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M chael Ravkin Robert J. O Donnell BACKGROUND OF THE I NVENTION 1. Field of
the Invention 10 [0001] The present invgention relates to sem conductor
waf er processing and, nore particularly, to apparatuses and techni ques for
nore efficiently app(lﬁg ng and renoving fluids fromwafer surfaces while

reduci ng_cont ani nat | Gooendeic ProximuyeProcessingdentbt s. 2.
Description of the Related Art 15 [0002]"1In the sem tonductor chip

fabrication process, it is mell-knOﬁpﬁhg%%ﬁ;here is a need to process a
waf er using operations such as cleaning and drying. In each of these types
of operations, there is a need t MehidciRvehithapply and renove fluids for
the wafer operation process. [Oogﬁé For exanpl e, wafer cleaning may have
'to be conducted where a fabricati °@%¥Bﬁ¥ Thtion has been performed that

| eavess unwant ed resi dues on the figkageo™®nnv@f ers. Exanples of such a
fabrication operation include plasma etching (e.g., tungsten etch back
(WEB)) and chem cal nechani cal polishing (CVWP). In CMP, a wafer is placed

in a holder which pushes g, @toEND GESrINNStdN 0! |1 ng conveyor belt.
Thi s conveyor belt uses a"§rUrry"mﬁréagcunsrsrs—é@LchenicaIs and abrasive
materials to cause the polishing. 25 Unfortunately, this process tends to

| eave an ac@wIloRthOmvehtign Urry particles and residues at the wafer
surface. If left on the wafer, the unwanted residual material and particles

may calse]000kbAle cprhgent tinyengien whitesc tes ssmislondusterc wafes herscessinghandaarhere

surface and.. inappropriate interactions_between.netallization features. In
some casearigfuler Brplnises pnd IARBIRET fefduos etiREn s paTing Hidchovine

i noper abl @yidsHrddf d@fer borfaeeinthilk Ml BEUBNRATERIcAAnallctlesss dhfRe %)Mﬁf:@{n‘g
havi ng i noperabl e devices, it is therefore necessary to clean the wafer

adequat el yosiet efficiently after fabrication operations that |eave unwanted
resi dues. 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 ini a
holder which pushes a wafer surface against a rolling conveyor belt. This conveyor belt
uses a slurry which consists of chemicals and abrasive materials to cause the polishing.

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

30 of discarding wafers having inoperable devices, it is therefore necessary to clean the

wafer adequately yet efficiently after fabrication operations that leave unwanted residues.




2 [0004] After a wafer has been wet cleaned, the wafer nust be dried
effectively to prevent water or cleaning fluid remmants from | eavi ng
residues on the wafer. If the cleaning 4luid on the wafer surface is
al l owed to evaporate, as usually happens when droplets form residues or
contam nants previously dissolved in the cleaning fluid will remain on the
5 waf er syd0d] e fat bevafetapoeat werclésmed, the aatkr mistbyatier efsqtively to prevpitevent
evaporation fromtaking place, the cleaning fluid nust be renoved _as

qui ckly adafs$% rlspaingflupbismneps from feaging apsidies gndhg waker.oHf th¢elegpng fluid

surface. Lpgn v@atféregmfa(cjé % Q]%&%H){d é&pé%?, ’naé,otﬁﬁia_]y hg?p%ﬁ%en %&gl@ﬂé $0fm gr ying

techni ques are enpl oyed such as spin rangoni rying. All
of these desydueg ot echiainmmss pieiviouzly dissabyetlanmhe tleanimgViluid will qemdingas the

i nt erf?ce 1? on waf.er surface which, if properly maintained, results in
dryi ng° of Y& UERCE GHFLEWPORGHOR G-+ W Fosmnileh APQSs). dlepreyeqt evaporation

Unf ort una ) Vi 0 o1 @l i : . ten
happens ngﬁ)hygf(}ngoﬁfl&t‘?h{eﬂéadfl %%Iedrgle%%{?gél%gﬁ?j ?éﬁ%ﬁﬁggﬁlgg%eﬁﬁ S%Pmlt@(t)?% and
evapor at i dornamtioursf dreglaistomthei wafeostudidenahi sn baempt toefdcomplisin éhivyadrer of

surface. The t prevalent drying techni que used today IS spiph rinse
dryi ng (s#@je.ralgfsffr %dg}'mgitwp&uwﬁq qrppipYesh weh abSRiRERINGP Ay oF RrBgon waf er

10 during R : i i i; at ed
at a ni gn Pars"BURKEREE eyind (ohill ot B doRE AGET o ol tBL E R 2
f | ui dl@sedntaowafenserfadeewhizheif propgiyt hadthtdinednrehdtsde ndreing aff 4 wafonabeface t o

t he outside_ of the wafer and, finall ff of the wafer as._shao hy fluid
di rect | ondfithout His,EormBiomeT 1dieplFRy ﬁnfogwﬁéﬁewgl 19 BV liggidiess I&sﬁlff%‘fe, a

movi ng | i griafé 9awn) ﬁ@ﬁé@ﬁ@p&% %ﬂhi(afi?l (gtT tﬁ@{a eelﬁ&nﬁo{ﬁ@d %?y%%rmé?ﬂodsf;@rtoﬁgser and

noves to the outside of thé wafer (1. ~circle produced b novi ng
| i qui d/ gagormbed Peaperd@dngetsrs|rasugeng irmsotimindnty i beggpleficas the pafogpedses. | n
the exanple of Figure 1. the inside areg of the.circle f d by the

movi ng || Qe dIGLET M aieg facknidue fRbiofROfSPRAITRF GRARBfRIohe out side ar ea
of thesci edes) FiakaRd Mishdles FRYLAGH dra AR Bl | ui d.
Therefore,[ as]th%{rdryi ngSZS processtcdoﬁﬁl{%{gg?v% éteefsdt;cti 0%11%} Eg%g%ﬁshe dry
area) of Tinéhismwyinegprbeaysl adwetasafents eothtedat 1 Righi mertyasesiomtidl & ERP, by ese (t he

vel &re2) o e PR RN o dhgce L erface 18, doct spnes e
droplets @f 8uikiddidt thORFBGNadd En MRS 6ff HNfle GRIFLA4Y ﬂfbtwlpﬂ% TRYd Qf€sondlie tO
evaporation of the droplets. As such, it Is Inperative that droplet
f or mat i on azmwstife Asube SyideintbeB@ pallag offaifitenwhier, 4 mbtied ligoides pntedateald nant s
of f OEOt h?s gx\%gtg& a? refc%r(lzt%f 0 t?l]; C\)xte}fgrne%tdenlagx}esttg] ?he outside of the wafer (i.e., 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 the moving liquid/gas interface 12 is the fluid. Therefore, as the drying
25  process continues, the section inside (the dry area) of the moving liquid/gas interface 12
increases while the area (the wet area) outside of the moving liquid/gas interface 12
decreases. As stated previously, if the moving liquid/gas interface 12 breaks down,
droplets of the fluid form on the wafer and contamination may occur due to evaporation
of the droplets. As such, it is imperative that droplet formation and the subsequent
30 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 brealcdown.




present drying nmethods are only partially successful at the prevention of
nmoving liquid interface breakdown. 3 [00061 In addition, the SRD process
has difficulties with drying wafer surffces that are hydrophobic.

Hydr ophobi ¢ wafer surfaces can be difficult to dry because such surfaces
repel water and water based (aqueous) cleaning solutions. Therefore, as the

drying pleooessn edditibmubs SRMIpiodesstae anffiagities with drginguldfedsianrys haomet he
waf er surface, the 5 remaining cleaning fluid (if aqueous based) w Il be
repel | ed Bydropkobiaf Eydsyphpbie avafmssuafaceseepn) e diffialtaig s becaphe shrigripsesi d

var er " our 160 VRt WA 15y%%d RcRBols? cHnldh SAMAS. Fhlrbioet 8, B UPRAG™ {

itself aspsceastditingts and ke elcheiagi fiid iis Gulle@Siway ! @S| the ObafoDb@titkathe
hydrogen bonding). Therefore, because of the hydrophobic interactions and

the su? f ag@naiaingichrningailvid (fenuamsdess) evid)begrpelipddvide crademiuiges.| &8 @ for s
In an unc?&hft?ﬁhle %ﬂu&ﬁg @ferﬁnﬁﬁ ffuhnc?\npyq}agpﬂﬂgl?%agt aﬁﬂ\@dng 'l){[' Fﬁ]ll'é'éftggg in metf?ct M&”&t Ion
of droplets results In e Rarnt ul evaporation an € ‘conftam nation

di scussed tipr eydroptsbic. wifee sinifide! addditisnalify, tHeeagbRisaslenpay fdlwtidnagehds deger e at
the center of the wafer, where centrifugal force acting on the droplets is
the smal | &itsell gHadefefisugfacaianpigh dhes Aea srlimigrelseulpshydraganbondinghe nopst
comon wa f i i S.: . i f 11 e i ng

Formati on Top e, Bleads, (A iR GRTIIRNE Skt Sl Bl PR e
used 00 hyepdgbiodti aquedfsaileaniief e Sorntseintaal uhcpatdllcdmarofer bh ehaniafdesphivbic have
di fferent Wfr%edrophobi C_Pprapert. es.féi{OOO?l Figure 1B il | ustrates an exenpl ary

vaf er dryETpTsRess s fqrmatipg of draplpts gesnliSps, e Sl srvapiatimprt thep has
a hydr ophi.},j i LS ! rtion
30 2t t r nce LiEmizfitn AEuRpR BiGRRT TR BHEEARY SREF4ec P RRY S50 BO

hydr ophobitle smtdrhait tharvesfer, eyieks comtificabfuded hairgf ar ehet drepktcanhbanallédi nner

film of er on th partion of the wafer 10. Therefore, the hydraophobic
portions &0 %@%}ﬁeﬁ&%g et RADdPesss db PEsetiycibeymeH LM W S prafen ¢

porti @§s. qihhs tﬂ@%&tﬁ%&ﬁlﬁﬁ&@ﬁ RSt Hucifé%fo\?w{}lﬁgéﬁ j)f;gle%ﬁﬁ R dloBfefs

se
contam nati’on | evel s an erefore decrea roducti1 on” yi el ds.
[ 00081 Thdheetvefee sutfiveraapecially whadudedronshyiedghoticangfeamréepar Gettsintpoationravoi ds

the prior art by enapling optimzed fluid nanagenment and application to a
waf er thaP?F@d’Yﬁ%%ma% ‘i‘l‘feafﬁffﬁ’%t’f HglroR9BY IrePBHEY he waf er surface. Such

deposi ts J60@f FesLrO G BYIRshrRE@Yn eRGHSEry wafer drying process 18. In this example a
portion 20 of the wafer 10 has a hydrophilic area and a portion 22 has a hydrophobic

20 area. 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 dries more quickly than the hydrophilic portions. This may lead to inconsistent
wafer drying that can increase contamination levels and therefore decrease wafer

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

30 wafers.




the yield of acceptable wafers and increase the cost of manufacturing

sem conductor 30 wafers. 4 SUVWWARY OF THE | NVENTI ON [ 0009] Broadly
speaking, the present invention fills tjese needs by providing a substrate
processi ng apparatus that is capable of processing wafer surfaces with
multiple nenisci while significantly reducing wafer contam nation. It
shoul d be appreci ated that tievRiAEe S FEE INGRNTRONCAN be | npl enented in
nuner ous ways, including as™@ process, an apparatds, a system a device or

a met hod. [E9¢Babadinyenkinge therhednnentstionf fillwdeder eeenby prowding k eubsatae:
descri bed bel ow. FOOIO In one enbodi ment, a nethod for processing a

subst r at e PFCCRfiRg prRazrius\iat 1§ capakle o @socgesieg wefes gueages meith muliinde menissicus
and a sec f t |y u t st
R o R R e T R

neni sclis areegemsemiodconba isplehsenedoin hirtersub stayat @cludfFlad a lpro@sgtadrer
enbodi nent, an appar at usd; of processi g$fg( substrate i s provided which

i ncl udes APPABNSA PyteAba e(‘%ﬁé’ﬁ?én%?ocg Lt ygntaver srkadipnents of thedresetls on a
substratelnﬁﬂglg@&[%&%b% Bakle of generating a second fluid neniscus on the
substrate surtace at 15 least partially surrounding the first fluid

meni scus. [mn@] fin cxdenehbodimank, capeiiod ffr procdssingnd isabdttataris disaloséchgvhiidhe

integrity.o he second f ni scus when in contact with the fir
fluid nmeni %(g S gepeEvye Pﬁ%&mg's ABEHREHS é%&cﬁeﬁ%}ﬁltf? uig efeap é@stﬂeﬁmalfy

proceggi nguﬁoﬁ‘}&?% Rl fﬁu&l 'n?e%*s@ﬁse%hefé’m 0 ARG ﬁi%ni@gm%‘re Ztg% %%609&3 adia

capabl e of generating a first nmeni scus and capa generati ng
a second frﬂlﬂmuadumalgnmtedtonla@as&icqa@ﬁmé albisyrateur roundi ng the first fluid

i . head | ud t | t f t | et defined i
o ocessr ndd0GaR 3%% gf@ﬁfﬁ?%%ﬂ#ﬂ@%@%@r EORF G LB GRS SDPPVR RO 1 | i
to the :suqlfl@}&@esqj fh%ﬁd c@%l@%f ﬁ@fegﬁtn‘%r@ rkt" ﬁﬁ1 QU hi6dus A h@ﬁgstffafk the

processi ng surfac e pro gure to renove t I'rst
fl ui d and setfadeczsl ca)abbrd:ﬁ gameniting assasmomdzl fiuidimgnfscanot iee 2bstratef mefecobt t he

T haS or SRl SR rpReRd B “Br g HhreyisHEag ke nrﬁerp%%ﬁtgﬁ ﬂ? o sHEPY vhe
second fl léhﬂstﬁzfﬁall? RSt RCHe ‘?ﬁte%ﬁi}g ot lecafn ﬂl&ﬂﬁh E&Rgctgmﬂ et

defined in the processing surfac f the proximty |gure
renove at thehsst flaidpogrtisoms of t he second fluid fromthe

[0012] In yet another embodiment, an apparatus for processing a substrate is disclosed
which includes a proximity head capable of generating a first fluid meniscus and capable
20  of generating a sécond floid meniscus at least partially surrounding the first 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 fluid from the
25  surface of the wafer. The proximity head also includes at least one second inlet defined
m the processing surface of the proximity head configured to apply the second fluid to
the surface of the wafer and at least one second outlet defined in the processing surface of
the proximity head configured to remove at least a portion of the second fluid from the
surface of the wafer. At least one second inlet and the at least one second outlet at least
30  partially surrounds the at least one first outlet and the at least one first inlet.
[0013] The advantages of the present invention are numerous. Most notably, the

apparatuses and methods described herein utilize multi-menisci to efficiently process




surface of the wafer. At |east one second inlet and the at |east one second
outlet at least 30 partially surrounds the at |east one first outlet and
the at least one first inlet. [0013] Thﬁ advant ages of the present
invention are nunerous. Mdst notably, t appar at uses and net hods
described herein utilize nmulti-menisci to efficiently process 5 (e.g.,

cl ean, drYe.gelcleap, 8ubeto phasrhys OpesRidtioNs Wilitle hvioleobpting phimgbmemnegement
of fluid application and renmpval fromthe substrate while reducing

unwant ed fiuid @epligaton @aﬁtrawpﬁ%ln&@nrtbmuhﬁmge oiile rogicdng yuwented fluids and
Consequen g t i gher
waf er vyi eltcélé{tEl erﬁﬁ% Hd'ﬂg&}?f %u? @g{e\’eﬁﬁ Hseg& gntB’é ‘!V%‘rac:) §°§eg%‘§£ 014]
The pr eselptodunu@ﬂmagrbeemaﬁh@%l ajat highdr WateyichisQags bt Aghitvadodightot dfficient
generation and use of nmultiple fluid nmenisci with one neniscus at |east
partiaP| y V6§I5065851Ag anot her fluid neniscus. In one enbodinent,

concentr| [

Firot 11wt e oBeehe RBMGHERENS, Gt Sratte 1ot e Uiy 1AC cBIRES I

and surr oundasd dfmbltipkt fIfill wietlisawith oHS mehBRowdd lléasthalfym@diumng anotaay

sui tabl e nunpber of nen|SC| é be concentric to and/or surround each

ot her. [ o064} mepiseys. aipeng gm geby sprcsgiis Bd drlstspdsadietsi e he vehzed | |
becone ap%ﬁ&[‘% n %ﬁ?nlg}até Q%rgtq{dlé?\ﬁ%ﬂ%c {lrﬁf Ji Eé%og{f %H[ lee{lﬁghs ‘%Qlkl@ Qoh& tric
conjunction w B npanyi n rawm I'us of & exanp

t he pa0dncitplaad sfrouhés meeﬁfmtﬂmdlwﬁeﬁmdm ﬁﬁa&ﬁh&ﬁl E&mxﬂaﬂtg\hﬁsﬂiﬂlﬁle
DRAW NGS [ 0016] The .present invention will be readi I%ﬁunderstood by the
fol | owi ng NHBSH ?féaem%wlb&qoww toowmiios sergmdgach othse acconpanying

draw ngs. [ffﬂkli‘ﬁhéﬂ ds c‘?s | #dva gé?sr 6&6%%%; rl; 1&%&18{; Rt I%F a?eln? from

desi gnate struc ura erren ure S novement

of cl eani nige follgivits; dmam:d\mfsc&rptidu;uala@ mmoﬁjaactlaﬁwﬁhyhmcmpm@ dra @S]
Figure 113 illystrates an exemplary wafer drying process. [0019] Figure 2

shows a waf'&irapps wéwéewlémqmﬁ%%%ﬁrquem HV§REOenbodi ment of  t he

present invention. [0020] Figure 3 illustrates a proximty head perform ng
a waf @6 processing operaBRIRFDESCZHPmmm&EDRAWINmS enbodi nent of the
present invention. [0021] Figure 4A illustrates a wafer processing

oper at i on [P0 Thgypissend opsenitond Wil bg readily understood by the following dctailed
description in conjunction with the accompanying drawings. To facilitate this

description, like reference numerals designate like structural elements.

[0017] Figure 1A illustrates movement of cleaning fluids on a wafer during an SRD
20 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

the present invention.

[0020] Figure 3 illustrates a proximity head performing a wafer processing operation in
25  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.

[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
30  invention.

[0023] Figure 5A shows a multi-menisci proximity .head_ in accordance with on

embodiment of the present invention.




proximty head in accordance with one enbodi nent of the present invention.
[0022] Figure 4B illustrates a side view of exenplary proximty heads for
use in a dual wafer surface processinggsystemin accordance with one
enbodi ment of the present 30 invention. [0023] Figure 5A shows a

mul ti-nmenisci proximty head in accordance with on enbodi nent of the

present i No02a| Fofure BB SHO2A] a kt@ursectifa $1ROMET theChORiSMEMEdil OxMigWh&@fd fnhe
mul ti-menisci proximty head in accordance with one enbodi nent of the

present i AYXdInsh withauesmbeigiang obkeiprgsastipgansiona nul ti- menisci proxinity
head i ; i B I f_the. i i 1.9 [ 0026
v SSopE A, 4y O O A S

accor dancembwiinieno8ethe pheehti®Bvintioh, t he present invention. [0027] Figure 6C
shows a closer view of the processing surface of the nulti-neniscus

proxi md t y [HE2&d Figyre éBotldsirrses i troashung préarcrmd ke ploximisy peadsisinaccpigipeqst i on.
[ 0028] Fi e faclliti | ate attaching to the body to form
the nul ti %%On%r@ggﬁﬁ%n&ggfhr?l%%slehltelggérftﬁnaccordance wi th one enbodi nent of

t he presengo27)Fedire 60 sholWdQ28bsdrigew @ fble ptdciSing@higfica of HIRS fufieaichBBuvi ew
of the proximty head in accordance wth one enbodi nent of the present
i nvent i onPrexoogphend pceordange) wigt ong embodimens of theaqpeseshiavertioay of t he

o cor danc A0 PG B infiocfhe o FEE TRAE balBhE o RO BERP KO ToRRTASTMARS L1
8A i | ost n&n@gi pro®im@issheaddh hevdadande @th@ine lehboditdnt oNBBipsstntAfieeatight y head

which is utilized to_process a hydrophobic barrier in accordance wth one

enbodi mend0@¥9] Figiwe SFcllapiratesh ¢ endss ogctiqronsy] ofthgurrexigBly headsinr apcerlancec| ose
up vi ew Ofwi{hh(ﬁlergﬂjd}oid{ iﬁﬁkﬁﬁ %%' im/é&ﬁohead 20 operating on a hydrophilic
waf er surface 1'n accordance % one-eitbodi nent of the present invention.
[0033] Fi go039] $izu6 0ViludratdsasGoshPsediiOmil @levi BRIt =A@ oy ihgad h head

operating on a hydrophilic wafer surface in accordance with one enbodi nent
of the pr&3eAplary Wa&Ht pipgessing operations in accordance with one embodiment of the
15  present invention.
[0031] Figure 8A illustrates a cross-sectional view of the multi-menisci proximity head
which is utilized to process a hydrophobic barrier in accordance with one embodiment of
the present invention.
[0032] Figure 8B illustrates a close up view of the multi-menisci proximity head
20 operating on a hydrophilic wafer surface in accordance with one embodiment of the
present invention.
[0033] Figure 8C shows a close-up view of the multi-menisci proximity head operating
on a hydrophilic wafer surface in accordance with one embodiment of the present
invention,
25  [0034] Figure 9 illustrates a multi-menisci proximity head that includes rectangular
shaped menisci in accordance with one embodiment of the present invention.
[0035] Figure 10 shows a multi-menisci proximity head with oblong fluid menisci in

accordance with one embodiment of the present invention.




25 [0034] Figure 9 illustrates a multi-nenisci proximty head that includes
rectangul ar shaped nenisci in accordance with one enbodi nent of the
present invention. [0035] Figure 10 shows a nulti-nenisci proximty head
with oblong fluid nmenisci in accordance with one enbodi nent of the present
i nvention. 7 DETAI LED DESCRI PTI ON [ 00361 An invention for nethods and
apparatuses for processing a PPFAMIRLSDEAUPsIE§ed. | n the follow ng
description, nunmerous specific details are set torth in order to provide a

5 t horough under st andj ng. of the present invention. It w ]l be upd ood,
however, Bf38han laverts&oagfﬁlamfh@ﬁ pipd pppagateses fQr pro¢esping gsupitEERiftd lti%ﬁs%t i on
may be pr t i gltjglt t her

i nst ancesﬁﬂﬁeﬁf]%ﬁﬂwg%&% o ceggn@%%@g% Fp()e%sﬁch%{?%fasnaz%)g‘%eféﬁﬁ 11gescrl b r(‘#/ilralrel%det ai l
in ordgr thatodgh undnmﬂsgroﬂtye pleseurigvention pitesitide undemtﬁoudphow@&ﬁ,?o‘&loﬂéh | e
this invention has descri bhgt in ternms, of several  pref, %ﬁabl e

embodi menPEOTdRAKill i <At 1t RgtREEFCRHAY CTHLiNBIBAYSHG Irpgigoq W“t Ht sgme qmé}n
reading t BemeRd ﬁfé:‘ﬁicr&tﬁﬂé‘e@d Bﬂhgﬁfg‘sﬁﬂ&sa&gll %Wg estsh)%e q\eft bien
realize various alterations, t1ons ermut At 1 ons rand eqw val ent's

t her eof . Wdescribed hedeaﬁlbma)rdmrmmdﬁlmmb@ssaﬂm@bmmmamresemﬂvmﬂmn i ncludes all

such alteratl addj ti ons errm ations, .and equi val ents as fal thin
the true é@?’ﬁf&&famt léoﬁéfeafrmrf Ghtqesfib 510 0§HBY FhSCY§Tgu s el@BiMo
I 11 usygat gn®pladnient Sviftf b@%gﬁ%&ﬁf@dafﬁét Ws@rslﬂﬁ&?ﬁ?%h@g{[ aYci SRdiH

mul ti-menisci proximty h to generate one or nore of a speci f| c shape
si ze, and pteseding aspetifigattbnsemds studying timedmmng;tl widhtrealiZee vanidusi giegativesi sci

that are ncentric and contact each oth utili.zed.t cess a
wrer o oA RGRn RbEy s P e AR Iader b et fereiorsiioieedsd bl B8 Fyetor
conmbi nat i giyefiod Y&%ﬁe@fall"‘ﬁlfcﬁralt@ﬂ@iﬁﬁé | f{ohs %rﬁlﬂ%ﬁo@ antl quihi & ﬁl‘il)" ng,

etching, plating, etc. It should be appreciated that the - systems and
pr oxi m ty“h‘éladéleamedpsﬁmn@mbphefélennmoexenpl ary in nature, and that any
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be ut1hzed to perform any suitable type of combination of types of wafer operation(s)

20 such as, for example drying, etching, plating, etc. 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 enable the generation and movcment of
two or more menisci that are in contact as described herein may be utilized. In the
embodiments shown, the proximity head(s) may move in a linear fashion from a center

25 portion of the wafer to the edge of the wafer. It should be appreciated that other
embodiments may be utilized where the proximity head(s) move in a linear fashion from
one edge of the wafer to another diametrically opposite edge of the wafer, or other non-
linear movements may be utilized such as, for example, in a radial motion, in a circular
motion, in a spiral motion, in a zig-zag motion, in a random motion, etc. In addition, the

30 motion may also be any suitable specified motion profile aé desired by a user. In
addition, in one embodiment, the wafer may be rotated and the proximity head moved in
a linear fashion so the proximity head may process all portions of the wafer. It should

also be understood that other embodiments may be utilized where the wafer is not rotated




| i near novenents may be utilized such as, for exanple, in a radial notion,
inacircular notion, in a spiral notion, in a zig-zag notion, in a random
motion, etc. In addition, the 30 notiongmay al so be any suitable specified
notion profile as desired by a user. In addition, in one enbodinent, the
wafer may be rotated and the proximty head noved in a linear fashion so
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[0040] Figure 2 shows a wafer processing system 100 in accordance with one
20 embodiment of the present invention. The system 100 includes rollers 102a and 102b
which may hold and/or rotate a wafer to enable wafer surfaces to be processed. The
system 100 also includes proximity heads 106a and 106b that, in one embodiment, are
attached to an upper arm 104a and to a lower arm 104b respectively. In one embodiment,
the proximity heads 106a and/or 106b may be multi-menisci proximity heads as
25  described in further detail in reference to Figures SA through 10. As described herein the
term "multi-menisci proximity head" is a proximity head capable of generating one or
more fluid menisci. In a one embodiment, a first fluid meniscus is substantially
surrounded by a second fluid meniscus. In a preferable embodiment, the first fluid
meniscus and the second fluid meniscus are concentric with the second fluid meniscus
30  surrounding the first fluid meniscus. The proximity head may be any suitable apparatus
that may generate a fluid meniscus as described herein and described herein. The upper

arm 104a and the lower arm 104b can be part of an assembly which enables substantially




25 described in further detail in reference to Figures 5A through 10. As
descri bed herein the term"multi-nmenisci proximty head" is a proximty
head capabl e of generating one or noregfluid nmenisci. In a one enbodinment,
a first fluid nmeniscus is substantially surrounded by a second fluid

meni scus. In a preferable enbodinent, the first fluid neniscus and the
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as may be moved in close proximity to the wafer to generate and control multiple meniscus

20  that, in one embodiment, are concentric with each other. It should also be understood
that close proximity may be any suitable distance from the wafer as long as a menisci
may be maintained. In one embodiment, the proximity heads 106a and 106b (as well as
any other proximity head described herein) may each be located between about 0.1 mm -
to about 10 mm from the wafer to generate the fluid menisci on the wafer surface. In a

25  preferable embodiment, the proximity heads 106a and 106b (as well as any other
proximity head described herein) may each be located bout 0.5 mm to about 2.0 mm from
the wafer to generate the fluid menisci on the wafer surface, and in more preferable
embodiment, the proximity heads 106a and 106b (as well as any other proximity head
described herein) may be located about 1.5 mm from the Wafer to generate the fluid

30  menisci on the wafer surface. _

[0042} 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




any other proximty head described herein) may each be | ocated between
about 0.1 mm to about 10 mnmfromthe wafer to generate the fluid nenisci
on the wafer surface. In a 25 preferablg enbodi ment, the proximty heads
106a and 106b (as well as any other proximty head described herein) may
each be | ocated bout 0.5 nmto about 2.0 nmfrom the wafer to generate the
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described herein. It should also be appreciated that the system 100 may process one
20 surface of the wafer or both the top surface and the bottom surface of the wafer.
[0043] In addition, besides processing the top and/or bottom surfaces of the wafer, the
system 100 may also be configured to process one side of the wafer with one type of
process (e.g., etching, cleaning, drying, plating, etc.) and process the other side of the
wafer using the same process or a different type of process by inputting and outputting
25  different types of fluids or by using a different configuration menisci. The proximity
heads can also be configured to process the bevel edge of the wafer in addition to
processing the top and/or bottom of the wafer. This can be accomplished by moving the
menisci off (or onto) the edge the wafer which processes the bevel edge. It should also
be understood that the proximity heads 106a and 106b may be the same type of apparatus
30 or different types of proximity heads.
[0044] 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




[0043] In addition, besides processing the top and/or bottom surfaces of
the wafer, the system 100 may al so be configured to process one side of
the wafer with one type of process (e4q., etching, cleaning, drying,
plating, etc.) and process the other side of the wafer using the sane
process or a different type of process by inputting and outputting 25
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nmovenent . [0045] In an exemplary processing operation, it should be understood that the proximity

20  heads 106a and 106b may be configured to dry, clean, etch, and/or plate the wafer 108.
In an exemplary drying embodiment, the at least one. of first inlet may be configured to
input deionized water (DIW) (also known as a DIW inlet), the at least one of a second
inlet may be configured to input Ny carrier gas containing isopropyl alcohol (IPA) in
vapor form (also known as IPA inlet), and the at least one outlet may be configured to

25 remove fluids from a region between the wafer and a particular proximity head by
applying vacuum (also known as vacuum outlet). It should be appreciated that although
IPA vapor is used in some of the exemplary embodiments, any other type of vapor may
be utilized such as for example, nitrogen, any suitable alcohol vapor, organic compounds,
volatile chemicals, etc. that may be miscible with water.

30 [0046] In an exemplary cleaning embodiment, a cleaning solution may be substituted for
the DIW. An exemplary etching embodiment may be conducted where an etchant may

be substituted for the DIW. - In an additional embodiment, plating may be accomplished




[0045] In an exenplary processing operation, it should be understood that
the proximty 20 heads 106a and 106b nmay be configured to dry, clean,

etch, and/or plate the wafer 108. In a3 exenplary drying enbodi nment, the
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dependi ng describled imeffaengrtodeggeso and 7A may be utilized to intelligently and powerfully
20 generate, control, and move the menisci located betweén a proximity head and a wafer to
process wafers. The processing fluid inlets, the No/IPA vapor inlets, and the vacuum
outlets may be arranged in any suitable manner if the above orientation is maintained.
For example, in addition to the No/IPA vapor inlet, the vacuum outlet, and the processing
fluid inlet, in an additional embodiment, there may be additional sets of TPA vapor
25  outlets, processing fluid inlets and/or vacuum outlets depending on the configuration of
the proximity head desired. It should be appreciated that the exact configuration of the
inlet and outlet orientation may be varied depending on the application. For example, the
distance between the IPA input, vacuum, and processing fluid inlet locations may be
varied so the distances are consistent or so the distances are inconsistent. In addition, the
30  distances between the IPA input, vacuum, 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,




desired and what type of wafer processing nmechanismis sought to be
enhanced. In a preferable enbodi nent, the |IPA-vacuum processing fluid
orientation in the form described in ngference to Figures 6 and 7A may be
utilized to intelligently and powerfully 20 generate, control, and nove the
meni sci | ocated between a proximty head and a wafer to process wafers.
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wafer 108 and a particular proxim’ity head, and ’the term "input" can ';)e the introdu’ction of

20 fluid to the region between the wafer 108 and the particular proximity head. In another
embodiment, the proximity heads106a and 106b may be scanned over the wafer 108
while being moved at the end of an arm that is being moved in a slight arc.
[0049] Figure 3 illustrates a proximity head 106 performing a wafer processing operation
in accordance with one embodiment of the present invention. Figures 3 through 4B show

25 a method of generating a basic fluid meniscus while Figures 5A through 10 discuss
apparatuses and methods for generating a more complex menisci configuration where a
first fluid meniscus at least partially surrounded by a second fluid meniscus. The
proximity head 106, in one embodiment, moves while in close proximity to a top surface
108a of the wafer 108 to conduct a wafer processing operation. It should be appreciated

30  that the proximity head 106 may also be utilized to process (e.g., clean, dry, plate, etch,

etc.) a bottom surface 108b of the wafer 108. In one embodiment, the wafer 108 is

rotating so the proximity head 106 may be moved in a linear fashion along the head




15 etc. that may be mscible with water. These fluids may al so be known as
surface tension reducing fluids. The portion of the processing fluid that
is in the region between the proximtyshead and the wafer is the menisci.
It should be appreciated that as used herein, the term"output” can refer
to the renoval of fluid froma region between the wafer 108 and a

parti cul amabibRXiHilettie pAtf286 B0gaNie beRisProdesdd! Ifagg HReIPANS 1ogugighon of
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conduct ed a i n accordanc enbo nent of
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processed, it should be appreciated 10 that the wafer processing nmay be
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and [PA in vapor form is inputted through use of a N; gas. Moreover, any sultable fluid used
20  for processing the wafer (e.g., cleaning fluid, drying fluid, etching fluid, plating fluid,
etc.) may be utilized that may enable or enhance the wafer processing. In one
embodiment, an IPA inflow 310 is provided through the inlet 302, a vacuum 312 may be
applied through the outlet 304 and processing fluid inflow 314 may be provided through
the inlet 306. Consequently, if a fluid film resides on the wafer 108, a first fluid pressure
25 may be applied to the wafer surface by the IPA inflow 310, a second fluid pressure may
be applied to the wafer surface by the processing fluid inflow 314, and a third flud
pressure may be applied by the vacuum 312 to remove the pfocessing fluid, IPA and the
fluid film on the wafer surface.
[0051] Therefore, in one embodiment of a wafer processing, as the processing fluid
30 inflow 314 and the IPA inflow 310 is applied toward a wafer surface, fluid (if any) on the
wafer surface is intermixed with the processing inflow 314. At this time, the processing

fluid inflow 314 that is applied toward the wafer surface encounters the IPA inflow 310.




the inlet 306 may be utilized to apply a processing fluid toward the top
surface 108a of the wafer 108. In addition, the outlet 304 may be utilized
to apply vacuumto a region in 15 closggproximty to the wafer surface to

remove fluid or vapor that may | ocated on or near the top surface 108a. As
descri bed above, it should be appreciated that any suitable conbination of
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i nt er f ace40052 ThEéfrvetrae of the N2 carrier gas containing the IPA may assist in causing a
20  shift or a push of processing fluid flow out of the region between the proximity head and
the wafer surface and into the outlets 304 (vacuum outlets) through which the fluids may

be outputted from the proximity head. It is noted that the push of processing fluid flow is

not a process requirement but can be used to optimize meniscus boundary control.
Therefore, as the [PA and the processing fluid is pulled into the outlets 304, the boundary

25  making up the IPA/processing fluid interface 118 is not a continuous boundary because
gas (e.g., air) is being pulled into the outlets 304 along with the fluids. In one
embodiment, as the vacuum from the outlets 304 pulls the processing fluid, IPA, and the

fluid on the wafer surface, the flow into the outlets 304 is discontinucus. This flow
discontinuity is analogous to fluid and gas being pulled up through a straw when a

30 vacuum is exerted on combination of fluid and gas. Consequently, as the proximity head
106a moves, the meniscus moves along with the proximity head, and the region

previously occupied by the meniscus has been dried due to the movement of the




the neniscus 116 is a constant flow of fluid being applied toward the
surface and being renoved at substantially the sane time with any fluid on
the wafer surface. The nearly inmediate renoval of the processing fluid
fromthe wafer surface prevents the formation of fluid droplets on the
region of the wafer surface being dried thereby reducing the 15 possibility
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[00531 |t esthodiraericihe biph dlomaateds hptvesnpba 6anfl 28 8LPMe nay be utilized for
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through a is@btvfentddeui b etafid@@@ub® feet per hour (SCFH) to about 1250 SCFH. In a
20  preferable embodiment, the flow rate for a vacuum though the set of the outlets 304 is
about 350 SCFH. In an exemplary embodiment, a flow meter may be utilized to measure
" the flow rate of the No/IPA, processing fluid, and the vacuum. _
[0056] It should be appreciated that any suitable type of wafer processing operation may
be conducted using the meniscus depending on the processing fluid utilized.  For
25  example, a cleaning fluid such as, for example, SC-1, SC-2, etc., may be used for the
processing fluid to generate wafer cleaning operation. In a similar fashion, different
fluids may be utilized and similar inlet and outlet configurations may be utilized so the
wafer processing meniscus may also etch and/or plate the wafer. In one embodiment,
etching fluids such as, for example, HF, EKC proprietary solution, KOH etc., may be
30 utilized to etch the wafer. In another embodiment, plating fluids such as, for example, Cu
Sulfate, Au Chloride, Ag Sulfate, etc. in conjunction with electrical input may be

conducted.




bet ween about 25 m per mnute to about 3,000 mM per mnute. In a
preferable 10 enbodi nent, the flow rate of the processing fluid through the
set of the inlets 306 is about 800 m ger minute. It should be understood
that the flowrate of fluids may vary ependi ng on the size of the
proximty head. In one enbodinent a | arger head may have a greater rate of
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- keep the neniscus
and the second fluid meniscus may be any suitable shape or size depending on the

20  substrate processing operation desired. In certain embodiments described herein, the first
fluid meniscus and the second fluid meniscus are concentric where the second fluid
meniscus surrounds the first fluid meniscus and the first fluid meniscus and the second
fluid meniscus provide a continuous fluid connection. Therefore, after the first fluid
meniscus processes the substrate, the portion of the wafer processed by the first fluid

25  meniscus is immediately processed by the second fluid meniscus without a substantial
amount of the contact with the atmosphere. It should be appreciated that depending on
the operation desired, in one embodiment, the first fluid meniscus may contact the second
meniscus and in another embodiment, the first fluid meniscus does not directly contact
the second meniscus.

30 [0059] Figure SA shows a multi-menisci proximity head 106-1 in accordance with on
embodiment of the present invention. The multi-menisci proximity head 106-1 includes

a plurality of source inlets 306a that can apply a first fluid to the wafer surface. The first




intact. As discussed above, in one enbodinent, the inlets 302 and 306 may
be utilized for IPA inflow 310 and processing fluid inflow 314
respectively while the outlet 304 may Qe utilized to apply vacuum 312. In
addition, in yet nore enbodinents, the proximty 10 heads 106 and 106b may
be of any suitable configuration consistent with those described herein.

Any suit afhi sl thas 8e GOMbAG frokahe ARf@ciurtd By tapglidmidh STUBchp tdagh as, for
exanpl e, wafer surfaces 108a and 108b of the wafer 108 may be processed by

the noveplralitpbf sevecaeuntiotcdCdal Mherafers, thedirshyid mrepircuhmay e Repwated byss)

fi st 150t el A L RRY DR p P46 PE s Ry SR REf 2

second f fHeQniMBnh&fs prd<imity Read he appreci ated that the first fluid
meni scus and/ or the second Tluid neniscus ma be generated to conduct any

y ; .
sui t abf e 10068] Fhe syt menissi wecxémity head 486 gmap elsatingdnde g @hurality offsgprce

exanpl e, lith aph et chin l,at i ng,..cl eanin a I . [.Lst
fluid nenfrg@ﬁggébaﬁjﬁy?%a@z’égg%mgfiSfubcp %etHF ?@g?s ycebgﬂl aeﬁ{?w%w lélglt}gn gq?gpe or
si ze depepdirbgorsti fom 2R SuRSlUFh@ PY QpPR&IRE dPRicatimohral@si 4 ellrality «fertain
enbodi ments descri bed herein, the first fluid neniscus and the second
fluid nmenferesoulds 3be dnone emppdiment, Beosianordhe sagped fidrp aleo semaeiied iinds

the first fluid.menscus and t f.irst. id oenis fluid
roni scue. Pl AUSEOL SRR A0 PRaih ity HeeSy e ACRpE AR Gn, |
f 1 ui d10 MeBLS elBoPRHESEE DlirhetySefmifoat qutletsh®4aomay 8 cafled henegihase fluidcessed
by the first fluid 25 neniscus is imedi ately processed by the second fluid
meni scus ViEngNsd eondudt esrusa thegutleriddaremeve lmn‘gmﬂpaé@ tapthe v aierdhiougp fisher e.

It should FE%‘F%EIH%‘S Sk %ﬁg ;[33'%{3 qgRaaging th%Q}g)lH{agﬁ@{ 8? ﬁ&ﬁ‘&é 8&1&%? b6t gﬂagi ge one

enbodi nmen i st nenr scus nay e secon meni scus and

i N anot hegalgsbo tivophbse dehRvhl ¢dilduftibetshsoei swiliss 806 renmiveslitticegscbyd foidt act
t he second neni scus. 30 [0059] Figure 5A shows a rmulti-nenisci \Tglro imty

head 106- fromhthgsewica drels AP Ad e aERPPAETRLsidn of the Myidsgepiscusn JoRttYR.  The
o £ . ; o o oo o
So6a 1hat L ane SRBSMChY ARG Sigh RSy 18l el Whiftin? BHIGE 100 1S

can then beméwongdlifuidn tAzea wadudty tislgdcaned fhid appliscaos maynbe fereatedubymtliienr ough

a plurality of source outlets 304a. Therefore, the first fluid neniscus
may be geserdriEdosied wiBinchsrgand Suidgpemacswpgian 404 of thegirosgssing SHEM s

rlggl (in 40%he°ﬁ1uﬁ9&e9i@8&%§§>i{iﬂﬁry%%& §g£10n the nulti-nenisci proximty head

[0061] Optionally, the multi-menisci proximity head 106-1 may include a plurality of
20 source inlets 302 which can apply a third fluid to the wafer surface. In one embodiment,
the third fluid may be a surface tension reducing fluid that can reduce the surface tension
of a liquid/atmosphere border of the second meniscus formed by that application of the
second fluid to the wafer surface.
[0062] In addition, the processing surface (e.g., the surface area df the multi-menisci
25  proximity head where the conduits exist) of the multi-menisci proximity head 106-1 (or
any other proximity head discussed herein) may be of any suitable fopography such as,
for example, flat, raised, lowered. In one embodiment, the processing surface of the
multi-menisci 106-1 may have a substantially flat surface.
[0063] Figure 5B shows a cross section view of the multi-menisci proximity head 106-1
30 in accordance with one embodiment of the present invention. The multi-menisci
proximity head 106-1 can apply the first fluid through the plurality of source inlets 306a
and remove the first fluid through the plurality of source outlets 304a. The first fluid




5 [0060] The nmulti-nenisci proximty head 106-1 may al so include a
plurality of source 1inlets 306b that can apply a second fluid to the wafer
surface. The second fluid can then bejpenoved fromthe wafer surface by
application of vacuumthrough a plurality of source outlets 304b. In one
enbodi ment, a portion of the second fluid is also removed by the plurality
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conduits where fluid(s) may be applied to surface of the wafer and the fluid(s) maybe

20 removed from a surface of the wafer. The processing surface 458 may, in one
embodiment, be elevated above a surface 453 as shown By an elevated region 452. It
should be appreciated that the processing surface 458 does not have to be elevated and
that the surface 458 may be substantially planar with the surface 453 of the proximity

| head 106-2 that faces the surface of the wafer being processed.

25  [0066] Figure 6B illustrates the processing surface 458 of the proximity head 106-2 in
accordance with one embodiment of the present invention. In one embodiment, the
processing surface 458 is a region of the proximity head 106-2 which generates the fluid
menisci. The processing surface 458 may include any suitable number and type of
conduits so the first fluid meniscus and the second fluid meniscus may be generated. In

30  one embodiment, the processing surface 458 includes fluid inlets 306a, fluid outlets 304a,

fluid inlets 306b, fluid outlets 304b, and fluid inlets 302.




fluid through the plurality of source inlets 306b and renove the second
fluid through the plurality of source outlets 304a on one side of the
second fluid neniscus and 304b on the ?Oother side. In one enbodi ment, the
plurality of source inlets 302 nmay apply the third fluid to decrease the
surface tension of the fluid making up the second fluid neniscus 116b. The
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multi-menisci proximity head 106-2 in accordance with one embodiment of the present

20  invention. Channels corresponding to the fluid inlets 306a, 304a, and 302 supply fluid
from the facilities plate 454 into the body 456 of the muiti-menisci proximity head 106-2,
and channels corresponding to the fluid outlets 306b and 304b remove fluid from the
body 456 to the facilities 454. In one embodiment channels 506a, 504a, 506b, 504b, and
502 correspond to the fluid inlets 306a, fluid outlets 306b, fluid inlets 304a, fluid outlets

25.  304b, and fluid inlets 302, |
[0070] Figure 6E illustrates a cross section view of the proximity head 106-2 in
accordance with one embodiment of the present invention. As described in reference to
Figure 6D, channels 506a, 506b, and 502 may Supply a first fluid, a second fluid, and a
third fluid to fluid inlets 306a, 306b, and 302 respectively. In addition, a channel 504a

30 may remove a combination of the first fluid and the second fluid from the fluid outlets

304a, and channel 504b may remove combination of the second fluid and the third fluid

from the outlets 304b. In one embodiment, the first fluid is a first processing fluid that




fluid inlets 306b may apply a second fluid to the surface of the wafer. In
addition, the fluid outlets 304a nmay renove the first fluid and a portion
of a second fluid fromthe surface of ,the wafer by the application of
vacuum and the fluid outlets 304b may renove 5 a portion of the second
fluid fromthe surface of the wafer by the application of vacuum and the
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20 [0072] As discussed above, the second processing fluid may be any suitable fluid that
can accomplish the desired operation on the wafer surface. After the DIW has processed
the wafer surface, the DIW is removed from the wafer surface through both the source
outlets 304a and 304b. The DIW between the multi-menisci proximity head 106-2 and
the wafer surface may form a second fluid meniscus 116b.
25 [0073] In one embodiment, a surface tension reducing fluid such as, for example,
isopropyl alcohol vapor in nitrogen gas may optionally be applied from the source inlet
302 to the wafer surface to keep the liquid/gas border of the second fluid meniscus 116b
stable. In one embodiment, the second fluid meniscus 116b can substantially surround
the first fluid meniscus 116a. In this way, after the first fluid meniscus 116a has
30  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. Therefore, in one embodiment, the second fluid meniscus 116b forms a

/




21 can conduct any suitable operation on a wafer surface such as, for
exanpl e, etching, |I|ithography, cleaning, rinsing, and drying. The second
fluid is a second processing fluid thay 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 exanple, a fluid that can 5
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Figure 7 illustrates a cross-sectional view of the nulti-nenisci ﬁrom mty
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embodiment, the distance 480 is about 1.3.

20 [0075] The flow rates of the fluids as shown in Figure 7 may be any suitable flow rate
that can generate the first fluid meniscus and the second fluid meniscus that substantially
surrounds the first meniscus. Depending on the distinction desired between the first fluid
meniscus and the second fluid meniscus, the flow rates may differ. In one embodiment,
source inlets 306a may apply the first fluid at a flow rate of about 600 cc/min, source

25  inlets 306b may apply the second fluid at a flow rate of about 900 cc/min, a source outlets
304a may remove the first fluid and the second fluid at a flow rate of about 1200 cc/min,
and the source outlets 304b may remove the second fluid and atmosphere (which may
include some IPA vapor in Ny if such a surface tension reducing fluid is being applied to
the wafer surface) at a flow rate of about 300 cc/min. In one embodiment, the flow rate

30  of fluids through the source outlets 304 may equal 2 times the flow rate of fluid through
the source inlets 306a. The flow rate 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




begin operating on a portion of the wafer surface already processed by the
first fluid neniscus 116a. Therefore, in one enbodi nent, the second fluid
meni scus 116b fornms a 22 concentric ripg around the first fluid neniscus
116a. It should be appreciated that the first fluid neniscus 116a may be
any suitable geonetric shape such as, a circle, ellipse, square,
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i's being ap@ebstl f10id to the surface through the fluid inlets 306b and remove the second wafer
20  processing fluid from the surface by, in one embodiment, 2 vacuum applied through the
fluid outlets 304a and 304b. In this way, the second fluid meniscus 116b may be
generated. It should be appreciated that the second fluid may be any suitable fluid that
can process the wafer surface in the wafer processing operation desired. Therefore, in
one embodiment, the second fluid may be any one of a lithography enhancing fluid, an
25  etching fluid, a cleaning fluid, a rinsing fluid, and a drying fluid. In addition, in an
optional embodiment, the fluid inlets 302 can apply a third fluid to the wafer surface. It
should be appreciated that the third fluid may be any suitable fluid that can reduce the
surface tension of the second fluid. In one embodiment, the third fluid is isopropyl
alcohol vapor in nitrogen gas (IPA/N3).
30  [0078] In one embodiment of the multi-menisci proximity head 106-3, a phobic barrier
602 is located between the fluid inlets 304a and the fluid inlet 306b. The wafer

processing fluid forms a first fluid meniscus 116a between the muilti-menisci proximity




the wafer surface) at a flow rate of about 300 cc/mn. In one enbodinent,
the flowrate 30 of fluids through the source outlets 304 may equal 2 tines
the flowrate of fluid through the soyyce inlets 306a. The flow rate 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 23 by those
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optional @ndzeat imesitiont e oht embhodinledt, Sh3BRItEaRnBPIdryxi@nityhhdad 106 Bcluded he
waf er 28ur ft}?ectglr'st lﬂ%lid meniscus 116a that can process the wafer surface in whatever type of wafer
processing operation desired as discussed above. The depleted chemistry from the first
fluid meniscus 116a remaining on the wafer surface can then be processed by the second
fluid meniscus 116b (which in one embodiment as shown is a ringing fluid meniscus to
remove the depleted chemistry). The embodiment shown is related to processing of
25  hydrophilic wafers that can hold onto the depleted chemistry when the first fluid
meniscus 116a moves off of the processing area of the wafer surface.
[0081] Figure 8C shows a close-up view of the multi-menisci proximity head 106-3
operating on a hydrophilic wafer surface in accordance with one embodiment of the
present invention. In this embodiment, the wafer processing chemistry (which in one
30  embodiment is an aqueous fluid) of the first fluid meniscus 116a does not stay on the
wafer surface after processing because the wafer surface is hydrophobic. Therefore, the

phobic barrier 602 can keep the first fluid meniscus 116a and the second fluid meniscus




shoul d be appreciated that the third fluid nay be any suitable fluid that
can reduce the surface tension of the second fluid. In one enbodi nent, the
third fluid is isopropyl alcohol vaporysin nitrogen gas (IPA/N2). 30 [0078]
I n one enbodi nent of the multi-nmenisci proximty head 106-3, a phobic
barrier 602 is |ocated between the fluid inlets 304a and the fluid inlet
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meni s¢0s higiscandytbeeenaamdthyf 4 sht Gf gBuItS Gilds 30&Dand the StGide atlete GOhdihaent
the first fluid nmeniscus 116a may not directly contact the second fluid
meni scus FABRAPPIASN reaRQIsARpriicigrpressating Bpisk ence to Fi gure 8B bel ow,
depl et ed frhax rgm Lrst I [ . hat. has..pr d the
waf er sur#Q%Eﬁgégugegggkgﬁﬁkgng Pﬁ%yag?g§p§%§#ggé;?%?5rg%%@aﬁmgyﬂgﬁéagecond
flui d nenirsaauszulat shiped[NQBE ith@ardanB8Bwithlons tibbéisneat of deeresenvinewmitioh. t he
mul ti-meniscj, proximty head 106-3 operating on a hydrophilic wafer
surface i Andkiesiepedeaedti the HRI-BawsH RTaRmitT haagel 06t s jantaAte $aped n one
enbodi;gen g i ,.SC] wPr.oxi -2 incl. he, £ I st
quidlggn?g%%%Eigggat%a ?gﬁiB 5%2%%&%%%q3§$§%&§h§}ggg #gﬁ%ﬁégg%%ﬁy#§%e of
waf er pr onesd fhgd epaisis 0bolde $i shedidas dhpsissslly tlooy skilldhin tile ptteha dhe

chem stry fromthe first fluid neniscus 116a renaining on the wafer

surface cdffiite nl i’ pi b@gs%@j E?b'_t eaYs é’@_o HEPCW?‘@H W ungiagsthe gHetmietn in
one embodiy urdio \Wesdribed hblefls! %kl eHed R SHY Sodr& in%e?g?(%aa, §6@c, dep!l et ed

b
chem stry). e eﬁgoglnent shown i's relateg to ‘processin
306b may be configured to apply a first fluid, a second fluid and a third fluid to the wafer.

20 In addition, the source outlets 304a, 304c, and 304b may be configured to remove (by
vacuum) the first fluid and the second fluid, the second fluid and the third fluid, and the
third fluid and atmosphere respectively. In addition, source inlets 302 may optionally be
utilized to apply a surface tension reducing fluid to an outside portion of the third fluid
meniscus.

25  |0084] It should be appreciated by those skilled in the art that each of the fluid menisci
116a', 116b', and 116¢ as described in reference to Figure 9 may conduct any suitable
operation on the wafer surface such as, for example, etching, cleaning, lithography,
rinsing, drying etc.

[0085] Figure 10 shows a multi-menisci proximity head 106-5 with oblong fluid menisci

30  in accordance with one embodiment of the present invention. In one embodiment, the
fluid meniscus 116a is surrounded on both sides (length wise in one embodiment) by

fluid menisci 116¢-1, 116¢-2 which are in turn surrounded by fluid menisci 116b-1land




25 hydrophilic wafers that can hold onto the depleted chem stry when the
first fluid neniscus 116a noves off of the processing area of the wafer
surface. [0081] Figure 8C shows a closggup view of the nulti-menisci
proximty head 106-3 operating on a hygrophilic waf er surface in
accordance with one enbodi nent of the present invention. In this

enbodi ment j6-he IneHoald By f5ReGAtBd tHalh eAdhS T e (MY ©ibnikdl sRHRN IO FEBOU) FRHL 1S
an aqueous fluid) of the first fluid nmeniscus 116a does not stay on the

waf er sur PeledIch g rsupplde capsratign bere sl avafdiesunre sueupbate ol rdghiodi c.

Ther ef or e j rjer n.kee e first f.lui ni scus .116a
e Che! culchitfie IORLENP RIS gft E" 1SRRI 15 bt hiiradiity G ERe

i nterm xi gigovaf ntafebe fereehi@f it ey Fhitzdle fethod dvREbRAUSith 1h&msmddaldgyeandl ui d
of the second fluid neniscus 116b. In addition the source outlets 304 in

such ah eAPRtHERSdegHibpd hetggves the first fluid fromthe first fluid

meni scus ﬁi@% .0082] I ld b preci.ated that al t.hou o]

meni sci (inS|hgﬂ%gh§§%u§h§%g&§ %ﬁtgFgg éﬁ%?@ﬁﬁd?n&“ﬁ%nP§c§§§H%r@kﬁﬁ%@ﬁ in

t he exenmpkmbydiamaadiitmentisbd haprediated st iRzt eskild @l thd agoBF@ENkeddtgmeRl SCi
can be generated. In _such a case each of the inner nenisci may be

gener at ed PEgeding eyegificgtions et sydringothecdrapvingst wib ggeligsdvarias sisra®nsut | et
304a whi | ﬁd&iﬂgné, ?ﬁ&n&kﬁgn%%g'eggiﬂﬁﬂ{sﬁﬁ&éoé RS lh%fetf r%‘iht[%h&‘e% {5 3 @Pe%eﬁthat
woul d surroun e meni sci y have a sét of a PIEasSt onie Sour cernl et
306b afd BBAhtiorAMmclidenal] skdh niteiasiohs, maditidas, gananatiets, tyhdaeqbialedts sofitice
inlets 306a_and the source outlets 304a that can apply and renove a

parti cul aihitbibedar spirk pod scopp 0OHBinvgaRe 9 il lustrates a mul ti- meni sci
proximty -4 .j.ncl udes rectangul ar shaped nenisci in
accordancgm&??ﬁ%%gg%g%gggf%ent of the present invention. 1In this

enbodi nent, the nmulti-nenisci proximty head 106-4 includes a square shaped
15 nmeni scus 116a' surrounded by a neniscus 116¢c which in turn is surrounded
by the outside fluid nmeniscus 116b'. It should be appreciated by those
skilled in the art that the nenisci 116a', 116c, and 116b' may be
generated by changing the inlet/outlet configurations as described herein.
I n one enbodi nent, the source inlets 306a, 306c, and 306b may be confi gured
to apply a first fluid, a second fluid and a third fluid to the wafer. 20
In addition, the source qutlets 304a, 304c, and 304b may be configured to
renmove (by vacuun) the first fluid and the second fluid, the second fluid
and the third fluid, and the third fluid and at nosphere respectively. In
addition, source inlets 302 may optionally be




utilized to apply a surface tension reducing fluid to an outside portion of
the third fluid neniscus. 25 [0084] It should be appreciated by those
skilled in the art that each of the flykrd menisci 116a', 116b', and 116c
as described in reference to Figure 9 may conduct any suitable operation
on the wafer surface such as, for exanple, etching, cleaning, |ithography,
rinsing, drying etc. [0085] Figure 1012heies a nmulti-nenisci proximty head
106-5 with oblong fluid menisci 30 in accordance with one enbodi nent of

t he present Inqentlanahed@ﬂqﬁ@ﬁhgdga@@ﬁgnﬁémb ﬁgmg neniscus 116a is
surrounded on both sides (length wise in one enbodi ment) fluid nenisci
116c-1, 116c- 2 SofraHgas dirstnilyidrmenisaup sod desbebyd flvigd meﬁ@ﬁm%@ﬁleasia;@rtwélﬁd 26
116b- 2. '5w§&9ﬂlgﬂﬁgﬁ399ﬁﬁfﬁ@ﬁ? that each of the fluid nenisci shown in

Fi gure 10 nay Sl tabt e operation on the mafer surface such as,

for ex nple hi | i t hogr aph [ etc

should al so be iﬁ ‘g@F&f aﬁﬂf%ﬁsﬁ@ﬁﬂ@é?éngﬂ%ﬂinﬁaVc rﬁ@ @?QF@B“@n any
sui t abl e gRihRIranghsteat Wi th the nmet hodol ogy and 5 apparat uses

descri bed herein. [0086] Wile this invention has been described in terns

of several preferred enbodinents, it will be appreciated that those
skilled in the art upon reading the preceding specifications and studying
the draw ngs wi) | reali e various alterations,  additjons, rmut ati ons and
equi val ents t hefeof A %PQ WH%P%?%F%aSH?¥ﬁﬁﬁﬁ§rFH lfﬁgﬂbﬂ 10 invention
i ncludes @bty ﬁﬁﬁg alterations, additions, pernutations, and equivalents as
fall withinthe true spirit and scope of the invention. [00871 What is

cl ai e 15 27 o8 hd suraddRiichbOraPLABRRS G ARG HBRLGRL S COMPI i si ng:

generating a first flurd nmeni scus and a second meni scus at | east

partial Ly sur pRugisloib a8 ihdestlsubd il AP HeSELRY tﬁué{"ﬁi%hﬁl:ﬁls the first fluid

meni scus and the second f meni scus are generated on a surface of the
substrate. 2. A nethod for processing a substrate as recited in claima1,
further

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
15  etching operation, a cleaning operation, a rinsing operation, a plating operation, and 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
20 etching operation, a cleaning operation, a rinsing operation, a plating operation, a drying

operation, and a lithography operation.

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

substrate through a first fluid outlet.

6. A method for processing a substrate as recited in claim 5, wherein

generating the second fluid meniscus includes applying a second fluid to the surface of




conprising: 10 processing the surface of the substrate with the first fluid
meni scus, and processing the surface of substrate with the second fluid
meni scus. 3. A nethod for processing ajsgubstrate as recited in claim 2,
wherein processing the surface of the substrate with the first fluid

meni scus i ncludes one of an 15 etching operation, a cleaning operation, a
rinsing opersabiteng throyphat dedondPeidatleoand ramdviag thd doogt Apldyraptieatiface 4. A
met hod for processi n@l a substrate as recited in claim2, wherei

or ocossi nd IREUBHHBEsUsh thebrss (Ipidkquiletand a secenkiieid o8Her i applyingrs thirds

i ncl udes ?lﬂﬁitﬂ%ou%ﬂ 2084641 ng operation, a cleaning operation, a rinsing
operation, a plating operation, a drying operation, and a |lithography

operation. 5. A nethod for processing a substrate as recited in claim1,
wherein generating the first fluid nmeniscus includes applying a first

fluid to the susfac 10 fLyLd: ] and
r enovi %g t he f:ﬂi'st ?l IELF%%??% ?ieggg%rggg%gfa %;a%# ﬁ%lteasnfljglgl?{rl gt Jgﬁ%%lrﬂotﬁ%ﬁ}sé first
fluid out fletd 1s@ne Af aritHogchphvr flyid coesdiingflaidsuplatingfleidas cleaning €mid, andh ai m 5,
wherein generatipng the second fluid neniscus includes applying a second
fluid to ‘I‘}émga’*‘f‘gce of 28 the substrate through a second fluid inlet and
renmovi ng the second fluid fromthe surface of the substrate through the
first fluid outlet and a second fluid outlet and applying a third fluid

through a third inlet. 7.. A nmethod for processing a substrate as recited
inclaim5, whérei n?’rws&mirf%ftprowswaaisgbs&%&e oo iy RBéR &phiere ‘EFd, an

et chi floatd i ' HRIv ; ' : i, { DSIAGink! uid. 8.
A ot had Farte Rl 39 et SN A B, BPUnE e BEABE e To
second f | diued, iasirging floid, and a tinsigg flpid.¢ 1 ui d, an etching fluid, a plating
fluid, a cleaning fluid, a drying fluid, and a rinsing fluid. 9. A nethod
for processing a substrate as recited in claim6, wherein the third fluid
decreases a surface tension of the second fluid. 15 10. A nethod for
processi ng a sdbst r &t method ferproesssing achbdtratetys reditadgn olaithé, wherein the

third fluid decreases a surface tension of the second fluid.
15

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

third fluid is an isopropyl alcohol vapor in nitrogen gas.

11.  An apparatus for processing a substrate, comprising:

20 a proximity head capable of generating a first fluid meniscus on a substrate
surface and capable of generating a second fluid meniscus on the substrate surface at
least partially surrounding the first fluid meniscus, the proximity head capable of
substantially maintaining the integrity of the second fluid meniscus when in contact with

the first flid meniscus.
25

12, An apparatus for processing a substrate as recited in claim 11, wherein the

proximity head includes,

a first set of conduits defined within the proximity head capable of generating the

first fluid meniscus, and




third fluid is an isopropyl alcohol vapor in nitrogen gas. 11. An apparatus
for processing a substrate, conprising: 20 a proximty head capabl e of
generating a first fluid meniscus on asgubstrate surface and capabl e of
generating a second fluid nmeniscus on the substrate surface at | east
partially surrounding the first fluid nmeniscus, the proximty head capabl e
of  substanti aklsycomiset ¢¥icBhddtstdeEntdv@Bin thy pRkirhidEh&RICAPEh1E bEkdheBIRE SCUS
when in contact with the first fluid nmeniscus. 25 12. An apparatus for

pr ocessi niesscsenskiiid menissus, dhd seeend et of congpitsiat logsepastinlly ssroupdingithe t y head

i ncl udes, f LS st . of conduits defined wwthin the proximty head capabl e
of generatﬁ?sr']:gsajt’%e“ﬁﬁnrs'st fluid nmeniscus, and 29 a second set of conduits
defined within the proximty head capable of generating the second fluid
meni scus, the second set of conduits at |east partially surrounding the
first set of cqrduit,s, £ at r Sine. u t.e. as
reci te"sél in cl a?ﬁﬁ 12 A %V\%)g?%ﬁﬁ f@ﬂ%l%&%@rn gtausgl%{t&% é)scrg(%?wlbggﬁuﬁcl?ugg,&%g’ttﬁ? east
one i nl et firaretag@rbyduig iaclfidd,st fluid to the surface of the wafer, and at

| east one outlet for renoving at least the first fluid fromthe surface of
the wafer. 10 }dleashonappetrfat apliiog apiradrsdiontte surfich of fatweafas afi¢ci ted in
claim 13, wherein the second set of conduits include, at |east one inlet
for applyi ng aasksstrde bhitlétdot @miokhengsit idasiae Gfst flok] fadhele suafade af theeast one
outlet for renoving the second fluid fromthe surface of the wafer, 15
wherein t K@%t | east one outlet for removing the first fluid from the
surfa 8 of the wafer also renoves at |east a portion of the second fluid.
15. AnYapparatus for processing a substrate as recited in claim15, wherein
the second set of conduits further jncl uges, 20 at dI_ea?t_ o%e ihnl et for
appl ying a thi fd- f | APAPPErafYsdOspropeRsBE g PRIk gpited in claim 13, wherein 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,

15 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.

15.  An apparatus for processing a substrate as recited in claim 15, wherein the

second set of conduits further includes,

20 at least one inlet for applying a third fluid to the surface of the watfer.

16.  An apparatus for processing a substrate as recited in claim 11, wherein the
first fluid meniscus is capable of executing one of an etching operation, a cleaning
operation, a rinsing operation, a plating operation, and a lithography operation.

25

17.  An apparatus for processing a substrate as recited in claim 11, 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, and a lithography

operation.




16. An apparatus for processing a substrate as recited in claim11l, wherein
the first fluid neniscus is capable of executing one of an etching
operation, a cleaning operation, a rigging operation, a plating operation,
and a |ithography operation. 25 17. An apparatus for processing a substrate
as recited in claim1l, wherein the second fluid neniscus is capable of
executing one of an etching operation, a cleaning operation, a rinsing
operation, a plating operation, a drying operation, and a |ithography
operation. 30 18. AARERMEE fdrProREARLE ShTRGaf 8 UeSeld at SlaRs 15 8¢hdreid ther cl aim
15, wherein the third fluid decreases a surface tension of the second
fluid. 5 #ord iiddpprazsas asuffane tensseefshegpcandflnigt rat e, conprising: a
proximty head capable of generating a first fluid neniscus and capabl e of
generating a second fluid meniscus at |east partially surrounding the first
fluid neniscus, the proximty head includin at | east one first inlet
defined in a ph8cesdinppaiaiderproscssing asubstia, COMABSAE: 10 configured to
apply a first fluid to the surface of the wafer; at |east one first outlet
defined in the2pFodmiyihsy eapeblsob ceneratie piskitwdmenisaaand esweblg@ied to

rempve t hf%D Igéfll'getﬁ{\%% Ael(!bl‘?h ﬁ'ﬁ‘ilq ngésnt idcB@5t 1eit ggrgttailﬂ Fur?gu&e e 4he Rkt fﬂluhH ﬂeﬁlgéﬁ@ t he

surface o oné ‘sec ned 1nt processi ng
surface oﬂxﬁhemﬂﬁgxkﬂﬂmyﬁmﬂﬁghead configured to apply the second fluid to
the surface of the wafer; and at | east one second outlet defined in the
processing surface ef lehfi@ne firaxilof deﬁnb@&ﬁh pooéssggrsadadeoofitrerprorimity headst a
portion of the second flyid fromthe surface qof the wafer; and wherein the
at | eddt &pfigiEebioqrPy %ﬁrséﬂﬂldttﬂéh"a%urﬂaé%%ﬁt eidfGecond outlet at |east 20

partially surrounds the at | east one first_ outlet and | east, one
first iniet. 20. An aa@ﬁ%ﬁ)aﬁ @gstpaﬂet&eée%@thgp@cgﬁﬁwﬁuﬁa Y e

claim19, h¥€‘él:?6di'ﬁ'§uﬁ1 16 rBh&VE tHE FiYst ?lﬁfcf’ac ‘éi‘h(‘c)#é&?tr &ﬁ&#gﬁésecﬁﬁeagﬂ%%lﬂﬂfe third

inlet defined In"the processing sur prOXI mty
conf i gur eduttfaccappieywatet;hi rd fluid to the surface of the wafer.

at least one second inlet defined in the processing surface of the proximity

15  head configured to apply the second fluid to the surface of the wafer; and

at least one second outlet defined in the processing surface of the
proximity head configured to remove at least a portion of the second fluid from the

surface of the wafer; and

wherein the at least one second inlet and the at least one second outlet at least

20  partially surrounds the at least one first outlet and the at least one first inlet.

20.  An apparatus for processing a substrate as recited in claim 19, wherein
the proximity head further includes,

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

25  configured to apply a third fluid to the surface of the wafer.

21. An apparatus for processing a substrate as recited in claim 19, wherein the
first fluid meniscus is capable of executing one of an etching operation, a cleaning -

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




21. An apparatus for processing a substrate as recited in claim 19, wherein
the first fluid neniscus is capable of executing one of an etching
operation, a cleaning operation, a rigging operation, a plating operation,
and a |ithography operation. 31 22. An apparatus for processing a substrate
as recited in claim19, wherein the second fluid neniscus is capable of
executing one of an etching operation, a cleaning operation, a rinsing
operation, a plating operation, a drying operation, and a |ithography 5
operation. 23. 28 nmeihagph@fusIHosesskng adubdhed 4sab8tedSn CREMtIO0whe el the m 20,

wherein the third fluid decreases a surface tension of the second fl uid.
10 15 second fluid meniscus is capable of executing one of an etching operation, a cleaning

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

5  operation.

23. A method for processing a substrate as recited in claim 20, wherein the

third fluid decreases a surface tension of the second fluid.

10

15




