1 PHOBI C BARRI ER MENI SCUS SEPARATI ON AND CONTAI NVENT by I nventors Robert
J. O Donnell 5 Thomas W Anderson BACKGROUND OF THE INVENTION 1. Field
of the Invention 10 [0001] The present invgntion relates to sem conductor
waf er processing and, nore particularly, to apparatuses and techni ques for
nore efficiently applying and renoving fluids fromwafer surfaces while
reduci ng contam nati on and decreasi ng wafer processing costs. 2.
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fabrication process, 1t 1s well-kn a& }ﬂﬁi I.S.a nee O process a
waf er using operations such as clegﬁﬁﬂg- d rﬁﬂﬁ. In each of these types
of operations, there is a need to effectively apply and renove fluids for
the wafer operation process. [0003] Fow /exanpke, wafer cleaning nmay have
to be conducted where a fabrication 20 oper,ation has been perforned that

| eaves unwant ed resi dues on the surf§8@¥tg§5aﬁP@$E. Exanpl es of such a
fabricatison operation include plasmahsmehnd®@Rr@n, tungsten etch back
(WEB)) and chem cal nechani cal polishing (CVWP). In CMP, a wafer is placed
in a holder which pushes a wafer surface against a rolling conveyor belt.
Thi s conveyor belt uses a sl yrr b C i 9% j cal s and abrasive
materials to cause the polis : ' 2R process tends to
| eave an accunul ation of slurry particles and residues at the wafer
surface. If left on the wafer, the unwanted residual material and particles
may cause,laqg&%(gﬁnggl$§h‘ s, defects such as scratches on the wafer
surface and i nappropriate ‘Interactions between netallization features. In
sone cases, [semh Tdef pedsentMay BaYS erct@dl &8 SsenREbridl8onad 8fcr t BoBRGAR®and, more
i noperable. In order to avoid the undue costs of discarding wafers 30
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must be driedsieffectively 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 apply 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
sturry which consists of chemicals and abrasive materials fo cause the polishing.

25 Unfortunately, this process tends to leave an accumulation of sturry 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 residues orpcontan nants previously dissolved
inthe cleaning fluid will remain on the wafer surface after evaporation
(e.g., and formwater spots). To prevent evaporation from taking place,

t he cleaningﬁmkmugaﬁushbbaumemmVﬁmOasmqukakdMnaﬁu@@ﬁﬁhbéﬁ W t hout the
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used today thlsingpilmce; um@elcﬁmgngmesmt bd 0QAStcdFhgYuRKly & bbiust natiRs the
nmovenent of fluids on a wafer 10 during an SRD process. In this drying
process, a ‘QBYAtQEF ef dropleipoat e mecras agh. riaten byempt it pesampdish |this SR, oby

use of ce r i.nse t.h Il | ed from
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pul led off of the wafer, a nmoving liquid/gas interface 12is created at

the center %f2 tydeinarfee a’ﬁaclwﬁ@sonedyt theingunash, desudis in h:@ymafcéra wafee surfadre
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drying process  progresses.
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fluid and the outside area of the circle formed by 25 the noving 1iquid/ gas

interface fom and gEagarifien oqhey efsoliiag lastomaeandmys t’mgmgrigﬁes“stheomatfm uése. t he
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interface 12 breaks down, droplets of the fluid formon the wafer and
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nmoving liquid interface breakdown. [0006] In addition, the SRD process
has di4% i clftitsts fhiddisyieny: waler OgmﬁiaceEafCM&t mareg 11qusd/gds interface 12 is

created at the center of the wafer and moves to the outside of the wafer (L.¢., the circle
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. Thercfore, as the drying process
continues, the section inside (the dry area) of the moving liquid/gas interface 12 increases
while the area (the wet arca) 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.



hydr ophobi c. Hydrophobi c wafer surfaces can be difficult to dry because
such surfaces repel water and water-based (aqueous) cleaning solutions.
Therefore, as the drying process continugs and the cleaning fluid is
pul l ed away fromthe wafer surface, the 5 remaining cleaning fluid (if
aqueous based) will be repelled by the wafer surface. As a result, the
aqueous cl e@OD6IgInf dddlicbripichd swm?rorc&@ Hag asttficaniey REitOlrydi e dratc® shfaded tegnkact

with the hydrophobic wafer surface. AdditionaLéy, t he agueous cl eani ng
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a hydrophilic area and a portion 22 has a hydrophobic area. 20 The portion
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 or varen e SRl ieh e e Rub I S SRS TRy Srhibs c

portions ofhd betwed e lRaff, t WRere HeMiriTRI® Stk GtliNg R L6 1BXAE QRO Ishiafest.
portions. This may lead to inconsistent wafer d%ylng that can 1 ncrease
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[0008] ;dherefore.. there is a need for a method and an apparatus that avoids
the prlor SR6TE By GRST] i lbaﬁffﬁﬂﬁ% o [ AR Eale™ AhHCappE AL TNE S
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portion 20 of the wafer 10 has a hydrophilic area and a portion 22 has a hydrophobic area.
20 The portion 20 attracts 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 yteld of acceptable wafers and increase the cost of manufacturing semiconductor

30 walers,

SUMMARY OF THE INVENTION

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



processi ng apparatus that is capable of processing wafer surfaces with
multiple nenisci while significantly reducing wafer contamnation. It

shoul d be appreciated that the present igvention can be inplenented in
nuner ous ways, including as a process, an apparatus, a system a device or
a nethod. Several inventive enbodinents of the present 5 invention are
descri bed bptogessife0@btatsnthone apbladiofendcesangrataiaduf @EesPRAE @SRiipIY denisci
substrate |s I‘OVI djgaﬂn Q i ncl udes generating a first fluid nmeniscus and
a second flUi Yoy IHCiBE Y ek coftappmtios byt fherld W etreracided |11it€étthc
f|UIdn’EI’]IS[Ié i e econd,.fluid nenis .
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whi ch i ricl d&é%l“@l&ﬁ%%%ﬂl&ﬂ%@% The pr oxi mty head includes a fi rst set of
conduits r QXj ere the first. set conduits
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Substant 1 al fl?ﬁ&%gpa]? B AOHhyE BRAN S Rl T RY AR R sl et pafus
neni scu$. [0011sccondfioidheenisnediemiecan apparatus for processing a
substrate |§frow ded which 20 includes a proximty head capabl e of
generating [qe r1§ty°¥ PWIBCIH%‘HP%H@H&W@ Wp@blsefooﬁﬁlocqem&g at qubgiraic sedonidséd ui d
meni scus. d at Iea 0 r.st i | et efined in
a processi }éhﬁ(éfﬁ?‘ a%’px%%ﬁ;qn% 25%(1[1% ﬁ’%’é&’&”& lF‘?“@u‘r“@ d?%a it §eteP f‘iolng'ﬂus
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the processing surface of the proximty head configured to renove
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t he wafer i ncl ud S .at st a econd i nl et

defi neEj?l nWTﬂ’%l %coélees%sl%ﬁ surfa%eéégﬁ © Pt st D&CPS}dlﬁgaﬁolgﬂWffCGEﬂ &I Y Fppl y

t he secondsédoni d!utcbmbhn@c@sl,lr"lflﬁ(iﬁomnl{yhﬁzamr@ﬁm ANl o 1928E RGeS B Qggn it | et
e

defined in _the processing surface of the proximty head configur

renmove at fésés%et é’fp‘é}“ld%ﬁ agfl tluqesecgle(b@ntd of loghduits ernetchehes bafrae esubftahingly
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meni scus, [0013] The advantages of the present nt1on are numerous.

not abl4 t Hgludes 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 Jeast a portion of the

second fluid from the surface of the wafer. The proximity head also includes a barrier

30 between the at least onc first outlet and the at least one second outlet where the bartier

substantially separates the first fluid meniscus and the second fluid meniscus.

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



5 apparatuses and net hods described herein utilize barriers to separate
multiple nenisci to efficiently process (e.g., clean, dry, etc.)
substrates by operations which involve opgi mal managenent of fluid
application and renoval fromthe substrate while reducing unwanted fl uids
and contam nants renai ning on a wafer surface. Consequently, wafer
processi ng &pmndugs add oidionisneycriedilnedieaside andehi gheparnafgulipicahdssdmay be
achi eved due_t o ﬁ%ftcien%a%wgfercﬁrocessin%. [ 00141 The present invention
enabl es opt PHSICHREPEICeST ScesSPiy dhrdagRubshate dyerrsrations vane (ngelvsroptimal

mul tiple flyi @gﬁ' AT i 1.0, ated. firo fl uid
meni scus byHgg%arrP§§fﬂlngﬁggﬁﬁﬁﬁgﬁ?ﬁ%ﬁf?PQOPﬂP§$&§@?&59h¥§ﬁﬂkaﬂgﬁgﬁéﬂg%d
out | et s mayilids h0d ubhlahdechtahinediniearonge peifat s fict.i Coisclihdntl, MRRrseossiihat
is separate froma second fluid neniscus that is generated by a second set
of fluid i nPetRIOdHEB GRS nciepsed i thigheatafes visdds manbe achigyedslietapffisiont
nunber and/ Qtr.contLWation of nmenisci may be separated by barrier(s) to
optim ze meni scl managenent. [0015] O her aspects and advant ages of the
present i nvi@at4jonhwmbidserhdaon@ioangabRetoptineMw ks pldecdy Ovbng wetahtlton
description, taken in conjunction with the acconpanyi ng draw ngs,
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with the acadiparyiclgcsi guidigs.a figst frAGd Inhdn@cls it Ss séfhralesSEahPt 5Q@Bnd Ifuke

reference nuneral s designate |ike structural e[enents.(LOOl?l Figure I A
i |1 ustrat edNFOVERERE 6f Sieeded Ry o Fasiond seh oA flad énleuaridnguiers. SRD additidnal

process. [Q ELgure | Bl rates.an e lary waf er .drying process.
P0016] i yarmeg ittt bL AL 830 R GRAR oBe i b PP ERERY
enbodi nent bafriecr@ptd seinpize senisc Mugdch@n:. [ 0020] Figure 3 illustrates a

proximty head perform ng a wafer processing operation in accordance with
one enbodi fBMS]EPtheisppete gethadvaniagas pbHhe HOBRY MvEhigur will Acdriaisipasing Som

f | | t hat . be . ducted b imty head i
accor dance v (hooRe: AEELBN R T st oF BUBREC B th Mot B Tt SRty o
4B il ustrali@sraingbdayioewkfhpleXQRh@iMcPbOxk Plds¥niNgadniochor use in a dual

waf er surface processing systemin accordance wi th one enbodi nent of the
pr esent 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.



invention. 6 [00231 Figure 5A shows a nulti-nenisci proximty head in
accordance with one enbodi nent of the present invention. [0024] Figure 5B
shows a cross section view of the nulti-ngnisci proximty head in
accordance with one enbodi nent of the present invention. 5 [0025] Figure 6A
illustrates a nulti-nmenisci proximty head in accordance with one

enbodi nent 9028 hEigpree Séntshowy emtinohi-mpORA6 brdxiigity eh&@B il |aessmate@s whithe one
processi ng suyf hgrcFroxi mty head in accordance wth one enbodi nent

f
of the pr es%ﬂ'ﬁo‘ﬁ'ﬁ\e‘?’éﬁqfﬁﬁ% POIEEPGUre 6C shows a closer view of the
processi ng n%?gﬁfi}api%u&f sEh@oMl L rdiBnbakly vikQ BF ﬁ%b%it}i \BRE; b%ﬁﬂgﬁg\r}\‘g@ﬁﬁ

with one e diment of the present 1 nvention. Igure

facilities gpratdenatwalchingnbaditiivet botly ptegeftdnvantibe. nul ti- nmenisci proxinity
head in acc%rgg e yvi}h igne__e_rrbodi ment of the present invention. [0029]

Fi gure 6E ilPPediligriestq dhgdesdchunmenissl SrodmEy picadi i eporkaer mrith one

accordance yiduim@Ne remadident,.afiof he present invention. 15 [00301 Figure
7 illustrates a cross-sectional view of the nulti-nenisci proximty head in

exenpl ary Vi@626] fipacessilhgiropeniad barsssiny agtoe dameepmixiitgheakihadormate of
the present . invention. [0031] Figure 8A illustrates a cross-sectional view
of the mul tVilheR €ebodimens 4fith§ Pisadiy invemtien is utilized to process a phobic

barrier in rang i 1e.ephodi f e.. 20 present invention..
100527 i oJPFR BIE Ha b BTN 8 prbSoin Sl St bl Rein ¢y
head dfer ardxigigrhead phidcorlaned €ith Suk tAGBdinTtna6COE Pastest Wélicane enbodi ment
of the present _invention. [0033] Figure 8C shows a close-up view of the
mul ti - meni d8928bFosirai Oy shews thp dicititiesgplaps aigichingoobiec bodf ér e fllae enviltr

accordance W th. - di ;yeent.  of h_ew-.re ent, ipvention. [00341 Figure 9A
i |1ustrat eémas%} gﬁ%ﬁﬁ@ﬂ%ﬁggﬁ d\t9v|C ?Iﬁalécr? e‘@b%%ﬁ %W?/OICFI\#F%&(;@E? Pté’%el é’f‘fcgﬁhlgu
i ncl udi ng l{lblﬂ9¢&ligdre6Biinu@ﬁ@&r&ﬂﬂﬁesaﬁéi&hvi@w%f%@?&@&[Tﬁilfﬂﬂé h&dd ihhBcRIARE Mith

invention. [00351 Figure 9B shows an additional exenplary proximty head
with an ex8ippapgdinient eftheprdsent ipaeittonn with a barrier in accordance with

one en‘%) di T&i}b] %figugfp ¢ RL&R '(psta ct%gs—isgc\{i%ggli \%‘w of the multi-menisci proximity head in
exemplary wafer processing operations in accordance 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 barier 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 onc embodiment of the present
invention.
[0033] Figure 8C shows a close-up view of the multi-menisci proximity head operating
25 on a phobic wafer surface in accordance with one embodiment of the present invention.
[0034] 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 nvention.
[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



[0036] Figure 10 illustrates a side view of a proximty head in operation
where the barrier separates a first nmeniscus froma second neniscus in
accordance with one enbodiment of 7 the present invention, [00371 Figure
11A shows the nenisci separation region in a wafer processing operation
usi ng a hydrophobic wafer in accordance with one enbodi nent of the present

i nvention. thf 0638}t iFrqguive. 11B shows a proximty head processing a

hydr ophi lic @%&e' in accordance 5 wi.th one enbodi nent of the present .

i nvention. ﬁlgﬁegﬁrﬁesfiowscﬁ@riamwa SBPBREM Fop MR Whtch PEOISATIRG epPeTalilt i s
partially ophid i G i J d e i t the .pr t
invention.hF%%ﬁ%@“ﬁ#%ﬁ%g:Y%é?ﬁ{%%ggngé&gh%Egﬁﬁﬁ?ﬁgkﬁggah§ﬁyﬁa§1 gﬁ??@r in
accor dance [#038] Kiperc l@BbOBWIRNSro@fmilthBeir@8&d3tink AMSAEdpdilic WRfePRl Acbifance
DESCRIPTICN,EOO41] An invention for nethods and apparatuses for processing
a subst Pat eVilorg Yrbylimgnt ofjthe pracionVediiPg descri ption, nunerous specific
details ar f.ort h i rder to.provid . thor.ough under ndj ng.of . t he
present in gﬁ ﬂg%gm%pi&?ﬁ%u%é[ %ﬁggé?ég%?wﬁgﬁbvgy? @9t868““%b9%%%?ﬁ%k@“1
skill in thecathncetidi otdemiprdesent ofithy gibé@MwEBNobe practiced without some
or all 15 of these specific details. In other instances, well known process
oper ati ons [AAM Fogurpdenillugeates iabpgximitydead Withna dadéar inoaccosiangmedibsenr i |y
obscure th r i-nvention. [00421 While this invention has been

descri bed %%@togﬁﬁ“tté’ms?é’&ésreg mb’%%tfoélrable enbodi ments, it will be
appreci ated that those skilled jn the art upon reading the preceding

speci f#€ations and studying th BLRIPE ze various alterations,
20 additio er mut at i ons and, equi val ents thereof. It is therefore
Tntended AT B aaiLn for PRfReiY N IPRERTHES oL PPOSSHRIRE ARYBTES ﬁréf;closed-

addi ti ons, ppetd et Y, - ML RLE UL S DIk

and scope of the ?&@gﬂgfgﬁgmfggﬁg¥ﬁ¥ﬁg%§?géFgghhgr%%%iI?Lg?gg%LH%l%gﬁ%ﬁbnts

of an exenpiaeyghwafderstprionessingresysingamiusi. nig willlbe imdeniced] h@reser, Mt gne

heads to geperate nuhtiple §h9 e, size, and location 25 of fluid menisci

separ at ed 8@0 iy U S5 oAb haiesery iERHOR MY SRETSRBBRPHEAY Sopicor al

mul ti ple MBpiRed L RicSRRAAUR A ikY i fdi PG AL 03 bOKs %Fwaﬂ&lsoﬁavterﬁ%{ vdpake

up the each of the respective nenisci do not intermngle due to the

separ at i ondeferibbéimdmibii orddhicg to tecoshapyobsayc be: pregdnt 2edntion.per f or m any
nation of types of wafer operation(s) such as, for

sui tabl e type conbj ; !
exanpl e dr Wﬁaﬁ’@ilgﬁn#hﬁ 1%‘fe§flpﬂg}msetlt"’.e“ described in terms of several preferable
embodiments, it will be appreciated that those skilled in the art upon reading the
preceding specifications and studying the drawings will realize various alterations,
20 additions, permutations and equivalents thereof. It is therefore infended 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 cach 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



30 100441 It should be appreciated that the systens and proximty heads as
descri bed herein are exenplary in nature, and that any other suitable
types of configurations that would 8 ena§le the generation and novenent of
two or nore nenisci separated by the barrier described herein nmay be
utilized. In the enbodi nents shown, the proximty head(s) nmay nove in a

l'i near fashémbld tongaenent emdpootdinomt @ff tWbeomabey niedisthecpadgal vy tidbanaf er .
| t shouldsge ppreciated that other enbodinents may be utilized where the
proximty ‘?ﬁ&laah%g}}el?fﬁ\}’éﬂx be Wilizededr teagnbeshments shome hegeoxomily head(afapy t o
anot her di aBLs i£]hinYar 19%981% Iefofn Q9GP holifdG MALEm R0 FES re”c%‘lpé WIRAT 1o
novenents may be utilized such as, for® exanplée, in a radra mo ron, in a
circul ar nothoohl, bt nparcepit¢dakharodth@nembadimeisgmaadh a0l liasd, whiit ehel Bidd DR
notion, etc. In additjon, the nption may al so be any suitable s_eciﬁie&,
moti on prof 19Ra(shneNgsin By Bslyswrirom Pngauige iafrihe iwplante aaseni sﬂﬁ?t}’lcﬂlﬂﬁe
waf er may g t : . Xl m ty _he moved in.a |linear fashion so
t he proxin?ﬁ?$%gé%k%€§qh§?%g%2§1gpﬁ¥6§b#¥%ﬂ§%§¥aﬁﬂgsREW&FﬁHHVegﬁgé}aaép%o
be under st andmiphatn ethdsl wokadimerisulammotbe, wtd dpizeshonbsr @ 4 18- Wahetiohs

not rotated but the proximty head is configured to nove over the wafer in
a fashion t'Rat FEHARI BYLighosEs sitngldfiom| the paptianomsey afisot he amafsertable gpedified her

enbodi nent t QXL M d [ stationary,and the wafer nay be
75 moved t PR IEpRERLIURAS: TR, 1 alBlun b COR R Vi iR B,
the waflér magtedmmve thenpidRimisyhtabheveotih antidér| fadgoR o tthe pedshigthonafriy
processing operation is acconplished. [00451 In addition, the proximty
head and t MEOSkaT 8l nsFsvs<dithy Wyt elinsheuld edsor bowatiersieodihat ptier sabadindngsed
to process : S f- substrates s as for example, .20 200 nm
61%)(5\2?8?6@&?1?1 hE& vpaf?r e nott 181a%§1 rbeugjg? ,prcixmsgitgﬁ?gd e c?rr_fgpu.r.cdz %

waf ers, 30 ers, at” panel's,” ‘etc. er
proximty head @rdthawhfer m & fehonz@st @fableh §raRMISE b MY oMY of HHE VAR In

enbodi nent, the size of the proximty head and ]t%;e_ sizes of the menisci
may be | ar §eihar parposimerite rthp direrg mbiydesad sedy be dnld dtaficaant ket thenoldr mewthe t he

proxi mity _ t.he. .si of ~the meni sci, may, he smal.] er n the wafer
e n bt o liReq e bitesicABY 1R Al 0T IRELEC "Bty B oo SRl eniy B8 viel§ 8
utilized wnidveolheny fsaltie ohoMaf &k RHYCAS HicNdcdiRa NIRFP Jir8&essine No@SatidiOfs
exanpl e, brushin | i t hography, negasonics, etc. A fluid neniscus can be

support ed @Wd’“l‘fﬁiiﬁgéﬂ- (e.g., onto, off of and across a wafer) with a
proxim it S045E Ly DR POAERGR 2 ot Bk S AR SR SRRSO
herei n maynh&einigRd benitARYd 81bERBYCHSYHaBIURYGH e of substrates such as for example,
20 200 mm wafers, 300 mm wafers, {lat panels, etc. Morcover, the size of the proximity
head and in tum 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., onlo, off of and across a wafer) with a proximity head.
[0046] It 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



30 as, for exanple, those described further herein. It should al so be
appreci ated that Figures 2 through 4B describe formation of a single

meni scus and therefore process variables ge.g. flow rates, dinensions,
etc.) described therein may be different than the process variables 9
described for nulti-menisci proximty heads as described in Figures 5A

t hrough 12. de&[Cﬁ@d(?]"mEmgu rleml&lpm@mg@ héAlsshassededl Rigirasexihmdgy eads
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first fluid _pmeniscus and a second set of conduits configured to generate a
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i nvention. The system 100 jncludes rollers 102a and 102b which may hol d

and/ or r ot at & Jaiist Setvesndhabirg swhpérordiit zodshe sedvadprebobsamtiits Tmableshist em

100 al so ingl 6a .and 106 i n_one enbodi nent,

are att acheh%ggﬁgﬁfgéfdmﬁ&g?% ‘%g g@ﬁedl %plé?x Btk Elcagir‘ﬁl”‘lﬁﬂ%atﬂ(@%pect i vely.

one entigdi n@o4s] 1l:5giu|@e2pt’slmsmat YAl&adsockOOR: anateRr 10068 MBYorlfice with one

mul ti-nmenisci, proxim té‘ heads as described in further detail below As

descri bed HeridMeneok Germresent inveneent.sdi hCrﬁﬁ/@iRmrﬁQWlnhéald§ roléera L0 oxd rﬁ)ﬂly

head capabl t In a one enbodi

a first f Ivghlg lgﬁpgé@s&}%gors ugaéff éln‘f/'iifafrf 11 e%‘ﬂ? Wwﬁeﬂ“wcﬁt‘é@ﬁéﬁﬁ‘&ccﬁ% d 2

meni scus. isysiem PORhES abdiedRMeLiniB headt NOcH ah$t obh WhA, TEMSEMBoARRAE Y

second fluid meniscus are 20 concentric with the second fluid nmeniscus
sur r oundi ngtteed ftpragtupppmraa Hifiasdus 2 |Ther arpr ddbrredpyctnedyl egneentanyment,

sui t able a .1 hat ui d. meni scus as . descri bed herein

and deégrl Eggﬁlﬁ%ﬁ}%ﬁ&fjﬁ gté ﬁﬁ?’f@ﬁ%&éﬁ‘d‘lq HEDSEWRPXIRiGY Heulp 2 dprerped

part of an iasisedlditamictdiv, eﬂ@@b@ﬁ*lb‘éﬂm&eﬁmﬂcmﬂﬂ " lnhf‘ieﬁlen ﬁgﬁ% lﬁ«f adl B

anot her enbodi nent a sl |gtt arc-1ike novenent) of the pr XI m t eads 106a

and 106b alP&tgratydmad sapab @ff&qnh@tmgbec or hory Buidanatiber leafadicmdotimdnnea

assenbl y ve the r oxim ds 106 d 106b in sui tabl e user
defi ned non\%snterrﬁ%ud ! IS I'h SBhﬁa‘&f?E@dF%% %F‘Iig)yaﬁn%ecﬁ'ﬁ)‘il @F% BEHFUGur ¢ & o
hol d t he plpﬁétbﬂﬁblcycﬂ@@ﬁh‘(ﬂe@ﬁaﬂleaﬁ’@!Q“lﬁxh'enﬁé‘ﬁgﬁlrs and g e RaXhlfidt YNRags 106b

bel ow the wafer in close proximty to
20 concentric with the second fluid mcmscus surrounding the first fluid meniscus. The

In

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 linear 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.
[6049] 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 {o 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 arc moved horizontally into a location fo start wafer processing, the

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



waf er. For exanple, in one exenplary enbodi ment this may be acconplished by
havi ng 30 the upper arm 104a and the | ower arm 104h be novable in a
vertical manner so once the proximty hgads are noved horizontally into a
| ocation to start wafer processing, the proximty heads 106a and 106b can
be noved vertically to a position in close proximty 10 to the wafer. In
anot her enbdheenfer. thenappemtadimdidae apdetdie 10dwand dtanobQ4bmmag4beay be
configured to start the proximty heads 106a and. 106b in a posjtion where
the menisci® }Ismeéletﬂeg}aé‘t‘ga PHEFIGHE DRSS9 AE | Bt heosién wheretthamenise are

al ready beepdpnal ek HELUERD ahithe MLAKLIThIM04AMR:, 1008 RGeS eBerfe .

noved onto he. wafer surface o be processe rom5-an edge area o
108. Ther ef pogimithkcadppéfa ardni WAday Bnthob beohtowee wafemsdi@de toby prdaessed from

configured in any suitabl so the proximty heads 106a and 106b can be
moved t 0 eﬂ’a%ﬂagéf’\‘/@f rd W?@E\é\@%i heraoredac rrnssatadOdr and the laweiam H4ompe
appr eci at ed,. : : ; ) f.J. qur i N o.any (sui | ner
2 ong a5 e BPaRTir e Ak R s SO GHAEE LD AR A; SRR
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are concentrjc w gh eaﬁh other. It should al so be understood that close
proxi mty ned BAY Bayoatigyahinapy siiphiemprgnasHennas dic Mexinghghess (| menbeci
may be nmi ' : . : dl geRt.,.. the proxin S, 106a. +106Db
(s el | "2 o b B BB TR o M b ORI BB o0, e
bet weer0abaut edabbdimetipaabontentilc wivmdhelombeheltwabek 49 genglsadisod hat Elové d
nmeni sci on the wafer surface. |In a Preferabl e 15 enbodi nent, the proximty
heads 106a PARHTHEHAY & 1 puitebleamiglagem dionp s viafaryashiens asde gemisse mayebei n)

may each be,l: d - 2 0 rom waf e Dar
Gonerare ¢ raRRFAT DB ool Wk OO hAaTTOU A1 (08 HENED ot Srvare
ermbodi nent prétimitypread dedctiped radi) hdfacaahnde 1Qekd(Rsw¥al boas0 aMimob®but 10

proximty head, described herein) nay be |ocated about 1.5 nmfromthe
waf er to g&HBriEB heevafer p eneitiestie (BHd praissaparthe safauutface. 1eaBetrable one

enbodi pent . : t : , 4 nfigured tq,enable th
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portions oflescrided Wafedr). mhy cadhosd Bekhed appr €6imed ideat 2hananem HRAvABY (e
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heads 106a8&idaedeb iy pevsdsn hpevaly sysfes, aad idexire otkfelahleoppbatvivon, et |
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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 wafer 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 proxinity
heads 106a and 106b, that any suitablc 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



heads 106a and 106b, that any suitable nunber of proximty heads may be
utilized such as, for exanple, 1, 2, 3, 4, 5 6, etc. The proximty heads
106a and/or 106b of the wafer 30 processijpg system 100 nay al so be any
suitabl e size or shape as shown by, for exanple, any of the proximty
heads as described herein. The different configurations described herein
gener at e t heefisci chapbri scvedoadrasmethe thefeiproopiontdsythbeadecand applgingafleid. to Thhe
fluid 11 nenfsciiﬁay be noved across the wafer to process the wafer b
appl yi ng f | WG Seripdreandarsraving frigs dramdhe ewdirenging Jugh ds WRY-offPerding onf hee.
In such a ‘e d in ), t - f Lt ds,. appld.ed I he r..&leani.ng
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conf i gur at i massdsaTherdbketht heoxpnae @ssis 068 ase 10 Bechher iany nliethewpds alfso
be appreciateg that the system 1. 00 may process one 10 surface of the
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bevel edge.Waf§r shetifg sworiveess i dedisictsnd tyivael preeessrtoxinmirtipgeddeitiiosag and
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20 different types of proximity heads.
[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 wafer 108 in a
25 counterclockwise direction. It should be understood that the rollers may be rotated in
cither a clockwise or a counterclockwise direction depending on the wafer rofation
desired. In one embodiment, the rotation imparted on the wafer 108 by the rollers 102a
and 102b serves to move a wafer area that has not been processed into 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 arcas of the wafer would be

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



desired. In one enbodinent, the rotation inparted on the wafer 108 by the
rollers 102a and 102b serves to nove a wafer area that has not been
processed into close proxinmty to the preximty heads 106a and 106b.
However, the rotation itself does not dry the wafer or 30 nove fluid on the
waf er surfaces towards the edge of the wafer. Therefore, in an exenplary

waf er procesiskingnpReddat i0en, anti QU RO SEdha 8RB0 h T e wirk s WOl dw e,
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addi tion, efhfn ﬁlﬁ?%@ nggcﬁ@lv&'ﬁ | QB ”ﬁydcgi?uéx{"lﬂ!{’&tth%pcﬁ]%cﬁlmgﬁﬁdég{ @tétébﬂltﬁge 25

and the second I nlet ependlng on ess
20 of non-miscible vapors may be utll17ed ‘such as, for example, oil, hexane, oil-vapor, elc.

[0054] In an exemplary cleaning embodiment, a cleaning solution may be substituted for
the DIW. An exemplary etching embodiment may be conducted where an ctchant 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.
[005S5] 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 No/IPA vapor inlet
may be adjacent to the at least one vacuum outlet which is in turn adjacent to the at least
30 one 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



[ 00551 It should be appreciated that the inlets and outlets |ocated on a
face of the proximty head may be in any suitable configuration as |ong as
stabl e nmenisci as described herein may kg utilized. In one enbodinment, the
at | east one N2/1PA vapor inlet nmay be adjacent to the at | east one vacuum
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dependi ng on the wafer processes desired and what type of wafer processing
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depending on the configuration of the proximty head esired.” It should be
appr eci at edh @fditiopplecraletinenlp tdg uasitticontdgforaheets nf BA ampbrouttlesst, processing
orientatior be varied depending on .the application. Far exanple, the
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di stances are inconsistent. In addition, the distances 20 between the | PA
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found further herein. [0056] In one enbodinment, the proximty heads
and 10%b nh@twlg@n plas iR Aompdr, ivacuum, and processing fluid outlet may differ in magnitude
depending on the size, shape, and configuration of the proximity head 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 arc 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 f{luid 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



25 close proximty to a top surface and a bottom surface respectively of
the wafer 108 and may utilize the IPA and DIWinlets and a vacuum outl ets
as described herein to generate wafer prpgessing nmenisci in contact with
the wafer 108 which are capable of processing the top surface and the
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t he wafer i.l e bei ng
a slight ar B&mdéwﬁ I#U@kﬁtés By hatk oG gifaing ayvarﬂ@auioqe@engep@@nm ng
a waf er progassihceRGHALL 1%{(1%1%1@1%:(12%@ gcnt ’%"heﬁg%o r[ggl?% %’ﬁ) f%ﬁ]yw

present invention. Flgures rough’
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the inlet 302, the vacuum 312 through outlet 304, and the processing fluid 314 through

the inlet 306, the meniscus 116 may be gencrated. 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 inlefs/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 [06a 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 accomphished in substantially the same way for the
30 Dbottom surface [08b of the wafer 108. In one embodiment, the inlet 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



any suitable inlets/outlets orientation that nay produce a stable fluid
meni scus nmay be 25 utilized as described herein. [00581 Figure 4A
illustrates a wafer processing operation jighat may be conducted by a
proximty head 106a in accordance with one enbodi nent of the present
invention. Al though Figure 4A shows a top surface 108a being processed, it

shoul d be agphprederat(8d Intddditichhthewaliler 3(pr @698 uiyzary Hehaereangl b shegohin
substantially the same way for the 30 bottom surface 108h of the wafer 108.
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The IPA forms an interface 118 (also known as an IPA/processing fluid interface 118)
with 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 processing 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 fluid 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



the wafer 108. In one enbodi nent, the | PA/ processing fluid interface 118
reduces the surface of tension of the processing fluid. In operation, the
processing fluid is applied 25 toward t heggnafer surface and al nost
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20 A/processing fluid interface 118. It should also be understood that the any suitable
number of mlets 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
embodiment, 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. In one embodiment a larger head may have

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



configuration of the apparatus and the neniscus size and shape desired. In
anot her enbodinent, the liquid flowrates and the vacuumflow rates are
such that the total liquid flowinto thgqyvacuumoutlet is continuous, so
no gas flows into the vacuumoutlet. 25 [00611 It shoul d be appreciated any
suitable flowrate may be utilized for the N2/1PA, ©processing fluid, and
vacuum as | pnoginasy hdwds,mepins cubodit@nt davbdmonminittad 0teghd 306 areutienisodi nent |
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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 N»/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 inlct

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 ulilized 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 info 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.



use in a dual wafer surface processing systemin accordance with one
enbodi nent of the present invention. In this enbodi nent, by usage of
inlets 302 and 306 to input Nz/1PA and pggocessing respectively along with
the outlet 304 to provide a vacuum the nmeniscus 116 may be generated. In
addition, on the side of the inlet 306 opposite that of the inlet 25 302,

there may b@oasoBilies s30hrb @i SURUESw REMLREHENS of tH tlead ifvenk&ERIERE: first
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t hrough 8C 32’ ol\?lvcesr]?g%ll Elé‘hq R e) i Y g%é‘ﬁ%’ Siuh[\z}@ﬁt gﬁﬂe\ﬁheﬁ‘%‘a gel?el]nflg’tg_ o %5 d
Meni scus i Ssubitrdi€pSkeRaipl drbdonSERQUNGELBY Ghbd@RShts Aeie®eRUelctMintdk firsi
meni scus. It should be appreciated that the first fluid neniscus and/or

t he second fuidiirgernesons swdsthaesecobk Myeheraisds taoe comgutic ahygres tiet sobed typpe of
subst rat e/ wal rocessi ng operation such as,. 5.for exanple, |ithography,
ctcni ng, _plarisy SR ETRENge R b it oraTins cri Shenis eud Mhtnhe
second 1Bl uifthidBRMirsEUS phEMAD @MYinGsid AbEcSHRPSR! THeABodeRBRdIRAYARN Aluhe

substrate processing operation desired. In certain enbodi nents descri bed
herei n, théndilsceys prgdegicd thesitsdase, dhel pohimnselt tredwhfeuiptoareseid slou theafist fluid

concentric where_ the second fluid niscus surrounds. the first fluid.

meni scus afd” {11&° £ PEW?&&[}?% P}P&ﬁ?sséﬂﬂgv Ghderay! dadomanigers w&}*at}tnaeﬁmsmgal
provide a eaRuhNSOHE dohthcd weANE GihQdphertN e ShANE belpbflcidiftifal Hé’fcnﬁln‘é‘&
meni scus processes the substrate, the portion of thg vva%er processed by the
first fluidhe opsmtmoudssirgd,iimmedeabediyept, obefse dublymehiecisenonchiftdctile: swemidscus
vvithouiisa ubst ant i .t he congact Wi, th the tnosptgﬁre. It should

|l _ampunt of
be appfeci a%eélhgc?%g?@%B‘éﬂg?rn%mg‘ﬁhmteﬂre Uosp BFshfTuath mersgicre does RolofErcHitseniakent
the first tldbcehiBAkScus. My contact the second 15 nmeni scus and in anot her
enbodi ment, the first fluid neniscus does not directly contact the second
meni scus. [VOBYFidrirgdAestBAvsshowdtiananidci ipromsmitydicadriow: Imrt yedosdeicd 86thlonien
accordancervx,ht h one f<?nbodi ment of thg present invention. The mufti-mnmenisci
proxinity fié ﬂdii‘&é-‘i PREFGERS gy r ey igneniant peesimpiydrad 3064 ipHudescan
apply a fi paialft} 8 dodrCe 16t W& That ok 3681y aT ARt luiBlo the wafer surface. The first
20 fluid can then be removed 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 306b 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

inlets 306a and 306b. In addition, the plurality of source outlets 306b may be called a two

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



20 fluid can then be renoved fromthe wafer surface by application of
vacuum through a plurality of source outlets 304a. Therefore, the first
fluid meniscus may be generated by the g@nduits located within a first
fluid neniscus region 402 of the processing surface on the mnulti-nenisci
proximty head 106-1. 100681 The multi-nenisci proximty head 106-1 may

al so i ncl ud@las PIOGH adridt YheobuBaph&eR o@dbide ndetie BAARD niddadcuganTRGRIoYe, ainsegoONd

fluid to the wafer surface. The second fluid can then be renoved fromthe
waf er sur f a@ebasymapisthecattictn’ Wb romeveshatihHawigrng ok uhdlkithgowtetsHfagemove
outlets 304Q.. I e gnbodi nent,, a portion of . the second fluid s also.
emoved by i RRE e Moo s SeBELomE st s iwnieth Bn fifie
renoval of lbb@ed ivitin 4 babodd il RBEIsc@TREdL BALS (IS 0Bl dut fcOdn Seuwhas-
outlets 304a may be called a one phase fluid removal 30 conduit because the

out | et s 33048 et wEcRimdlihgsd 4pplli ed to the wafer through the source inlets

306a and 3 IR additign, the pluralit f .sour out | et 06h_may., be

ool od a tog0esy QiR Bk sl aB D biolnl REY 0G5 otk S6RmTs ambRier RE
second fl uisdufceantetshmn2sOrcE @ad pplly Al 1818 rRAOR, AR drties bl SRhG cCerHagheg, of
the fluid neniscus. Therefore, In one enbodinment, the outlets 306b renoves

bot h |i qui dhafdrdgBsidwnds e ¢ e fogtibeie Bd6eEng dholthat oml sedhi¢aqie dstfacdemsion

result, thesecond fluid nmeniscus. may be created by t onduits . | ocat ed
Wehin a selani gl lao s SR heod ShATie etCBefR) atul ficn BBA he
nul ti- 16 MBtERUBLRIOM Wiy fgAd: 106-1. 10069] Optionally, the

mul ti-nmenisci proximty head 106-1 may include a plurality of source

inlets 302 [OTMHn calditapplthe aredebsige hifiat feqe.t e svafeee ssor bAde: mufti-omaisc
enbodi ment, the third fluid may be a surface tension. reducing f]uid. that
oot educe PERENEY A Vst sXi6{) it awilb-gmé%p%#a@y Tetd st 488 ona
meni scus f arietheP¥rd:di@tey ARRI S @lsk 1 , J Oy fegr
surface. [ 06%1 el ﬁi e:)lctljdit%}i oﬁi, HI? ﬁgkﬁﬁéﬁéglﬁ% béfc}}" f§ g%gem%g?égt%g%lhlgl}é%rg? \g%e[&ar ea
of the nul ekameli 8ef, raipedoXowerey. Heade whibodimdme, hondouicssngsiudbde @fthe eslti-

mul ti-genisci.proxijmty head 106-1 (or. any other proximty head di scussed
her ei n mﬁ“eﬁéﬁbf&dﬁf%ﬂﬁvﬁﬁl% itf‘)‘ﬁﬁé}ﬁ’z{ﬁhﬁur €h as, for exanple, flat,

raised, lo Fi i ot : |G S 1 he. i- 15
e i e o S LA G R R S

a cross seatiagpordpgg ofitht bee mhbddimenti stith@rpoadeni tiyvdngiad. 106e Lmuithmenisci
iment of the present invention. T mul t i - meni sci

accor df'ince w t%'ton% fgﬁ%ﬂ edirstfuid thropgl 1 i'he reeapniats, 3Fa
proxi mity REZYHYEH P8I PP bhibe firstsifuid (tough Micglgrlitnel futscaiias 3o
source inlgts 306& the first fluid through the plurality of source outlets 304a. The first fluid
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 apply 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 mulfi-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



and renmove the first fluid through the plurality of source outlets 304a.
The first fluid 20 neniscus 116a is |ocated underneath a region
substantially surrounded by the pluralitygof source outlets 304a. The

mul ti-menisci proximty head 106-a can al so apply the second fluid through
the plurality of source inlets 306b and renove the second fluid through the
plurality ofnesoubabmout kst f:icB0ka ptate a6 asd de Bidyt 868 sag dadolibditdker@nios gus

and 304b on the other side. In one enbodinment, the plurality of source
inlets 302 teéﬁB}R?gtlﬂ%mt Hier i) 4icemsisthe Pode dSamay PR agaleba SEsHs. of
the fluid makd ngiuRstNgeSeernd fil M get{gl S : . rality. .
source inlets 3012 nlgy} bg opt :ag(rj]alw;)%g g egdﬁl'tig %%'?{[?ig? fé:%gfi%&a@ﬁeﬁl}s{tggélna[
flui d meni s@fsrent w6terialsCRPRjdikt gutte HAicdtious hfidbgsattorMdetited®ni s@k.

proxi m ty h[$ﬁ23 1?6- 2 in accordance with one enbodi ment of the present

i nventi an. Ity nasy 1962 manvelides, popcssiig suglce b dilidnincluges
facilities phatie 4R%-. 4981 it SNk ¢ appreci ated 1 h imty
head 106-2 ms}y li ncl éié:ﬂl%ﬁgs) tshgl t%%?@jlhclﬁi Oegrhgﬁggg? g*ﬁta%cesa’@f‘ﬁgide‘%@é)o éllg%cong
as the firgtmofddiiftbnmenisaciise afdht heageconte f prat&siBniiseids &8 descrihbesk
herei n may b? genera ed, In 20 one enbodinment, the facilities plate 454
and the bod{"A8ENHLy bh&lWaled porpgerase 453 ian shawathyerm elspoen reaien 48he It

pl ate 454 apgd, 4 W DE. hed. ive. . The facilities
pl ate 454 and t% %@g%{::ajg t[{%¥ll%§10?fga%@%fSﬁ’gi%g%(ﬁgggﬁgrgg(?r{a%{%(}i igﬁ%o?lg‘%g?df %%r ent
materi dls depehdismdacent Ithmagipl dubabhed1s, pABLORER ahé QnFadessy edilBYproxiussr - 5

mty head 106-2 may include a processing surface 458 which

10073] The piifg)lj(:’ . ly ,

i ncludes &GHALTG¢ hatdacss fheyiugpeg ofthg Wederdshng rsacasecdsur f ace of the waf er
and the fl yj ~ of, 7D froma.surface the wafer. The processing
surface 45gb%yﬁgﬁygﬁeﬂ@%ﬁégﬂﬁeﬁgf © %lélgeﬁllé &t é}gg a%gs% péoxéﬁf'?’}%d ﬁgg&alél
shown by amceiréart edith @@icosmdhamentt of aﬁog&eeelheina@ﬂfoﬂci 8t ode thadodtif@t, the
processing surface 458 doges not have to be elevated and 10 that the surface
458 may bePETBSIHMTUTRICE #oBliaAdeein p Athermsoxinrfyalewad 458-bivhichezeperasds e fluidhead
106- 2 at t I <t he fer bej rocessed. 0741, Figure 6B
i |l ust %gt eéﬁe?&gﬁprqghge 1slts iC%%ﬁ%Jngdccg W5emEY 1tnﬁfé]r(]gr i ?ﬁ’?@ﬁh’élghgﬂoﬁldzﬁipﬁ of
accor dancecwmduits soehembodiui®nientud ARl PeSEIH MNMSNHIRDs nhdy & nerhedi ment
the processing surface 458 is a region of the proximty head 106-2 which
gener at es PRecibediment ﬂh@eﬁi%%ﬁsl“g'ﬁh_ agy drfeissiudes duidfinkets UB8, flwiyl dutielsbdéa.any
suitabl e nrlgﬁﬁq{ﬁef’s%&mﬁidocﬁgle%%%"tnzi _lg_?{ﬁ]n gtél;?léﬁst fluid nmeni scus and the

second fluid meniscus’ nay be ‘genera _ enbodi nent, the processing
surface 45@07ALiTHe€Rid 1iiétd 3004 lay HP6Aa thdeuldd AMhELS 3848 the wafer, and the

20 fluid inlets 306b may apply a second fluid to the surface of the wafer. In addition, the

fiutd 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 outlets 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 306a and fluid outlets 304a. The processing surface 458

also includes a sccond f{luid meniscus region 404 includes the fluid inlets 306b and the



fluid inlets 306b, fluid outlets 304b, and fluid inlets 302. [00751 The
fluid inlets 306a may apply a first fluid to the surface of the wafer, and
the 20 fluid inlets 306b may apply a seggnd fluid to the surface of the
wafer. In addition, the fluid outlets 304a may renove the first fluid and
a portion of a second fluid fromthe surface of the wafer by the

appl i cati onflgll oveew Boub and td@uilllinled 300t I'BletefSR4heay: MY iscas Rehidd 2o of
the second fluid fromthe surface of the wafer by the application of
vacuum  ardit &acrale it ifnstetlaid3oonisens apbile secpndiftnid Hagnizan rggien edectthe
surface tensjon, ol »second fluid. The first fluid and/or the second
flurd may §%h§%§9@ﬁ%$§%ﬁgh¥ Ud°t'fat can facilitate any one of a

|'i t hogr aphy[00PBIrELin@n6D aRowt G REiIAREINALIE QB4 AtaPhidk i (DIhOPSRRAULONG fGrm the
cl eaning operation, a rinsing operation, and a dryrng operation. [0076]
Fi gure 6C SheMismeniedigyerimiiyebeadf] O0he ip rovedsicn ovidueicaoabalidcot of the present

I'ti-menisgj. . im ty _head 106-2 i d Nt di . of
the. pr osent S 1R OGRS b GERL T haOBhotdBeHy Chr ke T4l
i ncl udes a fdnk $ile fabilitids PRA S0UStd @QiH00Y 492 o MHGhuliNaEMEE Srd:hdity b1 0nbet s

306a and fluid outlets 304a. The processing surface 458 "also includes a
second f | uiagd rebaigdusomesponting0d thadluidestleth0pb wind 30dbaremozoahidddign e 21

fluid outl et the flujd inlets 302. Theref first. fluid
moni acue + gty 398 B AT Lo Ind et RodHfiony SRR TIOR e, G0 HER b
fluid meni sopSoregoan ¥4 AaA nGeni@l guidneurecind, il ididennaC usid RG]

Figure 6D shows the facilities plate 454 attaching to the body 456 to form
the 5 mul B04bmiddbiid plexBA?ty head 106-2 in accordance with one enbodi ment

of the pre . nvent.l on. annel s correspondin othe.fluid in 3064,
S04n, and” STBLERBIG 1 OO eet RaETTT ot i e riSamith ErentThaaF ace
of the mul titcdMBHc8 GlitPEAXEMbb¥inlReasr Ql@ﬁ)]:rlgse_nt gRdnEhianRe |d§scg¥%5 &9 Qﬁa‘éhﬁgtot 0

. I
the fluid outlets 306b and 304b renove fluid fromthe body 456 to the
facilitiesF48uc 6Dp chnmebniai A8ol, aohHiBehsy S0Py a T04a]uib06kcob@4lnid, and 210

502 correspond.to the fluid inle 306a,,  fluid outlets 306b, fluid jplets
304a, ki “bCﬁﬂP@t@ @645{69%%_ o Pty %ﬂ%3&?sresﬁ2t.wabo§‘%fggflaﬁ,rfv%@mf B

i1l ustratesmad £r0$S aS@&tHiRNIoH &MNETr kBB A 1T Eé’cfﬂ@%gi& m? thduRchRkdance
wi th one enbodi ment of the present 1nvention. As described in reference to

Fi gure 6D, 3¢4mnrnélcbas@baD4tb0tly, rcmnde 5Q2bmayios up fleyscaord flsid fuldube thial feicond
fluid, and.a 1%ﬁthird id.inlets 306b, an

respect i vefy™ 9%&8?5&%%} Hﬁﬁ&%ﬁ dinggnia th ‘OpﬁgﬁbWé‘%mbﬁgﬁggéﬁigwdd?a%he
first fluidappshdule aﬁﬁ%ﬁﬂ&hlledﬂeﬁti‘zﬂiq{ﬂ ERgad) W QULLRLS, for example, etching,
20 lithography, cleaning, rinsing, and drying. The second 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 botiom surface of the wafer 108. In one
embodiment, a first wafer processing chemistry is applied to the wafer 108 through fluid

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



304a, and channel 504b may renove conbi nation of the second fluid and the
third fluid fromthe outlets 304b. In one enbodinent, the first fluid is a
first processing fluid that can conduct ,gny suitable operation on a wafer
surface such as, for exanple, etching, 20 Iithography, cleaning, rinsing,
and drying. The second fluid is a second processing fluid that may or may

not be the fiamevada plecdsingsthdnhibliedis Asnovetinfréaht ivgtr blrgicd, thidueh SBE angd
fluid may be aQ% sui tabl e type of processing fluid such as, for exanple, a
fluid that &Kt 348 | Thatesterafr nyocepsingmdhyidpray, fameaniing flurd manfsgus dnda

dr vi . T0 i 1.l l.ustrates, ( = N L yj f th .
i ¢ e sowect S LT b AHER, ARl 0950 SREUOP Ry ShELons Sihatimenins
i n accor danggecohd prakssignadi §®Atas Ofor thanplees@bhized WMERYDHOW) iALLIRYAB the

Figure 7 (and al so Figure 8A) shows a top surface of the wafer 108 being
processed, Vilessibiica iseugpedbiidindels BYolt hose skilled in the art that both a

top surfac d,a.bottomsurface of the wafer, 108 be co rrentl
processed ﬁ?ogﬁyA%F”FW%eE%V%fr@Fé?xwgéﬁ%maag%PPB@B%ﬂE%@%%ﬂaﬁQ@ “&Bﬁigm‘
surface of debempadietic HRSiranshdMidoh Ot wdta 30rps. oXiad it Dradss dasesd-nagk
herein on the bottom surface of the wafer 108. In one enbodinent, a first
waf er processfengrbisarthe DIV isgcampptd Eomttle whisr wafer (108gh hodubh sfuros dutldtn| et

ur tace, t ndagnt pbRt YL PTG RRELR Ry SRRt Pype PERGTER"? bne o er

surf acqot hrs@ug&ﬁﬁff&hﬂé@lacoﬁémhﬁtm&%%s 1The first wafer processing fluid
may forma first fluid neniscus 116a between the nmulti-nenisci proximty

head 106- 2 [88&f[tIheonafeaboddgent] n onfcertbodimeaducing feiet ench prspdas skmgplkel ui d
such as, for_example, deioni.zed water (Dl is applied.to the 5 wafer
surface t hPSUGHPY R COPPEV%P%* Al StE050 685 glrad\é\éwnﬁs@y be SRRELeHORNBG sOUCRéNICt
second progessh Mg kit duffR B&BH St @R ALLAM &F hBAbcohBMuiAHEANRLS %Lm} he
desired operation on the wafer surface. After the D Whas processed the

waf er surf atéle. t heomt ywhbgdinembvibd ségonrh ftihé nwasens 41665 age sthstaontigHy Botrbuttche

source,utlets. 304a and. 304h. The DI W between the mulfi-nmenisci proximty
head 106- 2 “é%iﬂ%th@“@afﬂg}ﬂm%q%é&f ieefhﬁawoﬁﬁ?laﬂgcg@&%dﬁw PERAGHI SUTs 1 6D,
[00811 In oRReeyRof: BAby sA Sl HRC SRR 0N hadust g ob! Yindnsl in%gedim[ .

exanpl e, 1sopropyl alcohol vapor in nitrogen gas may optionally be applied

from the sbagioeonenien o1B@2pdrton ké tvaferfersunfiac alitodk pepedshé Hyi thai kg asid
bor der of the.secggﬂgf%gid meni scus | n. one enbodi nent,

second f I ul"tf"HEH %Bﬁ%%H“§BB§F§%5&§Wi;ﬁgg§F@QHHHQ§“PH§U$ﬁ?@%RFFEES
meni scus 138@entlt Ay SoWRY healh@iuil BRnfsbnstidal i &o%esﬁ%‘?ec]rgtg@tlﬁ@ﬁle first
20 fluid meniscus 116a may be any suitable geometric shape such as, 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 sccond 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



processed the wafer surface, the second fluid neniscus 116b can nearly

i mredi ately begin operating on a portion of the wafer surface al ready
processed by the first fluid neniscus 1kGa. Therefore, in one enbodi ment,
the second fluid neniscus 116b fornms a concentric ring around the first
fluid neniscus | 16a. It should be appreciated that the first 20 fluid

meni scus 116@8. MRXhBEdaRYap ?tﬁda@é@i 82000 MRIthice SB0ARY BUGNY ajubR GkhkdLas long
el lipse, square, rectangle, triangular, quadrilateral’, linear, etc. The

second f ui & $emasisescanBhmeiaibes allﬂdnfwegiune’omlr}c atanheadn Oparembatiinycnt the

surround wh r ape e fir iscus 116a houl d be
appr eci at e %ﬁ © 4§d1m§¥ g E%t&?ﬁn 3@89(&0“? ?ng ? p}né,tanppr&laaotﬁglﬁqnél&qumpntlggngﬁa/ or
the second 1. Bblhﬁh PR EGYE, IS RisHRYe WD/ ik 2R (@6 %Hutl qbl}ﬁ’n fahyi ﬂﬁ%‘)lmdep@@% ng

on the wafer 25 processing operation desired. [0082] It shoul d

appre0|étedﬂﬂM§ﬁm$@iQ@nbﬂaﬁ@4§0$$dhme1BIU|d meni scus, an anount of t he

first flui into t fi.rs i d ne scu thr h the ce
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inputted into the second fluid nmeniscus through e 30 source inlets
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t hrough the_source 304 n one enbod ne t he f|Oerate
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of f of jbhe Jsaicerinkd 3dQ8mal tapsiaul %r?ﬁeﬂlﬁggﬁ SCAR Grel (;Ya&bohg%()g'cé/tlﬁﬂc Sof ﬁ

may be any suitable distance as long as the menisci can be mai ntaine
noved in a BleshlGebmeanmmply tha served dhind i mﬁuwaam:hnédbmtgloamceumaﬁ)smmydaeuucts

bet 50 d th d t.5
Pr ef or abl y JCr ey s ade Db Ol ABES b Hma A Artc ISR 17R a@n
enbodi ment a5t hge @b§1tc§r5il@lefl8ﬂ)4b5m§§)qgﬁlo% %othlgﬂe I:H‘?luficl WVal @G T2l oft B8

fluids as shown in Figure 7 may be any suita om1ra e that can
generate tNQMMHr@tiamumdhmedm$umsmamdnﬂheasamodBAfbukﬂ1néNhsﬁH$ﬂihamu&ce

subst a al | sur.r oun he first i scus. Depending on the distinction
desi regB ﬁ%%é% Fqucipg 0}@95 fi§ GFige %ﬁ‘ig i heawaler ﬁérf:ee@éoria Cfl"icu"r"Hbcﬁjélﬁ‘F’é'c dlae
the flow r%@ﬁm’i%f ﬁit'utﬁ ﬁﬁouélﬂhg@gm‘@@gf??’étggm maé’Qa EQU; nlef s 3062 rimYy,
apply the first fluid at aTlowrate o out 08 cc/mll, source inlets
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source outlets 30%
flow rate GF AN VEANDY Gif f raueh tha goyrke Il SRea Blie PEYs ltzbanldhappeisinie
both the S%?Qﬁk%efslkmc‘é iAtnd afd QW Jp@#l%c(ﬁ v@gzge 191%(15“5@1}3%% ik @&1@@%1&5(3‘%' ch

may i nclude sone | PA vapor 1In it such
20 306b and source inlets 3043 304b may chang,c 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),



15 tension reducing fluid is being applied to the wafer surface). In one
enbodi nent, the flowrate of fluids through the source outlets 304 nay
equal 2 tinmes the flowrate of fluid thrgugh the source inlets 306a. The
flowrate of fluid through the source inlets 306b may be equal to the flow
rate through the source inlets 306a plus 300. It should be appreciated by

those skill ed iwhilbeharshedifatnatpe ol frh&efdhewifad ﬁla@%@ﬂif%ﬂlc@%eﬁmé R the
source inlets 306a, 20 306b and source inlets 304a, 304b may change
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20 fluid inlet 302. 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. After 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 {rom 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



chem stry, it is desirable to separate the dispensing/application of SA
solvents to a wafer 15 and the rinsing of the SA solvents off that wafer.
[00871 Figure 8A illustrates a cross-sechigonal view of the nulti-nenisci
proximty head 106-3 which is utilized to process a phobic barrier 602 in
accordance with one enbodinent of the present invention. In one

enbodi nent , fldileounsts Boaenhd G04pr OX miik Ywayhand sd@Brd3fluiChiedRBud hubl nhayl BE S
306a, 306b and fluid outlets 304a, 304b, and optionally 20 fluid inlet 302.
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chem stry i ved. from t he urface through the fluid outlets 304a.
30 [00881 fﬁg%ﬁﬁﬁgﬁ?ﬁﬁﬁﬁgé?l%ﬁ%ﬁﬁéﬁ‘z head 106-3 may al so apply a second
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remove the second wafer processing fluid fromthe surface by, in one
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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 arc used to generate the



head 106-2. I n one enbodi nent, deionized water (DIW is applied to the

waf er surface through the fluid inlets 306b. After the DI Whas processed
the wafer surface, the DIWis 15 renoved §§ om the wafer surface through the
source outlet 304b. The DI Wbetween the nulti-nenisci proximty head 106-2
and the wafer surface forns a second fluid neniscus 116b. | sopropyl

al cohol vap@nid memistusogiesn, g@ssAsylvemt memnaddsymbebap@iaaed tiont e ket rinse
surface to keep the |iquid/ gas border of the second fluid neniscus 116b
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to generateythe 26 fluj niscus 116a, the. SA spol vent ni scus may be
separ at ed fef}‘}dcrln Ipﬁl_lels%{l | ;L(_)Ceian@%llicﬁgepmﬁ%sﬁi Gewafep P ade t‘llo‘ﬁ{,{ﬁFYFrttﬁBe gjrBFbB’afeﬁent
wher e SA sqir¥@Rting Spbiatibh 2ZRGred NEdiPOARBLCAbRR! MRS §eB021 ERARIsEy "Rsh BN
of SA solvent and enables rinsing of the depleted 'boundary layer. 5 [00921
The barri erffhedmanisguall 5@ ywrwining of ke wafar sfitfow dan threbgapcbetibdenhd beond

e ool BTl OB -G RIS B NS0 e
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cl ose up vihdrophilichieafmsl thit-oae hbklointp toxdapdigd deadsit0éhan thedirepRridhiangscon a
_phi [ i c waf %ﬁ@%}{{f%‘:e-j ,ﬂacc_o([’e%alnc%_vw tlitghone_ em.:)_'di nment of the present
i nvent i on. IR BITECERE QGITHEHECSHRE A A HRATCE &7 35 oxi ity head 106- 3
i ncl udes t hgodd] 8tone embodiment, the barrier is phobic to the chemistry of the first fluid
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
imvention.  In this embodiment, the wafer processing chemistry (which in one
30 embodiment is an aqueous fluid) of the first fluid meniscus 11Ga does not stay on the
waler 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



fluid neniscus 116a that can process the wafer surface in whatever type of
waf er processing operation desired as di scussed above. The depl et ed

chemi stry fromthe first fluid nmeniscus skl6a remaining on the wafer
surface can then be processed by the second 15 fluid nmeniscus 116b (which
in one enbodi ment as shown is a rinsing fluid nmeniscus to renove the
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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 302a" and 302b' which can be located in regions 650 and 675
respectively. Tt 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 inlets
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



may be generated by a set of source inlets 306a and the source outlets 304a
that can apply and renove a particular processing fluid. [0097] In one
enbodi ment, when the SA solvent is utilizgd as the chem stry of the first
fluid neniscus 116a, the phobic barrier could result in alnost 100%
recovery of the SA 15 solvent (i.e. bulk and depleted surface layer). If
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rel ati ve novenent of the wafer may prevent rinse water from contam nating
t he SA sol . The barrier 602 may be designed to allow for a relatively
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20 manner so that the barrier 602 can separate one fluid meniscus from another fluid
MEeniscus.
[{60100] 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
304a" 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



10 exanmple, in Figure 9C. It should be appreciated that although the
barrier 602 is exenplified in a rectangular form the barrier 602 can be
in any suitable size and shape as long a9 the barrier 602 can separate two
or nore nenisci. It should also be understood that the barrier 602 may be
made at | east partially out of hydrophobic materials such as, for exanple,
PTFE, PVDF,difitenptyppy befed tpdeycatbonatie; plpaliyi o derceetiews i00g. barrier can
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source inl é0810306a’ andomBoBBbodificah thapbelityoefatcatkd mlgte G068 sMET Guzry U680

tively.. gt d. 106-5 I ' I ity _
our oo out 11514 1 SRR EplIE Rt T e TR sl > UHE rBeBPhBt e e
106-5 may qphéanraht yneniehd ol P gﬂuiri] %y 8f s &ﬁle-lsnj_(ﬁtasm%fjé?ﬁllo@nﬁli@(ﬁ%ﬁi
an

whi ch may be |ocated in regions 67! 685 respectively.” It should be
appr eci at edhg Agnisewe ]l alead theyplofalispof seurcnbaties 306 mamyenapel fuiddramyhe

itable t f flLuids t f f | ddi.tion, th lit f
si ol o YRS JibH O 1 LR, LA L. BUSH S ARPLULBIAL

sour ce i nl @iciosURa’ didRtoh 890 aNAhBSI RIBLHCIRAL thal fiE pRLURHYHNd 9D6-3HIES:
inlets 306b" may be configured to apply 29 different typés of fluidto the

waf er t handyedphansiskiigblefirsdimedepentisgsordtBavale] pOLesingrigice 10 another
illustrate ide view of a proxjm head 106-4 in operatjo ere_the
par 1 b 605 Defi e By Rihl Gebdby Tkeptingns SulBRailahe st 1088 i n
accor dancenved. ans.ceaRadbmBRbodinchl @Rl 8ReMlxIntYEREdLMo6-lM@NEe SHpQd] gent
the 5 nmenisci 116a' and 116b' may be fornmed by any suitable type of

proxi mty Readedeswd Hethenlser wparatipn heditvet Baistliesnibg0 2n Surdter dstail fiorefeacyl e,
t he proxink}y.Qeaﬂz qi descri bed above in Figures 9A and 9B. [001021 In
one enbodi men’ ¢ Ab urality of source inlets 306a" may supply the

[00103] Figure 11A shows the menisci separation region 650 in a wafer processing
20 operation using a hydrophobic wafer 108" in accordance with onc embodiment of the
present invention. 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
116a" 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 the wafer 108", the
fluid is repelled from the phobic barrier 602. In addition, in onc 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



fluid to generate the neniscus 116a' and the source inlets 306b" may supply
the fluid to 10 generate the neniscus 116b'. The plurality of source
outlets 304a' may renove fluid fromthe ngniscus 116a' and the plurality of
source outlets 304b' may renove fluid fromthe neniscus 116b'. In one
exenpl ary enbodi nent, the proximty head 106-4 may be in notion in a

di recti on 68@nistys shelhal He appeecinted thihatfc HO8Padordirtaf the atknlfbs 4 16RY
be noved in an SUI abl e gleﬁectl on dependi ng on the wafer processi ng .
desired. | n°4H “é’i‘f’o D prrrics fel (he vaten 105 Headd 108, duaiiy hydrorbedtic | n
one | ocati ogy t vaf.enel h Q oth
the proxim (Erf/%ﬁlgeggmfgg% éﬁg 8 %% l:lkg er ngz’ thgyycgﬁescﬁg\%adsﬁ%ﬁn@nﬁb HBP}HOVQ
separ at i on welyr gre BbQeric®@2descri bed in further detail in reference

Figures 11 S ‘h001031 Fi re 11 A shows the nmenisci separation reqlon 650
inawa erA]ﬁ S0lssi ngWhZ’G P st peitrdusinige segigrbyprenie merartylrsd 106 and
accor dance ik Lheane e TBRdIEDE: Ol Sy PrESER IV TR 1 TS8P R

a magni fied region of the proximt di'scussed T et e

to Figure Ifowhatehsdiel (rannd i \eﬁxzr $68'VisoUph (BEPAIa¢ eutlte30mNi Fien 1diBas
and 116b'. In one enbodi ment, the barrier 602 may be hydrophobic. It should
be appr eci AP R Uareyswieti inlst SR o et weioprhsieensi thg Pupénty hewd 1QGé and

barrier 603,y he 0%5 tngiﬁl? dgp%ﬂcﬁe& ?mﬁ{.'%e plilllo[’n%qg Erlﬁihﬁjy %é&ﬂleawafér Qos'is

utilized in any suit processi ng * opera

ci r cundtandgdtdphobiar lfhc&WafGﬂ?Omypdl@ tlfd)ﬂmldgfwiﬁd 1d SoureP ellet 104ad TE&BIoré hge
regi on occupi near. the barrier 602. Therefore, when fluid is |nputted

i.ed _or
from the ﬁﬁﬁf gl g rgelled drgm P@ﬂldh% aléokrvé@w@wr wed theera feE0SHr osiaesy)l, Idea@a 106
and the vvaf : | rom.the phob arr In
addi tion, i ﬁff%%cgﬁ 1?1‘8{1 %ﬁd gt H:Ipﬁ kb m t@ﬁ%fg el t& &158%3[5@3 Blﬂgﬁe i

t her ef ore, 61()12@nt11/&1f1c9fvaﬁc@8'08[ epelder Tohﬁlefzhblzln@cﬁerQ@b‘td"Lﬁve%Wa‘iﬂiélﬂ|t§‘é bargeA&(2
Therefore, the fluid will be repel | ed fromboth the phobic barrier and the

waf er  108'and Alie wateed(§B't  Consequeatiyuthpapeniscerid pomndrid 6b'teee teplly s¢paeted and

interagtio 1 us. 11 ier 602 and the
waf er %8 %lﬁ%ﬁﬁg{%rg %?ﬂlﬁgeﬁgngm@%ﬁgmﬂg%a mr@f}lr]\?g g {? fromthe phobi c
barrier angoutes] waf erwh8uid 1 iagadd B 1duLgiheAvdihomh ﬁmlﬁ/fﬁc%ati%fd om
the wafer 108' and the barrier 602, the nenisci 116a' and 116b" do not nove

under the RB{ Hicewalgp208' érqlm@’ieoﬁq)}lmwﬂeé 3ﬂ{1=@u ﬂluudss rclmmntet:iefobm thoregire: betgeon
T I R T N
the waf er #dBmehiaioUgh’ Lite 1 BOHIRELtRAMTY &hadlRand N eRefmhidird bSfluids from the
20 menisci 116a' and 116b' take place.
[001006] 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 [16a’ is formed by the input of fluid to the region between the proximity head
106 and the wafer 108", the fluid of the meniscus 116a’ is atiracted 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

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



inputted fromthe source inlet 304b' into the region between the proximty
head 106-4 and the wafer 108, the fluid is repelled fromthe phobic
barrier 602. Wien the wafer 108" is 10 hysrophobic, the wafer 108 repels
the fluid fromthe source inlet 304a'. Therefore, the fluid will be

repel led fromboth the phobic barrler and the wafer 108 . As a result, due
to surfac ethtéﬁgilfbﬁ sardl poreonr epbsl menisaitser izet thom tltmepmeﬁlmtghef the hy&epﬁmc

116b" and the 602 and the wa a border of the nmeniscus
116b' curved® 56\7\2 ’P%P‘f A®°B ‘P1eéirl”@61251‘5€}1;’811a{‘% waf er 108'. Consequently,

t he meni sci|obif®y andp ,Jd@p“@rg t.Qt t &, of
fluids f rom t heﬂmenl sc:]é l116a’ a]r?d géJbXXI'?[gEaBQ%d:g%&Qd‘gB% %gwcpl(gbf Itﬁlj%tg'gi S
i nput t ed i npagtislhe hydgplahc hetweedartichevigr ond mnbydm&adoﬂﬂﬁ; prescan éhitehgomafiae

108’ the. sourge. inlet 304a', fluid is renoved fromthe region between
the pr ogn i ‘t“%oﬁe&ﬁ@ HBVAHE Hgue ddfets a pwihe rﬁX@u@Fﬂw KEbegURY obiibe étoxgeea

Consequent | ysag 1oBEY é@&}kéﬁécd%glqgfer giolf’kga]c gdlgfhi- ddr%lz"x%%ﬁlﬂ &, 1

interm xing of fluids fromthe meni taep
[001061 Fi gureslid Beshawshampnioi 1rh6t1‘yaddekaldib10ﬁl c#wp%ﬁiﬂmaﬁﬁbmgtlﬁ thﬂércﬂﬂll ﬂnlay
wafer 108" in accorﬂ?gce Wt h one enbodi nent of the present invention. The

regi on 650" 1AVEHORAHR ydtf’ﬁ’@“ﬂ@&@ 80%hon h’éffilt’@%etﬁp‘]hﬁr}wdé?%’ﬁélcn’éfﬁtmbﬁo%%e
proximty r i h

bar i or Boo oacives o A2uoBh e SRER ddu! GuehGAA Sk IAOHF e Pyl B
enbodi mént lltGhacwCaweljz% Shape thy Hoeiph 4 the atwlisohervat hel thirenicbCinsnd k0a4hlk S

formed by the input of fluid to the region between the proximty head 106
and the waf8#'™b8", the fluid of the neniscus 116a' is attracted to the

surface of higys ]vvaf erﬁégl% 12 ﬂﬁ%ﬁg%{ l‘?iéy}ég%ixgﬂﬁ ROy ent y as banezcxpr()ﬁgl mity

noves in dlrectlon 702, fTurd on"the wafer sSurrac S

moved al onglctdrréarmf wnhsmrref aﬁaoch&ﬂ&dtebf tthe pachralnive@io802n ohla€erhibatisheii, XBS
with the fluid rrgqlngu the fluid neniscus [16b'. It should be
appr eci at edHA O Ph 3 dpidroghilic) (astprmbY3thgnd rébhi’iirhléhqmlfggm@ G02ea’ It gne

oy e nenoee T 1 dEAFRRER g brioh AR RGP e R s TR BT Ll ™

| 16a’ thenaniid 1pb'daessiviethinfoftthe hlsr& gﬁ@tﬁblregonwaﬁ@rTﬂ@ﬁydﬂawnmegmns 602b
acconplished in a desired manner. 107] Figure 11C shows a proximty head

106- 4 wi t h Yo 8F rGo8HEBEY" ot eriblq éhuqﬁafrpn*aﬁlney Wmcopmmu and dlékz'c@r dpag éheni t h
one, SO0 Wyl DR RE 8267 LA B L ) R SR L
di scussed badesfabicefceciton bogwne othewhani&i 116a' QRE | s edini@ptix, barrier 602
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.

[00116] What is claimed is:



serves to separate the nenisci 116a' and 116b'. In one enbodi nent, the
barrier 602" may have a partially hydrophilic region 602b in addition to

t he hydrophobic regi on 602a. Therefore, the hydrophilic region 602b can
attract the fluids of the nenisci 116a' and 10 116b' respectively to shape
the borders of the nenisci 116a' and th& 116b' in any suitable manner.
[00108] Figure 12 illustrates a proximty head 106-5 with a barrier 602" in
accordance with one enbodi nent of the present invention. In one enbodi nent,
the barrier 602" has a hydrophilic ﬂégﬂmm 602b and a hydrophobi c region
602a. In one 1.5 enbodi nent, the hydrophobic regi on 602a keeps apart the
portions of the nenisci 116a' and 116b' in the vicinity of the hydrophobic
regi on 602a. The hydrophilic regions 602b rmay be configured to enable
fluids fromthe nmenisci 116a' and 116b' to cross the hydrophilic region
602b. Such a configuration maybe utilized in processes where it may be
desirable for certain portions of the nenisci 116a' and 116b' to interm x.
20 [00109] i cribed in terns of several
preferrgd X?%E%Pﬁggééhn¥gﬂbé?Qﬁ%gag(ﬁﬁ éﬁgﬁed that those skilled in the
art upon read%mgﬂmheﬂﬁptéaédnﬂgagpecdﬁmcammdhgﬂamdmsmudyéngﬁmhwfdmamﬁngs
wll realize various alterations, additions, pernutations and equival ents
t her eof subtsfraics thhdiref Orid mhisndeteithatubtthaialy esgnicnt itmvieatdeomd fialdudes al
such alterations, additions, pernutations, and equivalents as fall 25

W t hi n bheistayendphd fitst dmed aeapeusoind he det@ntiiio el 1] ngWaakrdket cl ai med
is: 32 Cdainms 1 A nethod for processing a substrate, conprising:

gener at bégean b sisice ol Wpehxieiy Bdsinand: arseconde fldirgen®ii scus on a surface
of the substrate, the first fluid nmeniscus being substantlally adj acent to

the .second fLus@hntiABNicpeiaBng ANA LN hd r%istlsuﬁlm MRNSGuS nandnlheasecond
fluid nmeniscus being generated between a surface of a proximty head and

t he sur{aee Qfidhe substrate; and substantially separating the first fluid
~meni scus and the second fluid neniscus wth a barrier. 2. A nethod for
processing a substrate as recited in claiml, further conprising:
processing the surface of the substrate with the first fluid neniscus, and

2. A method for processing a substrate as recited in claim |1, further
comprising:
processing the surface of the substrate with the first fluid meniscus, and

processing the surface of substrate with the second fluid meniscus.

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

lithography operation.

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, or a lithography operation.

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



processing the surface of substrate with the second fluid neniscus. 3. A
nmet hod for processing a substrate as recited in claim2, wherein

processing the surface of the substrate with the first fluid nmeniscus

i ncl udes one of an etching operation, a cleaning operation, a rinsing
operation, a plating operation, or a I%%hography operation. 4. A method
for processing a substrate as recited in claim2, wherein processing the
surface of the substrate with the second fluid neniscus includes one of an
etching operation, a cleaning operation, a rinsing operation, a plating
operation, a drying operation, or a lithography operation. 5. A nethod for
pr ocessisnysteats tivstglat dradluicaild eddirametiag mclfirswhekiefdn tgenerat onget he first
fluid nenisqu§ incIuQeﬁg?REI%%ng afirst fluid to the surface of the 33
subst r at 8P OHEHEE P PIHY i nl et and removing the first fluid fromthe
surface of the substrate through a first fluid outlet. 6. A nethod for
processing a substrate as recited in claimb5, wherein enerating the
second fl ui d Sreni geugethert iferdewcasspiey i n‘@ba%e@érracifcrlumdcl%antﬁewbwimace of

t he substhralend heC - id g -and . gt he se fluid
fromt h?su%@ébg ng%ltdﬁ%lﬁgﬁl%gﬁ ?%ét l{é%?lﬁ!rsso%]g%yltﬁ"hg %C‘?)?g;ﬂu?(? ttjolt E]%c?ﬁ[t C%F& and a
second fhasudsisuie Hepudnuseappl fidgnlat aridli nedhoving giccsetdrdoigh fant tiesairfaoel et . 7. A
net hod f ARG ESSIHNG, 8 .S recited,isn.claimb5b, wherein.the first
fruta i of eRtORRESunfR et A 5,09 LS5 SLE0e oM oMt Bybivui o
cl eani nlufd thicghgh @rthiad inddtnsi ng fluid. 8. A nmethod for processing a substrate
as recited in claim6, wherein the second fluid is one of a |ithographic
fluid, an etching fluid, a plating fluid, a cleaning fluid, a drying
fluid, or a 7jnsiAgnéthed thr pPoceidpet HOGdi0ks RERGEETINE A w3URS hatesias
recited i@,clain}G . wherein the third fluid decreases a surface tension of
the secBhd if PUF 87 2 igo2mPRst g angichinsnledst Algtag Suse clpaingdiuker ted in

cl ai m L;inwhengign the barrier is at |east partially phobic to at |east a
first fluid nmeniscus or the second fluid neniscus. 11. A nethod for
processing a substrate as recited in claiml1l, wherein a portion of the

barrier s pRODI CALRhAP i frdbestin} s BRRLE G S AN ift RART 5 ORnGLint i barrier
second fluid 1s one of a lithographic fluid, an etching fluid, a plating fluid, a cleaning

fluid, a drying fluid, or a rinsing fluid.

9. A method for processing a substrate as recited in claim 6, wherein the

third fluid decreases a surface tension of the second fluid.

10. A method for processing a substrate as recited in claim 1, wherein the
barrier is at least partially phobic to at least a first fluid meniscus or the second fluid

mMeniscus.

11 A method for processing a substrate as recited in claim 1, wherein a
portion of the batrier is phobic to the first fluid meniscus and a portion of the barrier is

philic to the first fluid meniscus.

(2. A method for processing a substrate as recited in clatm 1, wherein the
barrier is defined between a first set of conduits coufigured o generate the first fluid

meniscus and a second set of conduits configured to generate the second fluid meniscus.



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 first fluid neniscus and a second
set of conduits configured to generate &pe second fluid neniscus. 34 13_
An apparatus for processing a substrate; conprising: a proximty head
including, .a first set of conduits defined within the proximty head, the
first set of conduits configured to generate a first fluid nmeniscus
between a surface of the proximty head and a surface of the substrate; a
second set of conduits defined within the proximty head, the second set

of conduits configured to generate a second fluid neniscus between the

surface of th@s p;@xini%g qgad and. the surface of .the substrate; and a
barrier defined betWEdRTHO PPSTRBE SO URGNHANREEnd the second set of

condui ts, the hakimigrhee@nich@ided to substantially separate the first fluid
meni scus and the second fluid nmeniscus. 14. An apparatus for processing a
substrate as reci t%ldst FetQfgepduis, definet aithiog the proximey head. e ledmeuelt s

i ncl ude, ccatiuit:eRak gllgl@@ td Qén%taté RFir2 PRIV LAY @s bhdstn Els%:'[ifﬂ:ct(ﬁ tﬁé‘ﬁ-o%{{i{yace of

the wafer, and at | east "one outlet for renoving at least the first fluid

f rom t hehegdipchegiriee phide swestele; 15, An apparatus for processing a substrate
as recited in claimgl3y s%ﬁc%h&xifs%ﬁaesufe\%% ﬂfcﬁ-}roﬂni@q{}g&"tﬁé s?&%lﬁldge’ at
ui the sur t

| east one inlet for applying a secon ace o e wafer,
and at lfasndwneopliglred t¢ genargaavienondt fied semonds béiuicen filrcomrfabe of tief ace of

the wafer, . rein the at |east ane outlet for renoving the first fluid
fron1thé”%ﬂ?ﬁgggﬂkyﬁfﬁ%mwﬁﬁ?85%5P@§%?%n%5%5 at |east a portion of the

second fluid. 16. aAaréppifiatdsethotn HeOBeSS: 0 candife st ate sasnd g&i dfed i n

claim15, wherein the second set of conduits further includes, at |east
e i eondBE G et go AT 0 EbufHinllg SHErS ther HEbTBH TS ni feab 37,
An appakadons fher mplia@eessi ng a substrate as recited in claim 13, wherein the

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. An apparatus for processing a substrate as recited in claim 13, wheyein the
second set of conduits include,

at least one inlet for applying a second fluid to the surface of the wafer, and

at least one outlet for removing the second fluid from the surface of the wafer,

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

wafer also removes at least a portion of the second fluid,

6. An apparatus for processing a substrate as recited in claim 15, wherein the
second set of conduits further includes,

at least one inlet for applying a third 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, or a

| it hography operation. 18. An apparatus for processing a substrate as
recited in claim13, wherein the second fluid nmeniscus is capable of
executing one of an etching operation, # cleaning operation, a rinsing
operation, a plating operation, a drying operation, or 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 claim13,
wherein the Darrighapsarals foe pafcePmila abduytRobiied i®ciaim il gasherdnencof the
first fluid mepiscus and the second fluid meniscus. 21. An apparatus for
processi At Auedi BERPate Sagrrle| HedFerHingl iendt1an ewaélgewwr«ampar {$9Hf t he

barrier 4 pRabi fndify aseiitﬁﬁsﬁ plfite 61;61:{:[1{3@ Jr arlﬁltiogfrziﬂ%z% pEAbgcus and the
second fluid meniscus and a portion of the barrier Is philic to at |east

one of the first fluid neniscus and the second f|UId meni scus. 22. An

apparatus for;qr 0%?%5@%&?5 d{%P %Eés%tng’a sﬁ%nfg{c S ?\  BLAX A Ly g ae capable

of generatlng afirs niscu capab e 0 generating a second
fluid mnccs‘ch@utdtrheumi@x‘l nanay!ehéamtewnmg wa g an aatcth@emetam i dlsmirign| et
defined in rocelngog t he proxi,m. conflgure to apply

2 first PR b 2o e SR OX e alSR5en, PR LBy

deflneddpmahh@ processi ng surface of the proximty head configured to
renove the first fluid and at | east a portion of a second fluid fromthe
surface of the wafer; at |east one second inlet defined in the processing

surface of the pr oy dﬁphr}émsh@ﬁQQEé@{lﬁgQHlﬁ@ﬁ‘a&@s @&nLa/mtélﬁnﬁﬁx:wé;M ed to the
surface of the wafer; 36 at |east one second outlet defined in the

pr ocessilie Buiidsesasss a swécgtensioniof {herreeaaddbith i gured to remove at |east a
portion of the second fluid fromthe surface of the wafer; and a barrier
defined between the at |east one first outlet and the at |east one second
outlet, the B@rriémimewﬂgwé@nﬁ%@mﬁewas@»QMbgsanﬁhhhmymsebhwémeﬂmﬁ@ first

fluid n%n[lr%H‘é tmgt [%I’t!%h@%h%g%qggl Ell%'fIOHC 5@9& A%V Ruid meniscus and the second

fluid meniscus. :

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
fluidd meniscus and a portion of the barrier is philic to at least one of the first fluid

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



23. An apparatus for processing a substrate as recited in claim 22, wherein
the proximty head further includes, at least one third inlet defined in

t he processing surface of the proximty head configured to apply a third
fluid to the surface of the wafer. 24. An apparatus for processing a
substrate as recited in claim?22, whereth the first fluid meniscus is
capabl e of executing one of an etching operation, a cleaning operation, a
rinsing operation, a plating operation, or a |lithography operation. 25. An
apparatus for processing a substrate as recited in claim22, wherein the
second fluid neniscus is capable of executing one of an etching operation,

a cleaning operati QBast Skl H2bRNY AR’ ARA. ind 1R BidcB@in@PSIrdkE T, @ drying
operation, or a lithography operation. 26. An apparatus for processing a
subst r atisodgiyegad ggniigured 4¢ aerpave gihlerianparhen of g secpndifpidiéeretises a
surface 4,608 nOfatPengecond fluid. 27. An apparatus for processing a
substrate as recited’in claim23, wherein the barrier is phobic to at
| east one of atlmeridridesited betivdemthnias bust @ndittheitisegohdicfal ideg meneeods.  28.

An apparatus.faqr processing a subsirate,as recited I.n.¢ atnn% .wWherein a
or ¢ o DHE s Ry REFE oM ImEs 1 T b b S AS St PG
meni scushafdoid@uid @eeandus.f | ui d nmeni scus and a portion of the barrier is

philic to at | east one of the first fluid neniscus and the second fluid
meni scus. :
23. An apparatus for processing a substrate as recited in claim 22, wherein

the proximity head further includes,
at [east one third inlet defined in the processing surface of the proximity head

configured to apply a third fluid 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, 2 cleaning

operation, a tinsing operation, a plating operation, or a lithography operation.

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

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

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

28. Aun 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

meniscus and the second fluid meniscus.



