1 Proximty Meniscus Manifold BACKGROUND OF THE | NVENTION 1. Field of the

I nvention 5 [0001] The present invention relates to sem conductor wafer
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 cleaning cost. 2. Description
of the Related Art 10 [0002] In the sed conductor chip fabrication process,
it is well-known that there is a need to process a wafer using operations
such as etching, clegyi <dr yi.ng, . at i ln: of these types of
operations, |iquids ?5&&%@&#}5’3 M%fsémm%ﬁdﬁﬂﬂemved fluids for
the etching, cleaning, drying, and plating processes. [0003] For exanple,
waf er cl eaning nay have to be conducted where a fabrication 15 operation
has been perfornmed that | guegcrovNTD &F TEs ISvesT9ONt he surfaces of wafers.
Exanpl-es of such a fabric&tion operation 1nclude plasma etching (e.g.,
tungsten gt b VeEB).) and chem cal nechanical polishing (CW). In CWP,
a waf er ig'gﬁggéﬁgﬁ%ﬂngnké?der whi ch pushes a wafer surface against a

novi ngspaqeodiipitheEeidng iRadtibs aslats B WiYontliboh waas hilcsssfy sMemhenl s and
abrasive materials to cause the polishing. 20 Unfortunately, this process
‘tends to Ipedigelagly, tecapatateses end tcheiluesr fpr prore efficéantlamgplyimgsindusmonmgt he

waf er surface..|f left on the.wafer,. the unwanted residual terial and

par i cl es Y A Srer soblaersdrTeising e aupatotend dereanig il glmgn t ne
waf er surfcgege and inappropriate interactions between netallization
features. In sone cases, such defects may cause devices on the wafer to
becone inQPQ&%PHEﬁoﬁB Pﬁﬁ%&a&afﬁ%Oid the 25 undue costs of discarding

waf ers having In perag e devices, it is therefore necessary to clean the
waf er 18deq0@n2} |y thyetemitdnducentchip Gbtiestiohafbtaat it dnweddmatvinahst thb@tis lacave
unwant ed resi dues. [000%] After a wafer has been wet cleaned, the wafer

nust be dﬁ’ie@ijtoeﬁ’fpé?,sﬁ PG IS PREEAHORS SUgh & ctelping | cdesningg g, and alsHast s from

| eavi ng rggi.04E5r Bhelt f . he. ' |, i t r
surface is g?‘fhome teo vs\gggﬁértag{)ﬁséglaﬁlg U g% t§l/{) ﬁ%@p%ﬁé \%ﬁlg%d%d el
fluids for the etching, cleaning, drying, and plating processes.

[0003] For example, wafer cleaning may have to be conducted where a fabrication
15  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 moving pad. This moving pad uses a
slurry which consists of chemicals and abrasive materials to cause the polishing.
20 Unfortunately, this process tends to leave an accumulation of slurry particles and
residues at the wafer surface. If left on the wafer, the unwanted residual material and
particles may cause, among other things, defects such as scratches on the wafer surface
and Inappropriate interactions between metallization features. In some cases, such
defects may cause devices on the wafer to become inoperable. In order to avoid the
25  undue costs of discarding wafers having inoperable devices, it is therefore necessary to
clean the wafer adequately yet efficiently after fabrication operations that leave
unwanted residues.
[0004] After a wafer has been wet cleaned, the wafer must be dried effectively to
prevent water or cleaning fluid remnants from leaving residues on the wafer. If the

30 cleaning fluid on the wafer surface is allowed to evaporate, as usually happens when




2 droplets form residues or contam nants previously dissolved in the
‘cleaning fluid will remain on the wafer surface after evaporation (e.g.,
and form spots). To prevent evaporation fromtaking place, the cleaning
fluid nust be renoved as quickly as possible without the formation of
droplets on the wafer surface. In an attenpt to 5 acconplish this, one of
several different drying techniques aré& enployed such as spin drying, |PA
or Marangoni drying. Al of these drying techniques utilize some formof a

movi ng | i qubslégdsmi, ntaahacs @ntatnin@hepresivublgcsseliie in the cledrdpefihi will
mai ntai ned, results in_drying of a wafer surface without the formation of
dropl et s. TEmMAr pluthe svafer sirfachaltepsyapgatiang(d-g/ ged e sppiabe Tr Eentdown,
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form and evaporation occurs-‘res nant € Hei ng oft t he

waf er sur fraggble WhdmSthe FoaNRIRNS BlopldRd oh @BORI&testieel  ThogattdmptSRi N
rinse drying (SRD). [0005] Figure 1 illustrates novenent of cleaning fluids

on a waf eraca@npiishi thig, e SROeverel difrost dodrastechmqydsiase emploped prebressin a wet

wafer is rgf. a hi gh _rate by, tign. 1 4. In SRD, by_use of
centrifuga ? é’relg‘é Enf %Iear%l%%lr&ypgblﬂgﬁittﬁ e%mv%%ﬁégﬂuﬁs&tfﬁzgﬁ?{ngEoérr\/\?éf%e_r is
pul I ed frandtiheligeiatoas iérfidenied gfer g fAcB ey HIH, $f slepaiy bRitaedde Fesafidinf | nal I'y
off of the wafer as shown by fluid directional arrows 16. As the cl eaning

fluid is BBYiRg Put veder srfacefwitheat et &rmatiomwfi digplbisquldfagaisatehy of flece 12
is create t. the center. of .the fer, and noves to the outside qof .the

waf er (i eqr,lg‘flﬁ% @ﬂ?@%@s p?lge&ﬁg%dbr\l%@(st hdé)“ﬁlovf‘%gofelnq AP gas “ﬁ%‘ iag]t é&f glf"e 12
gets lar gefdredentidiRd diryindOmReas SeropleRIfRES 88d evihdrtforL¥adiRd Se@ftingl gure 1,
the inside area of the circle formed by the noving liquid/gas interface 12

is free froopfantipats bangledrmn thhevatuseifahe. dheanwt prevelent drging téabnined ubnd t he
novi ng qugééj/igas interface éi) is the cleaning fluid. Therefore, as the
drying pro e9’s g%ﬂﬂnﬁ%grg,mgt@ Qeoti on inside (the dry area) of the noving

l'i qui d/ gageoos)arifaeq ilidstrA6d £B8F&RMIfIcRahAB BIGRK hREaYRT0 BiSR) arSRPUT Si de
of the noving liquid/gas interface 12 decreases. As stated previously, if
the novi nyihg guicdéyakn thistdying peockss, Brestkealdosmotatidapladtigh ofte bheotatieani ng

the drdpl o', 1MASER R of Pt RnaRte s P Yt TG Hat FoAean s he
subsequenty4aRQuatd #omitBe bl @ dnd RatePRPne SORIRTrMAN fePhid Sfail,gr yBf er
surface. Unfortunately, the present drying nethods are

the wafer as shown by fluid directional arrows 16. As the cleaning fluid is being pulled

off of the wafer, a moving liquid/gas interface 12 is created at the center of the wafer

and moves to the outside of the wafer (i.c., the circle produced by the moving liquid/gas

20 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 cleaning 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 area)

25  outside of the moving liquid/gas interface 12 decreases. As stated previously, if the
moving liquid/gas interface 12 breaks down, droplets of the cleaning 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 evaporation be limited to keep

contaminants off of the wafer surface. Unfortunately, the present drying methods are

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




30 only partially successful at the prevention of noving liquid interface
breakdown. 3 [0006] In addition, the SRD process has difficulties with
drying wafer surfaces that are hydrophobic. Hydrophobic wafer surfaces can
be difficult to dry because such surfaces repel water and water based
(aqueous) cleaning solutions. Therefore, as the drying process continues
and the cleaning fluid is pulled away ﬁronlthe waf er surface, the 5

remai ning cleaning fluid (if agueous based) will be repelled by the wafer

surface. A80(®] In additibn, thétGREpr@OEsS has @dftuiges Widh drymd wWafsasirficBe thaeast
anount of area to be in contact wth the hydrophobic wafer surface.

Addi ti onalhw9r0pbw§c AR ST YT iaess ven bR dtféﬁldg to férb'ubﬁ@a% sychsrfpcess g
resu! t Of v@aﬁ& L&n al%p bgljse% aq?%ou@)n %r Op% gfung}?é e% 2 ont.'ygsr s d&yﬁlé

bondi ng) . refore, because o MCCT it eract16ns an

surface t @nsdeg codthubabhd tl(s)éleﬂﬁﬂgﬂfﬁlﬁ(ﬁ Js plillciduesusonl e@nvalr khrtfdcd, fier ms in
an uncontrol |l ed manner on the hydrophobic wafer surface. This formation of
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is the srmzht}emb hyGnseisi enifdrsurfatd. hau@hoﬁahfy &Btaq@éagaﬁéam S@)ﬁlﬁﬁﬁrttﬂhdé t he
nost 15 common way of wafer drying, this method can have difficulties
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in other wa r OCEssi fig opera o

plating, thaBs oradepRlsy@f REHdIue Mheatinhdl rbyhd 6 srhanédnubcléd b@nhBeonafeer and
removing 20 fluids fromthe wafer in an efficient manner that decreases
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manuf act urdrepjets sethicsardedt Gronsrauentdy, astummlve SJRDmacerSWENmnﬂy[t@@m@]st
Br oad| 1% S%%%o%gw;qtf QF wp fe?sdrymg, tﬂféerﬂéthg can ilave (.{IREGUEIGS Te ucmgy fopmgt\lldndtl)fn g a

cleaning fluid droplets on the wafer surface especially when used on hydrophobic wafer

surfaces.

[0007] Additionally, in other wafar processing operations such as cleaning, etching, and

plating, there are also problems with applying the fluids to the wafer and removing
20 fluds from the wafer in an efficient manner that decreases contamination and increases

wafer yield.

[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
25 reduce the yield of acceptable wafers and increase the cost of manufacturing

sermiconductor wafers.

SUMMARY OF THE INVENTION

[0009] Broadly speaking, the present invention fills these needs by providing a
substrat_e processing (e.g., drying, cleaning, etching, plating, etc.) apparatus that is

30 capable of managing fluids on wafer surfaces while at the same time reducing wafer




substrate processing (e.g., drying, cleaning, etching, plating, etc.)
apparatus that is 30 capable of managing fluids on wafer surfaces while at
the sane tinme reducing wafer 4 contam nation. It should be appreciated that
the present invention can be inplenented in nunmerous ways, including as a
process, an apparatus, a system a device or a nethod. Several inventive
embodi ments of the present invention afe described bel ow. [0010] In one
enbodi ment, an apparatus for processing a substrate is provided which 5

i ncl udes aoftamsiatioAnilf thodldmdappecciaedtiaeth@tpeesant ihwrdioneah He uspemeated
substrate surface. The apparatus also includes a second nmanifold npdule to
connect Wik RURREUS MAES INGRHNS Y APIAGERTH & AaTaiitss 8 SYeo &VareorTd Rethodrani f ol d

modul o | M EhOReeRNR L& SR pRLBTL AN S Ht igaRLopaRREr At e Lho fl Ui d

meni scus. n another e Or processing a substrate

usi ng a fi[o6Lo] 11 @neembbaintbriDaUiApparing Br pesenthdBrRilahet Rotliged shizhovi ded.
The method includes positioning the first nodul e over a substrate surface
to be procedudey Rhrst exmreld madulete gesaewnd fhsoubeisels athe sibsigte sB@As-e. The

o h0d 2l Sthcl QLIRS AR IRALIS SEEONdrariBUN S50 LISORRES R Sk I

cl ose proxim e su rate surface a Meni scus

with the mdmsfoldmedhle andelke ¢ ievé iHeSirstmasifed hiddsMRMol Bske Wrdtimity b the 15
fromthe second nodul e. The nethod further includes applying the fluid

meni scus tBbstiafResusiapstorgeneratothe duid menigaisf orm a waf er processi ng operation.

[0012] In t of her enhodi nent, an.apparatus f.or pr ssing a sybstrate
o pr ovi adiER e SRS R o BRRRAT 50 Fisth o ITRE A%REdEE ng
face wot h ndanfifold tnod@RAAHA a s6afli bt RAd o RIRPlYprdvided StTH Mieholl Gndudddbst rat e
surface, a second conduit for applying a 20 second fluid to the substrate

surface, aqdltigningithaificsbmgdile over a pewtigiersyriadetofiepsecepiediand annectingtheecond

fluid fro trat rface whe th | yi.n nd the renovin
generatin g e(éo I %IH %ﬁﬁetﬂi @8 ?grStoﬁloﬁﬁlg : s{liﬁes P?egl?oglp Ellﬁ¥ f"é‘&i&ﬁ'ﬂ@% ptgf’ ef‘?ffgl%al o)
i ncl udes anod@s e the TREY thedidle HOH W SRe %%ﬁﬁjt?%f:ﬂe%bﬁﬁbté SurflRY @nd Bendrating!
mani fol d nodul e into cl ose roximty to the substrate surface and to

del i ver t Weflyifmaenisqusivittathe fimemedelorhere dhedfitsb np@utehie sippléd wishidlugdsand t o
LTS3 bl Bl R S i BTSSR Rhe 1
i nventi on (R QibBIAYE k@kRee 1/B&HoriPd FAFY prdcB&Ring operation.
[0012] In yet another embodiment, an apparatus for processing a substrate is provided
which includes a first manifold module having a processing face with a first conduit
configured to apply a first fluid to a substrate surface, a second conduit for applying a
20 second fluid to the substrate surface, and a third conduit for removing the first fluid and
the second fluid from the substrate surface where the applying and the removing
generating a fluid meniscus on the substrate surface. The apparatus also includes a
second manifold module being configured to move the first manifold module into close
proximity to the substrate surface and to deliver the first fluid and the second fluid to
25  the first module and to remove the first fluid and the second fluid that has been applied
to the substrate from the first module.
[0013] The advantages of the present invention are numerous. Most notably, the
apparatuses and methods described herein efficiently process (clean, dry, etch, plate,
and other suitable type of wafer processing that involves optimal management of fluid
30 application and/or removal from the wafer) semiconductor wafer while reducing

unwanted fluids and contaminants remaining on a wafer surface. Consequently, wafer




appar atuses and net hods descri bed herein efficiently process (clean, dry,
etch, plate, and other suitable type of wafer processing that involves
opti mal managenent of fluid 30 application and/or renoval fromthe wafer)
sem conductor wafer while reducing unwanted fluids and contam nants

remai ning on a wafer surface. Consequently, wafer 5 processing and
production may be increased and hi gher Swafer yields may be achieved due to
ef ficient wafer processing. [0014] The present invention enables the

i nproved promesag agd phrdoudén hiag bedacrodsed \wad highef Wwdied vieddomal be ncldengdunct i on
W th proceiéi ng@f luid i nput that may be applied 5 through usage of a

proxi m ty NP s WAl BreFes®ich i s configurable in any one of numerous
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at the wafer surface with a  significant reduction in remaining
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gener at i orpresfirea genaitidthonea flutdniloval tie waref ageicatbysib staahbidnyd fheesame
time. It should be appreciated that although IPA'is utilized in the

exenpl ary BAYSAPRHEAY appligaem and/os yiemanple of yigad oft thepvriaresprisee wwith izzed
h f Qe | i1 : itable 15 al cohol . '
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wat er .10l t tsdtoidis bén ap@ities) et edeschidinvaitionSiky ablige apptiehtdn YRR IsopRpyl
contain an){ suitabl e types of alcohols. It should be appreciated that the
any sui t abiehob{IBihyrpe and peocgsijngs tinid dpvards a mader-svafeesialone with gensiptidn a
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~enabl es optinal application and/or renoval of fluids fromthe wafer
surface wisHale tyraof rgpeomasicnaiitized snhl asefor sxamplye mitregendalpy svitgble  of
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with the destibRdwithl wienutll ehod®bEi HyradtatNehal @hy suitable alcohol vapor may
contain any suitable types of alcohols. It should be appreciated that the any suitable
alcohol can be any suitable carbon-based chemical with a hydroxy group attached to a
saturated carbon atom. This enables both the generation and intelligent control of a
20 meniscus and the reduction of fluid surface tension along a processing fluid interface
and therefore enables optimal application and/or removal of fluids from the wafer
surface without leaving contaminants. The meniscus generated by input of IPA,
processing fluid and output of fluids may be moved along the surface of the wafer to
process the wafer.
25 [0015} One or more primary manifolds with the desired inlet/outlet configurations for
generating the corresponding fluid meniscus may be utilized on a manifold carrier.
Depending on the wafer operations desired, a certain primary manifold may be moved
by the wafer carrier into a place near the wafer location to be processed. If a different
wafer operation is desired, another primary manifold that is designed for the different
30 wafer operation may be moved into place for wafer processing by the wafer carrier.

Consequently, depending on the wafer operation desired, a particular primary manifold



generating the corresponding fluid neniscus may be utilized on a manifold
carrier. Depending on the wafer operations desired, a certain primry
mani fold nmay be noved by the wafer carrier into a place near the wafer

| ocation to be processed. If a different wafer operation is desired,
another primary manifold that is designed for the different 30 wafer
operation may be nmoved into place for Wafer processing by the wafer
carrier. Consequently, depending on the wafer operation desired, a

parti cul arthgrchmaencrataniphaicdlabrichBtuscanfigangsingy de paved aid alacertmivadars
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operation e | wEferent t s of .Fluid,meni scus. This has
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20 [0017] The present invention wll be readily understood by the follow ng
detail ed veHeCeaBamMBAtion trowghuprtimanflyidtapptipasioacandmsamoyrhman radeni tedece To
facilijtat j iption, like reference nunerals designate |ike
strucgéraﬁN% é%%% sﬁ&Fﬁbl8] Figure 1 illustrates novenent of cleaning

fluids on [e0v@fGhedidpettd AR REhiages of the present invention will become apparent
from the following detailed description, taken in conjunction with the accompanying

drawings, illustrating by way of example the principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

20 [0017] The present invention will be readily understood by the following detailed
description in conjunction with the accompanying drawings. To facilitate this
description, like reference numerals designate like structural elements.

[0018] Figure 1 illustrates movement of cleaning fluids on a wafer during an SRD
drying process.

25  [0019] Figure 2 illustrates a wafer processing system in accordance with one
embodiment of the present invention.

[0020] Figure 3 shows the wafer processing system with the manifold carrier that has a

secondary manifold that has coupled to a primary manifold in accordance with one

embodiment of the present invention.




drying process. 25 [0019] Figure 2 illustrates a wafer processing systemin
accordance with one enbodi nent of the present invention. [0020] Figure 3
shows the wafer processing systemwith the manifold carrier that has a
secondary mani fold that has coupled to a primary manifold in accordance

wi th one enbodinent of the present invention. 7 [00211 Figure 4
illustrates a side view of the wafer prlocessing systemin accordance wth
one enbodi nent of the present invention. [00221 Figure 5 illustrates a side
vi ew of a [08Z1¢Figureclelmsinges ¥ sidenvielesfetht hexfersgocsdiap \systami ihadcdoridance
positioned qQver the primary manifold in accordance with one 5 enbodi nent

of the prd48hens sRadimen of thropesentingentons shows t he waf er processing system
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accor danc the presen Figure 7

i |1 ustr at escdoderyvabeifolprio pesisiongl systRenprheie niddoretoadardancanithadmd 10 has
further noved the primary manifold closer to the wafer in accordance with
one erbodPHeAtMR of the paesssldpYentigvent i on. [00251 Figure 8A depicts the
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mani f ol d e proxim 0 I'n"acco

enbodi nentcodfiectdiewiti gRetmdrPwRAifbENn addrd 202 6lithfing Whdo8Bndnk bigkhadses a
waf er processing system where dual sides of the wafer nay be processed in

accor dancel'VfitfAl.one enbodi ment of the present invention. [00271 Figure 9

shows a pry : if d.a secondary. mani fol d in_accordance w one
enbodi ment[b{i)?i] ?ﬁ%ﬁ g r%@ggtf Eﬁ‘lgsn%lg nt aﬁgrnp mfﬁé’?ﬁ]syﬁ’@u‘%&ﬂié}lﬁ fﬁc%‘f%fr@?féﬂ

mul tigbe vt durtipr OAERAI MY [iSdre hinifofT eREERCHe Wittr BN Sccorngdrhadi smnt  of
the present invention. [00291 Figure | | shows a wafer processing systemin

accor dancemtiodinayi ef tetsesicnignvention. t he present invention. [00301 Figure 12A
I 1Tustrat 9[602’35]@’1 Xr'e @& ﬁepqgtgqhg Wa e?rp%cr]e sil?g \Q?sftéanl:l Wiee Sessi:erc]:gné) erm%%jfgfgi
has moved the primary manifold into close proximity of the wafer in accordance with
one embodiment of the present invention.
15 [0026] Figure 8B illustrates a wafer processing system where dual sides of the wafer
may be processed in accordance with one embodiment of the present invention.
[0027] Figure 9 shows a primary manifold and a secondary manifold in accordance with
one embodmment of the present invention.
[0028] Figure 10 illustrates a multiple wafer processing system in accordance with one
20 embodiment of the present invention.
[0029] Figure 11 shows a wafer processing system in accordance with one embodiment
of the present invention.
- [0030] Figure 12A illustrates a proximity head performing a wafer processing operation
in accordance with one embodiment of the present invention.
25 [0031] Figure 12B shows a top view of a portion of a proximity head in accordance
with one embodiment of the present invention.
[0032] Figure 12C illustrates an inlets/outlets pattern of a proximity head in accordance
with one embodiment of the present invention.
[0033] Figure 12D illustrates another inlets/outlets pattern of a proximity head in
30 accordance with one embodiment of the present invention. |

[0034] Figure 12E illustrates a further inlets/outlets pattern of a proximity head in




in accordance with one enbodi nent of the present invention. 25 [00311
Figure 12B shows a top view of a portion of a proximty head in accordance
W th one enbodi nent of the present invention. [00321 Figure 12C illustrates
an inlets/outlets pattern of a proximty head in accordance wth one
enbodi ment of the present invention. [00331 Figure 12D illustrates another
inlets/outlets pattern of a proximty Bead in 30 accordance w th one
enbodi ment of the present invention. [00341 Figure 12E illustrates a
further i nbefrddmuiligtsepaibodinten®bf theprasntihtentibead i n 8 accordance with one
enbodi nent of the present invention. DETAI LED DESCRI PTI ON [ 0035] An

i nvention for nethods and apparatuses for processing a substrate is 5

di sclosed. In the follow ng d i.ptl nUer specific details are set
forth in order to provide a t“ufgjth@ﬁﬁﬁ.JJQﬁiﬁng of the present

i nvention. (] UNder.s e._of i na LIy in the
art, that[?%%ﬂg%tég%%n?ﬁvgﬁt%%ﬁgﬁ%y 2@%§%%y¥%e§9 %ﬁ?ﬁ%ﬁ% goﬁésﬁéga#l of

t hese $pediidcicsed elraihk olldwingtdesdriptiost rameesys spetific R apy ¢ 65t inaRédrat i ons
have not been descrjbed in detail in_order not to unnecessarily obscure the
10 pr esent® PRMaHR 7 Sheropgprdersigndies phihe praseahinveations I‘b‘ééhb@é@éﬁﬁﬁt@% in
ternms of I i Lt W reci . hat those
Ski 11 ed i oy ety O SF ey APRELITS Sroy bl oy IFL MR i5) B¢ BRAAAR. i g
the draw ngthoot kdme eakllz thesei spusifialderflat TRwsher iddidictd, angl kidriptoatdsons and
equi valents thereof. It is therefore intended that the present 15 invention
i ncl udes &PFradppmbayietnot heen Aescriberhin deis In prleretilo; wmscesgardy egsAvsathent s as
fall 1ﬁjt3&%e&nﬁv&ﬁ%ﬁ_$pirit and scope of the invention. [0037] The figures
bel ow i | | istrate énbodi ments of an exenpl ary wafer processing system using
primary arjo03 cuhidartiismiivichBdm shas Ob&dny dsdekibablia YWainer oPI@¢&S8HS ipddicraBREr at i on
requiring any suitable neniscus configuration may be utilized. It should be
20 appr ecicHbedineniy, it rvellshes eepresiated xtbapthars skillad inrthe aahypon meadingutheabl e

f | jan. L h .d_enabl e £ the. prinary. and/
socondar y PEamrg) bR L S Bof 1R e RET e ety B TRfAfeBEa. 1 n

t he enbodiat@ifibas, poaidtati¢hirand @q@valents thereof. Tt is therefore intended that the present

15 invention includes all such alterations, additions, permutations, and equivalents as fall
within the true spirit and scope of the invention.
[0037] The figures below illustrate embodiments of an exemplary wafer processing
system using primary and secondary manifolds so any suitable wafer processing
operation requiring any suitable meniscus configuration may be utilized. It should be

20  appreciated that the system is exemplary, and that any other suitable types of
configuration that would enable movement of the primary and/or secondary manifold
into close proximity to the wafer may be utilized. In the embodiments shown, during a
wafer processing operation, the primary manifold and the secondary manifold may
move a fluid meniscus in a linear fashion from a center portion of the wafer to the edge

25  of the wafer.
[0038] It should be appreciated that other embodiments may be utilized where the -
primary and secondary manifolds move the fluid meniscus 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

30 motion, in a spiral motion, in a zig-zag motion, random motion, etc. In other




waf er processing operation, the primary manifold and the secondary manifold
may nove a fluid neniscus in a linear fashion froma center portion of the
wafer to the edge 25 of the wafer. [0038] It should be appreciated that

ot her enbodi nents may be utilized where the primry and secondary

mani f ol ds nove the fluid nmeniscus in a linear fashion fromone edge of the
wafer to another diametrically opposité@ edge of the wafer, or other non-

| i near novenents may be utilized such as, for exanple, in a radial notion,
in a circundnd3iemythowafarmay ispinoatd amt iwmarifolds maybe &gptnovdtionary. rlandom
notion, etc., In other 9 enbodi nents, the wafer r_na){ be mpved, and t he

mani f ol ds YFh{noseer gmpedigrent thnprigpary 4ad sgeqndarygnaaioldsasorrlhasrbe WefE Wi mar y
and SeCO“@%rﬁ{%JQartH%%g&ﬁteacﬁe WRlEmas dfe Y}?ifd%exﬁ?c s o%6r m\éfeg shREBEfRt € the
novenent of the f meni SCus over a warer surtace for e wafer

pr ocessi ngvafdinpronesingn Tiky nekisn rey alsy b8 Uintyadaltebls ppedified chotphimofilerafi |l e as
5 desired py a user. In addition, in one_enbodi nent, the wafer may b

rotated arf§HHedy pres nﬁnt%ﬂ_dﬁ@d I8 gmpedigiens, fecarafea sravobe %?f?%én Fh@i imty
head may FHIQ)& ﬁéald mBOLd i Sliﬁ’éartfla%lit‘}f]\@fsg Mthe {ng)‘?iﬁ']l IFe %.dg'fa 'E?—Bcesg Qﬁ
e Y be-uti 0

proxi mty ‘processing system descri be rein i ze process
any shape panibrsiof ¢heofafstibstrat es such as for exanple, 200 mm wafers, 300 mm
10 wafers, flat panels, etc. The wafer processing system ma;i)ﬁbe utilized

t

for proced@¥i rrddiian.dhe geydndy Rypceyngrostewricseiediticrin sraytgatitigetom | n

addi tion, My L r.ei n._m confi gur in_an
sui t abl e %%ﬁﬁ@ﬁh\%@?Q%@%ﬁgs&dﬁs{rgﬁsﬁg%ﬁo Satple 20 SER Y o dmf Y
NMeNni sd0s  cedferoeflappds,tote Bidwiley BbcéRing.systamtfay 18 dtiled @ pro@esias hea

wafer) with a proximty head. 15 [00401 Figure 2 illustrates a wafer
pr ocessi ngvaf§is{epsnding onrihe cenfigvaaiioa ofi the syen. dmpdditipprhe proximély peadsent

i nvention. k. | e . ocessi ng syste 1Q0 i | udes a
mani f ol d C“&'}@%‘ﬁ?%@?%%ﬁ“ﬁ@%@&a‘é@ gl{‘baﬁen%‘% ShohrRs ‘E&’ e 9% L0 be
appr eci at ggaté hiaf whise BBIAIIIhehiSRE che be SafpoiRY aRa\eovci e e GaRaR, ldft ¥f afd

housi ng any suitabl e nunber and/or types of primary manifolds 106. In
addi ti on, ackass pdisfEbvih apredmitydeadmy be configured to position any
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embodiment of the present invention. In one embodiment, the wafer processing system
100 includes a manifold carrier 104 which may house a primary manifold 106. It
should be appreciated that the manifold carrier 104 may have the capability of housing
any suitable number and/or types of primary manifolds 106. In addition, the manifold

20 carrier may be configured to position any suitable one of the primary manifolds
underncath a secondary manifold 102 (or over the secondary manifold 102 when an
underside of the wafer is being processed).
[0041] The primary manifold 106 may be configured to receive a first fluid and a
second fluid to apply to a wafer 108 and to output the first fluid and the second fluid

25 that has been applied to the wafer 108. The primary manifold 106 may be configured to
have inlets and outlets configured to be capable of generating a fluid meniscus. Tt
should be appreciated that the fluid meniscus may be generated in any suitable fashion
as described herein. The primary manifold 106 may have any suitable configuration

that can generate the fluid meniscus such as the configurations of proximity heads

30 referenced herein. It should also be understood that the fluid meniscus may be




undersi de of the wafer is being processed). 10041] The primary manifold 106
may be configured to receive a first fluid and a second fluid to apply to
a wafer 108 and to output the first fluid and the second fluid 25 that has
been applied to the wafer 108. The primary manifold 106 may be configured
to have inlets and outlets configured to be capable of generating a fluid
meni scus. It should be appreciated thd® the fluid nmeniscus may be
generated in any suitable fashion as described herein. The primry

mani f ol d X06figyd hevy saitybls dishainl depemtidg guthattypeof vdfat proeassige nperatienst he
fluid nmeni scus, such as the confjgurations of proximty heads 30 referenced
her ei n. Itdségﬁ‘?ﬁltﬂ a4t 4 pEmR 8@%%“80&6%= d{}ﬁlég,@p@.pgltlﬁgni scus may be 10

conf i gur ectobc{hé%%né léh{b%gin‘?enftﬂglé"n?ﬁﬁﬂﬁ?@é}ﬂwﬁ)@ﬂlﬁg%%ytpg PinaRhBhifold
processi ng opérations esired such as, for exanple, e cﬁlng, cl'eani ng,

dryi ng, ando6pivat thagvaf¢rO083henrthonafeebddk wertprodebedmianiaflditidn caparii@iar104 may

nove the primary nma 1 old, 106 over the wafer_108 when the wafer 108 is to
be procesd&Fary pn PIgH haxe BB apuIPesen  ForedXamplt s PATHCHE PHAYY a
parti cul ar, DEKFROSE BOL t P i y. he
confi gur eéntoogene;yate 2 Heni s@uga%eﬁ%% dc %gﬁéustﬂ%mwg o ngggegc}%aaﬁ@t her
pri mary manbthet grimaryt menifeldwnnthaishok dngidold edrrisvnay @oRdrak e Mchifisshats t hat
dries the wafer 108. In yet another enbodi nent, the wafer carrier may have

further pFiesdhs WatehilO8) de yoh grothprembedimgul & wafep cawes maynkavgaieher108 in

ot her types; af ng I tch, . plate,. etc.. Wen
the pri m%?ngﬁ%%g%ﬁ%?%og{a?g? © %om @%dné%%%%cgﬁgﬁe%e?eﬁglﬁgoﬁlgf tgmtrsedgfi on of
t he wdfer opB@liobaichi B, f@ denpieeads pthte, tdhe VERAONE @hiynainianbRl 18R2ismay

nove down onto apd attach itself to a totp portion of the primary manifold

106. Then POREORELOYH s Walkhil $o(a arogion gh thsuxafer HIB) shat smtoybe nraedssash the106

down into %%,% (R 1 e 8 that |.s te.he 15
processed.sg%oglg ] %kﬁéﬁéﬁa@%@@?ﬁg%%ﬁiafttd%ﬁ%:eell%&)l %&Opl}boﬁl?%oggﬁfi gur ed
to enabl e prinearprardford 106N fokedl thGetendas, MamMEE1ddoom daft puskl Bepfa@dyi Mty
to the wafer 108 by having an opening through which the primary manifold
106 nmay bd"POEd0¢ Hpyaghio flosepmximIthdo aagypiaes Phtksd wafratl O rthataisyto heni f ol d
106 and the manifold carrier 104 may be configured 20 in any suitable
fashion that enables the manifold carrier 104 to nove the primary

[0043] In one embodiment, the manifold carrier 104 is configured to enable the primary

manifold 106 to be moved down into close proximity to the wafer 108 by having an
opening through which the primary manifold 106 may be pushed through. It should be
appreciated that primary manifold 106 and the manifold carrier 104 may be configured
20 in any suitable fashion that enables the manifold carrier 104 to move the primary
manifold 106 into position to process the wafer 108. In one embodiment, the manifold
carrier 104 may be configured to move the primary manifold 106 over the wafer 108. In
another embodiment, the manifold carrier 104 may be configured to move the primary
manifold 106 under the wafer 108. In yet another embodiment, there may be manifold
25  carriers 104 over and below the wafer 108 so multiple surfaces of the wafer 108 may be
processed at substantially the same time.
[0044] [n an exemplary wafer processing operation, the manifold carrier may be
configured to move a primary manifold 106, which may be a cleaning manifold, near a
region of the wafer 108 to be cleaned. Then the secondary manifold 102 may move
30 down onto the primary manifold 106 and push the primary manifold 106 down through

the manifold carrier 104 into close proximity to the surface of the wafer 108. Once in




mani fold 106 into position to process the wafer 108. |In one enbodi nent, the
mani fold carrier 104 may be configured to nove the primary nmanifold 106
over the wafer 108. In another enbodinent, the manifold carrier 104 nay be
configured to nove the primary manifold 106 under the wafer 108. In yet
anot her enbodi nent, there may be manifold 25 carriers 104 over and bel ow
the wafer 108 so multiple surfaces of the wafer 108 may be processed at
substantially the same tine. [0044] In an exenplary wafer processing

oper at i on cldsheroxamity o thecarfaéee thermyorbiary manifoldun? chadyanponacfirat fouid nmad g

mani fol d 106, %h rraé‘%c?e fi\ cl eaning, mani fold, near a._ region of the wafer
108 to be Sg§o84 S Releaamsrpstondnior Ge vy Wlf%‘v oThswieont o

the pri maryimankfoida 198 r@aﬁﬂangfﬁge 08 R5d SR tHe E&B% gl thRe Q&i(‘)ﬂ?e %ﬁ(h@”gh

the manif carrier 104 1nt se proximty to e surface e waf er
108. Once watlerlD8ckinde syirstxtiatly yt the shire tiww fmpdeng tvhause aothdasylacmof fhel d 102
may i nput a _first quidgn second fluid specific for, cleaning operation
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waf er 108 ntamifokhdde The skéongdbryf humitbland2they geaaadold tcdfirsT flaid aothed first

fluid and the egond fluid my be outputted fromthe primary manifold 106
to the seé%??&ér@“‘ Y f oingthisoBishippeass dessribed Yersmitho led oeniseys WaEder enove

the first Eﬁe%l‘%lt‘édgﬂ%ets}ﬁ?facé%%g&gé{h‘éiwgaf&‘.’"ay' In this fashion, as described
ul y be

herein, the nenl scus generated on the surface to process the

waf er 1010 [(®34 SincOnthe whier wabeskssing aee Sbdengadtampligien, ake an@liicabeday thae
meni scus nmay be renoved gg%stoppi_ng t he a%ppl ication of the first and the
second f | GFHVeATHINSPPRING B gRRleyioned the fust1@® theyscaovd fujslsanBharhiepr i mary

ifold i i f 2. | :
embod ment - PR S Rt el o 368 MO TR b2y #PUT R RE o 1
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position as it occupied before the begi nning of the wafer processing
oper at i on disPAgAggafiPiothe PEmeare mafoldelpot lewingothe pripeinarapfnkhilfolid 106"
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t he secongescgssimnofepdtibnl Qe manifold carrier 104 may then move a primary manifold 106'
designed for drying to a location over the wafer 108 that has just been cleaned. After
the primary manifold 106" is located over the wafer 108, the secondary manifold 106
can move down onto a top portion of the primary manifold 106'. Then the secondary
20 manifold 106 can move the primary manifold 106' so a processing surface of the
primary manifold 106' can move into close proximity with the surface of the wafer 108.
After the primary manifold 106' has been moved into close proximity to the wafer 108,
the secondary manifold 102 may start inputiing a first fluid and a second fluid specific
for drying to the primary manifold 106'. The primary manifold 106' may then apply the
25  first fluid and the second fluid to the surface of the wafer 108 while at the same time
applying a vacuum to the wafer 108 to generate a fluid meniscus as described herein.
[0046] 1t should be appreciated that the first fluid may be any suitable fluid that may
enhance the desired processing of the wafer 108. In an exemplary drying operation, the
first fluid may be, for example, deionized water (DIW), DIW and a surfactant, etc. In
30 an exemplary cleaning operation, the first fluid may be, for example, SC-1, SC-2,
Ammonium Hydroxide (NH4OH), Tetramethylammonium Hydroxide (TMAH), etc.




can nove down onto a top portion of the primary manifold 106'. Then the
secondary 20 manifold 106 can nove the primary manifold 106" so a
processing surface of the primary manifold 106' can nove into close
proximty with the surface of the wafer 108. After the prinmary manifold
106" has been noved into close proximty to the wafer 108, the secondary
mani fold 102 may start inputting a fir§¥ fluid and a second fluid specific
for drying to the primary manifold 106'. The primary manifold 106" nay then
appl y the I25unf exemiplényuétching dbpehagos.ethenfirst [fluid May bd)efos wxbaple, ¢iF, t BEKwaf er

108 while at the sang ti appl ying a vacyumto the fer 108 to generate
a fluid mARPRIERY § “H%ﬁ%&&-ﬁ@ra@ie empla @P&qpegartﬂaﬂr@e%és’fgﬂw@é}’ ed that
the first g diagh B LEIAKY AU AR, %ufd:ﬁibllqdé Rat I{@%uldeﬂmﬁl(feﬁ?%(ﬂgﬁét][ ff‘st

processing of the wafer 108.° In an exenplary drying operation,
fluid may the sedond Bwidnmpbe,bedaiyoniizbit fiatde sudhDhA)Y for [Biiihated IRA/MNZ; NaCtaant

etc. In 30 an exerrplaryﬂfrb ing _operatian, the first fluid may be, for
exanpl g Geeofropgmyxiurey mﬁﬁ‘ IXitiE Nngats) sasTetcr S P ‘&ﬁﬁ%ﬁn#‘ﬁm
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fluid may be, for exanple proprietary sol ution, c. I'n an
exenpl ary vfatsungcoperation, the first fluid may be, for exanple, Cu

Sul f at e, Ag %El(gaate’ A CHI oride, etc. It should also be understood that
the secondd4/diCPrseapenidy, afspcadingapp cthe| dpids swdlieds difierentoimepl & Maforn, N2,
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the fluids utilized, different types of wafer processing operation may be
conduct ed.“PFRUSRHIIEY B condupler by ile dRfctanbpawaty murildsom &f manifoldeartien et s
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[0048] Figure 3 shows the wafer processing system 100 with the manifold carrier 104
that has a secondary manifold 102 that has coupled to a primary manifold 106 in
accordance with one embodiment of the present invention. In one embodiment, the
20 secondary manifold 102 connects with the primary manifold 106 in such a way that
passage ways for fluid input and output are interconnected. In this fashion, the
secondary manifold 102 may supply the primary manifold with the first fluid and the
second fluid to be applied to the wafer 108. In addition, there may be passageways so
the first fluid and the second fluid removed fronﬁ the wafer surface may be transported
25  from the primary manifold 106 to the secondary manifold 102.
[0049] In one embodiment, the secondary manifold 102 may have ports where fluids
may be inputted and oufputted. It should be appreciated that ports and fluid
passageways in the secondary manifold 102 may be configured in any suitable fashion
so the first fluid and the second fluid may be inputted to the primary manifold 106 and
30 the first fluid and the second fluid applied to the wafer 108 may be removed from the
| primary manifold 106. In one embodiment, input ports may input the first fluid and the




[0048] Figure 3 shows the wafer processing system 100 with the manifold
carrier 104 that has a secondary manifold 102 that has coupled to a
primary manifold 106 in accordance with one enbodi nent of the present
invention. In one enbodi ment, the 20 secondary manifold 102 connects with
the primary manifold 106 in such a way_ that passage ways for fluid input
and output are interconnected. In thi s13ashion, the secondary manifold 102
may supply the primary manifold with the first fluid and the second fluid
t o be applseeohdtfiuid e tiwasoeondh®B mahifolddidi2t | Biren thédire fhay ahé thrassageflaids so
the first fluid gnd the second fluid renpved fromthe wafey, surface may be
transport 08 58v¢l, BRQUSRePSFASTRAYS Rati 61 &) PO W@%@%ewﬁé@@ IHenfaeol d
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where fluids e I nputte out put't e appreclated that
ports and fiuidincy tpasisagpeaiygs omtHehehaatderudany sevaind drphenifOld Ivaywheee the

config regh’iti‘? ané/otﬁuitabl e fashian so the first fluid and the second fluid
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mani fold 106. In one e i nput ports may I npu uid and
the 13 secermhdffluid chay detthespeed tidanyh fidigasdagevi2 in Heeinidie nfantfsld fcui d and

t he second fl uid y trayel through passageways .that are, in one .
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on the other aéseihﬁfe&%? ﬁh}@ gfeaglgﬁggr%%%ﬁ:ﬁ%gﬁgﬂ)i%f%vﬁeﬁ%xtaﬁé?%e %elchrl?%ﬁglﬁt ers
t he oféni ngpectivelhie the surficy ofrtigiviaatdi 0B06 whi ch correspond to input ports
for the fi rﬁémfl uid and input paorts for the second fluid. Then the first

fluid and [P0 AweBdd o teraesssipe sirfasesplothe duimasy sragkfold oiey rpaevaddways in
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that may apppyocthmefaurfate off the grimady masifsieq00d Themfdle, (A9 fifst @ el s¢edn t 0 t he
surface of_the wafer 108. [00501 An outlet on the processing surface of the
primary mdfidomay sy rptspened thieughr thesprimpnyi manifald 1196 @earoawipet thatl nfayom t he
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from the secondary manifold 102.
[0051] Figure 4 illustrates a side view of the wafer processing system 100 in accordance
with one embodiment of the present invention. The wafer processing system 100 as
20 depicted in Figure 4 is shown during the processing of the wafer 108. The secondary
manifold 102 has moved down onto the primary manifold 106 and connected with the
primary manifold 106. The secondary manifold 102 has pushed the primary manifold
106 closer in proximity to the wafer 108 so the primary manifold 106 can generate a
fluid meniscus on the wafer 108. It should be understood that the wafer 108 and/or the
25  manifold carrier 104 can be moved in any suitable fashion so the fluid meniscus
generated by the primary manifold 106 can process the desired regions of the wafer 108.
In one embodiment, the wafer 108 may be mbved, for example, in a rotational manner,
a straight line, etc. In addition, the manifold carrier 104 may be moved in conjunction
with the secondary manifold 102 to move the meniscus over the regions of the wafer

30 108 that requires processing.




15 connect with in input in the second manifold 102. Then the fluids may be
transported via passage ways in the secondary nmanifold 102 to outputs that
may renmove the fluids fromthe secondary nmanifold 102. [00511 Figure 4
illustrates a side view of the wafer processing system 100 in accordance

wi th -one enbodi nent of the present invention. The wafer processing system
100 as 20 depicted in Figure 4 is sholth duri ng the processing of the wafer
108. The secondary mani fold 102 has noved down onto the prinmary manifold
106 and cdfefed tfeghreist Hlustiges prsideavigwnea fvalfet fr06essifp ssystemoHifamheremthief ol d

102 has pus t he man.i.f ol 1 cl oser mt o the wafer
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pl aced ove It should be appreciated that the m)tl on 113 is
only exer’éﬁ @r\i\ﬁ ﬂgéldgﬂaf thsevaemnt Baney baprerasedpirsisayallyat thassme n any

di rectionpn .ﬁfg}{ as Qéscﬂﬂ @ﬂnafﬁftﬁer defaﬁ)igjefe%gge té;\f@%%r gl t shoul d be

appreciated t t he wa carrier n |gured to be |l ocated

bel ow t he [08§311n bA8 etrrbo@meshe sdvenddrhemansfotlie] 0¥ istshgiohfrywaldahe dd8ifoldn yet
anot her enbodi there may be wafer carriers both over and under the

waf er 108 Cé”f?eﬁgfjﬁ 59 dh ‘%)anﬁ@ RarEld 1168 undyr e serandassmaniseldsiOantThel |y at
e safe  HaRususasicoscy e A INAIEY ASLATLAR FISETERAR B e,
t he mani f @hable the secondary manifold 102 to connect with the primary manifold 106 and push
the primary manifold down to be in close proximity with the wafer 108. In one
embodiment, the manifold carrier 104 may have an opening 109 through which the
primary manifold 106 may be moved into close proximity to the wafer 108. It should

20 be appreciated that the secondary manifold 106 may be moved by any suitable moving
apparatus such as, for example, a motorized arm, etc. In addition, the manifold carrier
104 may be moved in a horizontal plane to move the primary manifolds 106, 106", and
106" into position under the secondary manifold 102. The manifold carrier may also be
moved by a suitable moving apparatus such as, for example, by motorized action, etc.

25 [0034] In one embodiment, the management of one or more of the manifold carrier 104
movement, the movement of the secondary manifold 102, fluid input and output
between the primary manifold 106 and the secondary manifold 102, and the fluid input
and output using inputs 200 and 202 and output 204 may be managed by a fluid control
250. The fluid control 250 may be any suitable software and/or hardware that can

30 monitor wafer processing and make suitable adjustments and movements necessary for

the wafer 108 to be processed as desired by using the primary manifold 106, the




carrier 104 noves the primary mani fold 106 under the secondary manifold
102. The 15 secondary manifold 102 in such an enbodinent is configured to
nove vertically to enable the secondary manifold 102 to connect with the
primary manifold 106 and push the primary manifold down to be in close
proximty with the wafer 108. In one pbodi ment, the manifold carrier 104
may have an opening 109 through which e primary manifold 106 may be
noved into close proximty to the wafer 108. It should 20 be appreciated
that the seewddryryamtold 162,dnd 0ie mayifdd camice d0by Thnnpsisi200bhe 26D waydpe
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mani fold 102. The nenifold carrier may also be nove sui tabl e novi ng
appar at us ssemdaysnarfitpld &2anpl e, by notorized action, etc. 25 [0054] In one

enmbodi pent .han nent. of one or npore of the nifold carrier, 104
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and the fluid input and output using Inputs 2 and out put 204 may
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sui t abl e softwar d/ or hardware t n 30 nonitor wafer processing and
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mani fold 102. The.  output 20 be utilized to renove the first fluid and
t he secon&n?ylrﬂ?‘éetPFBﬁfftaﬁéma%‘g‘tlgﬁégﬂ?sﬁﬂitheo‘i"%feﬂws 5 [0055] Figure 6 shows

t he waf er ' ' r ar iy | as
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inreference to Figure 9 below, the primary mani fold 106 may have ports
whi ch may SFEREEANEE i onf eEPadintnb A (iePsews navnjiopain forPmipRimeyc et he
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106 has been ma e secondary manit ol e pri
mani f ol d 108. clt cheuldthe dppeccwaddethaf @ opening 109 may be any suitable size and/or

shape as long as the primary manifold 106 may be moved through it.
[0057] Figure 8A depicts the wafer processing system 100' where the secondary
manifold 102 has moved the primary manifold 106 into close proximity of the wafer
20 108 in accordance with one embodiment of the present invention. In one embodiment,
the secondary manifold 102 may start inputting the first fluid and the second fluid into
the primary manifold 106 through inputs 120 and 122 respectively. The first fluid and
the second fluid may then travel into the primary manifold 106 where the first fluid is
applied to the wafer 108 through a first inlet on the processing surface 106a and the
25 second fluid is applied to the wafer 108 through a second inlet on the processing surface
106a. An outlet may remove the first and second fluid by application of a vacuum. The
removed first fluid and the second fluid may then travel through the primary manifold
106 to the secondary manifold 102 where the first and the second fluid may be removed
through the output 124. In one embodiment, a vacuum is applied through the output
30 124 to assist in the removal of the first fluid and the second fluid through an outlet on a

processing face 106a.




[0056] Figure 7 illustrates the wafer processing system 100' where the
secondary nmanifold 106 has further noved the primary mani fold 106 cl oser
to the wafer 108 in accordance with one enbodi nent of the present
invention. In one enbodi ment, the 15 secondary mani fold 102 has noved the
~primary mani fold 106 further into the ogening 109. It should be

appreci ated that the opening 109 may b any suitable size and/or shape as
long as the primary nanifold 106 nay be noved through it. [0057] Figure 8A
depi ct s t H80¥H fleronpreotedaneny thy prierarsl 6Qnifokler(® hddese amvedinto anpuitfonl d 102

has noved the prinmary .mani fol 06 into ose oxjmt f the fer 20
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embodiment, the fiuid control 250 may manage the processing of sides 108a and 108b
of the wafer 108.
[0060] Figure 9 shows a primary manifold 106 and a secondary manifold 102 in
20 accordance with one embodiment of the present invention. In one embodiment, the
secondary manifold 102 includes output ports 340, 342, and an input port 344 that may
be connectible with input ports 346, 348, and an output port 350 of the primary
manifold 106 respectively. Once the output ports 340 and 342 are connected with the
input ports 346 and 348 respectively and the input port 344 and the output port 350 are
25  connected, then after the secondary manifold 102 has moved the primary manifold 106
mto close proximity to the wafer 108, fluid transport may begin. As discussed above in
reference to Figure 8, the first fluid would flow through the output port 340 to the input
port 346, the second fluid would flow through the output port 342 to the input port 348,
and the first fluid and the second fluid that have been removed from the wafer 108 are

30 transported through the output port 350 into the input port 344. In this way, the first




10 itself to the bottom surface 104a through surface tension. [0059] Figure
8B illustrates a wafer processing system 100" where dual sides of the
waf er 108 may be processed in accordance with one enbodi nent of the present
invention. In one enbodi nent, the wafer processing system 100" exists above
the wafer 108 to process a surface 10i? of the wafer 108, and anot her
waf er processing system 15 that is substantially the sanme (but upside down)

as the wafer processing system 100' exists below the wafer 108 to process
si de 108b ibfid gné theeeeend1h8d may bausipphed togthd pdimagningniféld 106 66 densmaie thel 250

may nmanage the pr, ssi.ng of .sides 108a.and, 108 f the wafer 108. [0060
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fluid and cond fluid may be supplied to the primary manifold 106 to
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8, etc. | tdesired to be applied to a particular wafer in a particular wafer cassette. Therefore, the
control 610 may be configured so each particular wafer cassette undergoes a particular
type of wafer processing operation and/or the control 610 may also be configured so
each particular wafer of a wafer cassette undergoes a specific type of wafer processing
20 operation regardless of which wafer cassette where the wafer is located. Therefore, a
first wafer in a first cassette may undergo, for example, a drying operation while a
second wafer in the first cassette may undergo, for example, a cleaning operation. As
discussed above, it should be appreciated that any suitable wafer may undergo any
suitable type of wafer processing operation regardless of the location in the wafer
25  cassette.
[0063] The following figures describe an exemplary wafer processing system with an
exemplary proximity head that can generate a fluid meniscus. It should be appreciated
that any suitable type of system with any suitable type of proximity head/primary
manifold that can generate a fluid meniscus can be used with the embodiments of the

30 present invention described herein. The primary manifold described herein may also be

known as a proximity head. It should also be appreciated that the primary manifold as




shoul d al so be understood that each of the wafer cassettes may include any
sui tabl e 10 nunber of wafers to be processed such as, for exanmple, 1, 2, 3,
4, 5, 6, 7, 8, 9, 10, etc. [0062] The nultiple wafer processing system 600
may al so include a control 610 which wmy be any suitable hardware and/ or
software that may manage the input and output of certain wafer cassettes
into the wafer processing system 100. I$ addition, the control 610 may

al so manage the functionality of the wafer processing system 100 so a
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| so once the proximity heads are moved horizontally into a location to start wafer
processing, the proximity heads 106a and 106b can be moved vertically to a position in
close proximity to the wafer. In another embodiment, the fluid meniscus may be
20  formed between the two proximity heads 104a and 104b and moved onto the top and
bottom surface of the wafer. The upper arm 1104a and the lower arm 1104b may be
configured in any suitable way so the proximity heads 106a and 106b can be moved to
enable wafer processing as described herein. It should also be appreciated that the
system 1100 may be configured in any suitable manner as long as the proximity head(s)
25 may be moved in close proximity to the wafer to generate and control a meniscus on the
wafer surface. In another exemplary embodiment, the proximity head 106 may be
located at a first end of an arm which rotates around an axis defined by a second end of
the arm. Therefore, in such an embodiment, the proximity head may be moved in an arc
over the surface of the wafer. In yet another embodiment, the arm may be moved in a

30 combination of a rotational movement and a linear movement. Although shown with a

proximity head 106 for each side of the wafer, a single head can be used for a single




etc. The system 1100 may include rollers 1102a, 1102b, and 1102c which can
hold and rotate a wafer to enable wafer surfaces to be processed. The
system 1100 nmay al so include proximty heads 106a and 106b that, in one
enbodi nent, can be attached to an 10 upper arm 1104a and to a | ower arm
1104b respectively. The upper arm 1104a and the |ower arm 1104b can be a
part of a proximty head carrier assenl)?y 1104 which enables substantially
| i near novenent of the proximty heads 106a and 106b al ong a radius of the
waf er. | n soleeofenyefir mEtthertshefaqr mrparition preadsearaniterpeatosaebby silkOdhamy be

configured to hol.d.th oximty head 106a above the wafer and the
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arm 1104b tohy pheessed,niegunedth onegnyxisiifythabd mawdy ubzddne proxi mity heads

106a and ][&?‘5% n be m)v?d to enable wafer processing as described herein.
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close proximty to the wafer to generate and control a meni scus on the

waf er 19ur fhead 106, nnametehtodruatphavaes vaiitzogi diesatprotifetyn aké foptyirfaeatgk06 may
be Iocatﬁ)(cﬁi gt a first end of an armwhich rotates around an axi s defined
by a secorf Badaby 1081{e capduct thewakes Peocessings oisrati. eliishenlddstappregiated
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head 106 for_ each side of the wafer, a single head can_be used for a single
19 side ofVa{er\BIospSSING pRsyationy susheasp et aramulenclpades Sising sivibe gehingr med on

o06s] 1 n PEniEnal BeibikoheAFAteRdS (8 Aol B o sl SRRy head
docking stradesothettoabmhasiage 1 08NSf the aRfGUIRACE Gl @elimbe, thbevaaf 53 | n
such an enbodi nment, the o
may be rotated so the proximity head 106 may be moved while fluid meniscus
processes the top surface 108a. In another embodiment, the wafer 108 may be held still
while the proximity head 106 generates the fluid meniscus on the wafer surface. Then
20 the proximity head may move or scan over the wafer surface and therefore move the
fluid meniscus along the surface of the wafer. In yet another embodiment, the
proximity head 106 may be made large enough so the fluid meniscus encompasses the
surface area of the entire wafer. In such an embodiment, by applying the fluid meniscus
to the surface of the wafer the entire surface of the wafer may be processed without
25  movement of the proximity head.
{0067] In one embodiment, the proximity head 106 includes source inlets 1302 and
1306 and a source outlet 1304. In such an embodiment, isopropyl alcohol vapor in
nitrogen gas IPA/N, 1310 may be applied to the wafer surface through a source inlet
1302, vacuum 1312 may be applied to the wafer surface through a source outlet 1304,

30 and a processing fluid 1314 may be applied to the wafer surface through a source inlet
1306.




5 fluid neniscus may transition between a docking station and the surface
of the wafer while in a controlled and managed state. Again, if only one
side of the wafer is desired to be processed, one armw th one proximty
head may be utilized. [0066] Figure 12A illustrates a proximty head 106
perform ng a wafer processing operati 8 i n accordance wi th one enbodi nent
of the present invention. The proxi n‘itg 10 head 106, in one enbodi nent,
noves while in close proximty to the top surface 108a of the wafer 108 to
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applied to the wafer sufface thr a sour vacuum 12 may
be appl i edeneratcie Vaf gt mmmﬁeacmhdﬂlmwgh dpanlitfe @notid aistahd®detdéenatdt a

processi n fl.ui.d 13 e applied to the wafer surface through a source
i nl et 0’“ ty[ft%%g% P?\;d av ﬂb’rb'agaﬁ%ﬁltle TRAHBL S5y Hecapitton Waen gpeertpm N2

1310 Q@d talﬁﬁ WRlieGE SR ﬁghdf fhieus 43b4 ﬂq%PaP%k EhnBBaitint e &%&1 ﬁf‘héa%nl Rf the

vacuum 1312 to reifove the processing f
may not include the source inlet 1312 and therefore only the application of the

processing fluid 1314 by the source inlet 1306 and the removal of the processing fluid
1314 by the source outlet 1304 generates the fluid meniscus 140,
[0070] In other embodiments of the proximity head 106, the processing surface of the
20 proximity head 106 (the region of the proximity head where the source inlets and source
outlets are located) may have any suitable topography depe.nding on the configuration of
the fluid meniscus to be generated. In one ethbodiment, the processing surface of the
proximity head may be either indented or may protrude from the surrounding surface.
[0071] Figure 12B shows a top view of a portion of a proximity head 106 in accordance
25  with one embodiment of the present invention. It should be appreciated that the
configuration of the proximity head 106 as described in reference to Figure 8B is
exemplary in nature. Therefore, other configurations of proximity heads may be
utilized to generate the fluid meniscus as long as the processing fluid can be applied to a
wafer surface and removed from the wafer surface to generate a stable fluid meniscus

30 on the wafer surface. In addition, as discussed above, other embodiments of the




1314 and the I PA/N2 1310 fromthe wafer surface 108a can generate the fluid
meni scus 140. The fluid nmeniscus 140 may be a fluid | ayer defined between
the proximty head 5 106 and the wafer surface that can be noved across a
waf er surface 108a in a stable and controllable manner. In one enbodi nent,
the fluid nmeniscus 140 may be defined by a constant application and
renoval of the processing fluid 1314. e fluid layer defining the fluid
meni scus 140 nay be any suitabl e shape and/or size depending on the size,
nunber, shpapemitihdadilOpdo nermvefto hire thosowee imételt33 6 1866 thepor twtiohrallet s.

1304 and rce 10 inlets 1302._ [.0069] In addition, uitable flow
rates of tslﬁg 1%%"&“&%“3@&?@#3&&1%%@8 6% Wit O%P&g@é%ﬁé? luid may be used
dependi ng [0gv24 18 tenBE vy bt csﬂe%{ﬂ%ehﬁ&fe SR 3t %%19 aRE sHEPRE A& it Yet

anot her enbodi ment, depending on the di'stance between the proximty head
106 and t HE0Nad st of thef mosse dukiet 1704/ hiRctnafithd eowee tril@d 30benseyefidreatonrng 15 and

tilizi t id [ 106. |, di t, th imty head
106 iy ROHIS e At 6bhecetioniber 19 hG e RRer BRG B AR, ORIz
appl i cati QRefistl/NEe ihRECTHb M foitibvdwidh Eﬁg ﬁr@ﬁnﬁg}"ﬁ&ﬂ 1'0'8'%@ w3Qrgnd the

removal of the processing flurd 71314 by t source outl et 04 gener ates
t he fl ui d I98nthe vasuibd Emdved ZR]NH I Aodrhighe prdeedimmeiesiwfy ddre; witoxnyiltid head

106, the ocessing surface of the 20 proximty head 106 (the region of
the proxi ﬁlwnﬁ@&g{m@l@nﬁ%a%w fegide ﬁpé{‘%wéf%l lé%uﬂ}% sowgeh i1 3Retheocat ed)

may have agyresUhicabhfod, %@%@gaxﬁ dengngdi p @Hegcntﬁe&gﬁsearmagt 19D pafanyt he

fluid nmeniscus to be generated. cn one err%)odl nent, e processing Surf ace
of thé0 proiibie ttypehefhideomytrpeudi hhidor Exwesit.eciranarn&yenpigottriadde opeimghe
surroundi ng surface. 0071] Figure 12B shows a top view of a portion of a
proxi ni ty SHEEE °PEBENCGccdf Y L AR VA S ER T 5 gretent

i nvention. - ecq -1 hat |.Qu i f .
proximty Sﬁlg%%%tlig%& g%@ﬁ}éﬂg‘%ﬁ{lﬁgyl})ﬁ%%e rIte%lﬁg)gddt %@%{ﬂé%ﬁ%@%@%?gh% peré)gfgrlﬁﬁyar y in
nature. Theadfl 06 eqaydichary winble gireathapasamforpoaipniatiyn Hegadingeon e sizst i | i zed
to generate the fluyid geniscus as |ong as the processing fluid can be

appl i ed t 4"4 shopg gat@ug‘ﬁlgc‘éeﬁwsr]@ﬁodﬁ‘éﬁed o gepgraiedarla rong arphpdane. Hener at e
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t he sour cerixiingly ASH6maehe tehenprowiaTiiay eaehdius of the wafer. In another
embodiment, the proximity head may extend greater than a diameter of the wafer.
Therefore, the size of the fluid meniscus may be any suitable size depending on the size
of a wafer surface area desired to be processed at any given time. In addition, it should

20 be appreciated that the proximity head 106 may be positioned in any suitable orientation
depending on the wafer processing operation such as, for example, horizontally,
vertically, or any other suitable position in between. The proximity head 106 may also
be incorporated into a wafer processing system where one or more types of wafer
processing operations may be conducted.

25 [0073] Figure 12C illustrates an inlets/outlets paitern of a proximity head 106 in
accordance with one embodiment of the present invention. In this embodiment, the
proximity head 106 includes the source inlets 1302 and 1306 as well as source outlets
1304. In one embodiment, the source outlets 1304 may surround the source inlets 1306

~ and the source inlets 1302 may surround the source outlets 1304.
30 [0074] Figure 12D illustrates another inlets/outlets pattern of a proximity head 106 in

accordance with one embodiment of the present invention. In this embodiment, the




106 is configured to generate the fluid neniscus w thout usage of N2/1PA.
[00721 In the top view of one enbodinent, fromleft to right are a set of
the source inlet 1302, a set of the source outlet 1304, a set of the
source inlet 1306, a set of the source 5 outlet 1304, and a set of the
source inlet 1302. Therefore, as N2/fPA and processing chem stry are
inputted into the regi on between the p?%xinity head 106 and the wafer 108,
t he vacuum renoves the N2/| PA and the processing chem stry along with any
fluid filpreximdydread dA6 amilmbesttise sduate inmbeps it 309 ael BO6tdsevalbiesout@utElse

source inl 302, the,. source inletg 1 and the source outlefs 1304

descri bed ﬁ@?-eﬂllhom}nqué@eﬁeﬂlwmfé outlsts igﬁ?%m@y B‘é‘f‘?}*ndd]é%ﬁ%‘ff‘%‘vniﬁ%{ﬁoés for

exanpl €,  Ginfi ¢t RhurRRBREsNG02 ki | ' tc. In one

enmbodi nent, the sourceSinIetgh%@g%agﬁﬁﬁ@gggﬂgwﬁg?ﬁgﬁnggﬁggﬁggﬁﬁlets 1304

have ci r cUDP@#5] dpgne 1gE. illudtrasdscufuetheinbippoelsisopadr &b ptdxémipy bxadi G6yin head

106 na§ be any suitabl e size, shagg, and/ or configuration dependi ng on the
n

size and SHABFCEVIhENE PTbadimaRf OF the pisser duysubant dndBiseraradimentn thsne
enbodi menty. ke AR 810 iR ; S ' he
waf er . Inlg%éthgr gnbodfneﬁ%?qﬁﬁgnﬂﬁ¥%ﬁﬁif§%? éiﬁ?dﬁgéqgéléﬁgéﬁ%<ﬁ%$§ t han
t he radi usi36#. thenevafterdimént, thaavires outdnb vzl suriched freaourdetiyletiaads.may
extend greater than a diaﬂeter,ot the wafer. Therefore, the size of the

fluid menilBcU¢ Fabodaeqhythe RreEpily Bsade 109G deptingl iepluden sowry dnletsf 1302naf er
surface ar ior 0 IV | itlan. it
shoul d 2ot%§mggéﬁé§ﬁé%§° t g?’?ﬁéﬁggggbhggy]%géggi@%mﬁgﬁéﬁgﬁgg‘i%ﬁgﬁed in
any suilt abheniszns emitlatut applickeipensi RP/Dh. t heshoafdebe ppprersidnthadpier abéven such
as, for ex l.e, .horizontally, wvertically, or any other suitable position
in bet weer!eserivgd grigie/ il mbsws pos oxmayplalysis nagee apd dhalgmatsetiabla tipeaofnaf er

ey e contoeiag ogatrandt B uliRe MR deptp RleoRb S B HBRELE ' O

patt ern ofcambpeendrated.y head 106 in accordance with one enbodi nent of the
pr esent inégnﬁRgg, In this enbodinent, the_ proximty head 106 incl udes the
source i nIl8YSI Eade Jthis 1mpliarn hasi boes desurited sutteers of1 so#ral| prefeeed
enbodijgent rce.. . y r . source inlets 1306

ond 1 he- sqmHelfinafyl € Gy he Shaediddd MR RHL SRR h"GeoRL b6 SIS 00701
Fi gure 12predetiingt spatidisatiorst fel studligg The Wrdvdhss RaLlt @aRzeO0bafouRr Adrdtichy, head
106 in accqordance with one enbodi nent of the present invention. In this
enbodi nentafid‘ttlﬁ§5= permutations and equivalents thereof. It is therefore intended that the present

invention includes all such alterations, additions, permutations, and equivalents as fall
within the true spirit and scope of the invention.

20 What is claimed is:




22 proximty head 106 includes the source inlets 1302 and 1306 as well as
source outlets 1304. In one enbodi nent, the source outlets 1304 nmay
surround the source inlets 1306 and the source inlets 1302 nay at | east
partially surround the source outlets 1304. [00751 Figure 12E illustrates a
further inlets/outlets pattern of a proximty head 106 in 5 accordance
with one enbodi nent of the present invéhtion. In this enbodinent, the
proximty head 106 includes the source inlets 1302 and 1306 as well as
source outlets 1304. In one enbodi nEh&IMbEhe source outlets 1304 nay
surround the source inlets 1306. In one enbodinent, the proximty head 106
does not include soukteppardtes or pROSsingecmbstete,icnmprisingnbodi nent, t he
proximty head 106 is ¢ bl f.generating.a fluid 10 _neni scus w t hout
ool i cat] on of 4 B} IGARH SiguffcbEe SppheLrhie ot 3 AUBEIEC IR dr i bed

i nl et s/ outdypitfatdafrtag;Nmdar € exenplary in nature and that any suitable type
of inlets/outlets patterns may be used as |long as a stable and
controll abl e flui ' il € .S idavent i on
has begn descrfb%gogﬁﬂ%ggﬁélgg s%@@?%ﬁggﬁékgfFg%99%§Lg¥E§£.%%ﬂb%?ﬁ?¥,m||
be appr ecimédde ditbto thévastbe $ikst nhaaifoldmbdde aitd proanity eadic Rghsihe: supheciedi ng
specifications and _studying the drawings will realize various alterations,
addi t i ons,8pERiFUta NGB dS-equi val ents thereof. It is therefore intended
that the present invention includes all such alterations, additions,
perrmnut ations, and equivalents as fall wthin the true spirit and scope of
the invention. 20 Wat is clainmed is: 23 CLAIMS 1. An apparatus for
processi ng a subst r ae apoaps ifsi pcesBinki 4 stibsiari dsotcdited i lckihel, rther
configﬂred to generate a fluid nmeniscus on a substrate surface; and 5 a
second“marfi’F®Fd“%odul e being configured to connect with the first nmanifold
nmodul e and to nove the first manifold nodule into proximty to the
substrate surf d&c@apigld gamist gewligused ol mpe therfirsicmanifald mamlubpivas regicn dfor

processi Ny A, 3RS i@hepAReLEst ted 1 claim 1, further

3. An apparatus for processing a substrate as recited in claim 1, wherein the
15 comnection is configured to supply fluids to the first manifold module and to remove

fluids from the first manifold module.

4. An apparatus for processing a substrate as recited in claim 3, wherein the
second manifold module is configured to supply a first fluid and a second fluid to the
20  first manifold module and to remove the first fluid and the second fluid from the first

manifold module.

5. An apparatus for processing a substrate as recited in claim 4, wherein the
first manifold module is configured to apply a first fluid and a second fluid to the

25  substrate surface and to remove the first fluid and the second fluid from the substrate

surface.




10 conprising: a manifold carrier configured to nove the first manifold
nodul e to a region of the substrate to be processed. 3. An apparatus for
processing a substrate as recited in claim1, wherein the 15 connection is
configured to supply fluids to the first manifold nodule and to renove
fluids fromthe first manifold nodule. 4. An apparatus for processing a
substrate as recited in claim3, where?h the second nanifold nodule is
configured to supply a first fluid and a second fluid to the 20 first

mani f ol d nodul &. and Amwapparavwefot hectdsingta dubstirale andcitdieingedond whkteirdthtr om t he
first manifold nDP le. 5. An apparatus for processing a substrate as
recited i rreedndimanioldymeduleds sndigured e moys yetisplly iereurest Pathdbaifiisyur ed t o
apply a figstirld #hdugnd a second fluid to the 25 substrate surface and to
renove the first f urd and the second fluid fromthe substrate surface. 24
6. An apparatus for processing a substrate as recited in claim1, wherein
the second manifold nodule is configured to nove vertically to connect

with tRe first 7 manifpl aﬂgﬁg% - . - 0CGES S,

substrate as reci ted&lpﬁc al mog?mv\ﬁ%lrn i F]!;utﬁﬁgﬁé ?ﬁt%;& dr)r‘iér??‘{sl@ulé%@g%u@lfs one
of a pl at ifhgd mehstuspndokty bngof @epiaigd, e@hinggdogy atd deani® opAfatiyppar at us f or
processing a substrate as recited in claim2, wherein a processing surface

of the first manifold nodule is positioned beyond a plane of a 10 bottom
surface of the manifold carrier. 9. An apparatus for processing a substrate

as recited in d.ai m& apfasit@ fr procBsREeSEbAES W {881 afcldife, IWhesdn srani f ol d
modul e conprises a first conduit for applying a first fluid to the
subst r at e PsegepseR surkace of tediraignaiifold medulappbasitinped bspwdridlinadfa t o the 15

substr,at e r t hi conduit for renmoving the first fluid and the
secon&ﬁfl&% o%ﬁ%%%g %@hggﬁgfégf%HEﬁTface. 10. A method for processing a
substrate, conprising: positioning a first manifold nodul e over a substrate

surface of the substrate to
0. An apparatus for processing a substrate as recited in claim 8, wherein a

processing surface of the first manifold module comprises a first conduit for applying a
first fluid to the substrate surface, a second conduit for applying a second fluid to the
15 substrate surface, and a third conduit for removing the first fluid and the second fluid

from the substrate surface.

10. A method for processing a substrate, comprising;
positioning a first manifold module over a substrate surface of the substrate to

20 be processed;
connecting a second manifold module to the first manifold module;

moving the second manifold module so the first manifold module is proximate

to the substrate surface;

generating a fluid meniscus with the first manifold module, the first manifold

25 module being supplied with fluids from the second manifold module; and

applying the fluid meniscus to the substrate surface to perform a wafer

processing operation.




20 be processed; connecting a second manifold nodule to the first manifold
nodul e; noving the second manifold nodule so the first manifold nodule is
proximate to the substrate surface; generating a fluid nmeniscus with the
first manifold nodule, the first manifold 25 nodule being supplied with
fluids fromthe second mani fold nodul e; and applying the fluid neniscus to
the substrate surface to performa maf%$ processi ng operation. 25 11. A
met hod for processing a substrate as recited in claim10, wherein the
first manifold nodule includes a plurality of conduits configured to
generate the fluid neniscus. 5 12. A nethod for processing a substrate as
recited in clailh 10,A wiedrodifor prpossing asiubgratave réditedtin nian fl16) whereiduhe

i ncl udes Vi ng. ni.fol.d carrier with the firs ni fold dyle in
posi ti on SBSHEICL BRAuRREIYdss @ Haletean ‘ﬁ&ﬁliﬁlég”é%a OcsisREts g T4l t h ¢ he
first modyl&sch® 13. A nmethod for processing a substrate as recited in
claim 10, wherein connecting the second manifold nodule to the first

mani f okd nodul e i ncl udes coupling ports of the first manifold nodule to
ports of the second manifold nodule to facilitate fluid transfer between

the first manifiol d HORHIRIHLHLARSHESANM AR OLLITREMA 1010nddin A Tt hod

for processing a substrate as recited in claim10, wherein noving the
second mampotitibdingdekfist senifdlé niddubt inoldes rodbdnge chanéfoldscapriarxiittathe fitw t he
substrate sur e incl.udes . novi t he second mapi fol d dule vertically
onto the ffil*iné{o?ff Rafifle of BoRLAch® strons mantk Rt s ﬁrcabzfr{’g%%%%nﬁﬁcné‘gsubst rate
as recit edyiidknhe i@t okie. Wherein  generating the fluid nmeniscus includes
transferring a first fluid and a second fluid from

10
13. A method for processing a substrate as recited in claim 10, wherein
connecting the second manifold module to the first manifold module includes coupling
ports of the first manifold module to ports of the second manifold module to facilitate

fluid transfer between the first manifold module and the second manifold module.,

15

14. A method for processing a substrate as recited in claim 10, wherein
moving the second manifold module so the first manifold module is proximate to the
substrate surface includes moving the second manifold module vertically onto the first

manifold module,

20

15, A method for processing a substrate as recited in claim 10, wherein
generating the fluid meniscus includes transferring a first fluid and a second fluid from
the second manifold to the first manifold and removing the first fluid and the second
fluid that has been applied to the substrate from the first manifold to the second

25  manifold.

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

wafer processing operation is one of a plating, etching, cleaning, and drying operation.




the second manifold to the first manifold and renoving the first fluid and
the second fluid that has been applied to the substrate fromthe first
mani fold to the second 25 manifold. 16. A method for processing a
substrate as recited in claim 10, wherein the wafer processing operation
is one of a plating, etching, cleaning, and drying operation. 26 17. An
apparatus for processing a substrate, #dnprising: a first manifold nodul e
having a processing face with a first conduit configured to apply a first
fluid to a substrate surface, a second conduit for applying a second fluid
5 to the substrate surface, and a third conduit for renoving the first
fluid and the cond, fluid n1the subst surface, the applying and the
renovi ng generzﬁlngqglﬁqups R?@%ﬁgg&ﬁmﬁﬁﬁgﬁﬁg@PFgP% surface; and a
second nani f ol ¢ fivechefd1e infiutORtvigu a%césemrg:qy& xlrf@l?afﬂrﬁ%bn@iﬁﬂ&(f gregodul e
proxi mate to the substrate surface and to deliver the first fl UI§ and the

second f| up @pply alfgrst fadfte asubstmats fuoface. modednd canduit Horrapplyue a $eeond flwid 1 ui d

and the s | ui.d that ha lied to.t romthe first
ot ofa” dE sy shitile BRP uBEF ?oa?iﬁﬁf%r P e B hiSid b RAC oy [
claim17, phierRind thé REbHRAROREFBN{H0h aﬁ@rth§ ra%w@lg dge}’l@Irahﬂ@ al ﬁadfl rst
fluid and the second fluid to the 15 mani f ol d, t he second

mani f ol d h@@nﬁmsD@ﬁywubﬁeﬂ@snﬁwhamdrenDV|ng the first f|UId and the second
fluid that has been applied to the substrate fromthe first manifold. 19.
An appar at us f arseporacessifelg neodulthbdingtenifmrddeni hedk the fahtahmifbld mokdalei n

the first manifold has ports for receiving the first fluid and the second

fluid f rorﬁr?’ﬂém?otost@%éﬁ@“ﬁﬁrﬁ‘?@%aﬂdaﬁ’ddﬁhﬁéf thierfyst fhadiand tee srgendifluiddast one
port figr dglig Ys‘%rrhzgﬂf ol faoli]eS a%ft!ouﬂeglov@@lge hg dd: Qﬂ'(fid{ | 4, grﬁ)ﬁ@itg fagsyeen
S t t O

applied to the su rate to e second mani n appar at us

f or procedsemappdicd ubiersabgragsiroi@chd fgt manichldinmodlle. V\/nerel n 25 the first
fluid is one of an etching fluid, a cleaning fluid, a drying fluid, and a
plating fluid, and the second fluid is configured to reduce surface tension
of the first fluid.

18.  An apparatus for processing a substrate as recited in claim 17, wherein
the second manifold has ports for delivering the first fluid and the second fluid to the
15  first manifold, and the second manifold has at least one port for removing the first fluid

and the second fluid that has been applied to the substrate from the first manifold.

19.  An apparatus for processing a substrate as recited in claim 17, wherein
the first manifold has ports for receiving the first fluid and the second fluid from the
20 second manifold, and the first manifold has at least one port for delivering the first fluid

and the second fluid that has been applied to the substrate to the second manifold

module,

20.  An apparatus for processing a substrate as recited in claim 17, wherein
25  the first fluid is one of an etching fluid, a cleaning fluid, a drying fluid, and a plating

fluid, and the second fluid is configured to reduce surface tension of the first fluid.




