilized to apply vacuum 312. In addition, in yet more embodiments, the proximity
heads 106 and 106b may be of a configuration as further described herein. Any suitable

30  surface coming into contact with the meniscus 116 such as, for example, wafer surfaces
108a and 108b of the wafer 108 “may be processed by the movement of the meniscus 116

into and away from the surface.




. be generated to conduct any suitable type of substrate/wafer processing
operation such as, 5 for exanple, |ithography, etching, plating, cleaning,
and drying. The first fluid neniscus apg the second fluid neniscus may be
any suitable shape or size depending on the substrate processing operation
desired. In certain enbodi nents described herein, the first fluid neniscus
and the sq0064] Higures S Aehichgh SCaghewcanb@iiinents offies @reddne isesdntwhéngiadfirst

neni scus surrounds the first fluid neniscus and the first_fluid neniscus
and the séﬁ%dn%wwﬁ at leasti stidlypsiguadeds by shdgague gecomd flwd daemess. dh.
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surface by appliTcatiron of vacuum through a plurality of source outlets
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| ocated within a first fluid neniscus region 402 of the processing surface
on the minenisays frecssses ribx iswhstipten dlzedpartien 1of theveddr mueesaed by thee firss dluid
proximty head 106-1 may,al so include,a plurali. of sour.ce 25 inlets 306b
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plurality of source outlets 304b. I'n one enbodi nent, a portion of the
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conjunction with the renpval of .the first flujd. In one enhodient he
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condui t begaksend ienkeld ets 304a renmove liquids applied to the wafer

t hrough the source inlets 306a and 306b. In addition, the plurality of
sour ce outl08¢Y 8@k Tayghdres eahiltenenisoimproxpmity deadd0¢-dl inconcdancebeitiaose t he

outl ets 306h renoves the second fluid framthe source. 19 i ets.306b and
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306a remove only liquids. As a resu the second tluid neniscus may be
creat €@ byfltiheag dinube semoved from the wafer surface by application of vacuum through a

plurality of source outlets 304a. Therefore, the first fluid meniscus may be generated by
the conduits located within a first fluid meniscus region 402 of the processing surface on
the multi-menisci proximity head 106-1.
[0068] The multi-menisci proximity head 106-1 may also include a plurality of source
25  inlets 306D that can apply a second fluid to the wafer surface. The second fluid can then
be removed from the wafer surface by application of vacuum through a plurality of source
outlets 304b. In one embodiment, a portion of the second fluid is also removed by the
plurality of source outlets 304a in conjunction with the removal of the first fluid. In one
embodiment, the plurality of source outlets 304a may be called a one phase fluid removal
30 conduit because the outlets 304a remove liquids applied to the wafer through the source
mlets 306a and 306b. In addition, the plurality of source éutlets 306b may be called a. two

phase removal conduit because the outlets 306b removes the second fluid from the source




| ocated within a second fluid nmeniscus region 404 of the processing surface
on the multi- 5 neniscus proximty head 106-1. [0069] Optionally, the

mul ti-menisci proximty head 106-1 nay jonclude a plurality of source
inlets 302 which can apply a third fluid to the wafer surface. In one
enbodi ment, the third fluid may be a surface tension reducing fluid that
can r educanletse38alr faad etht eaisiogphereofousidel qfiithi dtuicb spdngsces.boThHaefood, tmhensecond

meni scus forned by that application of the 10 secqond fluid to the wafer
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meni scP 10BCSHaPraxapEy Beadrhntial Iy flat surface. [0071] Figure 5B shows
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as descri dedadgerdshee mith love genmdanent. of tho Prosag swbotbmenThe mndtifragiidci t i es
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material or
20  meniscus 116a is located underneath a region substantially surrounded by the plurality of

source outlets 304a. The multi-menisci proximity head 106-a can also apply the second
fluid through the plurality of source inlets 306b and remove the second fluid through the
plurality of source outlets 304a on one side of the second fluid meniscus and 304b on the
other side. In one embodiment, the plurality of source inlets 302 may appfy the third fluid
25  to decrease the surface tension of the fluid making up the second fluid meniscus 116b.
The plurality of source inlets 302 may be optionally angled to better confine the second
fluid meniscus 116b.
[0072] Figure 6A illustrates a multi-menisci proximity head 106-2 in accordance with
one embodiment of the present invention. The proximity head 106-2 includes, in one
30 embodiment, a facilities plate 454 and a body 458. It should be appreciated the proximity
head 106-2 may include any suitable numbers and/or types of pieces as long as the first

fluid meniscus and the second fluid meniscus as described herein may be generated. In




different materials depending on the applications and operations desired by
a user. 5 [0073] The proximty head 106-2 may include a processing surface
458 which includes conduits where fluig(s) nmay be applied to surface of

the wafer and the fluid(s) maybe renoved froma surface of the wafer. The
processi ng surface 458 may, in one enbodinent, be el evated above a surface
453 as shonn embodimeitehatisdliticsgilan 448 2indlthe bsdiodd mhae babplted iadeddr bhat t he
processi ng S{IJ}rface 458 does not have to be el evated and 10 that the surface

458 may bensthes emhedient hy aletg 49 end threbadyr 43 may b afpchadebypapadhgsivg. head
106-2 th f - f. i . 0 -5i 6B
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regi on 402 which includes the fluid inlets 306a and fluid outlets 304a. The
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20 fluid inlets 306b may apply a second fluid to the surface of the wafer. In addition, the
fluid outlets 304a may remove the first fluid and a portion of a second fluid from the
surface of the wafer by the application of vacuum, and the fluid cutlets 304b may remove
a portion of the second fluid from the surface of the wafer by the application of vacuum,
and the fluid inlets 302 may apply a fluid that can decrease the surface tension of the

25 second fluid. The first fluid and/or the second fluid may be any suitable fluid that can
facilitate any one of a lithography operation, an etching operation, a plating operation, a
cleaning operation, a rinsing operation, and a drying operation.

[0076] Figure 6C shows a closer view of the processing surface 458 of the multi-menisci
proximity head 106-2 in accordance with one embodiment of the present invention. In

30 one embodiment, the processing surface 458 includes a first fluid meniscus region 402
which includes the fluid inlets 3062 and fluid outlets 304a. The processing surface 458

also includes a second fluid meniscus region 404 includes the fluid inlets 306b and the




[0077] Figure 6D shows the facilities plate 454 attaching to the body 456
to formthe 5 multi-nmenisci proximty head 106-2 in accordance wth one
enbodi ment of the present invention. Gyannels corresponding to the fluid
inlets 306a, 304a, and 302 supply fluid fromthe facilities plate 454 into
the body 456 of the nmulti-nenisci proximty head 106-2, and channels

cor r espondiuig) otidets R@4Y hnd thhe dluid wiets 30BbTherelfos) 4l fistrivid rhénisas fregion $0%

body 456 to the facili |es 454. | n one enbodlnenh channel s 506a, ,(504a,
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306b, fl U'%@flieﬂa{e%ése%gé@ﬂuﬁﬂ{érﬂsc%'t'ets 304b, and fluid inlets 302. [0078]

Fi gure 6E ustrates a cross section view of the proximty head 106-2 in
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Figure 7 (Fnd al so Figure 8A) shows a top surface of the wafer 108 being

pr ocessed,Figtre iy whanisls 3(9r éebtataad 69 mzryb@@pb’ka fitsé dluidy atseeomy fluidhend dot h a
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herein on the bottom surface of the wafer I n one nbodi ment, a first
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may forma first fluid nmeniscus 116a between the nulti-meni sci proximty
head 266- zhtlacpgiaphye cleafisg, g, land dnang nbelsevend fluid is a second processing fluid
that may or may not be the same as the first fluid. As with the first fluid, the second fluid
may be any suitable type of processing fluid such as, for example, a fluid that can
facilitate etching, lithography, cleaning, rinsing, and drying.
[0079] Figure 7 illustrates a cross-sectional view of the multi-menisci proximity head in
25  exemplary wafer processing operations in accordance with one embodiment of the present
invention. Although Figure 7 (and also Figure 8A) shows a top surface of the wafer 108
being processed, it should be appreciated by those skilled in the art that both a top surface
and a bottom surface of the wafer 108 may be concurrently processed by any of the
proximity heads described herein on the top surface of the wafer 108 and by any of the
30  proximity heads described herein on the bottom surface of the wafer 108. In one

embodiment, a first wafer processing chemistry is applied to the wafer 108 through fluid

inlet 306a. After the first wafer processing chemistry has processed the wafer surface, the




a second processing fluid such as, for exanple, deionized water (DIW is
applied to the 5 wafer surface through the fluid inlets 306b. [0080] As

di scussed above, the second processing 4§44 uid nay be any suitable fluid that
can acconplish the desired operation on the wafer surface. After the DIW
has processed the wafer surface, the DIWis renoved fromthe wafer surface
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stable. I n one epbodi ment hhe_second fluid nmeniscus 116b can substantially
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quadr ifloat enfface thiy &, a &cend fiid nsa@eeng1fdpi d neni scus 116b can be
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meni scus 198&l]fayone embpdimenpur Gubecea pgsewi sdadinghfleid sushdis clos sxamalsove,
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stable fluid nmeniscus, an anount of the first fluid inputted into the
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substantially equal to the anount of the second fluid renoved through the
sour ce outheginsoB@atinganu a3ertion [off theevadarbutiape alreadyhmotdsesd battke fifst fluad
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sui tabl e dioht@MGEriAS aloBR thedfrst MBd MRAISE 16AN nbs@lomi&ta@gfb%ﬁt@artﬂaﬂméf gftin a
stabl e manner. I n one enbodi nent, the distance 480 nmaybe between 50
m cr oRd arfthid memjscun tl Garmagnlot dnarsudatiie deoraeitic sBapersnttoas, a circle, ellipse, square,
rectangle, triangular, quadrilateral, linear, etc. The second fluid meniscus 116b can be
configured to at least partially surround whatever shape the first fluid meniscus 116a may
be. It should be appreciated that, as discussed above, the first fluid meniscus 116a and/or
the second fluid meniscus 116b may utilize any suitable fluid(s) depending on the wafer
25  processing operation desired.
[0082] It should be appreciated that to generate a stable fluid meniscus, an amount of the
first fluid inputted into the first fluid meniscus through the source inlets 306a should be
substantially equal to the amount of the first fluid removed through the source outlets
304a. The amount of the second fluid inputted into the second fluid meniscus through the
30 source inlets 306b should be substantially equal to the amount of the second fluid
removed through the source outlets 304a and 304b. In one embodiment, the flow rate of

the fluids are determined by a distance 480 the proximity head 106-2 is off of the wafer




2.5 mm Preferably, the distance 480 is between about 1 mmand 1.5 mm In
one 5 enbodinent, the distance 480 is about 1.3. [0083] The flow rates of
the fluids as shown in Figure 7 nay be gy suitable flow rate that can
generate the first fluid neniscus and the second fluid neniscus that
substantially surrounds the first meniscus. Depending on the distinction
desired bétednsidudd be amiredibtad that tendistense 480dmbnbe are auithbfel distdnavessilsigus,
the flowrates may differ. In one nbodciimant, 10 source inlg&Ps 306a Fay
apply t he 3ithsmonise)jcan fe mpigtpiggd pad moyed dodbaeblsrrngey nifyone seibpdiment. thet
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descri bed herein, [0084] Fi gures 8A through 12 show further enbodi nents of
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exposed to a class of chemcals called sem -aqueous ("SA solvents”), which
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characteristics such that SA solvents may be expensive, chem cal
per f o2@and@6b sandf sogrresintetn d04e, 34 ankydchaypge depending on the configuration of the
process area and/or the configuration of the proximity heads described herein.
[0084] Figures 8A through 12 show further embodiments of the proximity head that
include a barrier to separate menisci when the proximity head is in operation. The barrier
may be located between a set of inlets/outlets that produce one meniscus and a set of
25  inlets/outlets that produce another meniscus. Therefore, when multiple adjacent menisci
are desired to be generated but kept separated from each other, the barrier can assist in the
managing of both the separability and stability of the menisci.
[0085] Many cleaning applications in semiconductor device manufacturing are not
performed with dilute aqueous chemistries. In wafer processing, e.g., for post-etch
30 residue removal, the wafer can be exposed to a class of chemicals called semi-aqueous

("SA solvents™), which may include, for example, ATMI ST-255 and ATMI PT-15 (made
by ATMI of Danbury, CT), EKC5800™ (made by EKC Technology in Danville, CA),




exposure to water and typically only small amounts of the chem cals are
needed to treat 5 the wafer. Due to the often costly nature of SA
chemcals, it is typically desired to 7z4claimthese chemcals. Reclaimis
simlar to recycle where an amobunt of chem stry is applied to the wafer
and the excess or unused anmount is drawn off and saved for the next wafer.
[ 0086] Al stg. tWhkile Benspealficactturei dfythede thrvaseals ey Ist diffesent slepamiengbth yhe
extrenely dependent., 10 on concentra{i orl1 (dil %ti on results in significantly
| ower cher?PE‘g 1c chemigek IMPOSHIPTENRS 2 Cipbiheeaphaepnsaps ghspeerigios pidhthghr y
dependent t [ tey.= i I .
Ther ef or e,sa?r?\ﬁ@treg{esr&% bﬁ‘inéh)%p%‘lﬂézlgat heeﬁl)}(a%g?rﬁfggﬂ%&g ﬁ\g%‘l ﬁepygt%s %I %éegﬁg&el\?van?%r,
and to nmedxpostee tuwhier and typddadly Dntyhahalt amotngts bf €at d@dmiddihara readalhtoafealSA
chem stry, it is desirable to separate the di spensing/application of SA

sol vents’ tthe &afgls ePuc 18 the @liem&optin st of SPnehagucals| 1 antwichly dosised af er .

[ 0087] Fi ' rate - ' ' | § L= i:sci
broxi m t y Heag Ot SHHER, Kool A° AR b4 AR I B phiiy B cbbmIDAED!
accor dancepwli¢cdtoathe wagsriand itheedice sl ortuRasedr @semt id dien biffamd shedofoe the next
enbodi ment, the multi-nmenisci proximty head 106-3 includes fluid inlets
306a, 3060Y¥Hd fluid outlets 304a, 304b, and optionally 20 fluid inlet 302.
As di scus by 1 ef . Eiqur fluid | t a
first pr odaosdiiatsd ik SRARichCayElof uibse bEnisiridh S e X OBREAToBRIGY P
the filost dnl vobermytionb édidimpnstestilabhe sidnifichntipabwearRherhRaeastitite, wad ahe
surface in the wafer processing operation desired. Therefore, in one
enbodi mentlifetime of j 34 sovents ds rpdlgn pena Agpeadentoin wajer toRBighh FHgher X ROES iy

fluid, an hin |leani ng fluid, .a rinsing fl ui nd a_drying
flutd o e el bittifey T ERR BRaideblotunaiht® de B felnds Can
apply a thidfer, fdndi & tRxidhige M@fiRf FUWiREethaficheroet featdd @GS sl hrgcH bBigA has
operated on the wafer surface, the processing fluid is renoved, in one
exanmpl e, Bemidiyuthis Heshiahle toseparataithe disipdneing/application af Sdy sol vrmtspigfawafer

procesgi n M. St r rocesse h fer surface, the wafer processing
chem :Lt%rygdln?t‘lr%e%%sfé%oﬁﬁg%a.tﬁ?gve\ﬂgffogfﬁ’gﬁw\é\%{:‘e through the fluid outlets 304a.
30 [0088] [6he7] malgﬁm-spenmﬁ-bte%%ﬁ}srewdaﬁﬁdiew@f ﬁﬁeﬂﬁlﬂfi%@fﬁscﬁtfiy%ﬁm $Reend

wafer processing fluid to the surface through the fluid inlets 306b and
renove t hel0§ekt ontdcines eutilized oloe pwicasy fl pliabid rhamidrhe0Z unf acerdeyge iwithonee

mbodi nent lied.th h the 25 fluid, outl 304a. and. 304b. |
Chis vy SHRBEHHT BF BrisSiianrBie £ 8o sy dhe raE A BROUS be
appr eci at agal hab-3tiRsnaacand ihlcl sheaRYodteaRIyid WitieR! ®4h ! 3048, Eéxh}%pticgﬁﬂy

process the wafer surface in the wafer processing operation desired.
Ther ef26r e, flvich iwee302. As discussed in reference to Figure 6, the fluid inlets 306a can apply a

first processing fluid to the wafer surface. It should be appreciated that the first fluid may
be any suitable fluid that can process the wafer surface in the wafer processing operation
desired. Therefore, in one embodiment, the first fluid may be any one of a lithography
enhancing fluid, an etching fluid, a cleaning fluid, a rinsing fluid, and a drying fluid. In

25  addition, in an optional embodiment, the fluid inlets 302 can apply a third fluid to the
wafer surface. Afier the processing fluid has operated on the wafer surface, the
processing fluid is removed, in one example, by vacuum through the fluid outlets 304a.
After the wafer processing chemistry has processed the wafer surface, the wafer
processing chemistry is removed from the wafer surface through the fluid outlets 304a.

30  [0088] The multi-menisci proximity head 106-3 may also apply a second wafer
processing fluid to the surface through the fluid inlets 306b and remove the second wafer

processing fluid from the surface by, in one embodiment, a vacuum applied through the




enbodi nent, the second fluid may be any one of a |lithography enhancing
fluid, an 5 etching fluid, a cleaning fluid, a rinsing fluid, and a drying
fluid. In.addition, in an optional enbgdinent, the fluid inlets 302 can
apply a third fluid to the wafer surface. It should be appreciated that
the third fluid may be any suitable fluid that can reduce the surface

t ensi on offluidevsleiso3@af dndi A04H. n Innkisewbypdihaesetond liaid hiendcdd Wigh nswy be

i sopropyl al cohol_vapor in nitrogen gas (I PA/N2). 1Q [0089] I.n one

enbodi mentgcB§ratefe Iﬁﬂvqw?d h%ﬁp%r@waﬁﬁadk@t § yeaera dluibmay beanyiyiintle fid thet 602
is |locate | ! |yl Al :

v er - pr GReCLRe h JRg el Bie Agfle bRelok iRl Thenkinin 4B

mul ti - meniesbodjmeant] thet yecohd dthid @ay2be lafy ame @hbdidhsgiphy eeiancing ethidadrer
(DIW is applied to the wafer surface through the fluid inlets 306b. After
the DI W h&&chisbh gk sqclesingdlvid astipsing dluid, psdr driae flgid. ok @deitiopol dthe

waf er  sur f‘@@. nd] UnfoAnd i Emg gfﬁi%%}@ygg%%?rﬁ%)ﬁv\%gm?d ﬁrﬁj\fél tlgetﬁ%[\gr?i%rtsﬂi%‘ace. It

mul ti - meni proximty hea er-'s ace ns a second

fluid menisseuld belddpecidted a0 e thatl HO ImayalRosiny Suifabler g Rhgasn Fedhce the
optionally be applied to the wafer surface to keep the |iquid/gas border
of the sed8Hacs fupianafnihs sgeomh Bnidst bloae embodimeent.etisdhirdehid i Fepewebnd

fluid nmeni . S i rrounds the first fluid 20 neni scus
116a. In fﬁ%ﬁé%é%gpé‘ﬁggégﬂémi#%%?gr!uid nmeni scus 116a has processed the
waf er 10surfbessy. intdne exfoditlert!ofitbe FRIM-BfekiciloRikieN harRTI3,] APRshi@baliér begi n
operating on a portion of the wafer surface al ready processed by the first

fluid neni®2uis prasd Yoowow) thehBuidnbeliit e ansd Seoflnidi migti 3fbe ghej welendes

t he phobic rr:iers.p02 whigh, ¢ separ he first fluid meniscus. 116a
and the sdBSaat rE (i e o Bt PSRLmeRRACHRa Ry B putihnter PSSt
fluid nmenitee@isodbanmmy dtoddhéCddidnisdiivaet (DIVe) FOFPNE] id thedvaTBNdusfals
116b. As discussed in further reference to Figure 8B bel ow, depleted fluid

from the thiough tie flnid imbetsi396bs AfiesthetAY hanpropessekthsshferrurfaed, dre BIWfiace
maybe .r.emain on, the ,wafer surfage for.renoval c fluid ni scus
Trens 155 "akBgPa BaS mE N S FRateh th STREF ouftctlB iR n e TR v
sui tabl e mRHEhedisdi Padxiinsty PRAPTG6-D And lﬂ% Whfd} g3 facd GordliGhscddnd fidl nBepaERs €, SA

sol vents, aqueous sol utions, water solutions, etc., to be utilized to
gener at e tlHébf |ladptopd rilendiol VRGO YN]niCogmegasenty gptidmllprie appboditordret walshen SA

meni scus. ot R B B G hERET R B8 a6t FHEL TRERT AL e aBBPHT on,
in the em@eidmpént VIR Qecofd ShiM eREtnisdusUl 140 Z@hantiBBy RDABLSGIs BRT fifse R $02
enabl e recl amati on of SA solvent and enables rinsing of the depleted
20  meniscus 116a. In this way, after the first fluid meniscus 116a has processed the wafer
surface, the second fluid meniscus 116b can nearly immediately begin operating on a
portion of the wafer surface already processed by the first fluid meniscus. 116a.
[0090] The embodiment as shown in Figure 8A includes the phobic barriers 602 which
can separate the first fluid meniscus 116a and the second fluid meniscus 116b. In such an
25  embodiment, the first fluid meniscus 116a may not directly contact the second fluid
meniscus 116b. As discussed in further reference to Figure 8B below, depleted fluid from
the first fluid meniscus 116a that has processed the wafer surface may be remain on the
~wafer surface for removal by the second fluid meniscus 116b. It should be appreciated
that the barrier 602 may be made from any suitable material that is phobic to the fluids,
30  such as, for example, SA solvents, agueous solutions, water solutions, etc., to be utilized

to generate the fluid menisci.

[0091] Consequently, in one embodiment, when SA solvents are used to generate the




boundary layer. 5 [0092] The barrier 602 may al so prevent free air flowin
the gap between the nenisci thereby elimnating drying off inter-nenisci
films and hence dramatically reduces thg chance of defects forming on the
waf er surface. In addition, the barrier may be nmade very thick so the
anmount of liquid at risk of uncontrolled drying is mnimzed. [0093] Figure
8B i | | ust riatié sneaischo $Boal thevs £wobknt daenivaustrhaynen bcpatatdal fxinnhe ydjhemd rib@6- 3

10 operating.on a philic wafer surface in accordance with _one enbodi nent of
the presed®MiH§entR GHditicR. gheheerhbediment WheteS Agolyenhisnpdlitedy fignpbabiy head

106- 3 i ncl s tdae Lidbat rec;gn&gt np@ﬁis%lgéwé&t%& %ﬂ&blgsaﬁnﬁggccﬁ‘sﬁlgt g@lé’é@cf er

surface in whatever type of wafer processing operation desire
di scussed mhoday lakhe depl eted chemistry fromthe first fluid neniscus 116a
remai ni_ng on the wafer surface can then be processed by the second 15 fluid

meni scds 19881 (Vasi Rasrierno@nmag bwdprgeeit s ahSary insthy gap bstwrenithemenisshi scus

to renov L ef. 1 : .€ dj h I
pr ocessi nghéd?ﬁy %@‘%‘#‘?Bﬁg I@ﬁ%ﬁgﬁ%@?ﬂg g%:lan Y0 Igﬂag‘tﬁ (% (ﬁ#éa%%é :I{eecf%gﬁféé)ﬁ stry
when t he fdhesde dfldefedisfomnniag ba theldbfer Birees. of Addtod ke HRFO8esS| Hidnadesarpf the

waf er surface. [0094] In _one_enbodi ment, the barrier is phobic to the
cheni st ry thicksp gheramant pf iguwd abaskaiinsetiteollsd dryingisyabanized philic to the

chem stry irstfluid meniscus,. In.this case . when, fo X e,

S heehen 009 Mk Bl TR0NSB ok et iR ERniscl PRk hee R ©.
as toial | ayemihy dnhe phitiepk g slirfzYrih ascorliaie rwiltd oR@Smbbdiint BE tHel pte&ent

meni scus (e.g., DIW neniscus) to result in optimzed sol vent regéecl i ng and

maxi mum sahvation] i eng gabodimget e muliamemst ereximitly head 1 0&B iidwdesole sy be
any suita shape (hei ght, w dth rofile,. 25 di mensipons | ocatid on

St ace 1 i ragES el S ehocckl B firet Sl Gl MER T, Riter
second fl yrecegBnE SpLIatiSN B6diRAldsalidcisR@RBEAL. €Uhe HONSRE chb@ittd e FOASKL A
cl ose-up view of the nulti-nenisci proximty head 106-3 operating on a

phobi ¢ wafflid smignfsgeel 16a repetrinzer thewathr smice pvothierrda prafessed dyphesssand

i ti . l.n thi dj t. the fer processi ng chem SLr. which.in one

50" endsar i miedlin® TRACHTEER i, b cbBodiineRt S S0 Nl 8 it Bifleh el b o

not stay QBmbl& theVabsikred WHERERNRT e aﬁm&%htrg;&ﬁpw&@atw% REsivglbFace
g up

is phobic to the fluid nmaking ap the first fluid neniscus 116a. Therefore,
t he phobi dydeaphilisrwae thatrcak beld antrethe idegletefl cherdisBY whenitisciist fldidanemstus he

he 1 ui d PeTRESS Py oE M PG oRGR Ee GLIETBURA T RS ho 11 ui d of the second”
fluid  menpsss)sin 1D embbaiatdl, L hebadhe ROPESHE W ith€lcRerdfidy! &F BKHCHrsRFuid
enbodi ment onl'y renoves
20  meniscus and the wafer is philic to the chemistry of the first fluid meniscus. In this case,
when, for example, the chemistry is the SA solvent, the phobic barrier may be engineered
so as to allow only the "depleted" surface layer to pass into the rinse meniscus (e.g., DIW
meniscus) to result in optimized solvent recycling and maximum solvent lifetime.
Specific parameters for the barrier 602 may be any suitable shape (height, width, profile,
25  dimensions), location, surface finish, etc., that can keep the first fluid meniscus and the
second fluid meniscus substantially separated.
[0095] Figure 8C shows a close-up view of the multi-menisci proximity head 106-3
operating on a phobic wafer surface in accordance with one embodiment of the present
invention. In this embodiment, the wafer processing chemistry (which in one
30 embodiment is an aqueous fluid) of the first fluid meniscus 116a does not stay on the

wafer surface after processing because the wafer surface is phobic to the fluid making up

the first fluid meniscus 116a. Therefore, the phobic barrier 602 can keep the first fluid




the first fluid fromthe first fluid nmeniscus 116a. 5 [0096] It should be
appreci ated that although only two nenisci (inside neniscus and outside
surroundi ng neni scus) are shown in the @xenplary enbodi nents that any
suitable nunber of concentric nmenisci can be generated. In such a case
each of the inner nmenisci nay be generated by a set of at |east one source
i nl et 306anemstus Hd 68 cundcte sgtdret 186U menisbid éltﬁmeoth]a)stsepanattacbwnchhn@ iemd scus

Set of ot MEER B HEEoN BF Bret3bsbmahac ot WA AW hUREEERY T bo

gener at ed Hhi@us 216101 ISAHSS hels6hRe 300&s 304 it E\f‘chsaﬁ’l%rn%dﬂﬁéﬂt%ﬁf refthded hat

can apply and renove a particular processing fl [0097] In one

enbodi mentthe fits¢ AuidfeorBAhes st/ Bmitl menisgbis [ 1Ged as the chenlstry of the first
fluid ni 116a, .t he phobic, barri ould result in alnost 100%

i ecovege Jpoge] gt %Aoul@sbe Wect ihag albopsh awy Hopmenisef dhifdaaenisgyeryd |

the rinse JRG&S s el afe wilE HALREIIG Rl Bini e Bhe 0 uitdelhe

rel ati ve nmovenent t e waf er may prevent se” wat er rom co tanlnatlng
t he SA solnperiter off bmlcbmilcirmnisﬁzoaamhygémwﬂ&m Igrsaeh b @as&l dachvof thic ianer mednadci vel y

| ar ge "nlnlnu di stan between the barrier, and wafer, or the barrier
could extBHAPY m?r%’fsg E’H mgrat 598k %‘esquesce'@3@3&83%@%’1&@8@%%@3‘%&944or

MaXi MUM 1 §GME 1hBGast %QHBQQ% nléhgeﬁse st bﬁdﬁhé %e%?scg BL%MM }!nggﬁﬂ i#d6- 4
with an exenplary 1nlet u ern 1ncludin e barrier In

accor déncenwmitdd) mae hevd)ﬁ)di:tn@frﬁt l@';fst bllitESqlslrmmIﬁI 3061151%&@13[)4115\ Alng ioime® menisci
enbodi nent, the proximty head 106-4 includes a plurality of source _inlets

306a’ and BUERE ZenPREdN 3 satiof yousee inlaly 3004 %ﬂéh%sca@@a@utwo&é thabean &Y n a
regi on 67 urce inlets 306b' nmaybe | ocated in a
regi on 65 $§§B§?% @ﬂﬂ@ﬂf@%bﬁ%m%?%%g may al so include a plurality of

source out[besrs] BM4e' enﬂmdlrﬁﬁﬂ,bwhenmﬁ A wolabattiy vefizeds@uthe @houlistrgtod tidddat and
304b' may be located in a region 660 and a region 665 respectively. In one

enbodi nentfluid peengseasx it s, 9hm@a@1qbfeﬂﬁw)%msesh a imosh d Plderecoyieny af theys/of
SOUrce i nl s{%iv%nﬁ B%aﬁoul agid?’(%%gte&'\@urﬁah% ga e],E) F }{ Cr%s%q’va{tgr vrvgr%'rﬁ)?r% %ﬁg’: t%qge 675

respectlv pprecia plurali ource Thlets

306a’ may \aemaﬂ thaBGh@R% solvdnglthe rdlytpe @bvdrhanit @ tﬁ@wafem{a@rprswﬂ 2i&Ss whidr
addition, the plurality of source inlets 306b' may apply the sanme type of

fluid as tiemgontminatifigothe b selventn| She baoza’ 602\/rmmebf: mlemamslt wealleswiierd? ment |

t he plural f 1SQUMEe inlets. 306 e .confi
i1 or ont ety SR st HRRa e VBT R, 8 B GShah or F Brh gouta
plurality efendQieidioitid Rhfer sifa to "4 RQRBE" the SANR AP R ntBMhumirB&cRhgr al i ty

of source outlets 304a’ may be configured to
20 [0098] Figure 9A illustrates a proximity head 106-4 with an exemplary inlet/outlet

pattern including the barrier 602 in accordance with one embodiment of the present
invention. In one embodiment, the proximity head 106-4 includes a plurality of source
inlets 306a' and 306b'. The plurality of source inlets 306a’ may be located in a region 670
while the plurality of source inlets 306b' may be located in a region 655. The proximity
25  head 106 may also include a plurality of source outlets 304a’ and 304b". The plurality of
source outlets 304a’ and 304b' may be located in a region 660 and a region 665
respectively. In one embodiment, the proximity head 106 may optionally include
plurality of source inlets 3022’ and 302b' which can be located in régions 650 and 675
respectively. It should be appreciated that the plurality of source inlets 306a' may apply
30 any suitable type of fluids to a wafer surface. In addition, the plurality of source iﬁlets
306b' may apply the same type of fluid as the plurality of source inlets 306a' while in
another embodiment, the plurality of source inlets 306b' may be configured to apply




remove the fluid applied to the wafer fromthe plurality of source inlets
306a', and the 5 plurality of source outlets 304b' nay be configured to
renove fluid applied to the wafer fromige plurality of source inlets
306b'. It should be appreciated that both the plurality of source inlets
306a' and 306b" may renove other fluids or materials that may al so be on
the surf abiffereMhigptraefrflud t60R wafeothen rebhdd applied byathe plureityiof edurce inlets

hydr ophobi g, _and in anot her enbodi nent, may be partially hydrophobic and
partially %ﬁrophi lic as discussed, for 10 exanple, in Figure 9C. It should

be appreci@bey hhae ahbdeneh, qﬁlgeggllafd'lirt} OF s6fiee ioﬁﬂetg.@%ﬁ’g: ﬁél};}l, 8d c’oﬂﬁ%ngc}] to

rectangul ar form the barrier can be 1n any suita 'size an ape as
| ong as t lrembae theefluidORpiad ts épawafee flowotherplomtiyy cfestiuse inldid 3600 uind thd so be
under st.ood . that the barrier 602 may be made at |east partially out of

hydr opﬁobi@“ﬁ?ﬁfye?# S&ches%lﬁméﬁﬁg gy \é%ﬁ%ﬁﬁ”é‘?d fomemoveind apsied 4o disy yalse,

pol ycar bongdf i PR Sioultt S afyrd D oRNY
sui tabl e | ocat ie((}ﬂ asﬂ{ onaugéq?lﬁ%@gg?r F%#S%lg%@%gﬁég%%%ﬁ%%g)oholgl?hﬁ]ga}%ggIQSCi .

| n one enixodiceeniets 30be abdB06le mayG2mose otk eids biehureanls ahdt infagtalsodle obfthe
conduits of _the proxi_n]];)é(}/z head for generating a first fluid neniscus and a

second sejtsuéfﬁc% ohiefubarge Ee sHeRMimmans Tﬁ@’é&? fgirely dxdiopkebig s BakEhd
fluid menigoms:mbd ﬁﬁg%edpﬁlh?@/ ?g%rgﬂﬂc%g%@?ﬁﬁ%aygﬁ{gd%%%ﬂ?caﬁsr '(ilﬁEus@?cﬁ fJRy be

defined in or on the prox I'n any manner so at the

barri di0 60ZXamate, SapBigaiee 9Qne If shibudd reenbpiudatkd amrRalkidigh fhe Ubdriermenl Seus.
[ 00100] Figure 9B shows an additi onal exerrgl ary proximty head 106-5 with
an exenpl FEPPHHFGHY dirclapgulgntorsy thekamer 205 san bemn aysuitpblgsice pacdshape @ t h

Tod . . - . . Lo
head 106- 20har b ROESR o' Anolednfilftis IPIPUIP AL, ot JhedbBlgc1Y
may be | ochitetle barrice 60D fgyheO0madatG84t pitiaRe ehi ¥EhpdropHaBicRhedisls kychhaad

106-5 may al so incl ude av% urality of source outlets 304a' and 304b'. In
one enbodiRetampled Tk RIVRE polvetpykne-molyeaibosptei prigimige, et | Thedarmir gam| i t v

of source jin| a: \ i ch be |,ocated in, regions 675.and
085 r3speit Slocitietin B ERR 10MG g B LR T bl KRP et ine B ce
inlets 306Gaenis@y aphd ymBOimuRY:, S Bandres ()P asfiil Yotwibcdsa iRt get\Wibeidusbf ace.
In addition, the plurality of source inlets 306b" may apply the sanme type

of fluid &8¢ prHipityhsrd {9 ssnergbing ediinfleid sngiwss anhd seepndasebpheenduits of

embodi nent,, t nl. Lj of source inlets 3Q6b' nay be cgnf,i ed tp appl
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106-4 in operation_ where the barrier 602 separates a first neniscus l1l16a'
and a Zecdnamnge sosthat thiel biwrier $02 can separate onc fluid meniscus from another fluid

meniscus. _
[00100] Figure 9B shows an additional exemplary proximity head 106-5 with an
exemplary inlet/outlet pattern with a barrier 602 in accordance with one embodiment of
the present invention. In one embodiment, the proximity head 106-5 includes a plurality
25  of source inlets 306a’ and 306b' which may be located in regions 670 and 680
respectively. The proximity head 106-5 may also include a plurality of source outlets
3042’ and 304b". In one embodiment, the proximity head 106-5 may optionally include
plurality of source inlets 304a' and 304b' which may be located in regions 675 and 685
respectively. It should be appreciated that the plurality of source inlets 306a' may apply
30 any suitable types of fluids to a wafer surface. In addition, the plurality of source inlets
306b' may apply the same type of fluid as the plurality of source inlets 306a' and in
another embodiment, the plurality of source inlets 306b' may be configured to apply




accordance wth one enbodi nent of the present invention. In one enbodinent,
the 5 nenisci 116a' and 116b' may be fornmed by any suitable type of
proximty head described herein with tdge barrier 602 such as, for exanple,
the proximty heads as descri bed above in Figures 9A and 9B. [00102] In
one enbodi nent, the plurality of source inlets 306a" may supply the fluid
t 0 gener atdifeient typesi afdlnsd hiiBa wasmdhanttbe plomliteof svuetesnBB@P6a'may suppl y t he

fluid to nerate the ni scus 116b'.. The plurality o urce outlets
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suitabl e directi n,deﬁgﬁn ing on the wafer processi ngf desired. In another 15
enbodi éentl?enﬁféli%ﬁv i i%ﬂ pEadetopned aynpaiRblgtyRaPignexipdyicad HessbeE t he
waf er 108 1j.$.; - t he i t - L Ly d
106-4 and Fh" Saane pyficf Bbo S Ao RAAHIC BN oroxBhy el B SHLBARLREEC,
descri bed infriguest eandl@Bai | in reference to Figures 11A-C. [00103] Figure
1 1A shows the menisci separation region 650 in a wafer_ processin 20
operation Q1R a nyardshepbedipgte thel plarality, of sewee arlses oehmen suphth dbe nent

of the pr ' i [ ifl [ £ he
or oxi mi 1 TAEH soRYGEIPRenTOR [RF' Al B2 30liBe ORI (i SERI el 1S
barri @0 6QRns@tcvRS niefiss@PBIGAL, eTﬁd}ﬁmmﬁgl SGourcé b@fets 304k' k§Bemodd @A Erom
enbodi nent, the barrier 602 may be hydrophobic. It should be appreciated

that deperif Afnisaus hoanand thepplaeabiss phepusiseruiletob4bt may semeve flugoomeye be 25

made phobi : Ui fable chen str - fluid utilized i sui tabl e
waf er pr oclﬁ%%%ﬁlgwggér a ?%en? elnﬁpmgﬁc%ﬁ%(%ém%tu F&et %ﬁ%gﬂl@ge@;}ﬁ%fﬂ@b ¢ rlrlby be
conf i gur ednétfon @Redirdctith €90.r Rhoilll De 2P EeORtd A RhEFk oM miREREad 1D8-DORRY beT

602. Therefore, when fluid is inputted fromthe source inlet 304a' into
t he regi orm@edvigamytsudale shacptiian depending ©6 thadvaftreproedsaing tegred. tIneanotheni d i s

repel l.ed fr h iL.c.barrie | ddi.tion, in one..epgbodi . the
water 130 o0 AR RS RRL hESI (hEmay Be B ih o8 aneaor B ST T £ ' o
fromthe spevege ]'nnjl'@Fanot%@ﬂéfnbo&ihﬁhﬁﬁﬁﬂﬁthe%ﬂ?@xﬁﬂitﬂj_Hlea\i/i 106-bend arelkhed 18 om
bot h the phobic barrier and the wafer 108 . As a result, due to surface

t ensi on arfgay brempwgli| A nveischseprradion egidned Nae deschibed i futhersdeta] inkrs&tenand t he
barrier 6 Zgarhdetgﬁﬁafer 108', a border of the neniscus 116a'" curves away
fromthe pH b7 €%artTer and the wafer 108'. In addition, due the

hydr ophobi 90103 f ect i iahGoWaiEs miR8ei sepFatdiereBRN658"n G Qafer 6cIBAE SCI
116a' and 116b" do nof nove
20  operation using a hydrophobic wafer 108' in accordance with one embodiment of the
present mvention. The region 650 is a magnified region of the proximity head 106-4 as
discussed in reference to Figure 10 where the barrier 602 serves to separate the menisci
[16a' and 116b". In one embodiment, the barrier 602 may be hydrophobic. It should be
appreciated that depending on the wafer processing operation, the barrier 602 may be
25  made phobic to any suitable chemistry or fluid utilized in any suitable wafer processing
operation. In such a circumstance the barrier 602 may be configured to repel fluid from
the region occupied or near the barrier 602. Therefore, when fluid is inputted from the
source inlet 304a' into the region between the proximity head 106 and thé wafer 108, the
fluid is repelled from the phobic barrier 602. In addition, in one embodiment, the wafer
30 108’ is hydrophobic and therefore, the wafer 108" repels the fluid from the source inlet
304a'. Therefore, the fluid will be repelled from both the phobic barrier and the wafer

108". As a result, due to surface tension and the repulsive interaction between the




under the barrier 602. 5 [001041 Wiile fluid is inputted into the region
between the proximty head 106 and the wafer 108" fromthe source inlet
304a', fluid is renoved fromthe regiorggoetween the proximty head 106 and
the wafer 108" through the source outlet 306a'. Wien fluid is inputted
fromthe source inlet 304b' into the region between the proximty head

106- 4 and mdriseusvdf éa’ ah@8hg byrner HOiadd itlse wefee|108'd aftroodnrtdfethqnhmbiscusbhkﬁal er

Prom t ho. SUES 8vR Fiai Be BRSLIC PRIFEROE B Stalkr 18T Jddyion She el PP om -
both the RbQbLG R i N6k LAE tHafaBler KO8, the%?enﬁsc{ ‘?ﬁ(ﬁ" bnd B Hgnotsrﬂf)\ffcace

tensi on and the repul sive interaction between the neniscus 116 and t he
barrier ﬁmﬁerathdbamerﬁmer 108', a border of the neniscus 116b' curves away

fromt t he. mafer 108" . Consequently, the neni 116a
and 118b’ t@ﬁ@‘f ot al Wh@’ega&ddﬁ BPuEREINt iefgeiph bemFeR HiePrariniiy Lheaﬁﬁ@ B t he
nmeni sci 0 f to
the regi o]tﬁfévta%gﬁéﬁ@“;%fr’%ﬂ% @ﬁ%g%ﬁ %‘géi WMA ?#e()%g} gffg%\é&%{eg%{he
sour ce i nipeoxiBOdicad flI0Gi attdi the reuferviEd' fhroumht tlhe sbmge @utlbie3gac N Whehehypd é@xi mity

head 106 and the wafer 108' through the source outlet 306a' . Consequently,
the meni sdiPuteddrony s spuesginlgy ?é)%m thy regiombeiween e @rordmitihesdd d-handy

fluids from thAf, Iaﬁéff%r%é'ls é@l?ed ﬁ&ﬂtﬁé@?% éfi‘é}ﬁﬁlp{s Ce‘\;\\nﬁ{eg?ﬂ@%@ﬂ%r? 11B

shows a proximty rocessi ng ydrop

accor danceydidpholoibethe el i repefs hbdlud &santheisowestinien304dbheThagions tib0'
shown in Figure 11B is a _another exenpl ary enbodi ment of the proximty head

106- 4 as fHF%B’&%?%a@HGHG‘? Epay atl the phopjcchariger pod e vater hES by Bpulb@ne &&r ves
to separ at grf%&:hteffﬁgﬁ ﬁﬁﬂ tlv%greé‘ai?ﬁe 11%@940&(}1{5 Be féfg th%nl:ﬁeﬁ% dl'lgﬁ‘r%d th@ Ballpl%E er

108" is hy Ic and € menl scus e I nput of

fluid to tdme ah&@h@ﬁ’aﬁ@ﬂlb@'?ﬁl bbiier pf xinfdnigtud €86k’ cdies angy frbm mabalheﬂ@@z t he
fluid of the neniscus 116a' is attracted to the surface of the wafer 108".

Ther ef or e,anfgh %Wéf%&ﬁﬁdlfﬁ@ﬁﬁquoaﬁystth@WI H&ayalrd)bb@ pi¢ tetatlg cepastiedand t he

a thingl ay f Iong t he wafer surface
underqéhelgﬂnﬁ F’Gﬁh 15d§$§mW$ eagnl%gg mﬁﬁﬁg$¥ %Fd maki ng up the

fluid meni[ee1os) 116b'while fehoisl idputhe 1@%@%@1@@%&?&% tﬁd"?roﬁﬁﬁ%ﬂheédfldd-ﬂl d
nmovi ng fromthe neniscus 116a' to 116b' is not |large, therefore, if the

proce55|ngmdﬂhqh@ﬁméﬂgﬁhﬁeﬁynﬁmﬁ§Hé&tBQQtHbﬂ@ﬂhmgwwgiﬁDﬁbmﬁdamOBhﬂMﬁQMStand

'l pajt b 1 th f th
e Sl PGS bl i TRLRCHRBATT hbST: BB RREASHRR, b Bt
Fi gure 11GhsAscRl P6a0%hdiil &b Q@@ﬂ)tdlgﬁseﬁame%rﬁ RATrRAixiB8 B I frdd the
20  menisci 1162’ and 116b' take place.

[00106] Figure 11B shows a proximity head 106-4 processing a hydrophilic wafer
108" in accordance with one embodiment of the present invention. The region 650'
shown in Figure 11B is a another exemplary embodiment of the proximity head 106-4 as
discussed in reference to Figure 10 where the barrier 602 serves to separate the menisci
25 116a' and 116b'. In one embodiment, the wafer 108" is hydrophilic and when the
meniscus 1162’ is formed by the input of fluid to the region between the proximity head
106 and the wafer 108", the fluid of the meniscus 1162’ is attracted to the surface of the
wafer 108". Therefore, in one embodiment, as the proximity moves in direction 702, the
a thin layer of fluid on the wafer surface is moved along the wafer surface under the
30  barrier 602. The fluid mixes with the fluid making up the fluid meniscus 116b'. It should
be appreciated that the amount of fluid moving from the meniscus 116a' to 116b' is not

large, therefore, if the processing of the wafer accomplished by the meniscus 116b' can-




partially hydrophilic in accordance with one enbodi nent of the present
invention. The 5 region 650" shown in Figure 11C is a anot her exenplary
enbodi ment of the proximty head 106-4 3s discussed in reference to Figure
10 where, in one enbodinent, barrier 602' serves to separate the nenisci
116a' and 116b'. In one enbodi nent, the barrier 602" may have a partially
hydr ophi | |V@tlﬁ@gldm8m290ﬂtlnn addiuid menisoust Heéatthein dyshbiassing gif dire BBRephilic

Thereforevégh (ﬁdro |I|c rle n 602b can attract the fluids of the
neni sci T OGP }Sggcg Qfgf"i?/“?ﬂneghape the borders of the
meni sci 1%6gio7gnd “T’?%Li;rl o sh&v@'ﬁye\né!{dirﬁﬁbha@ad n@m%th[aﬂ%%} GO OHaE 512

illustrates a proxim head 106-5 d barrier _ accordance with
one errbodlpmmllydfydrdpmlm pseEntrdameemith one einbodinene Df)ﬂId!I premlt irtviastiorthaThd er

602" s a hydr ilic region 602b and hydr ophobi ¢ regi on _602a. |n one 15
onbodi nt'es! ‘ﬁégﬁ } B igur ﬁ s %@9@%@1&%}1 emboEgs of {temBrogimifhe

meni sci 1 %E!w

The hydrogltk;}?cl1 |1(():@race%%l(%)s§§sse“h;e@%g§de§g% it ?gl‘j{hg to ena ]ﬁF i g %rom t he

meni sci  1Bk6w/es tmskpatabbthetnoengsco $ $64' hed lt@:dr opbuid a:mbdcmgemntlrﬁ(lﬁhaerﬁ@@hnay
configuration in progcesses, where it ma deswalefor
certain. pJW ¢ Snglrﬂ?lﬁf ﬁ@‘ﬁrﬁ’éﬁ‘ﬁ% éFglfﬁégagalﬁoadﬂtB’é‘ tor ghe; l'r%%‘?ﬁlﬁoglc GO0

VWi | e thi Ryt e

enbodi msntsl;:He It w:ﬂl%lnh hgé%lg%fee %fgﬁ ﬁt)%%‘tl a?ﬁ%ﬁé”égﬁﬁp? ed\ﬁ?én?}lte i[e%ElaE uglgdn
readi 1§ t Hdo6b'pegeetivaly tegmpe theclatrian sl drdnatisud )l i 64 ahd ehedr Tdbi mgmywuitalble

realize various alterations, additions, pernutations and equival ents
thereof . I"?%therefore intended that the present invention includes all

such alte S, : t at I \tal ent g alhqn
wthin t naopi@Rs, S DLF B, B kg TR LIS TOF TR P D e
is: 32 CL/hIcNﬁdarﬂcs mmmnleoﬂnlﬁcmﬁmmm@ieﬂﬁi Mgschit Siastioat en GRMPhbedignt, the
generating a_ first fluid neniscus and a second fluid nmeniscus on a surface

of the s frra@(}?" hager hygrophific regiopetii2bcan b&yﬁg)pbeb@tr&mona@qzy afj Qé%nt to
e, S350l gy SSRGS 300, DS RS RERAL STl Sl ¥
processi ngnd 196b'sihrthé eicasity &ahé @gdrophddi@tdFick 60241 tTRIhydesphRid ﬁgﬂﬂs 602b

may be configured to enable fluids from the menisci 116a' and 116b' to cross the

hydrophilic region 602b. Such a configuration may be utilized in processes where it may

be desirable for certain portions 6f the menisci 116a' and 116b' to intermix.

20 [00109] While this invention has been described in terms of several preferred
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, permutations and equivalents thereof. It is therefore intended that the present
invention includes all such alterations, additions, permutations, and equivalents as fall

25  within the true spirit and scope of the invention.

[00110] What is claimed is:




10 processing the surface of the substrate with the first fluid neniscus,
and processing the surface of substrate with the second fluid neniscus. 3.
A method for processing a substrate as 32cited in claim2, wherein
processing the surface of the substrate with the first fluid neniscus

i ncl udes one of an etching operation, a cleaning operation, a rinsing
operation, a plating operation, and £LAIBIS it hography operation. 4. A

nmet hod for processing a substrate as recited in claim2, wherein

processi ng t he lsur f asmecfodtfheproadssingatsabstiatd) comprisegond fl ui d neni scus

i ncl udes one of an _.etchi operation, cl eani operation, a.rinsing
operat i on. o pIGERAGEHTRG, ety e Sesgan SLbRETas G § PRGN hE
oper ati on.sygQrate, e BisPAthid AheREQE CEGhE SubstSHPIYT Al SR 16 8hb LRodd mal@l M 1,
wherein generating the first fluid nehiscus includes applying a first
fluid 6o theususfaade of the substrate through a first fluid inlet and
renmoving the first fluid fromthe surface of the substrate through a first
fluid outlet. GubdaitRllRedpirating (RCEES MG Mcaikosd bad ehesechad i@l mdhisehai m 5,
wherein 25 generating the second fluid nmeniscus includes applying a second
fluid to t ahafigee of the substrate through a second fluid inlet and
renmovi ng the second fluid fromthe surface of the substrate through the
first fluid outbet %ﬂmeﬁm%%?ﬂ‘écés‘sﬁ'ﬂ d avidAl o3RRG, &yt rd  fluid
through a third inlet. 7. A nethod Tor processing a substrate as recited in
claim5, wempeismgthe first 30 fluid is one of a lithographic fluid, an
etching fluid, a plating fluid, a cleaning fluid, and a 33 rinsing fluid.
8. A 8t hod f orpreresgng Hicrsyriacesaflibe subistrata svithabe fied flund mbemkemsgandwher ei n t he
second fluid is one of a lithographic fluid, an etching fluid, a plating
fluid, a cleaniprgecesfihgile, suefacirofisnystfatavdh thermcand fluidmegiscbaii d. 5 9. A

nmet hod for processing a substrate as recited in claim®6, wherein the third
flui d decreases’.a sukfrathodtfengiooesswifz atfubstere ndcitddundlairh®, wherest hod f or

i b t ited in.claiml, in th b i i t
Peast - par ArareRy oo e=gopbe At e irs i amans s BG4 Bhe! Becond
fluid menidtmsopctitiohla cRafBl BR&aficd, aREEIDERG0R SHUBBII HefatRp, iG] ted in

claiml, wherein a portion of the barrier i's phobi'c to the first fluid
meni sdds drblogapyrapenatioof the barrier is

4. A method for processing a substrate as recited in claim 2, wherein
processing the surface of the substrate with the second fluid meniscus includes one of an
etching operation, a cleaning operation, a rinsing operation, a plating operation, a drying

operation, and a lithography operation.

20 5. A method for processing a substrate as recited in claim 1, wherein
generating the first fluid meniscus includes applying a first fluid to the surface of the
substrate through a first fluid inlet and removing the first fluid from the surface of the
substrate through a first fluid outlet.

6. A method for processing a substrate as recited in claim 5, wherein
25  generating the second fluid meniscus includes applying a second fluid to the surface of
the substrate through a second fluid inlet and removing the second fluid from the surface
of the substrate through the first fluid outlet and a second fluid outlet and applying a third
fluid through a third inlet.

7. A method for processing a substrate as recited in claim 5, wherein the first

30  fluid is one of a lithographic fluid, an etching fluid, a plating fluid, a cleaning fluid, and a




philic to the first fluid nmeniscus. 12. A nethod for processing a substrate
as recited in claim1, wherein the barrier is defined between a first set
of conduits configured to generate the 33rst fluid 15 nmeni scus and a second
set of conduits configured to generate the second fluid neniscus. 13. An
apparatus for processing a substrate, conprising: a proximty head

i ncl udi ng,ringinE ffed. set of conduits defined within the proximty head, the
first set of conduits configured to generate a first fluid nmeniscus; 20 a
second set of dondui gedwklfaeprovgssinigra subsiraty sxieeriadyin lokdd 6, wheresethond set

of conduits.c .gured t.0.generate.a.secgnd fl.ui ni squs. and a barrier
def i ned besf%%lgmmﬁés %eroétal@léc%gr %%W&uﬂ%a?iﬂ%ﬂfl ea”§88ﬁ U £ CEANNg o nqui t s,
the barri qlui@,qrﬁr%,ﬂgmm,taﬁdguﬁ%@qm(ﬁl |y separate the first fluid nmeniscus
and the second fluid neniscus. 25 14. An apparatus for processing a

substrate as regited hietiddorprbessiiBer@bfrdd& refitddsh chfth O IvheRAME (isird
include, at |l east one inlet for applying a first fluid to the surface of

t he waf er flvahdecaeasteasurfagnéengion|ofthef sseondefwdi ng at | east the first fluid
fromthe surface of the wafer. 34 15. An apparatus for processing a
substrate as rédéit ed\ methaddpnprogessingarsabsirathas resitaddndlagmt], phesondiai t s

i nclude, at _l|east one inlet for ap ing.a second.fluid,to th urface of
t he waf er ,ebag}]e B¢ Ifaégg?{}ﬁﬁép}bof?ﬁ @tag[):l%lﬁt f’?@%@?ﬁ&’%ﬂ%@%@ﬁaewﬁi@li romthe
surface ofméhgywafer, 5 wherein the at |east one outlet for renoving the
first fluid fromthe surface of the wafer also renoves at |east a portion

of thgosecond filjui d.A dthoifoPPRBERINGS: shbtradd AGRSIHIINE chimUDMERN s 8S recited
in claim15, wherein the second set of conduits further includes, at | east

one i nl et Pogiongfishgbargenisphibid té theifstinid menisous znde: mitiothef thabemier 50 17. An
appar at us folr tﬁrtgc{ﬁs?]idn a substrate as recited in claim13, wherein the
first fluiPi et IUXBHIYS of executing one of an etching operation, a

I i 0 i on, i nsing operatio | at.i operation, .and a
i thogr aphy oparati dhmeiied iRy prasssingasabitsfe o5 Beltsddn cliig 1s hetetthe 2
recited i magligiididihed ¥B8FRh A friiGet SRLABS doHEFBB R SGitatt heGBRAR]E Of

executing one of an etching operation, a cleaning
15 meniscus and a second set of conduits configured to generate the second fluid meniscus.

13.  An apparatus for processing a substrate, comprising:
a proximity head including,

a first set of conduits defined within the proximity head, the first set of

conduits configured to generate a first fluid meniscus;

20 a second set of conduits defined within the proximity head, the second set

of conduits configured to generate a second fluid meniscus; and

a barrier defined between the first set of conduits and the second set of
conduits, the barrier configured to substantially separate the first fluid meniscus and the

second fluid meniscus.

25 14.  An apparatus for processing a substrate as recited in claim 13, wherein the

first set of conduits include,
at least one inlet for applying a first fluid to the surface of the wafer, and

at least one outlet for removing at least the first fluid from the surface of the

wafer,




15 operation, a rinsing operation, a plating operation, a drying operation,
and a lithography operation. 19. An apparatus for processing a substrate
as recited in claim13, wherein the thggd fluid decreases a surface
tension of the second fluid. 20. An apparatus for processing a substrate as
recited in claim13, wherein the 20 barrier is at |east partially phobic
to at | east ondSof threaparagys for piodesserg ssmbstragas tebigcdsiactaio 13f whiedimbai scus.
21. An appar at,us ftor $r. ceslsi ng a substrate as recited in claim 13, wherein
a  portion gPdsREChsPIHEMEIBdGRohi ¢ to at | east one of the first fluid

meni scus and t he, second . fluid neniscus d a portioon of the barrier is
philic to at é‘gﬁst&ﬁﬁlwtﬁoﬁépﬂlﬂﬂgﬁsﬁ%ﬁgp%t A SWESE ok e WHEE 88bond 1 ui d

meni scus. 22. An, apparatys for processin supstrate, conprising: a

proximty head a{:}fﬁgtlﬂng OBﬂet gh Vi“ﬁ'gtﬁss?‘i%?@ﬂu?dib ra%?ﬁréﬁ%f%‘ﬁdvag"épabl e of
generating a secgond fluid nmeniscus, the proxjmt e i ncluding, .at | east
one fiPst inl etwcl%?étflp et g??%“ﬁr%@@%@f‘ HERSung @Eéﬁréfﬂ]“ﬂ‘ﬂgoﬁ'rtgi ﬁ‘ﬂ#ﬁtﬁg Oﬁg'éd 30
confi _gurGQVéf&Meﬁlo_@eJitrléistih&itignro?ﬂferﬁgcoﬂdrﬁ e of the wafer; 35 at |east
one first outlet defined in the processing surface of the proximty head

configured to ngmovend AfpakdtksSor fnlo:céies@ir%g%ulﬁétrelt@stxfeci%ed%ﬁrcﬁdiﬁ_”l 5|9§Nh@reﬁ1eﬁ9nd

fluid fromthe surface of the wafer; east one second inlet defined in
t he process¢ang ssinffcavduitsf futthe ipeloddésyi ty 5 head configured to apply the
second fluid to the surface of the wafer; at |east one second outl et
defined in the aplotepsimgt Hurpryiag afthirdBuidgo the surfaye bitthe wafarf | gured to
renove at |east a portion of the second fluid fromthe surface of the

waf er 10and a bdfri erAmdgfparsees foeproeessinghacsubstrdte astecivatkinfalaist 1 Jowhbein tand t he

at | east gine e(gond. 10 Oma}bft’ t he barrier bei]%g configured to

subst ant | fftﬁ‘g PIPLEER 16 G2PA01G rexpeuiing ae Af &L ESMIRR QPEralithe deBigd {1 ui d
meni scus. atiOn BPRY r i xlted in claim
22, V\hereioﬁgra%lﬁlg’ proxig?rléqé;at%gé%ﬁgaﬁﬁ ﬁgér&?)rﬁfﬁﬁggﬂog{aﬁngg%rﬁg%ﬁe third inlet

- defined in the 1 oCeGSiiErAW foRFRAsi B B it R airhol 3 QAL ﬂfﬂu@d to
apply a third fluid to the surfgcg g%ntg?ﬁg war er . }2(14 An %ppafatus? or
pr ocessi ngeeondhed mahiscasis cagmbtessl exacutingione 2Pan sihleing iopertatien, a cleaning

15 operation, a rinsing operation, a plating operation, a drying operation, and a lithography

operation.

19.  An apparatus for processing a substrate as recited in claim 13, wherein the

third fluid decreases a surface tension of the second fluid.

20.  An apparatus for processing a substrate as recited in claim 13, wherein the
20 barrier is at least partially phobic to at least one of the first fluid meniscus and the second

fluid memscus.

21.  An apparatus for processing a substrate as recited in claim 13, wherein a
portion of the barrier is phobic to at least one of the first fluid meniscus and the second
fluid meniscus and a portion of the barrier is philic to at least one of the first fluid

25 meniscus and the second fluid meniscus.
22.  An apparatus for processing a substrate, comprising:

a proximity head capable of generating a first fluid meniscus and capable of

generating a second fluid meniscus, the proximity head including,

at least one first inlet defined in a processing surface of the proximity head

30 configured to apply a first fluid to the surface of the wafer;




first fluid nmeniscus is capable of executing one of an etching operation, a
cleaning operation, a rinsing operation, a plating operation, and a

| i t hography operation. 25. An apparatusysfor processing a substrate as
recited in claim?22, wherein the 20 second fluid neniscus is capabl e of
executing one of an etching operation, a cleaning operation, a rinsing
operation, a plati ngt pstrakifost,cutleidiofinad irothe patcessimg sunicaof the pogiaithy
operation. 26. appar at us processjing a substrate as jted in claim
23, wher eilly R Rt R e B R S R A
fluid. 25 Qi .AriRPRafpt us for processing a substrate as recited in claim
23, mhereﬁn ?% @grrler I's phobic to at |least one of the first fluid

meni scus and the secendsilddlsedfRThErifincd Fthe AoRRRRY QittSe bPhePEATARP! N a

substrate as recited in claim erein a portiono | er

phobi c 5t o l&hd bedsiralne applytthesdeomnd fluiklltoitle: swefacsefithe aatert he second fluid
meni scus and a portion of the barrier is philic to at | east one of the
first fluid 30 neni satlsstamd stdvad vadendkfinkdindthaprocsssirg, surface of the

proximity head configured to remove at least a portion of the second fluid from the

surface of the wafer; and

a barrier defined between the at least one first outlet and the at least one second
10 outlet, the barrier being configured to substantially separate the first fluid meniscus and a

the second fluid meniscus.
23.  An apparatus for processing a substrate as recited in claim 22, wherein
the proximity head further includes,

at least one third inlet defined in the processing surface of the proximity head

15  configured to apply a third {luid to the surface of the wafer.

24.  An apparatus for processing a substrate as recited in claim 22, wherein the
first fluid meniscus is capable of executing one of an etching operation, a cleaning

operation, a rinsing operation, a plating operation, and a lithography operation.

25.  An apparatus for processing a substrate as recited in claim 22, wherein the
20 second fluid meniscus is capable of executing one of an etching operation, a cleaning
operation, a rinsing operation, a plating operation, a drying operation, and a lithography

operation.

26.  An apparatus for processing a substrate as recited in claim 23, wherein the

third fluid decreases a surface tension of the second fluid.

25 27.  An apparatus for processing a substrate as recited in claim 23, wherein the

barrier 1s phobic to at least one of the first fluid meniscus and the second fluid meniscus.

28.  An apparatus for processing a substrate as recited in claim 23, wherein a
portion of the barrier is phobic to at least one of the first fluid meniscus and the second
fluid meniscus and a portion of the barrier is philic to at least one of the first fluid

30 meniscus and the second fluid meniscus.




