; MNOPQRe3e\ RY$\ | 6TRq System for Substrate Processing with Meniscus, Vacuum
| PA vapor, Drying Manifold BACKGROUND OF THE | NVENTION 1. Field of the

| nvention The present invention relates to sem conducto fer processing,
cl eaning, and drying and, nore particularly, to apparat mﬂ“ﬂmuﬂmw h‘uni ques
for nore efficiently adding and renovijng fluids fromwa while -
reduci ng contam nation and decreasing 10 wafer processing cosus* 2.
Description of the Related Art In the sem conductor chip fabrication

where o r oSt FORESbit AL PadcR S Thg With Meoiscissc,”
operati on 15 1 novie bt JEA Pap0 DEYing MAnSld” (es)) and

chem cal nechani cal polishing (CW). In CW, a wafer is placed in a hol der
whi ch pushes a wafer surface against a rolling conveyor belt. This conveyor
belt uses a slurry whi ch RAGKIGRGUND @ #BEENCENTIONDr asi ve materials to
cause the polishing. Unfortunately, this process tends to | eave an

accutrul ati on of sl urry particles and residues at the wafer surface. If |eft
on the %Oﬁ@lp%rﬂhéﬂfv Hp\ggnt ed residual material and particles may cause,
anong of hér thi ngs, §er'etts such as scratches on the wafer surface and

i nappropri ater [ nter%cti%gs bet}/ve n netallization features. In sone cases,

such def ect s IMEPTEERIJBVEiPn Felates fo sEmIcRRFUAIOT WALELRIGRES SR FSARB1]) 1 or der
to avoi drilieant) e pRTCEIaNY, @ pparatlisedantPleeli m%ﬁ&of@am;&hg%&ﬁp ces, it
is therefore necessary to clean the wafer adequately yet effiCiently after
25 f abr enditdnpovingHuids fronswafea sulfams evhilewediicat cotdmimetion Afd decreasivgf er has
beep. wet a?I eaned,, the wafer nust be dried effectively to prevent water or
cl edhi nYHIPIFFLRAEIHS from | eaving residues on the wafer. If the cleaning
fluid on the wafer surface is allowed to evaporate, as usually happens when
dr opl et 3. Deseniptien phiheRJatedodrtani nant s previ ously dissolved in the
cleaning fluid will remain on the -2 wafer surface after evaporation
(e.g., and f & thespoicmhduckor ¢hip famicatompuoicass, dnis velhknbwini that themde a nebd:

cleaning fluid st _be renoved. as quickly .as, possible.w thqut the formation
of dr optoetETANd g 2 ey WASTF A feticaflin QRergtin bt beep PEEOHREN A ISHES, one of
sever al yglivirfted Ri3idued ¥ THe SuPRBEY FTURTeR! ‘Ex%ﬂﬁbié%mu&i@ Ptz afoh Bp&wbr{‘% | PA,
or Marangoni drying. All of 5 these drying techniques utilize sonme form of

a nidvi nipcludgplasmgaetching G2 4. aomgsten atchibhek (WER)phamd ciemdbal méchanispkr | y

mai nt ai ned, . resyl s . yi ng .of, waf er rface. without the formation of
dr opl etgﬁlsbm&)@@»)aﬂ& by v a\?ﬁ%f{;mﬁ%}fi%%e_ghpm PRUCHIUECE down, as
of ten hzpRRea riMihd cabvkydf bdineTRt QbAVEBE baPESks A iRIwRRinNQSistsrop! ets form

and evaporation occurs’resulting in ¢ontam nants being left on the wafer
sur f acechemicals and abrasive materials to cause the polishing. Unfortunately, this process tends

to leave an accumulation of slurry particles and residues at the wafer surface. If left on the

20  wafer, the unwanted residual material and particles may cause, among other things, defects
such as scratches on the wafer surface and inappropriate interactions between metallization
features. In some cases, such defects may cause devices on the wafer to become
inoperable. In order to avoid the undue costs of discarding wafers having inoperable
devices, it is therefore necessary to clean the wafer adequately yet efficiently after

25  fabrication operations that leave unwanted residues.

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

residues or contaminants previously dissolved in the cleaning fluid will remain on the

*G00002*



10 Thé nost prevalent drying technique used today is spin rinse drying
(SRD). Figure 1 illustrates novenent of cleaning fluids on a wafer 10
during an SRD drying process. In this drying process, a wet wafer is
rotated at a high rate by rotation 14. In SRD, by use of centrifugal force,
the water or cleaning fluid used to cl,ean the wafer is pulled fromthe
center of the wafer to the outside of ‘the wafer and finally off of the
waf er as shown by 15 fluid directional arrows 16. As the cleaning fluid is

being p r

creat ed%te?gﬁg&%eaq{er Eb’.ﬁ:fo‘P?Lo% Q/\éaeapd ')éll' %t@s G’;Ho&/ eﬁ&ﬁouﬂg& &H?o%l%alh\aﬁf er
i.e., tpRcgithictleaning Auidsulibetremoned ad'guitklgds fo@itle withouf the dortdatpatof
Iarger) as the dryin process progresses. In the exanple of Fiqure 1, the

- } nsi dfe dropletogn tfwew Bx mr@cmhwdatg;nntn@ ammnhjhlthlqmrwtgfa§evq1iﬂéh great 1ﬁ i's
20
R T R N e R

drying e gQ@éHdldiﬁEﬁEimliEzElS‘orﬁe‘fémiJBfa movihg lduidgal Mterfagabn @fwifle noving -
| i qui d/ gas int erface 12 increases while the area (the wet area) outside of

t he novsusfce M@mm;@agperbt mainiained, zesndts indrying ofswaten serfagsrveithantthey, if the

novi ng dI er e 1l s_down dr Ie.t he,cl.eaning fluid
For m ontorrat g EsroplRl CORBERRES: BN ar vt isbldReinlerise RIS FPRA of ¢ he
dr opl et gfenit ﬁ&fshthh Glllof tﬂd%fe?ﬁénﬁ%n&&&%lrfg ﬂ%@&s fd%ﬂ[@t%'f&@n the
subsequent evaporation be linmted to keép contanm'nants off of the wafer
sur f aceevapirfation nocitre respltingan pontasrnants béing lefeorhthd svafesusfacy. partial |y
successful at the prevention of noving liquid interface breakdown. In
addiot i on, t HEhéSNbstyrecaient difing dedhhiquelusedtday isspit Minsodriiig(SRDY) fRiges that
are 30 hydrophob| c. Hydrophobic wafer surfaces can be diffjicult to dry

becausel Hlyshatss;moxemsnt oﬂ@,eqn@}feﬂuxﬂape@ vier 1 dwingansiRD %fwsda&gsesm @am ng

luid Oy PERFIGRS o 8 ot ST R B T SR T P o

(i f aqueatifugadey, theWatdreorichpalingeluid nséd e dedrethe waférds pulldbfremrthsul t, the
aqueous cleaning fluid will want the |east anmount of area to be in contact

With tengr nm\ed’pafebmdhwaﬂ@deslfrthweferm@ finpldy, affiof the wafes g¢ slyen bY eani ng
| gt t el f ,
SOl B8l Aol 51 38 BRnod F Bl MAIBEE MRG0 2

hydr ophabvifig hqtuaygm tinteﬁsceaIW1stda@tédJﬁtftae ertersti the walt! dnd nf@ves ¥ thel et s) - of
aqueous cl eani ng fluid forms in an uncontrol |l ed manner on the 1j/droph_obl c

waf er ufsideef themaferi(pesthe aicleproduess by the maying Hapid/gas intgefacer 14 gets _
o1 e ) B e SR bR RLL o B BEMBREL M 0L Bl oIl one

cent ri foirgkd fofmed By dtmogingliquidgadriaprfats 12 §s fréefromethe gluid axﬁxthe eqtsedet ly,
although the SRD process is presently the nost conmon way of wafer drying,

hi2 me#reecf tb%lﬁrﬂa\f@mzﬁdrbx thamqwing h@wdégaﬁ dntersagept? @rﬁh@fsleemaa Auigly 1 uid
d | f
S lrJ(r)1Ico agtgzjepé%%'t T%er efdg’P ng ch%e(rs:seccﬁ% ér@éed g{(r}ﬁar}] s?rd;t@] d%gdg%?laa%gar&é se'[ hat

al | ows | Iguidlgasaﬂl@rﬁéé iZ ifdased walle ik arPd QEE 2t Agaportside Wif Eig: Bbviag
sem conductor wafer, but at the sane tine reducing the formation of

numer oliquigigasinigrfage bfédmirgasp'ﬁ uig stateshprevioushyi t,frﬁhmwvmjs@wéfam erfagei on to

the.yi 47 Phe Solfh Blopfelé GRS cicalih ARSI n e Vale A POMaRin PR
seps Corgeiatdue te? eva@frafosa of SHBARSRYets X Al dicH, WvisithbehitiBe @nd ldropsiee@ishateon t he

present invention fills these needs by providing a cleaning and drying
appar atnd therpbsdquentgyaporation bedimivédig keep cortamimantswaffof thewater swrfapsi ckl y

whi | e t he time reducin er conta ion

appr eC|ilj aﬁ%ﬁpﬁ?“ﬁ?’é‘éﬂ?ﬂ" detnﬁ e i°8p?' Eaglnlﬁés‘fcﬁﬁ? M{tﬁé@reﬁerﬁwm ous
ways, id¥vi {]ﬁdﬁﬁeﬁ‘aﬁ’&@%wn’in apparatus, a system a device or a nethod.
Several i nventive enbodi nents of the present invention are described bel ow.

I n one enbo j
i ncl udes a %l' ngd]n{d% ads1 \Aﬁ%ﬁcgsﬁa% thi;ﬁlhigfég vﬁ%ﬁf@%ﬂ}%&%&é gl\sﬂf%?g Iﬂ)gggfé] one

pr3xi mhydropkstdc.f Hlydﬁlip]nbm waféDs\rfdees tai be dffﬁa;lsuﬁd:grbeamse suclcsuréiees a

cl eani ng system for cleaning the substrate. -4 I n anot her enbodi nent, a
cluster architecture systemfor processing a wafer is provided. The system
includes an integrated drying systemwhere the integrated drying system

i ncludes at | east one proximty head for drying a substrate. The system
further includes processing nodul es coupled to the integrated drying system
where the processing 5 nodul es are selected fromone or nore of a chemca
mechani cal planarization nDduIe a negasonlc proce55|ng nDduIe a cl eani ng

]




15 and the applying and the renoving being capable of formng a controlled
fluid nmeniscus. In one enbodi nent, a substrate preparation systemis

provi ded which includes a head for use in preparing a wafer surface
including a first surface of the head where the first surface capabl e of
being placed in close proxinmty to thg wafer surface. The head al so
includes a first conduit region on the head where the first conduit region
is defined for 20 delivery of a first fluid to wafer of the surface and the
first c ' Tl r hﬁ%j% &shead
further&?gfej*vgtglt&%e’gteetgﬁ%a (& u}l%)raegl n gdrPotlﬂ tr E éég? get %r-égn

condui t cartipuesaiihegleaniig fHiid mbdltedawray@mdtﬁeheatkr surface athelwérhainingi on, and
the head also includes a third conduit_region on the head where the th|rd
condui t cleanjng Aujds(ifirquepusibased) widl bq/r@pyllqsibeathg adercpurfacs. gAs 8 result, ther er

sur f ace,c, e LBgyDh SATMA Ll SALC AR BPLIASS peuPEMha g IRkgUr © of the

first co‘h € seco regl o e second conduit

regipn thﬁbﬂ)l&ﬂnﬁwhmuﬁhceofAddi@oﬁdl ?'§ﬂlefahu&dﬂls @l&é:ﬂdg&oﬂﬂmnéldsl dling to and
wherein the dellver¥ of the first fluid and the second fluid conbined with

the renisedf asyresmibo mrfage&mm(n_s a2 msuls of miedeoyias dydeomen bendingbnt r ol | abl e
i t hat def t.h d f
e o e e TR R B ANt by oen

anot her dRphegioMagteousd cfeld.hﬁxfgrfﬁﬁ& fotRRR A Uh&dhtfollel SManngr &4 melgfaﬁbpmbeh
i ncl udes a héad havin head surface where the head surface is proxinate

to a suwhfer surfifcet [This tien of dvoplets msuitsenahﬁ mfﬁl‘@’apemoalagéthmcl udes at
t one of. a.first copduit f |lV n t.o.the surface of

{ ot ceeanioRion ORbwseRaovienVh TheiRiiedd of e $RD srebulichifnl sgvedtie *F o,
deI i Verﬂh@Qeﬁeﬁ@%@dvd‘féﬂ%eie%ehﬁﬁ'u%rf&%eﬁcﬁﬁg S hed#bletsas ehel higdlestd t he head

where the second fluid being different than the first fluid. The head
f ur t her Comseljuaitly, altthdughstheSREmcasqusﬁn@mthmmostf@mmenmmé waderh of the

first fluid and the sec t.he .surf.ace of t he wher e
the at ‘%‘%ﬁ’&% H\" ?h(fy %‘ghﬁﬁﬁe uing formatian of Flg QWB ‘%?ﬁlfi% SUr r ound
the at t'h@%?er%ﬂﬁ'a@é estp@@iaf]y Wwhlen G8HISH hydrdhirobee Wafdi‘@uﬁ‘ﬁcelseas'f one of the 10
first conduit, the at | east one of the second conduit, and the at | east one

of {he thir Qﬁgﬁ?tlh é(lgb‘%% ation.
Theltsat Ieas?r%ér%g%g# tﬂf]%gtlss%g%?dt% hgéw o%,p%te to substa t| a y surround
at | easdfficiepn¢learing, prodedsingand dngdiig msdnfucbﬂimlc’tdrlwafet;bndanme sdme ;mte anot her
enbodi ment, a nethod for_ preparing a wafer. surface Yll ded t hat

i ncl udergduging thei fagmatiqn Q%QUmqreﬁlﬁjwa&er ar ¢lpaning flayi ‘i‘fﬁplﬂ‘ﬁ Wh@ BHEGAUSYr f ace,

sur roundiignihBeod {of oé{éoﬁﬁwgfe%mac 6K U5 0 Do BEbus e Hang RS N
the vacuumregion wth an a I'ed surface tension re ucing flurd region
wher e tthe yiebdof m&eﬁtablewgafdxefand éncreasedihecosh gf traatfaceminhg semid¢dnduetacuum
region. The nethod al so i ncludes scanning the first regi on where the vacuum
reéoon wHars: he applied surface tension reduces fluid region over the wafer
surface where the scanning |l eads with the opening. 20 In another

enbodi nent, a wafer preparSTMMARVADF THEINVENTEON whi ch incl udes a wafer
brush scrubbing unit where the wafer brush scrubbing unit is capable of
scrubbing a ﬁ‘ﬁ)faﬁf p@éﬂig ARE byesBst 1ﬁ¢f§ﬁ1’3h'fﬂlsfthéﬁeqﬁe&§’b§f Prowdihga clehiifngmdul e
al so incl udes er ?y Insert where the wafer drying rnsert is

capabl eandfdryiag lagparmghzanechpahte@ftrheomgélmdlﬂ freim wmﬂeukmfaegs guicklywhlsilee t he

waf er drying insert jncluding a proxi, mt head for i 5 surface of
t he waf"éx hejamedimne E‘?S’HPH’(&‘V?\@ ‘E%"@Wf‘%e shauldrhs mﬁ?tﬁ%ma REEIbd foor

pr eges [
Teacsc LV p Rl Bt iibfeni M ARIOI R, LIPS FBRRLR, AP L g
the fl wystenignidecios or)ymetlhéfde Savief A deventive bmbodimhémtsbf theqresent imsterstidysareat e t o
process the surface of the substrate. -6 I n anot her enbodi nent, a
substraieé“ﬂ}eéﬁ’&mi on apparatus to be used in substrate processing
operation is provided which includes arm capabl e of vertical novenent

bet ween a filnsne edg:edunenthes@mstermmt@massem irpredisiedovhiehincludss er at e:
The appar.atus further .in¢cludes a he led to the ead bei ng
capabl BFGTFM NYIeRe the ring sydRmdIpg d8‘°hgtg IQP%B]éO)%?lalp’mg ég%s(*t}?"é‘?é‘ and
CaBab' QuBtrabS Tige gvgt@ﬁsi aRY Fhclhdl] SUELAEEsRterh For Qlishg BleSubbtfatyet anot her
enbodi ment, a nmani‘fold for use in preparing a wafer surface is provided.
The mani fol d i ncl udes a first process windowin a first poi lion of the
mani fol d being configured generate a first fluid nmeniscus on the wafer
surface. The manifold 10 fiuther includes a second process windowin a

second portion of the manifold being configured to generate a second fluid
rrenl scus on t he wafer surface. The advant ages of the present |nven§i on are
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to efficient wafer drying with lower |evels of contam nation. The present

I nvention enabl es the inproved drying and cl eaning through the use of
vacuum fluid renoval in conjunction with fluid input. The pressures-
generated on a fluid filmat the wafer surface by the aforenenti oned forces
enabl e optimal renmoval of fluid at thg wafer surface with a 20 significant
reduction in remai ning contam nation as conpared with other cleaning and
drying techniques In addition, the present invention may utilize

appl i cation ér%ﬁﬁfoﬁﬂ%{'éntazl 89&31 arélluO%}\m\-f \@/ﬁg«i n & rd&ds 'gzae‘g?ﬂgpfser towar ds

a wafer surface along wt fenerafi on ear t er surface at
subst anproaideyl. The spsterm molums afiintsgratedilremgsgstbmivieere hegategraéd dryirpnd
intelligent control of a meniscus and the reduction of water surface

t ensi orsYaleghtpctidge atlens one praxBRity head for dpyinga subsiptss othe sypigm Ristheht i nal

oo inehatd bl MANG ARBRALQ Y iGrtd s LRH PRCRGRE BIRREE. The
al 089 tredisles ixecseleen‘edtﬂm o8 & mbe ofl adchienidyl nibiclatibel piafagizatiohmbable) £, the

present invention evacuates fluid fromwafer surfaces with extrene
ef f ect imegAsRIC\PessiBg Bodule: # glenying sandiile; gnd enetehingameduler mat i on due to

I neffective drying such as for exanple, spin drying. Mdrreover the present
i nvention aIIntyet;athber dmhndlimexrtaa petthadt for cluster pme&smsmuatpsis provided.

ener at S stes with cluster tools givi the systens 5
ot prtheeBed B e ot Basianed eihing A siotg, Blay hat can
conduct = | I g in a
nor e efs P%:tf%ﬁt néllieireﬁﬁ’Egj}B%aw ghé(ﬁ@ g?%n?gﬁﬂ\%ﬁﬁ ?b%est er too| S | n t he

wafler pndedssdrppgofshesnbstriter Fhedyyihginchries tpplgingra fivaf Auidionmma fiostt ti e

because t.he dules/tools are integrated on In addi tiion, there
may spdeson 350 shdacepfthe subsgateAnpiving @ sg & 8“%0%%36%1‘111 gegien et thsy ocessi ng

10 app%P&% ¢ SN5G1 eoﬁn‘?dre%ﬁeb‘rirrsrigﬂﬁ%%it iy El'tli%’ke@@ﬁ’d ﬁ&id‘ﬁ‘&ﬁﬁlﬂ’@% &d 1nto

any sui e vari ety of sys r processing nore efficrent and

cost efof dat substratel Mhe ranpeng Sccamd&adwaﬂﬁﬂgegloﬁfthdthabslmmmsumuﬁdﬁ then wi | |
becone apparent_fromthe foll ow ng det ai | ed description, taken in

Cﬁnj undstapgian: Fhe sesond regiansvbstaptialhosprroyads ay IP%PMFWWCW BBi%Y anpl e
t 12?/\I;)r @Wﬁé ﬁg#}glfsl mfﬂ%\r/rgﬁtg ?’%ﬁlb@iﬁ%%ggmsggg m%gaer st oodtT llk.)lg}}tliﬁesc}d | owi ng
d led d i ng. dr.awi . T
facilitate shoheHrBRaiia by m‘a%‘eg%“re&l'éﬁcsgﬁﬁﬁn%pa VRO SR i, T

st ruct Hea fog heekiprep mﬁweismﬂdeswaamg afées@iice of the IRaaiwt@rd thei ds on a
waf er dur| ng. an SRD dr 20 process. Figure 2A shows a wafer cleaning and

dr yi ngfissf sudaes sapakle of §QMQlwd in elese prepxamitirén thegrafenwaurfaces dhe headsalse i on.
includes a first conduit region on the head where the first conduit region is defined for

20  delivery of a first fluid to wafer of the surface and the first conduit region is defined in a
center portion of the head. The head further includes a second conduit region on the head
where the second conduit region being configured to surround the first conduit region, and
the head also includes a third conduit region on the head where the third conduit region is
defined for delivery of a second fluid to the wafer surface, and the third conduit region

25  defines a semi-enclosure of the first conduit region and the second conduit region. The
second conduit region enables a removal of the first fluid and the second fluid, and
wherein the delivery of the first fluid and the second fluid combined with the removal by
the third conduit region of the head defines a controllable meniscus that is defined between
the head and the wafer surface when in operation and the head is proximate to the wafer

30 surface. _



Figure 2B shows an alternate view of the wafer cleaning and drying system

I n accordance wth one enbodi nent of present invention. 25 Figure 2C
illustrates a side close-up view of the wafer cleaning and drying system
hol ding a wafer in accordance with one enbodi nrent of the present invention.
Fi gure 2D shows anot her side close-up_view of the wafer cleaning and drying
systemin accordance wth one enbodi féAt of the present invention. g
Figure 3A shows a top view illustrating the wafer cleaning and drying

systemw th dual OXI e C 1. f the
present inve g%Jr%]{i)err OPLIX%JE’ f‘%{} g?ei’?gs %i%& Set%lgﬁpagdfﬁﬂﬂh er c eani ng
and dr yj ReadShEARNM lviezidhsudﬁaaé wﬂéfé&héThéad dﬂt@ﬂd@lsl prodiffls taagfase biitlene

enbodi nent of the present invention. ggire 4A shows a top view of a wafer

cl eani nglbamltedvl}qnng opgrationn ®he bead aled ingBidesat leashpae pf afirsticopdyibfds for a

f d h h
Pt csent SaHeEHEAafre g hedirBratEnd SERHERREEh Rk RES AR N Edl &g ang
dryigng @éﬁﬁ&&ﬂ&ﬁhmr HE B S setdd fPhifl tf EiRXdubfaty of B dabdtaite ﬁar&é%l]'ltthé ul ar

surface of the wafer in accordance with 10 one enbodi nent of e present
i nvent i bead whege the s8eorshfiuid beingahfferentithan tize first Snidc ' Beerticad fmmbbrdnqlum system

th t t al h 1
it bt Igast pReSC AR copdie A remaping cch of 1% o e ana tiusscont BERAGROS ot
i nventi@a. uﬁh&‘ﬁﬁhcg‘ﬁxb%ﬂ-ﬂ@swl?eré mieat ViRV ofthVafif conld8Rhé arAdo dr yi ng

systemwlth the 15 proximty heads in a horizontal configuration which
ext endssubstantiallyeswticand the atdéast bee obithe firstreoaduit vwzeneie the atleastonenbtni nent of

th t Fi SC shows f | ' d
ar yiPg Bt the % HastRribatine sroraa anduit 3 Sies bAeLneahin JEREGRIH i ch
I's config Hﬁﬁ%ﬁllﬁ gﬁs@y wﬂé% ir} Oferd@SE T R lledsBord 8f th@R8Eond! ddnduit

accor dance |nent e present invention,
is located to substantlally surround at least a portion of the at least one of the third conduit.

In yet another embodiment, a méthod for preparing a wafer surface is provided that
includes supplying a first fluid at a first region on the wafer surface, surrounding the first
15  region with a vacuum region, and semi-enclosing the vacuum region with an applied
surface tension reducing fluid region where the semi-enclosing defines an opening that
leads to the vacuum region. The method also includes scanning the first region where the
vacuum region and the applied surface tension reduces fluid region over the wafer surface

where the scanning leads with the opening.

20 In another embodiment, a wafer preparation module is provided which includes a
wafer brush scrubbing unit where the wafer brush scrubbing unit is capable of scrubbing a
wafer while applying cleaning fluids to the wafer. The module also includes a wafer
drying insert where the wafer drying insert is capable of being integrated into the wafer
brush scrubbing unit where the wafer drying insert including a proximity head for drying a

25 surface of the wafer without contacting the surface.

In one embodiment, a method for processing a substrate is provided which includes
generating a fluid meniscus on the surface of the vertically oriented substrate, and moving
the fluid meniscus over the surface of the vertically oriented substrate to process the

surface of the substrate.



20 Figure SD shows a side view of a wafer cleaning and drying systemwth
the proximty heads in a horizontal configuration which is configured to
clean and/or dry the wafer that is stationary in accordance with one

enbodi mrent of the present invention. Figure SE shows a side view of a wafer
cl eaning and drying systemw th the pgoxi mty heads in a vertical
configuration enabled to clean and/or dry the wafer that is 25 stationary

i n accordance with one enbodi nent of the present invention. Figure SF shows
an al ternatesj i f fer i i LS
shifted 90 dlélgarnggls?yf" &gﬂ? f t’\g?sdlgsﬁiéﬁlﬁg ﬁ%\?\iﬁggﬁp%&%’ﬁ ?‘gbgéﬁi(ﬁmastgggéﬁgnce W th
one eniReédsBing opbratibR iﬂ;ﬁl@Gﬂ!&B wHidEihtiudBs arm cAhable dfesticaPnidv@ient top Vi ew
of a wafer cleaning and drying systemwith a proximty head in a horizontal
conf i guhetweenn first edgecofitbe substratedo o sacanslaidgs ob ther substraie.c The appare®@s dance wit h

one enbodj nent, of the present inventi,on. FEigure SH.sh a sidge.yiew of a
oater cnehi Hgudss AT o Ui it i iea beleSapthie o7 foimflnd s iR "

hor isz onhalisR ohiakurAké Qi“th%hﬁilra%‘é(ﬁxf‘d‘éi&%a@le '0?Heind thédsvep thd fiefasebethel N
accordance wth one enbodi nent of the present invention. Figure 6A shows a
proxi msubsttedad i nl et/outlet orientation that nay be utilized to clean and
dry the wafer in accordance with one enbodi nent of the present invention.
Figure 6B shawet aidhdi@intvdinien & ynahtfold fonhed ingitepLingar weafer stnfaoe ishat may be
10 utilized to clean and dry the wafer in accordance wi_th aone enbadi nent of

the pr aseyided. nTeemanifoldrnejudes sfirst progessavindpwra e frpipartipn pf theamanifold
inl et/ t erientation i i | - h fer i
hecor adAe enPRbEl Rhedl 4 AR AIRYmBRetlls ol BE il SR TREmfiifold? RETEr 11

i 1 l1gst rfafthér inclnd&f £eabh® prycbadiiddl ififa sacomd purtioh ¥f (g madfsld beingat may be

conducted by a proximty head in accordance with one enbodi nent of the
pr esenteonfigured to generate a second fluid meniscus on the wafer surface.

The advantages of the present invention are numerous. Most notably, the
apparatuses and methods described herein efficiently dry and clean a semiconductor wafer
while reducing fluids and contaminants remaining on a wafer surface. Consequently, wafer

15  processing and production may be increased and higher wafer yields may be achieved due
to efficient wafer drying with lower levels of contamination. The present invention
enables the improved drying and cleaning through the use of vacuum fluid removal in
conjunction with fluid input. The pressures generated on a fluid film at the wafer surface

_ by the aforementioned forces enable optimal removal of fluid at the wafer surface with a

20  significant reduction in remaining contamination as compared with other cleaning and
drying techniques.

In addition, the present invention may utilize application of an isopropyl alcohol
(IPA) vapor and deionized water towards a wafer surface along with generation ofa
vacuum near the wafer surface at substantially the same time. This enables both the
25  generation and intelligent control of a meniscus and the reduction of water surface tension
~along a deionized water interface and therefore enables optimal removal of fluids from the
wafer surface without leaving contaminants. The meniscus generated by input of IPA,
DIW and output of fluids may be moved along the surface of the wafer to clean and dry

the wafer. Therefore, the present invention evacuates fluid from wafer surfaces with



I nvention. Figure 6E shows anot her wafer drying process using another
source inlet/outlet orientation that may be conducted by a proximty head
i n accordance with one 20 enbodi nent of the present invention. Figure 6F
shows anot her source inlet and outlet orientation where an additional
source outlet may be utilized to input_an additional fluid in accordance
with one enbodi nent of the present invention. Figure 7TAillustrates a
proximty head perform ng a drying operation in accordance 25 with one
enmbodi rrgﬂ? . el bR redi] BV jew of a
portion o engé %&%ﬁ}v&nﬁﬁ%ﬂggds Byﬁ&ggaggrraﬁiﬁ%gﬁntzﬁh%ne egg%tg(?prr%drﬁ@of t he

pr esent inefieetivd drying such 29 fdriegample/$pin dtyisg.r ates a proximty head with
angl ed source inlets performng a drying operation in accordance with one
enbodi ment  opMdrBevdrtespiekerit MiRAtbPMso CAIbE Mcdfpordtbd/fité Alusroas Bype¥bfii ty head
w th angled source inlets and angl ed source outlets performng a drying
oper at i gystams tQ@eoermwealfenpracessing syatsogiwitnelugier topls giviagdhe systamsyent i on.

Fi 8A i ll d i f . i m ds f ' dual
vaf ot stinpiale BeS B s it Gegh Rt v BRPR 2 el onl e Sordiet MBS0 mont

of the BpHESEMvalchpritelsip, wardy s BEpRRewed IMEnkO&fididny na8ASS Byhavishal
waf er surface cleaning and drying 10 systemin accordance w th one

enbodi ndififerent types of clustentodlninghe wafer pFacgssing Systanh,| there mayche lesgtime éssi ng
wi ndow i n.accordance with one e diment of the present inventi . Figure
o8 i 11 [ FBBSHOTC e Drrise Meymalucoar By LeEaieR gt PR ST 1 eebfiefnee
Wi th ongeriTaadisaBiaRhed 1R 8§t IsNeeBEd R house the wafer processing '

10  apparatuses. Therefore, the present invention may be incorporated into any suitable

variety of systems to make wafer processing more efficient and cost effective.

Other aspects and advantages 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.
15 BRIEF DESCRIPTION OF THE DRAWINGS

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.

Figure 1 illustrates movement of cleaning fluids on a wafer during an SRD drying

20 proces's.

Figure 2A shows a wafer cleaning and drying system in accordance with one

embodiment of the present invention.

Figure 2B shows an alternate view of the wafer cleaning and drying system in

accordance with one embodiment of present invention.

25 Figure 2C illustrates a side close-up view of the wafer cleaning and drying system

holding a wafer in accordance with one embodiment of the present invention.

Figure 2D shows another side close-up view of the wafer cleaning and drying

system in accordance with one embodiment of the present invention.



. enbodi ment of the present invention.

15 Figure 9C illustrates a processing w ndow in accordance with one
enbodi nent of the present invention. Figure 9D illustrates a processing
wi ndow i n accordance with one enbodi nent of the present invention. Figure
10A shows an exenplary process window with the plurality of source inlets
20 and as well as the plurality of sqgr_ce outlets in accordance w th one

I gure 10B shows processing regions of
a proximty head in accordance wi th one enbodi nent of the present
i nvention. F t %hﬁﬁ?
substanti al II;%%%ér%ﬁN éggs’?{drﬁ é@%“ﬁgeg%e W %g?gﬁg#%%hngvrﬁh of the
pr esent dual peoximity heEdsguraecdlrdlBudeIWitls,bmaémBocan&ndef the preserit inbentionoxi m ty head
i n accordance with one enbodi nent of present invention. -11 Figure 11 C
shows a rear Figufd3Bfilnishated aQideViéw Jf‘ﬁ?éjwhf%r BrRaRing ANg rythd SysBe wRtHAGM nent
of the present invention. Figure 12A shows a proXimty head with a parti al
r ect angpodimignbleada in actordance withronsleapwdimentof theipresent wiventiome enbodi ment  of
the present invention. Figure 12B shows a side view of the proximty head
Wi t1s a partiBigufe4A shous atopviewpdiatwater aiamﬁug aid 8Ragesystenbehivhdacladesyv t h
one enbodj ment of the present inventiogn. gure 12C shows a back vi ew of

the pr daa}lmfypmaﬂlwmqﬁis éorpaapatma!la!f @Efa&ﬁgﬁ ﬂt?rW%fﬁEIlW?ﬂdaﬂc%Wﬂb @P&r shape in
accordar IIEE hox?f the present invention. Figure 13A shows a
rect angL ar pI‘OXI m?g n accordance with one 10 enbodi ment of the

present invention_ Eigure Bsho a rear, view of .the proximity head in .
accor dance i 'BHFEGHRS ll-fﬁ%soth? fv&’ﬁ GTdeaning Ipddrying system WhicH
includes multiple proximity heads fora p_artlcular surface of the wafer in accordance with

10  one embodiment of the present invention.

Figure SA shows a top view of a wafer cleaning and drying system with a
proximity head in a horizontal configuration which extends across a diameter of the wafer

108 in accordance with one embodiment of the present invention.

Figure 5B shows a side view of a wafer cleaning and drying system with the
15  proximity heads in a horizontal configuration which extends across a diameter of the wafer

in accordance with one embodiment of the present invention.

Figure 5C shows a top view of a wafer cleaning and drying system with the
proximity heads in a horizontal configuration which is configured to clean and/or dry the

wafer that is stationary in accordance with one embodiment of the present invention.

20 Figure 5D shows a side view of a wafer cleaning and drying system with the
proximity heads in a horizontal configuration which is configured to clean and/or dry the

wafer that is stationary in accordance with one embodiment of the present invention.

Figure SE shows a side view of a wafer cleaning and drying system with the
proximity heads in a vertical configuration enabled to clean and/or dry the wafer that is

25  stationary in accordance with one embodiment of the present invention.

Figure SF shows an alternate side view of a wafer cleaning and drying system that
is shifted 90 degrees from the side view shown in Figure SE in accordance with one

embodiment of the present invention.



Figure 13Cillustrates a side view of the proximty head in accordance with
one enbodi nent of present invention. 15 Figure 14A shows a rectangul ar
proximty head in accordance with one enbodi nent of the present invention.
Figure 14B shows a rear view of the rectangular proximty head in
accordance with one enbodi nent of the_present invention. Figuie 14C
illustrates a side view of the rectangular proximty head in accordance 20
wi th one enbodi nent-of present invention. Figure 15A shows a proximty head

i n operation i ' ion. Figure
15B i | | ust ra@?%@ Sﬂ%?r‘éﬂ s‘eﬁega}%qgéﬁgggﬁ?%gﬁj &yiig %tpéﬁﬁﬁ With | PA

i nput i proxfiany deara a/hdrﬂoﬂﬂapccﬁ{ﬂgﬂf’dtmﬂﬁhleﬁ ekteRdsucasss Atradiny efitieomafe?m Fi gur e
15C shows the proximty head as described in_ Figure 15B, but with the |IPA

f1 ow i na¢cosdange withone embeiliment of themresent mveption one enbodi nent of the
present invention. -12 Figure 13D shows the proximty head where the
fluid meni sciigursSHishuws whideeidvof wafader cleaning and ch-ﬁngsymemnviﬂc&mr dance with
one enbodi pent of the_ present invention. Figure SE shows roximty
head whBrImHK headsiand i herawtalscogﬁsmtlmmm%rwﬁfa@osqf ar thet at ed

faster rﬁ Q«fcc?&h@é With o%@%%ohﬂn@t%ﬁi}f‘e Lﬁr@é@%@v@ﬁ?&{ dance w t h one 5

enbodi nen resent 1nvention OoWs the proximty head

where the I1PA.flo S _been i.ncrea the I f Figure
1 SDin accoﬁ%‘ﬁe QIA ?‘H%R&“é‘?ﬂ%g‘u ?éﬁg&?&uﬁ?ﬂ%ﬁag?@q{‘ E? %iﬁ gure 16A
shows aclefPand @YY thé wafef iAo GE With®ne ¥aTRHindht JE qwﬁawﬁe iVehtiopne 10
enbodi nent of the present invention. Figure 16B shows an alternative view

of the cl eanpof J5W ki ¥R prxiftfiGHed@ RiE/outlet orientation that may be
10  utilized to clean and dry the wafer in accordance with one embodiment of the present

invention.

Figure 6C shows a further proximity head inlet/outlet orientation that may be
utilized to clean and dry the wafer in accordance with one embodiment of the present
invention.

15 Figure 6D illustrates a preferable embodiment of a wafer drying process that may

be conducted by a proximity head in accordance with one embodiment of the present

invention.

Figure 6E shows another wafer drying process using another source inlet/outlet
orientation that may be conducted by a proximity head in accordance with one

20 embodiment of the present invention.

Figure 6F shows another source inlet and outlet orientation where an additional
source outlet may be utilized to input an additional fluid in accordance with one

embodiment of the present invention.

Figure 7A illustrates a proximity head performing a drying operation in accordance

25  with one embodiment of the present invention.

Figure 7B shows a top view of a portion of a proximity head in accordance with

one embodiment of the present invention.



"~ with one enbodiment of the present invention. Figure 17 illustrates a wafer

processing systemwi th front end franme assenbly with a drying nodule in
accordance with one enbodi ment of the present invention. 15 Figure 18 shows
a wafer processing systemwhich has nultiple wafer processing tools in
accordance wth one enbodi nent of the present invention. Figure 19 shows a
waf er processing systemwi thout the €9%hing nodule in accordance with one
enbodi nent of the present invention. Figure 20 illustrates a wafer

processi ng system which includes a drying nodule 20,and a ¢l eani ng nodul e

i n accor danckigwie: C dlustrated 8 drovdmitydread W, &PS@@ﬁP“‘i"ﬁ\’/’gﬁFiH? OrpIE R e 21 shows

a bl ock,di agram.of .a wafer progessi ' ith one

enbodi rNg eaﬂg%laggcgﬁ‘? CRVE gngne?xgqglﬁéﬁ%@@ﬁ?% lﬁ?ﬁ%‘i%@ ggﬂ‘.‘a proximty
head begi nning a wafer processi.n eratjon ere th fer is.s ned -
vertically iFiggeectd? Hﬁ%@%ﬁﬂﬁ%ﬁ&ﬁ%ﬁ%mlmﬁgﬁms "Sﬁﬁg‘ﬂsaé’ﬁta‘@ﬁ‘di Sﬁ@‘%ﬁt i on.

Fi gure Il dryh . I | bl dimeftofithe Yfedet6A wWhere
t he pro‘éﬁ%stdy&%ggﬁﬁﬁs st%?éega{ logcgﬁﬁﬁgﬁgﬁ?%?%%% ellcgordancg vv?'t h one

enbadi nawéntioh. t he present invention. -13 Figure 22C shows a continuation
of a wafer processing operation fromFigure 16B in accordance with one

enbodi ment  ofighRBATIARGEes aRIRViEW DS te oxigniBAads Foraise & edublweafeaf er
processing operation continued fromFigure 16C in_accordance with one
enmbodi ranfacoélearing pnddeying systeomin ansordancy yith eng embadiment of thepresent
processi ?Rq‘iggerat ion continued firomFigure 16D in accordance with one
embodi HBHIUOR ¢ he present invention. Figure 22F shows a side view of the

proximty heads situated over the to _p(g{# iafn Pf 'téé}e vel\rti.call osi tioned
vaf er in acdigugrEshavisthe peoximsy dieadsin agfual watep surdage cleaning an g

10  system in accordance with one embodiment of the present invention.

Figure 9A illustrates a processing window in accordance with one embodiment of
the present invention.
Figure 9B illustrates a substantially circular processing window in accordance with
_one embodiment of the present invention.

15 Figure 9C illustrates a processing window in accordance with one embodiment of

the present invention.
Figure 9D illustrates a processing window in accordance with one embodiment of
the present invention.

Figure 10A shdws an exemplary process window with the plurality of source inlets

20 and as well as the plurality of source outlets in accordance with one embodiment of the

present invention.

Figure 10B shows processing regions of a proximity head in accordance with one

embodiment of the present invention.

Figure 11A shows a top view of a proximity head with a substantially rectangular

25  shape in accordance with one embodiment of the present invention.

Figure 11B illustrates a side view of the proximity head in accordance with one

embodiment of present invention.



invention. 10 Figure 22Gillustrates a side view of the proximty heads
during processing of dual surfaces of the wafer in accordance with one
~enbodi nent of the present invention. Figure 23A shows a wafer processing
system where the wafer is held stationary in accordance with one enbodi nent
of the present invention. Figure 23B ghows a wafer processing system where
the proximty head carrier may 15 be held in place or noved in accordance
wi th one enbodi nent of the present invention. Figure 23C shows a wafer
processing sy MO fyd ditaPView dichd plog P KEAA R AMccAwliRBpY'S OF (Ne
waf er in accordance wth one enbodi nent o e present 1 nvention. Figure
23D shoasbalimefteof the presaittiimeentipat em where the proximty head noves
vertically and the wafer rotates in accordance with one enbodi ment of the
present 20 gy 120 shdviapoxAfity BEHAWitita Paal factdngiR@dnd PadtialEivcudts
utilized for vertical scanning of a wafer in accordance wth one enbodi nent
of the shepsivaccordanes With ongembedinfenBofthepsesgntinyentidnew of the proximity
head in accordance with one enbodi nent -of the present invention. 25 Figure
24CSshows  arFigaren2B shows esidotietvinaf the proxitity heabwith a pactial reaapalasiand one
enbodi ment of the present invention. Figure 25A shows a nufti.-process

wi ndow RsFtalicrular shapg 1n Accordanes withongiembogdiaent af dhg present gaventan.yr esent

i nvention. -14 Figure 25B shows a nmulti-process wi ndow proximty head
with three &ietB@sls?G?\ﬁhmﬁsbdch vigye of dbaM@(imib’Hleedéviém)p@ﬁagwptangulah@qor esent
i nvention. .DETAI LED DESCRI PT1 ON THE PREFERRED ENVBODI VMENT An i nventi on
for  meHHBIA STRARE AR 1 AELOAER WP SR AP OSHET 4F PREEL TYEPEP o

di sclosed. In the _follow ng description, rous specifjc details are set

une
forth in or ddguied 3 havse @C@H&Im@ﬁxw&éﬂmﬁﬁ?@dwqw pResent
i nygnt i i , however, by one of ordinary skill in the
ar ;{6 thegﬁoﬂL%e%vréggﬁﬁe%%@?‘g@my be practiced without sonme or all of
t hese speci fi.c d jLs. In other i.nstances. | J. known process operations
have not beeﬂﬂggggéﬁ owys;aTegigy of t Qf?ﬁlé?ﬁ%%?adt%aﬁﬁ?\%@@% s%ﬁ?f’ﬁ}e obscure the
10 pr esgibodihi¥e bf itk present invention.

Figure 13C illustrates a side view of the proximity head in accordance with one

embodiment of present invention.

15 Figure 14A shows a rectangular proximity head in accordance with one

embodiment of the present invention.

Figure 14B shows a rear view of the rectangular proximity head in accordance with

one embodiment of the present invention.

Figure 14C illustrates a side view of the rectangular proximity head in accordance

20  with one embodiment-of present invention.

Figure 15A shows a proximity head in operation according to one embodiment of

the present invention.

Figure 15B illustrates the proximity head as described in Figure 15A with IPA

-input in accordance with one embodiment of the present invention.

25 Figure 15C shows the proximity head as described in Figure 15B, but with the IPA

flow increased to 24 ml/min in accordance with one embodiment of the present invention.



VWhile this invention has been described in terns of several preferred

enbodi nents, it wll be appreciated that those skilled in the art upon
readi ng the precedi ng specifications and studying the drawi ngs w || real ize
various alterations, additions, pernutations and equival ents thereof. IS

therefore intended that the present invention 15 includes all such
~alterations, additions, pernutations} and equivalents as fall wthin the
true spirit-and scope of the invention. Figures 2A through 2D bel ow

illustrat d t f | d
bo ot oot at Baue D e PRy bg whetehe B RRERAR 1§ MMkl BODN
type Ofwﬁ@lnfs'lﬁ gﬁ]fo'té?éﬂ fn%ﬁ:ox‘&@ﬁﬂe%@maﬁé é‘mﬁ@diﬁiéﬁf‘éf Ak ptdientinPeitiont y heads) 20

into close proximty to the wafer may be utilized. I'n the enbodi nents

shown, the XI &er
portion of Fﬁ%u{m?fs? %C{ﬁé qﬁ{&} \Oh&e}tﬁepﬁ{ﬁfi U?E% {)eg‘g}p‘glrlglg%t ed
that otvjgfer erﬂeﬁg ﬁwiéd;fagﬁwﬁéﬁ maﬂotatmcbhmnﬁ Figire msmnmqrdmmm omve in a
| i near fashion om one edge of the wafer to another dianmetrically

oppSsi temtmdipentfofithepiea¢ndinvestiont her non- | i near- movenents may be utilized
25 such as, for exanple, in a radial notion, in a spiral notion, in a

zi g-zag not i BigureckSF. showsahitprokimnity headomlsere tieoPAnfionw has heem\mbmaswaqs be

rot at ed andthe I‘OXI ead rmoved in | i near fashjo sot proximty
head nePMRAERALE glﬁ f&r\%‘“’&f 15Da agegr P“cel‘Y‘aléﬂB%F‘H{’%‘ﬁwnbg ﬁ'ﬁder st ood
t hat ohﬁ fﬂgﬁ%ﬁpnts may be utilized where the wafer is not rotated but
the pr xrm IS conflgured to m)ve over the wafer in a fashi on t hat

or oxi %ﬂ;ohﬁé"ce?ﬂ?ﬁﬁtﬂ op v ok ERaf e tal By th o B ek MR A7,

hengi neﬁmﬁdhﬁeﬁttdﬂth@ﬁ@s&ﬁuweﬁﬁéh and dry any shape and size of substrates
such as for exarrp e, mm waf ers, 300 nmwafers, flat panels, etc. The

waf er cl ean'crlgm% l-ﬁ Safl'tﬁxtng wWoSf b 'cié g/ fng QY488 in Abcdidte

cl eani ng an rying t waf er pendi ng on |gur ation of the system
5 Fi gurvﬁﬂﬂﬂxéémbadtmenaéfemepteeamm@md dryi ng system 100 in accordance with
one enbodi nent of the present invention. The system 100 includes rollers
102a, 102b, Eperel3guythitédn Waktr bﬂicéssﬁ%jsysmwi!théﬁdmfcﬁd fiatnecasadrhietyweitler
surfaces to be dried. The system 100 al so i ncludes proximty heads 106a and
106b t halryingmnegude mardaemthhpee gmbadineent of thepresasb iINVERHEM.04a and ~n a

| omwer arm 104b respectively. The upper arm 104a and the 10 | ower arm 104b
areSpart of Elgqmed>8| shiotvg atveafer piacesemgasystenbwlcn(bas whiltiple avader prgcessing

subst anti.al l ear vemne f the OXI mty heads 106a and 106b al ong a
r adi us ‘Eﬁlst‘hé’c\%faé‘f’ew "&’ﬁg etW S‘B’FX’% Hf?‘;’ head Garner assenbly

104 is configured to hol d t he proxj mty head 106a ab&\’/i% thf waf er and the
proxi mi ty hdagured@ishper g afererragssaingisystem withQut thy efe Weithe waf er :
oS T REaRESOIPbAS SR fodineliFY B tét@nﬁava{uo@hm 104a a_nd the | over arm

104b b Verti cal frannsr <o once e proximty heads are noved
hori zontal l y..intq.a.location to start waf LOGESS| ty heads
1068 and 10iE0E0RBuTGT Vafel pRsprgnd Brefem SRGBE AR  iiIaPIRAVIR Y\ OO
theggwafygg a cTJﬁdé&BS&ul@ﬁﬂéc@?&n@@%ﬁx%e' BIdiment &Qﬂ@gf&b’ntbﬁvﬁ@i@hl gured in

any suitable way so the proximty 20 heads 106a and 106b can be noved to

enabl e waf eq 6%&8(\2?55%5{2'9 ociecﬁ%hﬁe& mﬁf& Cb]L)Sl é:%%'téiln B GRRIAMEE %ﬁxd that

the system f e con I'n any nner as long as the

pr oxi mohyeH@adﬁﬁantwmet;ﬁegmvmenﬁbml ose pr OXI mty to the wafer to generate
and control a neniscus as discussed belowin reference to Figures 6D

through 8B. Hifurghoul muetlrai@s ostnﬂﬁ&%&peeglﬁﬁhgfalv@a&erﬁroeéssmgtdpemibnbe any
suitabl e distance fromthe 25 wafer as |long as a neni scus as discussed in
f ur t hewhesd the avafer is scazingd vertioally fir aneghdagBe mith ane ambadimentcef the prasert
diment . the proximty heads 106a and 106b (as well as any other
m“t‘SFnH@%d descri bed herein) may each be noved to between about 0.1 mm
to about 10 mMmfromthe wafer to initiate wafer rocessm operations. In a
pref er abl e &Figyai2dBritlustrates qowaier RTQOpsYiBg aentinEeS ﬁal leetP ofs Wherq thss any

about By rbad B valieCERnE e PRI 17 holarPE Myt S GG R B e

pr oces $idientGReéionoNs, and in nore preferable enbodi ment, the proximty
heads 106a and 106b (as well as any other proximty head described herein)
may be noved to about 2 mmfromthe wafer to initiate wafer processing
operations. Figure 2B shows an alternate view of the wafer cleaning and
drying system 100 in 5 accordance with one enbodi nent of present invention.
The system 100, in one enmbodi ment, has the proximty head Garner assenbly
104 that |s confl gur ed to enabl e the pr OXI mty heads 106a and 106b to be

e Y e Y




15 4, 5, 6, etc. The proximty heads 106a and/or 106b of the wafer cleaning
and drying system 100 nmay al so be any suitable size or shape as shown by,
for exanple, any of the proximty heads as described herein. The different
configurations described herein generate a fluid nmeni scus between the
proximty head and the wafer. The fluid neniscus may be noved across the
wafer to clean and dry the wafer by éb%Tying fluid to the wafer 20 surface
and renmoving the fluids fromthe surface. Therefore, the proximty heads

or ot her confgHF 22 GHe™E AsPHETEIPE of Aoy redduoe fHAbb BinfRiaro ey o e "
shoul d %?&to : RO RIR O eafbolifiAint b theSpredcpiinyeRtioray cl ean and dry one

~surface o waf er or both the top surface and the bottom surface of the

wafer. 25 In di than I i . j: %l%r] tom
surfaces and Figng %%Bv}/g?ge{.r?a,%sﬁ ﬁ%wé;k/egt% gén&gﬁgé ﬁgéy‘wé‘f*g%&?é’hﬁ%%‘gg e gsoé)c ean
one si dac&rddriee Wit e evisbdith¥ntaoTahdpres&it deventiohhe wafer if desired by
inputting and outputting different types of fluids. It should be

apprégci ated wiler gl d fbh%oﬁﬁ’ﬂiédcﬁéﬂﬂﬂ%ﬁl £ 16Dfiher ent
chemfcal s top n%bggtsﬁaé()‘r%hglﬂir?the lgr%giéid{rﬁgtdféﬁdéads 106a and 106b respectively
dependi acgcordane® withcorepentaidirnentadshe prbsenflimveptioni mi ty heads can be
configured to clean and dry the bevel -n edge of the wafer in addition to
cl eani ng and/Figuré RF §Rowd & side viewnof the peotitrity hebdd ditavedf ever thErtbp portionbe
acconpl i shed by noving the neniscus off the edge the wafer which cleans the
bevel eafthe verticallyprsitianedwater imarsordasse) withaneemboginasat of the press? 106a and
106b may be.the sane type of apparatus or different types of proximty
heads. 8YEMH9He 2C illustrates a side close-up view of the wafer cleaning

and_drying system 10Q hol ding.a wafer_ 108 in accor ce with ane di ment
of the pres e%ﬂWﬁ@%&t‘]lBﬂFateFl?esf&%Y’@W %fG. eﬁwnﬂgyﬁgﬁ“ga@ﬁ’&‘gﬁ?ﬁﬂﬂg ngg e

[0l | e S i@ of iater ) bGanct Wl ot EBBUieRT bP e hésdfit ATehtill as L he
orientation enables a desired proximty head to be in close proximty to a
portion of t j jed. i ment,
10 the ol | of oeShhOHs b i labBelif FrEANRtu indUhis Held QRGoREY B T
102c maycdeedghcandthr dieainssbdiniet ofehd preséitimvedfionThe rol l er 102a may al so be
rotated by its own spindle (as shown in Figure 3B. In one enbodinent, the
rollers 102aFi§.93§313 NG Q WafEaRob bR QydtBmaviidr® teViro finslty Keadicaftiérandyot at e
the wafer 108 Tn a countercl ockwi se direction. It should be understood that
t hel¥ ol beheldrinypldse or otoveé ih acvosdanhe with aicanitwidbvensrofdhe preserdieventiRni se 15
direction depending on the wafer rotation desired. In one enbodi nent, the
rotation i npFiguee230 shtwes wafafdr ptO&esbingishstemolheze thelfidrimityRénd extehdi02c
serves to nove a wafer area that has not been R,r ocesg&% into cl ose

proxi mi #9out @ radins of theiwalesinpcserdanerawith qpe emgpdimeahel the preseat P,

itself does not dry the wafer or nove fluid on the wafer surfaces towards

the edge of Figured’Bshowsamestferprocessing sysirayyshere gheproxipitypeadame¥ss t he wet
20 of th f b ted..t 0t he, PFaxi 106 d.
To6b Y gHndRE Rietet s TR aPF GRENSFith Opf BFpRURERFbL e MBeR 11 % B5F

andyg hr gH@htiéhie rotation of the wafer 108. The drying or cleaning operation
itself is conducted by at |east one of the proximty heads. Consequently,

i n one enbodi rea :of 3161-;811 4 nt er
region to thg@%%4$esg§%ﬁgﬁapﬁé&m%§g%%ai n JH@SP?% noeéejrsr)%nt ag:og@dryi ng
25 oper ¢fafe@lin pécogde6 8dth diit eintdimentdl the prdsewtiimeertiont he dry are of the

waf er 108 woul d nove around the wafer i O8 and the wafer 108 woul d be dry
in one rotat pré bABShewS 8RIHcVIA of it proRithity headifadeordis withlond6b are at

| east a radius of the wafer 108) By changi ng the configuration of the

syst em @ébodiment bfthepresentinventiasf. and novenent of the proxinmty head 106a
and/or the proximty head 106b, the drying novenent may be changed to 30
acczgmodat e Fgard 94@RNows af idontettiy piewodf the prowgmigthead in ad®rdance ath ehebe
understood that the proxinity heads 106a and 106b may be configured to have
at | easembpdiment of thepresgot @Eentiiet configured to i nput dei oni zed wat er
(DIVA (also known as a DIWinlet), at |east one of a second source inlet
confi gured t Higunp2iAishows emydltigiroctss wipdemproximiyhead i pegordanse WIHLARE as

| PA inlet), .and aml east one source outlet 5 configured to output fluids
froma FEEPYMePLELbERTEHR MEPMO NG a particul ar proxinity head by applying
vacuum (al so known as vacuumoutlet). It should be appreciated that the
vacuumutilized herein nay al so be suction. In addition, other types of
solutions may be inputted into the first source inlet and the second source
inlet such as, for exanple, cleaning solutions, anmmonia, HF, etc. It should
be appreciated that although I PA vapor is 10 used in sone of the exenplary

e o r



15 vacuum DIWorientation. It should be appreciated that other types of
orientations such as | PA-D Wvacuum DI Wvacuum | PA, vacuum | PA-DIW etc.
may be utilized depending on the wafer processes desired and what type of
waf er cl eaning and dryi ng nechanismis sought to be enhanced. In a

pref erabl e enbodi nent, the 1PA-vacuum DI Worientation may be utilized to
intelligently and powerful ly generatel4-control, and nove the neniscus 20

| ocat ed between a proximty head and a wafer to clean and dry wafers. The
DIWinlets, the I PA vapor inlets, and the vacuym ou IeTEl_"rs1 maey be arranged in
any sui t abl eFigaFmaB showsemalibpeocess windaywinspxiputy hgad M BEEC BEGEeS  anpie, i n

addition.to the | PAvV .1 ] e t the DIWinlet, in
an addi VISRAE “éﬁ%°<96ﬁ‘°r¥‘§§t9{‘“’t@e°rcé"br?€§% Bﬂe/taogmrig%gﬁgﬁvsegﬁgﬂof | PA vapor
outlets, DIWinlets and/or vacuum outl ets dependi ng on onfiguration
of the proxi mDETAHED DESGRIPTIONOQE THF PREFERRED EMBODIMENLS i | i ze an
1PA-vacuum DI W DI Wvacuum | PA or ot her exenpl ary enbodi ments with an | PA
sour ce i nl et AniAvention FortmethodsiandapparatuseDfat/demingand/oradryingraf wafigr 8t i ons are

descri bed herein with a preferabl e enbodi nent, bslggﬂ descth d in,reference
to F gudisclosd. |In thefollpwing-despriptin. anpgrous spedifie freSsh r&}pgﬁlqg Cof the

| PA-vacuum DI W ori ent at | [ iSandisPen il Be URdidRoapp! i cati on.
For exa?FBV ,eatvt\ﬁgroblggflg#ggtg%@éggﬁwsﬁg%ﬁg&%lglrllput'_,elli]\g}uérguam andoD Wi nput

| ocat i OpswdeTRY, Hfoné®iofdinad skilBinthe kA @astha peesentriavaitiontmay bepractieed - 19
di stances are inconsistent. In addition, the,dist ancef bet ween t he | PA

i nput , witboutrspmered albofitlnse specifimgetails. laother ingtances. vl KRB BIESon t he
ize, sh d_conf. ] . i mi desi r ed
i 7e o Suprjoss BeE G HetlaakcriRe  adBE uPORH B uliBecRfoBRARE e C0S) T

Fi gy € prdsent hvafl@éd.i on, as discussed in reference to Figure 10, the 5

| PA-vacuum DIWorientation is configured so a vacuumregi on substantially
surrounds a Wertﬁﬂ'i%nﬁeﬂ 1h'BednesEMEAAR 1o raBYéral piefetedr ounds at | east
the trailing edge region of the vacuumregion. Figure 2D shows another side
cl ose- ugmboditents, it mdll vafappreciatedrthatghasedskilied indhe 9 upen 163ding the prasediBigc e

wi th one enbodi nent, of t{he_ present inyent.ion..| né%thi. . 10 gt}odi nment, the

pr oxi ni pgeikicatiensand studyinethe dravgnes B’B!FF GE VDR e{ailoBF, agi 8% i ty to a

top Su;ﬁ&ﬁﬁta@ﬁgﬁﬁd" vl ﬁ{Eﬁédff RS SherOfRPe Rierldeg th IS preSéhtidvemeiehi vel y by
o] ep [y

utilization oxI m ead carrier assenbly 104.” Once in this
podist i cincludeealpsuwhialtietayions aedditions peamutations and\equivialenisas: fall within thed DI W
source inlets and a vacuum source outlets) to generate wafer processing
neni scu@%sﬂnﬁt%@rﬁ%"f°mﬁmﬁ%‘°ﬁaf er 108 15 which are capable of renpving

fluids froma top surface 108a and a bottg@? surfacte 108b. .The gf er
processi ng rEEREs2A theguabell) belopaillugtrats embodimeis of 3 eXPRRlaYEYET i ptions in

reference to. Fi S : th Hdthh ted into
the. 1 ogrBremup e Estoll He dopleles o i yRols ARMPRCY AN bob. A
subst andthéd dujtable@yastRohligtratibe thdtAvculdlefdbly movempntt dfiatle peoximitywead(aly be
applied in close proximty to the 20 wafer surface to OUSH))ut he | PA vapor,

t h@ODI \intoaeldse: proxmuity (@the Meaferragy brutikized. Jaths erabediments showanlllg g pe

appreci at ed .t hat t houagh | PA J. 1 bt zed | - HadbEnt . any
ot her ﬂ??%bﬁ?\?&é i 183‘;’)%1#&%@%8%%4% éi%ggg, ésett}geﬁ%ggmoéft}esg anple, nitrogen,
any sui g@Rlog ) warer! It ¥Radd be apprBiatehaPSadeambidiments magbaytilizadywhere et c.
that may be mscible with water. The portion of. the DIWihat is in the

r egi on thepresémity head(s) meusima ligeardashiemfomrne g of the Waker fRpRdlds. |t
shoul d cijlgmg%gﬁ}g bgﬁoesﬂe teHSé of the l%;?a%ir, or other non-linear movements may be utilized

25  such as, for example, in a radial motion, in a spiral motion, in a zig-zag motion, etc. 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 but
the proximity head is configured to move over the wafer in a fashion that enables

30 processing of all portions of the wafer. In addition, the proximity head and the wafer



herein, the term"output” can refer to the renoval of fluid froma region
bet ween the wafer 108 and a particular proximty head, and the term"input"”
can be the introduction of fluid to the regi on between the wafer 108 and
the particular proximty head. In another exenplary enbodinent, the

proxi mty heads 106a and 106b may be §9 noved in a manner so all parts of
the wafer 108 are cl eaned, dried, oth wi thout the -20 wafer 108 being
rotated. In such an enbodinent the proximty head carrier assenbly 104 nmay

e o™ SR b8 AP NERBh RebBufod el B Bt i

108. | nafdsize bbabstiraies sudh astibEexdiipié, OO M Adersa360 M vafirs, iffat padd,h t han a
radi us of the wafer, the 55MX|mty heads may be configured to nove in a

spiral gtgnride waforsleanng and dyingsystom nayybe wiilizeddoneither of bethmleapingander sa.
In a prefera I 0X heads are larger in |ength
than a ﬁ%‘?% ed”fa?gp‘g n&ggon Q;S‘M fﬂ]é‘:a"é@ Mh6a and 106b may be noved

over_the entire surface of the waf er |n one rotation. |In another

en})o%. ment, FHRTGLASNAVE P Waferleaningand drying systamyl 09dn ageardanceuith enermvfe i E
e o AN ACrand Aolih! 1RSSR SNSRI OHOR, ssiupatd = of he

enbodi med2c whichmzythiodd andfotats acbvafexueaaedblb evatyy suffac&xf teberieirdt Qheisgsterda SC
through SH may be utilized. Consequently, countless different

conf i gut@Q lse anA#deﬁ pEoXitity headsolPoaand 1 80k that,i in ege iembeémqnt,t age atbachied tain
t t t
oot 1 i i 108 WA £ RVAF 353 Al SRELANRE Tretinpeflif 104 SR 2 P

pr o m towdﬂaﬁdsomamqummxmbhh@aeaﬁmmmloi“ﬂmﬁtﬂx@faeleent i nventi on.
As described .above in reference to Figures 2A to 2D, the upper.  arm 104a may
be confsubstaatialivlingay mayemenbeithe proximeyihends 106 sad 106k alongs radius of the i n

cl ose p&,g%&,mty over the wafer 108. The upper arm 104a may al so be
configured to nove the proximty head 20 106a froma center portion of the

wafer 108 to rdsthe edge, of the, fe 108|n E]g)stantl || i near
o on 115 M e HPEgt the oy dBi REUs R Asserab D DA pep s AR o
shown bye 59&@%19%;&?06; mvewwe} Xn&‘ﬁﬁ%r&ﬁ%%y &aeqmb'below tHe SV R0 2

fluid filmfromthe top surface 108a of the wa 108 using a process
deslér i baldse prokimitshterthel stafiérl This may be ecvompilishéd byhasng theuppey am8 104her ef or e,

t he proxi head e the wafer 25 108 in subst ant i spiral
ot h oV e ot 0B bEo bl ik veERtA Bt e B AR herdsate o
Figure lﬁgve&ﬁtﬁ{z%nfﬂlx' iR PloCAFANG sPIrOWhIT hYocBedfl e h%stlbgaﬁﬁéer 108

Hnﬁﬁ
to renove a fluid Imfiromthe bottomgurfacel the wafer 108.
Fi gur e H®bi damlmmmedszem@lluéo uipesitiof in bleseprfoximity t;athen@fm dl'hir yppegagy st em

100 with, dual Xi m ds i,n acgordance wit. ne enbqdi nent .of the

or esent | 4R Rl Bt 1085 Sy ShsQaRRud 1t eboupLE B P RIS bot h ¢ he
br ol m e4dh 206k ROMALIARBE VedS BhiSAS wager proc?elesmgag Q8scFiBbd AERIDTT L he waf er
108 and the proximty head 106b capabl e of "proces a bottom surface of

t he wafshoultdg: aplpnecmted émbtlrstlsyﬂnml(lﬂpnmydbesoriﬁgurd:cmmﬁ' stitdbleahamgrai th a

roller arm1l rotatg he rollers 10%a 102b,.. and 102¢ res tively.
o et

Thi s r JOBE PO AFOTFIB may bsmoveg ip closk praEntyiathe Walkr &0 BHEAfEf er 108

o) sub f f to the

o oxi o coh8b] Yiiteftly GaRs bl i rofbichts A NglIRY CPRRAERI.CR

enbodi rshotld aldu becurideestoad that dIog: proxhmity thay deaingduitdtle distance ficny theeads 106a

and 106b are brought to clos proximty. of the wafer surface a and 108b
2Phe %&fa aﬁ'ea&a%almssae etsp?d/méym heygeferengce tardwm%iﬁ@sé@ ¥y and

10 6b f; t
ol ani i HARHEN, 16 b ClrtegiRER e plokity ity Mkl an et (AEwMRE bl 08, O
may eaddthergroximifyl helad deforibed hbrinjahsy edoh®eayiovgailoybengednPdout0ilanmzted wat er

and vacuumto the top surface and the bottom surface of the vvafer 108 as
descri 598U 1P mgt Eewfhe waleritp dnitiategvafer,prpgessingonsratons, Ing pieferable ne

pr oxi m n er in

| ess tﬁgbog glgt%lgg%m rly;t%gpﬁe(?&e @&%%ll%@Qoﬁ:ﬁf@gxﬁy %‘?y heads
1068 anidsckilfeld herein)ahay esshibeam6 el tobebhedabot@ DS mhtol #bogt .5 hivefréththerg ti me
for a wafer may be | ess than 30 seconds. It should be understood that
drying or cleaning tine may be decreased by increasing the speed at which
the proximty heads 106a and 106b travels fromthe center of the wafer 108
to the edge of the wafer 108. In another enbodinent, the proximty heads
106a and 106b may be utilized with a faster wafer




20 rotation to dry the wafer 108 in less tine. In yet another enbodi nent,
the rotation of the wafer 108 and the novenent of the proximty heads 106a
and 106b may be adjusted in conjunction to obtain an opti mal

dryi ng/ cl eani ng speed. In one enbodi nent, the proximty heads 106a and 106b
may nove linearly fi oma center regign of the wafer 1 O8 to the edge of
the wafer 108 at between about O nn1b@ﬁ second to about 50 nm per 25
second. Figure 4A shows a top view of a wafer cleaning and drying system
100-1 which includes.nmultiple proximty heads for ridcul ar. surface of
the v Rtten et Ba6 drorslbidy GiePiioh-dngdf M pRerpp mbeitindin, A on; T on.
I'n thisy ?ﬁ@ﬂ& 1068 SHEbeER Wellad ahAjg&!h!éﬂﬁ%xﬁﬁity'Héh@rdeﬂéﬁBeB%@eiﬁ) and an
~upper arm 104a-2. As shown in Figure , the 30 system 100-1 al so may

i ncl udenéyhemoxedtol sbout 2 mam drdno ther wafentoliotiateowalen processing eperatiats. proxi mty
heads 106b-1 and 106b-2 respectively. In the system 100-1, the proximty
heads 106a- IFignft 2B §teovds {redltervidte views dfthe whiacicahidgland drying epstemd 0DGht om

surface processing is being conducted) work in conglj.lbcti Qn so, by having -
t wo Spr dkFerdagcewith eng embedigientofprgsant invgnten.sThe sisteny{ 0Q,HB ofgf er ~ 108,

dryi ng 1 i.1%: c | q '

Thor of SPASSRRenss hERE B gy Ry pelfe et By e thar P bniinq " BabicRe |
heads Heéximity Hdde1@6a a6 to BO thoh@8 lfrozn tHeehtep bOtheedfagtoivardsié edgel 08
near the center of the wafer 108 and nove outward toward the edge of the

waf er Dfthe watersliisbouldibeappseciatadethat the proximity head earsiengssembly kManaypbet i on
112 of _the.yweafer | i ' f the y 8.1 i i th
tho. o aAf eIy sERele bOARer R 0U Yy g Bl G o A g ("

Thepef ahe.106b i@cl&h&?aﬁd/&e&@ thOwafee as dé&¥iredh@n Bh®¥Bbdishelt QH@perﬁﬁit;l hedd6a- 2,
106b-1, and 106b-2 and the rotational nmovenent of the wafer 108, the wafer

sur f ac satyisr agsetnbily §04roancke matagizedto miove therproxinityheadHH6e end dPolfrotthe waf er

eads  Hegerieh 454 whBF 1 e Faes oF e Bl It M RESRAFEPOY st BP BBt ' Ve,
have Mmy4gst Quin SYSBHET00 18 Sh&Wn Withi the proximaty deadsOf)6atahig 106BXI Mty

heads 106a-2 and 106b-2 may be noved into place in the center region of the
waf er iloR any suitablenumber ofpreximitydicadsingy be ptiliaed sieb as,Thor exdraple, 1,t4h 8, waf er

rogcessi ti may be decrea signiflca by using mul.tiple proximt
P Diie ool St TAE R FpifEficads 16 Bt 0GR vt Slepiheideling, 0”01 o ot
t he waggsterfil|0omhditalsdBe Shyydui@bRYsticcdP shak ds shawatby? forl sxaniples anyrof thep! e

proxi mty heads for a particular surface of the wafer 108 in accordance

wi t h opeoximity dicadsras descritied hereineihe differenticonfigunations deseribesbhereint . t he
system 100-1 includes ho t he ,poroxim. head 06a-1 - 2. t are
apab Bt 2 G0 Hfehctp bltviclS o PR RdHaRR ORAr 1S abRPRIcSbICL TP
heads #§lbelnéndd atRsie the waRAl e altl @GAHE W&ﬂerﬁi?&pggﬁﬁg)ﬂhiﬂltb tmcwafp8b of
the wafer 108. As in the system 100, the spindles 111 a and 111 b _al ong
wi 20 asurfaceand semoving thefluids fronethersurfaes. | Therefooe dhe proximity headsdH6a and
respectiymely.. This rotation of the rollegrs 102a 02h. and 102c may rotate
e vt Q45 cbchal By plirtaRdnks of Fenfigirplim s rndiclh of S8 rmy bt ought | n
cl ose pérfigurationsitRatlcheblR il probésed @aefibddRereth. I éHonidalsd B8 Bppreciated 106b- 2

for wafer processing operations. In operation, each of the proximty heads
106a- 1that hesystem]1 Imay cleanl and) dry- chermayfag@of theowaferf ¢onhath tifertoprsuifacemider 108
by app ingt | PA_.dei ?Bi zed. water and vacuumto the top - 23 surface and
the botEHAMOm futfase of theWaliht or 108 as shown, for exanple, in Figure 6

t hrough 8. By havin roximty heads per wafer side, the wafer

/ t) ¢
prétessi ng Bpadditon eﬁl\iﬁg%gl,ea‘éméahf’%“&h@hdhe tapandpotiomy sustacet anshofl thehed i n

subst Fal ' : Cl ' he waf er
proc egg%%g’ ‘é§ gi'%%ﬁ c} ng gqr? ?yba{el%p ?%%ﬂef @?%dngyg‘ﬁ%% (Efetgsﬁ((rﬂeez)gkﬁg gﬁg%r%gﬁt he speed
of t heanwhersideadfahe Vaferayddsered dyiigphtiifg and oatputting differactpesof fndsak t he
configuration enabl es proper wafer processing. In one enbodi nent, the wafer

pr og esﬁﬂiogbj be appregigted éh%t!é?ﬁr ystea 1 Oﬂ)lm:)fhﬁiﬁﬂe she anphication %ﬁdifﬁﬁ?m&vaf er 108 is
' ) 1 . . .
apeed Sheitalt G0 oot B B inedtlptiaibeRl OEDR TR esreliy D PR BT "

hend ithe epératiéh dedifdd. VIEHeqIroRintiBy hedds thl) e Corttp 8@ WScldar &l diyqHe Béved Waf er
cl eaning and drying system 100-2 with a proxinmty head 106a-3 in a

hori zontal configuration which extends across a dianeter of the wafer 108
i n accordance with one enbodi nent of the present invention. In this
enbodi nent, the proximty head 106a-3 is held by an upper arm 104a-3 that
extends across a dianeter of the wafer 108. In this enbodi nent, the
proximty head 106a-3 may




15 be noved into a cleaning/drying position by a vertical novenent of the
upper arm 104a-3 so the proximty head 106a-3 can be in a position that is
in close proximty to the wafer 108. Once the proximty head 106a-3 is in
close proximty to the wafer 108, the wafer processing operation of a top
surface of the wafer 108 can take place. Figure SB shows a side view of a
waf er cl eaning and drying system 100-%’with the 20 proxinity heads 106a-3
and 106b-3 in a horizontal configuration which extends across a di aneter of

the wafer, 108 in accordance wth .one enbodi ment of the .present.invention.
In this eé&%g‘ihﬁwﬁ??f 1n H&‘%HPBJ& HFEging an 0&%%’83‘%8?9? %‘ﬁ‘Z“&f"&?PhPf Q‘GH”e“i‘Ef' 106b- 3
bot h ar t : L e & e di Rlcleh@Sthe! N ONne
enbodi men ,(%%ﬁ%l agé?rhgh&mggp nioo\gx?% Eﬁgg?ntrll%%rs g?@tgggi@é%tﬁg “Ldrff;’x‘?ﬁbt y heads

106a- 3 a8del Xdgk- B showld Also bghindérstoold akat tRSproxdmityrheads dD64 hed hWademagbef aces
108a and 108b by the top arm 104a and a_ bottom arm 106b-3 respectively.
Becaus e thewans Re af anparateser differsnttypayofimrepntyheadid across the wafer” 108,
only half of a full rotation may be needed to clean/dry the wafer 1 C8.

Fi gufe SC shdiigura 2Cdfustrates afideclnss-up visveefitha gvaferclenningandsdrying SYsom 3 wi th

th i ity heads.1Q63-3 and. 106b-3 i hat | | fi ion which
o coni 1T haldini s gt 108 adkarasmon vt ang pdimEn Y reprat BURlRS, U 5
accor daRgg vmtf ﬁ@ﬂfﬁa)eﬂ@ﬂéih BRAtotafed tb:yghe roliéfs FU2RSEOTb, by $02d @Manylshithble s

enbodi nment, e wafer 108 nay be he stationary by any suitable type of
waf er hotidntationles/long as therorientatioorenellesrp desiredrprexigutydheagd to be iigelose wi t h edge

ttachnents, .etc. Th i i d i Ly,104"" | f ] d
Co. be BRIV BRPERE Sldbe walerd 1E M Felo DeGaeaBes B6 ritthe Pin SRRF AP e
waf g§ 1G% }oﬂeffbﬂﬂrlﬂsy B&rdthted ﬁy tﬁ%\iih fa sgirﬁﬁe pi1, he thedofer 10% mhy BEIGLASSI Ng

the entire wafer aneter. | fashion, the proximty head 106a-3
and/ or tdtatedibya nolleryarhe Y. 1TitroBex HA2ashaywlsh be oatatied bydtsevansnindlg (8 gure SD)

. th f ol| o h al d ¢ s he vaf
BT AR S LGt o o P Ll
f[]g;" %E?ﬁgmenaaﬁ%&i ® &&% e WAEbT 6B BB IBY S50 Airdétions Uk kidi@barnner

t
e novl ng romone edge of the wafer 108 to another
di arret r uadérktpod tipn thd elledgray berotated emtitier relickwiseorprapunterelpckieiael 106a- 3

B ShS bR o BT o A ki,
station ?xﬁéaﬁﬁéd‘ &PE x@ﬂ%relg)gt%t&g ?%Jﬂarrs TEYELTONS, MAA 028 SerVeOH Mbly a Wedssardd6a- 3

and/ or proximty may nove Into close proximty of the wafer
and, 15 tlido hasigdt beee parsssed \natb cldse prafistityto ghe proztmitylhgadsH®6a eapd dA6k-or

bottom surface of the wafer, 108. Figure SD shows .a.side view of .a wafer
cl eani n&oé’Yﬁ‘.feHF% W@atwgtsslﬂrdf%v%‘gw ‘E"ﬁé‘ B BRVA IR At Swait’g%gqr “&hd 106b- 3

in a hogd é}ﬁg f}le_éag%fﬂwva&fkpnrméﬁbe,iiﬁaﬁef'édaﬂuff&yh@ SilePRILNA Y Wét dléas t he

waf er 108 t is stationary in accordance with one enbodi nent of the 20
pr e3@nt of theamaferwouldrbetpresentadiio dherproxjmity begdsdbanngd 16t througnbahithe j n a

use of e oA TS s Basss 1908 3PAd OB aa Hrpyen e OuBen it upte )

t | heq.di : I 3 1 d/
G e 1 A0 TOEUBRR 5 cinihe S o OB ELEY IR Y s ey o

di r ect i heads2 Comseqlieatlyiia efie embodimem ) drytayed-ofthe ovaBad. 1 BowHuldiexpasEiromows a
side view of a wafer_cleaning g&d d}ryyi ng §ystem 00-4 with t[agyigroxi mty
heads 1@G8Dter Egipmigdhe edgeTegiopatthe wrter AP inya sRF3lanowraEit 85 2 Bean and/ or
dry, he | | i R156 ol g16gWwediarent of
thezgpreso n 8{’?\&%%%8(%% *%@%@?@%ﬁ?é}r@r@,’qﬁ%e prgg}f\&mﬁﬁeagjs 106a- 3 and
106b- 3 @ioveiarounmdvhe wadal108 and itigewafer d08 vaoudd bé drypincderptayioh éifdbe ledgth 3 and

106b-3 are configured to nove either 30 from]Jeft to righ r fromright
to | ef t of heqirarinnty haadsil @65 adslOGhrse ableastadading of theguater léﬂ) By changing

the configuration of the system 100 and the orientation of and movement of the proximity
head 106a and/or the proximity head 106b, the drying movement may be changed to
30 accommodate nearly any suitable type of drying path.



- 25 second edge of the wafer 108 that is dianetrically opposite to the
first edge. Therefore, in such as enbodinent, the proximty head carrier
assenbly 104"' may nove the proxinmty heads 104a-3 and 104b-3 in cl ose
proximty with the wafer 108 and al so enabl e the novenent of the proxinmty
heads 104a-3 and 104b-3 across the wafer fromone edge to 5 another so the
waf er 108 may be processed in one pass thereby decreasing the tine to clean’
and/or dry the wafer 108. Figure SF shows an alternate side view of a wafer
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proximty to the wafer 108, the wafer processing operation of a top surface

of the waf erplfiR iddimkR, (et RasBifeaPASvapbPindétas edjaedit #& tHe at 163t PieOXi Mty
head 106a-4 extends over the radius of the wafer, the wafer may be cl eaned
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this enbodi ment, the proximty head 106a-4 and the proximty head 106b-4
bot h aran the dadertnsecessssisiesizgsl and whattypme!f wefsr clgaring epd deying BiSchyMs 13f ( he
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20 located between a proximity head and a wafer to clean and dry wafers. The DIW inlets,

the 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 IPA vapor inlet, the
vacuum outlet, and the DIW inlet, in an additional embodiment, there may be additional
sets of IPA vapor outlets, DIW inlets and/or vacuum outlets depending on the

25  configuration of the proximity head desired. Therefore, another embodiment may utilize
an IPA-vacuum-DIW-DIW-vacuum-IPA or other exemplary embodiments with an IPA
source inlet, vacuum source outlet, and DIW source inlet configurations are described
herein with a preferable embodiment being described in reference to Figure 6D. It should
be appreciated that the exact configuration of the IPA-vacuum-DIW orientation may be

30 varied depending on the application. For example, the distance between the IPA input,

vacuum, and DIW input locations may be varied so the distances are consistent or so the



5 In one enbodinent, while the wafer 108 is being rotated, the proximty
heads 106a-4 and 106b-4 are brought to close proximty of the wafer
surfaces 108a and 108b by the top arm 104a and a bottom arm 106b-4
respectively. Because in one enbodinment, the proximty heads 106a-4and
106b- 4 extend across greater than theyadius of the wafer 108, only a full
rotation may be needed to clean/dry the wafer 108. 10 It should be
understood that any of the systenms 100, 100-1, 100-2, 100-3, 100-4, 100-5,
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that acye B PISIC Rafiw AGE T o8B o7 e PEF a8 in e B vEoendhe P01 B0
ut iDlsi Z goRisityoitad and dhe WaRS is BB endifsths Nt sivulEbe sppreviardehdttasuedst one of
the source inlet 302 is adjacent to at |east one of 20 the source outl et

304 whihereingsthe termutoutput] aarerefertto the remayet obfleiddrom paegign bebveen the walss. The

| PA may, he i,n an uitabl e formsu s, for &x I e | PA
1 vapooRagi A el Rrp g B R B i LBt ST erthe LfogNaRS ot MBAT L
i's uti Itb%ﬁ@reg%%e@weanme%M1Wae9aﬁicula@lpmnﬁ@n¢aa.l ized that my
enabl e or enhance the wafer processing such as, for exanple, water purified
i n other ways, i i . ) i i nfl ow
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the source inlet 306. Therefore, an enbodi nment of the |IPA-vacuum DI W
orientation as described above in reference to Figure 2 is utilized.
Consequently, if a fluid filmresides on the wafer 108, a first fluid
pressure may be applied to the wafer surface by the IPA inflow 310, a
second 30 fluid pressure nay be applied to the wafer surface by the DIW
inflow 314, and a third fluid -28 pressure nmay be applied by the vacuum
312 to renove the DIW I PA and the fluid filin on the wafer surface.
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10 of the DIW In operation, the DIWis applied toward the wafer surface
and al nost imedi ately renoved along with fluid on the wafer surface by the
vacuum applied by the source outlet 304. The DIWthat is applied toward the
waf er surface and for a nonent resides in the region between a proximty
head and the wafer surface along with_any fluid on the wafer surface forns
a meniscus 116 where the borders of t#e neniscus 116 are the 15 | PAIDIW
interfaces 118. Therefore, the neniscus 116 is a constant flow of fluid
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waf er simultaneously. In this enbodinent, the source inlet 306 applies a
DIWflow 314 toward the wafer surface 108a, the source inlet 302 applies

| PA flow 310 toward the wafer surface 108a, and the source outlet 312
renoves fluid fromthe wafer surface 108a. It should be appreciated that in

this 5 enbodi nent as well as other enbodi nents of the proximty head 106a
descri bed herein,




addi ti onal nunbers and types of source inlets and source outlets may be
used in conjunction with the orientation of the source inlets 302 and 306
and the source outlets 304 shown in Figure 6E. In addition, in this

enbodi nent as well as other proximty head enbodi ments, by controlling the
anount of flow of fluids onto the wafer surface 108a and 10 by controlling
t he vacuum applied, the neniscus may"~ & managed and controlled in any

sui t abl e manner. For exanple, in one enbodi nent, by i ncreasing the DIWfIl ow
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source |nIets 302" and 306 and the angled source outlets) 304" described
herein may be angled in any suitable way to optim ze the wafer cleaning
and/ or drying process. In one enbodi nent, the angled source inlets 302
that input |IPA vapor onto the 30 wafer 108 is angled at an angle 0500
toward the source inlets 306 such that the |IPA vapor -32 flowis directed
to contain the neniscus 116. The angl ed source outlet 304" may, in one
enbodl rrent be angl ed at an angl e Asoo towards t he neni scus 116 It shoul d
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10 sane, and in another enbodi nent, the angle 6500 and the angle 6502 may
be different. By angling the angled source inlets) 302" and/or angling the
angl ed source outlets) 304", the border of the neniscus nmay be nore clearly
defined and therefore control the drying and/or cleaning' the surface being
processed. Figure 8Aillustrates a side view of the proximty heads 106 and
106b for use in a 15 dual wafer surfae cl eaning and drying systemin
accordance with one enbodi nent of the present invention. In this
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3
Fi dOr ¢ Brrefamavithitbe hnearimevement ofithemyeximity hiads 10¢a- L 1063:2, d8Pkl, andl f ace

cl eani i ' ot : ' resent
i nvent ?@ﬁg[‘f@%%? 2&3%%%%%%&6%%@&%%%? rmmsyﬂﬁeaﬁe %@P“%FL' ggg’?scg{seq (gvetgop

sur f aceinlacb?ﬁrapﬁasﬁibﬂﬁ\bﬁ{ the ckiier offi¢ WaTer DO tHe kdgdefatle WG 1080cesses t he
bottom surtace of 108b of the wafer 108. 5 By the inputting of the IPA and
the DI Wby tm%ﬁsfw Efibbdinfdng, ﬁ@éﬁ%%%&%ﬁmmeﬂmb-Iaﬂﬁylawruse- of the
vacuum firomthe source outlet 304, the neniscus 116 nay bé fornmed between
t he pr grocassing teadafed)50Sand after they kavelfdveaiavaydiom ¢he céntenregivneftle head

10 and th fer 108. Th roximty ds 106 and,106b, and.therefore the
neﬁ?scagaé&@%m@%w?‘a@ a’?ﬁgde?g%rrgﬁ%gﬁpotvﬁ‘é “&81"&“% fheg EF n an
manner rg8oh e A1 08 {cClughitt Awafth phitesiihEEpertichs! THfefbld, tilwalkes a
processi hg w ndow 538-1 in accordance wi th one enbodi ment of the present

i nvent iproces$ing time reapbeldereased sigpifivantiy byiusipguvitiple Bogimityyhgads te¢| ude a
plurality of source inlets 302 and 306 and also a plurality of source
out | et Spré}ygs?a? ¢ ﬁf)?f@g‘gis aG% ndow 538-1 is a region on a proximty head
106 (or any other 15 proxinmty head referenced herein) that nerate
and control RigwedBrshowsa sidgview el the grafer QIW%%@MWYWHUWB%‘-’ may  be
a KLegi t .| . I ' 0 B s . i's
deglsr egﬂﬁl{éé]%em @ééfgﬁ:rﬁgﬁg h%ﬁ?@% n oﬁ%ser%gg?%ﬁgeﬁgyg? %%ggdslalgg% wi ndow
538- 1 iwitlooedinbalitiend dfithe pedsamdiivertionh dnehis kinbstimern, the spgigmea®0ak ed t hat
the size of the &réocessi ng w ndow 538-1 gor any other sujtable processing

wi ndowingudrsdorh theProwimetyr)cada 0eas 1 ang 106e-24hatare eangble ehrIogrsaing e Pseen
fromag gegf(lﬁﬁoofﬂfé »nge?18§ &{dwgﬁ gfn%%agls ﬁrgﬁl?-tlgﬁh'lﬁ%ﬁp@ Loidlglr Processing

wi ndow accordance W one the". sent i nvention.
| N one pesdesdhgiitbotiohsuifaee 298b B8 thy walfey1 6S.8AZ ine¢ systetriTE0, shgspindies ty of
source inlets 302 and 306 and also a plurality of source outlets 304. The

pr 2% esdil hyand htidvaleagwithiasrodler am 309 mpythtatethexplers 1028 12hdandi)2¢or any
ot her proxim ead referepced.. her.ei,n) at ener at nd . the
et scRePeeny S Fepfion pEIETPUREI0RR (¥ ind PacRaV b B0 Safid TR, |0
dries Jpsktaitiafly @RRGrfacedd Rhe WhidrNOSRASBXbrdukNt inRAske pPobihfitytothé pebximithe used
in that manner. |In one enbodi nent, the processing wi ndow 538-2 is a
subst aheadsl 10padi 106d-2s 1 ¥fibabeandHi0§br 2 fayovafet processingpsrafiodsessi ng Wi ndow
538-3 in accordance with one 30 enbodi nent of the present invention. In one
enbodi nent , I bperptio, &ach ofthsi pragimibsBeads 10634, h@ga-2,nl6belE andi06b& may of
source inlets 302 and 306 and al so a plurality. of source outlets 304. The
pr 3 es MYV Huidy fomsibe vater 108 kyapplying IPAe dpiosized waferand yyaeemte heiQd ot her
proxi mty head referenced herein) that nay generate and control the
meni scus 116. Therefore, the processing w ndow 538-3 nay be a region that
dries and/or cleans a wafer if 5 the proximty head 106 is desired to be
used in that manner. In one enbodi nent, the processing wi ndow S38-3 is a
substantially oval in shape. Figure 9D illustrates a processi ng w ndow
538-4 in accordance wi th one enbodi nrent of the present invention. In one
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15 Figure 10A shows an exenplary process wi ndow 538-1 with the plurality of
source inlets 302 and 306 as well as the plurality of source outlets 304 in
accordance with one enbodi nrent of the present invention. In one enbodinent,
the process wi ndow 538-1 in operation may be noved in direction 546 across

a wafer during, for exanple, a wafer drying operation. In such an

enbodi nent, a proximty head 106 nay’%hbounter fluids on a 20 wafer surface
on a | eadi ng edge region 548. The | eading edge region 548 is an area of the

that, i.n uids_first.

Gonver S8 4 3 baifprs shytaes 4 il MESSRBumc BYararls pt By hoad 106

t hat en Hﬁghegs]_i{,ﬂ{}% | ; i éthd ¥pdraash 106
and theﬁgro ess 'ngg{\ﬁqglé)g@{l&?ﬁg %gﬁﬁmé%?%d%ﬁ%wgﬁg%ﬂgémgfer in the
di recti (ice.,oléaningwndvertdrpingpmaf be hecongflished i substentialtycless time2 B shoulddwes

wi ndow 538-1 through the |eading edge re ioaﬁ%ﬁkg, Then after processi ng of
the wet aPRIGFiated dhat @s withthe wales PIQGCESIRG XS ribed, in xeferenceto JATUPE I and

contg ol [ [ AV e wet
Fogion P o BRI it FaR IRARECRY e VPR SIMIBSR ATt o 88 T2 e
pr ocess confiheatidndhables Propeswater praveksing Bdge enttgidanefttheofafehpropessingmi ty
head 106. As discussed in reference to_ Figures 9A -35 through 9D, the

pr ocess timeraanbedureasedhyhpe half o retation of he raferd 0818 Msedto drythecnlits)| o

rect angyl. ar., re, Gl r LGl I i 0B shows
proc ess#’r"‘\lger'r %%ﬁﬁﬁﬁ“@%’?’ glr? ?@éﬂf’ rggé%mgrsg%ﬂrﬁﬁ %{/bﬁégo_ t?@%qf?lelaccor dance
W th ongroeedarl speed watn bhly duegeeximityheadis wilized peowafeesiledi nent, the 5
processi ng regions 540, 542, and S44 (the regions being shown by the broken
linf) make T e SYdONafRP cidhbifg aa®dryifl Sydtedh €002 with ki gur e
loA?@It shou Hﬂg‘ggg%g?a?ﬁegwt hat the f)r ocegsi ngryru(&a%i)%ns 540, 542, and 544
may be proximity hedd Héai¥n ahatizontal cemfigusation whichfextends aeroksa dismeteriody , ring,
sem -circul ar, square, senm -square, free fo etc.. .as long.as..a stabl ~e~nd
cont r ol thepy e‘fmﬁ‘&aﬁ%‘?fflg‘&‘ifsw’@éﬂn%‘émb%‘h@’re&f B{fmFﬁéﬁse'&ta‘ﬂvgﬁfﬂnﬁ/IB $10 renove
f1uids - K i j6al [E\N&! upplel 2812 08803GHABRdnds t he
process?é\lggarlglg?lgﬁﬁ%xirﬂl&fgﬂf({%fﬁfh&r al iiﬁjg/u%q‘eilsour.ce inlets 303, t he

pr ocessacrgssradiameted 4P theavafer kO vim this emboduunent; the ppoxiimityl head 063 maYural ity

f tlets 304, the pr. i ng.regi on 544 includes the plyralit
O B B 3 o B s E R i Pl meniol SRRt 2l 1Y
(or subgd tﬂ{@lihﬂtyiﬂéﬁ& Q06413 )cah BE i & gtﬁéiﬁoéﬁfat ¥4 ihft1cke prointify t5ahé GafekS

outlets 3 g., a vacuumring). e region 540 substantially surrounds
t he regl@d Ohee thaprorxmityrheadp@0bmd iSiiclodeqrexinity to the wafer 198utheevafen et s 302

exi st on a | eading edge side of the progcess,w ndow 538-1. Therefore, in

oper at i BIPCCSSHE w%ﬂomef;ﬁ tﬂBéHr%&‘Gbor}é]é%gFfffiés 4% g’%ﬁﬁ”f‘ﬁﬁni scus by application
of IPA, DIW _and vacuum in the regions 540, 542, and 544 i tEe ,&r cess 20
wi ndow 538 ( HigushdRushews Eisiglgrvaew omﬁafw@wmwmw%ﬁw- 38 e npyi ng

oves,th f.Age 4 X ' ' ks gurface
et oS BB R TR ET il b ARG MY ihasal 1

meni s c ugiafker W the wafeh €0 froaesrlantdwith ond @nibodinérs &f thdpreskry imgntion.ulrs
because fluid that is on that portion of the wafer surfa&e t.hat contacts

t he menthizembadiment; theprowinaity head K6aedansths prexymitydigad 100k-3h0th aee 05

Ther ef ore ur f,.aces e 1 hr ough
{he. operiBheAtEd o e Aie st s HRte XRERRRE 1 B8P ORERGQdBEE iiéling 17 079
under gowafed g8 RbdMiPrRSed, the pdiamits hesdsIBacTaidd BO6H-B ate Brbohfiutghkldsbe
plurality of source inlets 382 the plurality of source inlets 306, and the

pl %l i proxihity ofthe avafen susfasesstiBazand 198bhy the taptarm Lodesadadbatton arp -

enbodi s,may he utilized ere .any .sui.t e, N f 30

il et s 503 fbedlel dbochits HeBhSaR Rt 10t BUTR0Ry 3leald AR
utilizegafs 1089Eh1PRalf BEa full AStaGEinaQ Ve Abbdud taRILaRIITP Eile Whiek O8I Ural ity of
source inlets 302, the source inlets 306, and the source outlets 306 may

generate a s I i L : - of a
I R L e e D e R
as, forpxanity Reads 196a43camddi06bed inwlicrizontal chefigurates sdictbls cohfigunpd e at uses
and 5 net hodol ogy described herein. Figures 11 throygh 14 ill ustrat

exeHb| aslgararsion %ﬁﬁh@wafertlﬁé that A stAtiQRATY, Ehaccorsiance Wi o "Qﬁ‘btr%@p%t ed
any of the different enbodi nents of the proximty head 106 descri bed nay be
used as one or both of the proximty heads 106a and 106b descri bed above in
reference to Figures 2A through SH As shown by the exenplary figures that
10 follow, the proximty head may be any suitable configuration or size
that rmay enabl e the



fluid renoval process as described in Figures 6 to 10. Therefore, any, _
sone, or all of the proximty heads described herein may be utilized in any
. suitable wafer cleaning and drying system such as, for exanple; the system
100 or a variant thereof as described in reference to Figures 2A to 2D. In
addition, the proximty head may al so have any suitable nunbers 15 or
shapes of source outlets 304 and sour®de inlets 302 and 306. It should be
appreciated that the side of the proximty heads shown froma top viewis
the side that cones jn{p close proxim i,th the wafer. to conduct wafer
pr oces SRTREFOL Avenen.; hﬁrmmé}'th@ﬁd‘?%%eﬁféﬂpﬂége "‘ﬁ@ ﬁf%'ﬁ%‘%’cbfla“tvhr ough 14
are mangd : RA: 'qsﬁ{g@ i [, e
proces srgu %@M%@fgﬂéﬁ%@wﬁﬁ%ﬁ%ﬁ%fd eeégfr@ E‘uégﬂg%%é\[/%ﬁib’n re%de‘?ieur‘lggg 20 to
Fi gur esatachiaemsgdtc.1 The ploximirphelideantier asferntily 1040 xs cunfiguieded beGsoeble

described below'in reference to Figures 11 %g{gou&h éﬂdésall ave odi nent s

of the frmonssdgs atit vade, 108ngrose fiotamsienof Gievalen fan.edifen P9 bed in

[ O 8T CNGfer! ad HAHE Suret) (B UARHARSHOPHRRANR: whitr BficdrO T il SasRidR Y ¥ heads
e utl relther c

desCri bed herein my I ze eani ng or drylng operations
dependiprgxigfity Readf 10653 dndAsr theprorimity kehdal0bbedi€as showen belosnint teferemartee 25
inlets 302 and 306, and the source out|ets 304, 1gé§dditigﬂ th?@PB§¢inity
heads ddgetei BDanaemers agress the wafenfollowing 3 path elongcliameigr of thei | et

lines with the.abjlity to.contr t el at i . of 4 1auid and/ or
vapor and Spe ﬁg%e {%@O%P&?g’tt%%d%ug * Sehtog FdagnedA pﬁ)&\‘%c\éﬁgé hﬁ\t‘\,ﬂ{seféggflgg %éﬁégggr eci ated
that evigyey-304reldt WebSPMag Be uve tffond By Sittabliemeantidr @it wuild Birabde mostgendent
control of the flows. -37 It should be apﬁreci ated that the size as well

as 10he fram ang edge of the waferolP8de anether diamgiicelly pppesiiewdegeeneis ed as | ong as

t he neni sc roduced. .i s, stabl n e .enmbadi nen t i

-openi ng® %ﬁgg'btr Hrﬂ’flgfl?’slffﬁg ,lsg‘b’é raﬁlg}z’f)t ﬁ%rg g"gl&lf?eagnl g?uﬁ’&%lgorﬁe ets 306
are betdyReRomPEUt (. Adp k6 BbttciA dr BO®sth 18 topbof Figtirei ST)(iTdigRsfore, therwafer |
pref erabl.e enbodi nent, 5 the size of the openings of the source inlets 306

and t hd 08guaystaystatienary sithonsanyretation cpsgvement anghthe peoximyty hepds Hbasdeni ngs

of the squrce inlet 02 4 out 0. .03 J | Q.. i t he source
inlets %@%@*?de@égnﬁ%ﬁaﬁ‘dq%}’gﬁ“‘% MR l%t&r}(rf%sg péﬁ’f‘&gﬁs‘ﬁgggwé?%%gac ed about
0. 98 i RRRdughnepadslover theividibr RIBLlean/dfy theR6p hid/abbstt@isadhdestlthe Watersour ce
inlets 306 arm .spaced 0.125 inch apart fromeach other and the source
out | et 40804 10 are spaced 0.125 inch apart and the source inlets 302 are
spaced about -0.06 inch apart. Additionally, the proximty heads may not
necessari | y Bigue SDhelai's a side wiehi oflr wifeonlebuingmng dpgng systemilOffs with the

fi t.iqn, d ' h as, f anpl i f ol
i r cul oy headh fea-1 ate ots HEa haiptgh o R igpaveich fy ARBebRETe 25 | ong
as the lj:?ée%ﬁraﬁﬂldr PR Wi 1608 Watie GtatidRslytin Roshin? Wit b EmBERAnTERY oDfhe

config I'n a nmanner that would 15 enable the generation of a controlled,
st 20| e presentipeetion. flnthid emboidisers, the proximitythead b06a-3 e s hemzontalhe

proxi mty, head may be a e of mani fold as. described_.in reference to

Fi gur e§°§1t‘€ﬂwlmng'ﬁd¥?fir4’é8y§%msﬁ honzgntal RESTHPBx i 15§ © &choﬁ‘é?%ge@ari ed to
any. SuirloghlinitRe pRARRNYhBE AR5t 5 that Bplnis GR 1daBhE QR of! e WAferAITBOMHeITEN!
the |l ength ( romg top View show ng the process w ndow) of the proximty
heads meafebH)gmtybe oleindl amiddr drieddf oabpads lyemOving pexsimtycheatis 10638 land f r om

a. top view showinhg the process w_ndo ma . bet ween about 0.5 to about
6.0 i ndR6R-3 inthedifpationtl7d aﬁrdbS@P?ﬁefiynﬁfgb%nﬁ%SPWm zed to process any
suitable size of wafers such as, for exanple, 200nm wafers, 300, wafers,

et25 The pr digws SE thovina vde view qfraoxnafer elpaning aad deying sysiem 4 AQ=With they

sui tabl e manner as a ch.a configuration. ol | ed
bl o PR oS 10GR] afiF 10623 it a SBRICHPU g RioHohaBRA 56 Blcfin 3ndBP AP

the wafer 108 that is stationary in accordance with one embodiment of the present

invention. In this embodiment, the proximity heads 106a-3 and 106b-3 are in a vertical
configuration, and the proximity heads 106a-3 and 106b-3 are configured to move either
30 from left to right, or from right to left, beginning from a first edge of the wafer 108 to a



25 meni scus. Figure 11 A shows a top view of a proximty head 106-1 with a
substantially rectangul ar shape in accordance with one enbodi nent of the
present invention. In this enbodinment, the proximty head 106-1 incl udes
three of the source inlets 302 which, in one enbodinent, applies IPAto a
surface of the wafer 108. -38 In this enbodi nent, the source inlets 302
are capabl e of applying | PA toward a~fdf er surface regi on, the source
inlets 306 are capable of applying DiWtoward the wafer surface region, and

the source outlets. 304_.ar apabl.e of . appl yi ng, vaguu 0,8 Ledqi in close
proxi mi fegWB‘? eég%?ﬁthﬁgéfeﬁflﬁﬁ M\’\% ‘@F"”E—Cﬁ?ﬁ? Bép?ﬁtg 'a ﬁ%ﬁﬂgﬁn lglgrq(}'ﬁrée, Pacuum
the I P a9l 38 £} Al %,I'mm o AR Moxitinaf er

. surfacésuncgyggﬁ{bpg%(\ﬁ{jme%e prtgélegn‘l1 ?{/m%}egﬂggn?gf_l alri?)ylihﬁcl ude#s? plortyg 342a,
342b, ahehd340da-Bhaat,l04b-3dneloseipoukimitytwiticte veferol(8 and aldocerablertbe i nl et 302,

source outlet 304, and. spurce inlet 306 respectively. By inputtjng or
r enovi nBOVEmER ‘{fﬁb%ﬁ’@ﬁ%{‘?ﬂ# 194a3-and 1§)ﬁ§1§, ackoRy ﬂ?ﬁééf,‘“ om ?fjf%?q?)e

i nputte NG 4 o bieapietiniedd ot 304,
and%tlo &o@ﬁg%ﬁﬁt@%&v%ﬁe é?ﬁl&%@%ﬁgﬁgug ?’ﬁlge%%tthgggﬁga, 47b, and 342c

cor r esp¢legh md/br drigghswafee €08.nl et 302, the source outlet 304, and the source
inlet 306 in this exenplary enbodinent, it should be appreciated that the

ports 342a, Bihabke SPBbwikdCaltiats 51 hiewPbf 4 YAkt R ldahitigthntdeying Bystémi 1t0abl e
source inlet or source outlet depending on the confiquration desjred.

Becaus e4 tfat isshiftesh?Q degressifiom die side viewishown in|Figure $B2n gapeprdagwe\withonge

source outlets 304, 15 the neniscys.116 nay be.fo bet ween,. |, proximty
head oboding pidhg aresr dpvetten, Teshapl B dhereeisih R me BrOERGRGar
depgndi HgrieaskdRbIyA0k* ity &ﬁn%&n%?@ﬁﬁé&@ fhaftherisieh R§ 1) 8a@ng06- 1.
It should be appréciatedthat the poris 342a, 342b, and 342c for any of the

pr oxi m thy phexiostydead cirbierassemblynl (#\rotateda 80 dagreestas sompargdiveith whatidd

di mensi gn as, IFQE'B_ gi_, 20 a stabl e meni scus can be generated and mai ntai ned
by the PEFEPS 302, source outlets 304a and source inlets 306. The
enbodi nents of the ports 342a, 342b, and 342c described herein n be

appl i cabl e t Bigare 5@ shewea powryaly Wefsocleamng ang deyingsystem 16%5&@ a

enbodi .k h f i ; : : et ween
about sy feddigesd i ighlieL DGR crafRPwhieh eR enBE erd S vl S0
entiddi neafer 108 i sooidantewith onalemboditherl off the pretent mvéntién.i lnodnei n di anet er .

I n one enbodi nent, the distance between the ports is bgl vveloﬁgsg‘?out 0.125

i nch arembasiment; thepraxigyht head| 196a-4pxtends as1ass las thanadadivs HalGice

P gur o I PRREER i AEKUE e R0RGn by g 30BHE i bR

accor daads\Wf the substraebeitg pecdessdd. [Thageeferdbiv emnbodiment ke proaimity hyadhead
| 06-1 i ncludes the ports_ 342a, 30 342b, and 342c txggggne enbodigre t he

. t
ports 3Wba-4 extonds oyiera dius 9fthe wadkr |08 sorthe proximi piay PIREeESOAS o
304, a ] B d that
¢ h@portieh BB U R ATLEl G5 e B ke B the ke BB R ot ce
i nl et s Ri%aA-bcuh V6r sl pretdss alte comtsrgointuifithe wafkPandthe diigewfithe wafér.t '
generate, maintain, and manage the meni scus 116. 5 Figure C shows a rear

vi ew ofthisirmbadiment; the predityiead 10ga-40nay B moyedintp RSN ¢ he

present, ' r. Vi 2 j g d 14 od
B bodt Vb Hovehikae bF e ibpBy ot 1 64124 R fknitP iéu {Uala cfb i
106- 1. Jdsitidnatihtds ieclospprogimite e theatafeNEORT Ottarihe préwdadtytidad 106s-4dx empl ary

in nature and may be any suitabl e di mension~as.|cang as the source inlets
3025anclesereaximip] to the wafrs 198, the avafer precessowg opgratioa of gipp §uess ofthe nanner

to enabl e. c ni [or [ of t LN descri bed
ner of n.iist MRECUT I EPeE BEGaat i Bor ity ol dEBrmiOReR 1064500

ports 34dendelovethBadidLEIthE Meifek, tHe wifel AR beiiRed tnd/bedfied ircend rotation. 302a
which run parallel to the input ports 342c shown in Figure 11 C. Figure 12A

shows a prox'-giu;ey SRy < | 1&ni ,ﬂﬁ?m tobi 5
circul ar shaﬂg)1 |nsrgccor%‘glﬁggﬁveﬁﬁfgr%%ﬁn%gﬁlﬁﬁ 0 t%’S%?gls(gﬁ? ilﬁ{vtg%tion.
| n t hi grexindtl keads 106414 apd dQ6bH4tiy atmartohtb configurhticewhivheextends aérosdar ce
inlets 306 that is. adjacent on both sides tao.rows of source outlets 304.
oné0of radias phihs watet Hif macsordraeeswith pne cmhadipeniof the PIser SRenlpns iy ce
inlets 302. Perpendicular to and at the ends of the rows described above
are rows of source outlets 304. 20 Figure 12B shows a side view of the
proximty head 106-2 with a partial rectangular and partial circular shape
in accordance with one enbodi nent of the present invention. In one

enbodi ment, the proximty head 106-2 includes ports 342a, 342b, and 342c on
a side of the proximty head 106-2. The ports 342a, 342b, and 342c may be
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25 outlets 304. In one enbodi nent, the ports 342a, 342b, and 342c
correspond to the source inlets 302, the source outlets 304, and the source
inlets 306 respectively. Figure 12C shows a back view of the proximty head
106-2 with a partial rectangular and partial circular shape in accordance
with one enbodi ment of the present invention. The back side as shown by the
rear view is where the back side is t#e square 30 end of the proximty head
106- 2. -40 Figure 13A shows a rectangular proximty head 106-3 in
accordance w th one enbodi t qf th r.esent inyenti | p, ope enbodi ment,
Che.pr oba s edhodil VEERItiblhead oberd R TRE oty Bead e dodliast 302 " anc
306 andelgmphictodbid ® extéhd dvieRhnd E?%nmﬁéfadilﬁ ofifife Warki108! Wsllpadsskd6- 1 as
di scussed Tn reference to Figure 11A The rectangular 5 proximty head
106- 3 iinctfedase tdEiguoeif Gedependiag on3belembbdiment desirzd gthe proxidiityhead 1 06dran t he
source outlets 4. In any,.of the proximty heads desctibed herein, the
G amot of Mg eiratdos 2 4 SR8y R atiyD T A tharse s SLilF RETE DRt s 304
may sbe. Bl g eRfboRfnéR Al hedPAter 38 Rbeid ol M Shox ity AERRYOBRA a2y De
optinizer’Fn th?g egggg?ngnt, t he gou? e ?%?gts 0% are capabl e 3?
appl yi nipébRParednought o vlafeproximity oftheaifansurfabes Kifarand 108bibylthe wp30h ar e
capabl e, of applying DIWtoward the fer surface region, and the source
out | et s104g4n raémétaﬁhmrél%%-‘éwpwwg Xr FBeFaHse 1 oRe caogHmER, &e@g@(we&i mty
of a s f f ' j ' 1! PA
DI arkoas SOB 4R B PPl drpe Bl RARR o ek B A AR Y e
r-enov edotatioft nidydbd neetlyd fecleanldiy-tBe alafep 108c| udes ports 342a, 342b, and 342c
that, in one 15 enbodi ment, correspond to the source inlet 302, source
outjpet 304, REKbIIAYE GRdérSloBl ﬂ?aQQn%eﬁﬁecswmkuoo,Bmo-npwd-z,nmops, 1090 Vi ng
fluid through the ports 342a, 342b, and 342c, fluids nmay be inputted or
out put t1é9-5,tand agy switeble variant therdad; map be utilizedsasur dustetoobwitbdma wafed t he
source jnlet. 306.. Al thgugh the.ports 342 342b, and 342c.cqrr ond with
the. SoUPBRSTIRE dvetah, A CHER gaF i arprifisina may be fREmbsipa ito RIRRRED, ) |
this ewmagmﬁﬁia@%d%ﬁmscuks‘ed%ﬁ’ﬁﬁh%ki&ah%?&Bfeﬁ& & Biguiddat7 thitigh @it s 342a,
- 342b, and 342c nmay supply or renove fluid fromany suitable source inlet or
sour ce bslaw sithduhermwi fagpronessing espirment sa multiplgevafersand R caultipledypesiad
co gigurg;ion of. t he sgurc i@hets 302tand 306 with the source outlets 304,
t he” ment eS8 e‘f%ﬁﬁﬁ BROREE' e proximity head 106-1 and the

waf er 108. The shape of the peniscus, 116 may vary, dependi ng o

th
conf i gur at i JHBRRE/tFlAR? BroX LY frad indetigutlss oriqnjat 71thgt may BF “Eﬁ%ﬁi‘l d be
appr ecgatcfqul t«!ﬂ@h}rj A€ wAREL ﬁ)ﬁﬂ%@coxﬁﬁt@’ wn?ll? gnééi%ﬁoéiﬂ{en@m'tl@:})r& At Proximty
heads descri bed Herein may be any suitable orientation an I mensi on as
| ong asneentipableoneembadiment thdberigaatiorat Etlisansbriien of aprodmity hehd 18Gair ce

“inlets 302, source outle 304 nd source inlets 306.. The enbodi ments of
t he- portiicraaBat scimonlets 402t 306 badtBien Spther oRrcEulet SPATEY BF oxi ity
he I _ . ¥ _ h o _ A _

deggri glgig;l n r%‘#@#(gﬁt?edlgga% ﬁgﬁ%% 2¥s‘ﬁ%r&?6ﬂq&r§tgﬁ%ﬁ}a%g§?ﬁ%ﬂ?¢atlhe port

Si ze ofsotufce inder 306 M2 FeaditgXdge 408 vidPe somye tuetldd 804vire betmlwen tthdsdidcd inddt and

about Q.25 inch in diameter. In a preferable enbodi nent, the port size is

about B06@nd thesougeeputigt 38dh in di ameter. In one enbodi ment, the distance
between the ports is between about 0.125 inch and about 1 inch 5 apart. In

a pref er abl diguro & shomts anpther proximity hepd inletévtieherignsatien it 19 that maybeabout

0.2S i bout 0, 37 i 1. Fi 13B sh ' f th
pr oxt A 9B 4ok o DR AR aecniE AT bt Pk, ™
| ngent iVentidACIH G er{bStiriht, thComérititidH 110 Re3fbrilGPoPa R'fe% ] IRE@Pd6aTENt ,

corresponds to the | eading edge 548 of the proximty 6-3. It should
10 be aghsrecthen ssareeialets 32 ad30ain additicitolBherBourcemutiets A4ymaybeaat ure and

| b i taple di i on . inlets.3Q2.and 306
el e bl s e pragaiar L ST TR R eESa L e RAER e o eani ng

and/ or i f i : I 1 one
onbodi Sourkk BRIAT3 0NN Ra e tE: |00 Wik SRANG inWEDOD IR BEWRREEsotle 008, o1

may f eettlétlIPdcantdshasouremntlet3@®e of t he source inlets 302a which run 15
parallel to the input ports 342c shown in Figure 13A. Figure 13C
illustrates a side view of the proximty head 106-3 in accordance with one
enbodi ment of present invention. The proximty head 106-3 includes the
ports 342a, 342b, and 342c. |In one enbodinent, the ports 342a, 342b, and
342c feed source inlets 302, source outlets 304, and the source inlets 306
respectively. It should be understood 20 that the ports may be any suitable
nunber, size, or shape as long as the source inlets 302 and 306 as well as
source outlets 304 may be utilized to generate, maintain, and nmanage the
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- 30 generation, maintenance, and nmanagenent may be optim zed. In one

enbodi nent, the -42 source outlets 304" are located closer to the source
inlets 302 than the configuration discussed in reference to Figure 13A
Wth this type of configuration, a smaller neniscus nay be generated. The
regi on spanned by the source inlets 392, 306 and source outlets 304" (or

al so source outlets 304 as described In reference to Figure 1 | A) may be
any 5 suitable size and/or shape. In one enbodi nent, the process w ndow rmay

be between a g\%@% : .

enbodi nent, t %rgg(%gg‘évev%i n ovf/pr?r%)gmg{gqgg&;ml 0. 5t ?é\%ﬁ%l%gjrg?%%?ygfl

adj ust i otjlizdidctorchgincind diry theewdfler 108 in aecdrdalhiceanith ondembedineat ofthepseséfit?2 ar e
capabl e, of applying IPA toward a wafer surface regiagn, the _ squrce inlets
306 ar euw&ptm-eﬁwn%fﬁﬂmunsntamaﬂan dRbiswpetion of p peeximityihead 1867 t he
source e 3 .Of [ I in close
pr oxi m %E%%étgerss%ﬁ%eggﬁgsﬁ(@ﬁ%ﬁ\%é)ﬁ en? ai(gg% @y%ﬁ%&%%%%tt 5:3‘%(?]43%? ypﬁe vacuum
t he 3 PAutibtdd/inadditivnyto thid@fieritativn 140 shbwhdThe béientatiyn 1 &9 nts ifclude aaf er
surface may be renoved. The proximty head 106-3 al so includes ports 342a,

342b, abRIrcuindet30gon 4 lsading edem iR Withe sowse indet}dntstwern the sowree pwiedt 302,
source e inlet 306 15 respectively. By inputting or
renovi ngbléﬁ#gl%gé%gg%ﬂﬂgﬁg%orts 342a, 342b, and 342c, fluids may be

i nputted or qutputied through the source inle;r 302, the source, outlet 304,
ot t he. sour ELEUR PR ateRtes prelihIE PHEoGaePt Sha Bater shpe DEISSHSmaY
corresp ( t Yoy 1 : : , source
i nl et 38%9?%&1%&15% enp{rg%h%r?t??g?%%%*@Pég%ﬁﬁgggyﬁg&ﬁg@iogt e I% att t he
poriG 3éRanti@n2Although Fidde Gehowsatpp gurdacer 8o beinfgldried, 2@héuldimeany sui t abl e

source inlet or source outlet depending on the conf.iguyation desired.
Becaus e2RATeqiAEd éleﬂ%ﬁliwgw%f ApAng Progess caropmplitheddn Fubsiantiaby B $9m¢ he
source V3 ESh b Jei= e yondow
bet wee nQ’tHf& Ié&gf‘%g?tg?rt";s gg@;mlo 61 a%%fg{eﬂg@\%\}a e{)&rlOB ) #ﬁlghg %asgg&gsﬂ 1? thyemnI
meni scumag bé utitized tr apphypisopropit dlcdlod (IPIAJ veparf totvaed ptopcasfaceil 68ef thad

therefore_t size and sh f the nmeniscus 116 .nay be varj 25 dependi ng
on the ?!af?riqﬁﬁw AP A0 11 R ?P_é’él' drighibed Sl ab |t%‘¥%r3_e,oz and
306 Andeq 8108061 fRULSEr POH. | RlAGRRA; a Eengué Gutiéaoﬁbﬂér[fb@uﬁl%ﬁ tyi ew of .

the rectangular proximty head 106-4 I n atcordance with orie enbodi nent of
t he pr egmiy vacunanto oregiobhia daseproximityad thehwafer swifavetty rémave fl@id-of vapor one
enbodi nent, corresponds to the | eadi edge. 548 of the,proximty 30 head
T06-4. R RS IR ST eaG M tauswage 10RE. BebRvA e PRERA At ke siRblfol ary
I N nat Usgmbinatidhdof @&%Jﬁﬁ}ét?&@é%r&%x&l@&'rﬁaydbél%ﬂﬁeﬁ%%né g 18t bie source

inlets 302 and 306 as well as the source outlet 304 are configured in a
manner t¢ambinatidreexiste avliengjatdaait one df thie sguroé inlkte3 020k @djatag torat tdast omefer
descri bed herein, In one enbodi nenf,, the proxirruty head 106-4 jngl.udes the
el e sDisa suiigh At Tish Tt G fdiscent S 1ok oe oLt Sowe et g I | i o <
5 302a Wiy : t [ ' ' 8 :

i gur o T4y P B2y Slitable foim'alih O RO PANRE WS IRAIOMDB 1 06 4
i n accoisdamateduhtoaghmnse efvodidigae nMoodover, aithobgh DIWs utitized herep, eny athey head
106-4 includes the ports, 342a, 342b, and 342c. I n one enbodi rrenth, tg)e ports
342a, 3%piblefid meyberutiized gt may sirbleor spbance She waleg procesung such 23ntpt he
source .)&!nrﬁ} it t : | OGS Sfinte ports
may be %ny slﬁiv%g%l};e nu%ero\,ﬁ%sfix"za ,’C(%%Qlé ggidg’saﬁong asé{“ﬁe soggrgg@% ets 302
an@5306inflewdld is psovdded theough the ssurd®hled02be vaduum 3 £2 niay tweapplied through

mai ntai n, and nmanage the neni.scus 116. Figure 15A shows a proxi glhée{%head

106 i n Bp&PWCE ghtl rad IV dnflons 3ddmny heaevided thyeugh thesspurge iy n. It
shoul d i . t . . PA, the
magni t u’g%rg@pc{’ E’Sei c\f}ﬁ a{) ?ébrbnma? nféﬂflg{%& }9%1{??&”? vrg rrgﬁ F&ﬁ%&%@%ﬁﬁg& %‘golvrlﬁé@p rocessed
may be refdred tb Figidy 298 utinbede OHizGiently, WadUiid €ilmatsidesd on tHe wafdr 1@8)iascus
controlLability and managenent to generate enhanced wafer :&rg) cessing. The

pr oxi mifisst fuidpressare may ba apebied-ielthe yaterisudpsadnt theIBAnflpw- 8, p secpnd

congn g i J i e t i APy rence
fo i oubak PR ARDEE pifa0 duEhE b MR Rhond31 411043 B RIS

meni scus dynanics can be seen with different flow rates, vacuumrates, and
wafer rotations. The flowrate of DIWand | PA as well as the vacuum and
rotation of the wafer may be varied depending on the conditions encountered
during drying. In Figure 1 SA, the neniscus has been forned by input of DIW
and vacuum wi t hout any I PA flow. Wthout the 1PA flow, the nmeniscus has an
uneven boundary. In this enbodinment, the wafer 25 rotation is zero and the
DWflowrate is 500 m/mn. Figure 15B illustrates the proximty head 106
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-44 boundary of the nmeniscus nore even. Therefore, the fluid neniscus is
nore stable and controllable. Figure 15C shows the proximty head 106 as
described in Figure 15B, but with the IPA flow increased to 24 nmmin in
accordance wth one enbodi nent of the present 5 invention. The rotation has
been kept at zero and the flow rate gf the DIWis 500 m/min. Wen the |PA
flowrate is too high, the fluid nmeni'Scus becones defornmed and | ess
controllable. Figure 15D shows the proximty head 106 where the fluid

emboal raaeoi i h e BORNA o VAR 2 vk EORY, IEh BEE e TRR By, O7°

t he wafthe wiaferkQrfaed.ati ons per minute. The flow rate of the DIWis 500
mM/mn while the flowrate of the IPAis 12 SCFH The magnitude of the
vacuum i s abppirefdfe, it ohl) @BSdiRehGas WRADTWHRNY®R 388 ahd thetpX Riflow I ! Ui d

meni scus becones | ess stable due to the added wafer dynam cs as conpared
Wi t h Fiapplied icb@rdiaivedferssuofase, tany flyidhen thie\w afadsurfade fs intermined with theiPIVgut

f .oratiqn. 15 Fi h LoxXi mty h 106 .wh the fluid
nenpscgnow S iselee. B ianon 14 BHas penlistdom RASHEM AR AN 1 ot at | on
enPscud _ _ _ !
et 1 T A A R (ke BB B2l o

per m MRADIWHntetfacevl I Btweitiothe DRV Biflow 3145 aAd alohgiwithhe vecuune312 assistsat e of

the |PAis 12 SCFH, . The npgnitude of the vacuumjs. about 30 .in 80 PSI G
When t i theremperal of the DI, indlow; 314 aleng mvmhfr#@mgews&ﬁagrf%erg uneven

boundar, fob L I J i : Fi gure
150 dud 48 1E e gritalriéhy i IOATHY SRUTAGE ARHSRRes b GEfRRLROGRSDR. ™ 97 °
pr a8i mofyhd DI . T @pedador, thé DIWHA applied tosaard denwafer swefece dndalmastpared to the

| PA flqQw of  Figure 15D in a¢ccordance with one enbodi nent of the 25 present
i nvent il@medmelwwryw%anm{l,ﬂwien e WalbF arface by The veaRITLRRRIE] B Tt e,

rate of t i~an, j ' ' descri bed
o T e SolfRbBlnbCid - DRt 3 MMRAGDAIE vt chitic @R I0RE nidhlnt (5
i ncr easesiddsdn e Bghdr. betWeédn 4 proxinhity headvindahe wafsrsaffaedalohgwithBAy flvidis t he

fluid menjscus along the border to generat e a hi ghltg control |l able and
manage&BIthe Wafar gurface forms a mopiscas @ whergdhe hprdersefithe mepissus bip argdhg e

flykd ' a | st St SHhghank al ly
cotrll!r;esgngs %anjef}?(geé lﬁﬁé%gg}%&h’%\ngpﬁ @Eg%?g?ﬁ’?@%@h@%& ce ?hﬁggs 302 and
t he regppliedvoivard the sptfaceoand beiny reamved at sulistantiallB (e saitectimé oith,ang fhidibl e
and hi ghlﬁgq control | abl e, nanageabl e, and naneuverabl e fluid nmeniscus is

d
f or med OnAks wateg susfage. Jhsneady ynmedigtersmaval akthe IW fromythe wafer syefage ocess,

fluid Rgﬂfé ] : ]ﬁ\@% I eis
renove Hﬁe]gttrsgﬁ? th?]é%rf/mgﬁgoé?&i@éﬁ?{%Bﬁpglﬂﬁg@{fﬁﬁvva g?eégr age. Fi gure
16A shdwseby redycing éw missidility eficomanitayion dryiyg banhé@afer 108.c The gressirewi t h one
enbodi nent  of the gresent i nventiqn. It should be appr,eciélt ed -t hat, any of
1,

t hé) enb¥hichiscaused by the fow ratg okthedBA) pbithe dowpward inigetionoliPéy s balps- 1, 100
2, 100&6”:‘1@%&@%%@%49& 5) described herein with the any of the '

enbodi nmen proximty head 106 10 described in Figures 2A to 15F

- . i zed.i . i 1 h h :

Fechnol og, ed e dieyerEs 8 &8 IPR WIS SRhsthe g upb i i S A TR Le  ose
descri Regbr Petlween iR pk6Xintify IRidd Aind thdRhfWsurficeld iRIHAAE sHRBE outldte304 eani ng

and .drying system 100 may ‘be incorporated into a 2300 Brush Box Assenbly
manuf athromghowhichitherflRids enaydie @tpirtedfoom th€ptaximityihead. 1Bhdrefors as redl®di nent |

0011 ubingot% s At RlciRe soitoe Bruels a4 B bRt mape b R TRRAIN 504 and
a sprayree1989s A06 cdﬂ%inﬁuﬁéb&ﬁdsmmhgﬁgazs (@/@QﬁirZibeoé?ﬁ% #»ﬁlf‘ed%ﬁﬁtﬂi:ng and

drying systens 100 are utilized in~conj ion"with a ditferent wafer

pr ocessounce ayleds 3@4islong waththe flidsg Innde émpodiment sasdire véarunt Gopothent s
therein) ma I be.kno S waf.er drying. 20 inserf. | houl d be

under sTOEF %/‘ngl‘ %ﬁ@‘%? ﬂ?m’ym 2’3 apd the aﬂﬁ Vel thﬁﬁ‘i/afg’iﬁuf ?’é}‘ Wripto tEF hat may
ef f ect : ; i ol

(Puay , “Aos/oler 304 & SUTHTL. THAS MW s RORTR: Snal k¥4 lld s

exdnpl keing pollsdamtiroagicabtedw (MAdr\R viacaah isreyerted apgdmisidatboreof fikid ahdush core
604. The brush core 604 may be any suitable brush core configuration such
as, for exanple, those known to those skilled in the art. 25 Therefore,
when the brush core 604 rotates, the brush on the brush core 604 may be
applied to the wafer 102 to clean the surface of the wafer after wafer
processi ng such as, for exanple, etching, planarization, etc. In one

enbodi nent, after the wafer 102 is cl eaned by the brush, the wafer 102 does
not have to be taken out of the cleaning/drying 602 (also known as a
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-46 di scussed above in reference to Figures 2A through 15C above. In this
fashion, tine nay be saved by having two wafer process operation in one

- nmodul e and chances for contam nation are reduced because the wafer 102 does

not have to be taken to a different nodule for cleaning. 5 Figure 16B shows
an alternative view of the cleaning/dsying system 602 in accordance w th
one enbodi nent of the present invention. The cleaning/drying system 602 may
be a nodules) (e.g., cluster tool) in a variety of wafer processing systens
as di scygsedofeheMitlyNad BE ?fdpx% H8ad 1 6B rioves &%%'Qﬁsc%l' mdvés AN EPREN 2

cl eani ng system'and”a dryfng sySterx~ ~n-ne hodul'e, space may bBe saved and
t he waf proximitydsad,ngd shesregion peviayslpecoupitd Btk hivhissoshasteen doigpdat tovhi | e
retaining substantially the same functionality., Figure 17 illustrates a

walf or | phIIBQ¥TEt oY hedbATBDV inierizce bHS. 1skovld alve baddensiopd has the B8 o dr yi ng

nodul e } r i e aodi of ,th 4 i.n ion. The
irying Sfdnghee dS6uEe MR 65 BRI IR Sosalaa DB G Hos SN ' O™ 2
100-8, ufilizéd dependiag vn he donfigBraviohioftiie dpparatef andlthe AleAiskos Sige ampsiRpeat ed

t hat any suitabl e nunber of re}g&ng nodul es 704 such as, for exanple, 1,2;
3, 4, 5desiredy In gnother enghodément, {heliqyid Bovmates and ths vapeurn flow ratescare sughe
assenbl r . fer prgcessi system 700 wmith.varyving
Tevel s bt R bl HEBSRA O e VAt im BLBEAE RIS ol BN P W 00 ¢ ha
any ot hejcuuppestledf wafer processing tools may be connected to the front end
frame 20 assenbly 705 such, as, for exanple, a planarization tool/nodule,
et chi ng t ooUpgldlib PR 4 ' t he waf er
processi ng system 750qpﬁnc'alﬁes 6 J?@@%ﬁr@%ﬁgbgggﬁg%ﬁfggl?géoﬂﬁg?%ﬁ’robot
7121Q haandreacufimens langlas themeniscas &1 6 cambomainfained. Iforefembibdymeny, thedldves 704.

The robot 7 | so be configured to feed and renpve wafers into and 25
out of f%%ltf‘sm O‘P%%&tgil thepourqe inlets 349 15 betyyrgn pReW AP rpﬁa%r PSS t abl e

number - gt 5000 Tn[Her RS 1 4 profey i RV ol ©
nunber and tﬁgs %erfront en%gfoa gf&?ﬂ#ﬁg&h%ﬁ?gﬁ?d@@%&&?ﬁ%ﬁt, ttrl:llgo? ont end
| oader stheset ofithe s@ued indets3@@istabodgé0d mll perahinué. it shotid bk undersiood thatocessi ng

by the fer procgssi,ng system 700. Figure 18 shows .a . wafer, processing
system %éﬁ’%ﬁpaé%" gdﬁ%ayivay SRERENE 90 ‘F?}E%Qgﬁ‘ﬁg’r?’ﬁ&“é' AdadB®gance with
on nmbgdi i i I i .t he waf er
or oasy b SR BlenCl 19§ HRAE el hat ¥ Bl Pare oF s4Fflow Yo AR PRIty 101 &
704, t hieafls.ofhisanal dcearibecadsedargen groximity deads, filok émbadirnt have fnossre
assenbly 72U. The wafe rocessi ng system 700 _as with the wafer processing
system %Weriaiﬁt*hﬁ%ﬂ&ép@msam% qﬁl&ﬁ%ép‘*aﬁareaﬂe)w derileegst Beadypes of

nodul es/tool s such as, CMP nodul es, gthr;%ﬂasoni C processi ng nodul es,

cl eani ng nodin eng embpdimenththedlaw mse e Areaper throughamesd ohthessoyiren as, for
o f . . .
exanpl ey dihgp)a b%[w%?afﬁgﬁtsi &%&%ﬁgggflcﬁg&tpj@% Eéﬁfgﬂgﬁ%@%ﬁ %Bﬁﬁg@g;%f%ﬁ er

processi ng nodul es I'n one € n ecture

Sy 0em a preferatsle embodinigi! the 2 Al fiow S i Heblctsabdas S ahd §0 SCFMI N may be an
integrated drying systemwhen integrated with other nodules to formthe

cluster 10 afCdHeleddds Bw i ' er
processi ng. syst eerfe?ﬁ%o r?}géyﬁgve ttdge g‘%}ctﬁ# g?%%@@%&q?gg{gﬁﬁ%gouﬁ%%ul e
704, anif4as beeraaennbouttldstandatdcubie feetrpedhowr (SCRH)e o \abbatr 1 2508EERHI hgasyst em
700 may ipclude three of the etchi ng nodul es 622 and of the dryi

modul espr9§£4blll"?/\ﬂ‘€ °‘15+HT°PF’|¢5\1%HMFE‘FTB¥ 68%%‘%%@‘%&5‘?%‘?6‘ 958? SRESFeiut Eﬁ&%ﬂ as

cl ust er;g [ I éﬂg% . ' : | of the
drying 1&25%?3?5? 7H0'4h]rray gﬂ)rl?gl%gée 1%9@%5?0%@81%{}%&# g?f lrllf%%%ﬁ% he

cl @ani nyéasnxg thg floystatnofihe R4, DBVhand teniaogurand dryi ng may be acconpl i shed
in the same nodule. Figure 19 shows a wafer processing system 800" wi thout
the et chi ng Fipdie 6E shddvsl dhotiet Matla i fingi Procesd asinpanstheesdur® intdiRubieesent

invention. In one enbodi ment, the wafer processing system 800 has the frane
720 corfrgntatiey thatpnay by ¢ondugied bia proyimity hesdul06g ity aecordamcg vathyerfeer

processj syst.e 00’ cont ai ny sui t.abl unber of . dryi nodul es
oa. T bR S e fryeRlipd, Y eBbodifoeal P RBimty hied LORTEY of T he
(dryi ng yeaAs o vEP the toh SuMEdeal08 F thSwaRe W8 B6 tOmbARERn Ay bE nidved WRing'
processi ng system 800 t hrough use of the front end | oader” 71 0. The robot
7130maythe water siidacgak(8a. {The menhssus appliesciiuid Ito Hbewafen surfavedint semovéscllwidf er

102 into any one of the plurality of drying nodules 704. 25 In this

enbodi nent, the etching nodul e 722 shown above in reference to Figure 18
has been renoved to generate space to add nore drying nodules 704. In
addition, the drying nodules 704 may include the cleaning and drying system

602 described in further detail in reference to Figure 16A. In this way
both drying and cl eaning may be acconplished wi thin one nodul e.



- 48 Figure 20 illustrates a wafer processing system 800" which includes a
dryi ng nodul e 704 and a cl eani ng nodul e 850 in accordance with one

enbodi ment of the present invention. In one enbodinment, the wafer
processi ng system 800" can include a separate cl eaning nodul e such as, for
exanpl e, the cl eani ng nodul e 850. It_ﬁhpuld be appreciated 5 that any

sui tabl e nunber and/or types of cleaning apparatuses may be utilized within
t he waf er processing system 800", such as a brush box (or wafer brush

scr ubbi i ' SRR ' . qdient, the
cl eani ng%%@g@ﬁgggﬁ%ﬁgfe&g% us Q’%&Wﬁ%@"ﬁ’%‘g S"%'E)l)l(tgﬂnioygggqgﬁ@gsui tabl e
type of etabodimenthd svakcecialet 806 applicsal DIW a3 Mabeaid theGtafessuffRen08s t hose
skilled in the art. 10 In é’ﬁ‘{ anot her enbodi nent, the wafer processing

. syst em Hggousegynlgb32 applice i Agwinti@rwaghthe wafar sneface Hfsaandthe sebregl e, |1 n

h i . ' | ' d her. . of, .
o ocess? 312 MEfdves fifa HEAHNate FRHALC 1O 1EORMIED Mt B itltie. ay
be & i | émbediafnPasWEasOGthEr émﬁbdiﬂicﬁtd@fﬂfbsproiiﬂﬁgqmﬂﬂbﬁa dedreibRd heses,i bed in

U S. Patent plication No. 10/259,023 entitled "IVIEGASOrtc SUBSTRATE 1 S
PROCESSNQ@IW%@MWS The tyrfes o€ pave¢ iesel apshsawnce eutists may bonsédsinher eby

wat o | oy BREesY fifLGf SRETarigR SF Bl Fatics Sfetabe At 408 ad Pre ol BBy be
gener at 364 dHodtn iRFVLurk BE. IR BAGtbA LN thid eHibolint&fl adWellial btttk g§si ng

met hods. Figure 21 shows a bl ock diagram of a wafer processing System 900
i n accovmkadiments, by cdntrollingthi ationshef idw vfiBuids enterthe wafensurfane 108a ande

di t, .t t 900 i | ud | i t 02 - chem |
RS ool e L hua Sontfit S SReiiecl B0 b uietd e SrtrlieldB 8 and an
et chi NGufYBTeMAnReS Mirldkamplie ROShd éxﬂUocﬁl\ﬁ%ht?B}' é&?&sandﬁ%g%r Oemﬁ@@kﬁd $ i ncludes a

robotics 912 that can transport substrates m each of the systens
902, 90(nd/@Gigcregsing thenwcauwn 312 the oitfiooy thromghsthe seurc® 00tlet:304imay bele all of

t he 25 i i tools. |l ld. b d topd that th
et ooBahY ol W bl THRE: Olug frindyied ot e Wifer Sytice 108000 sniher 606, 008,
and 9l%ﬂ&iﬁaﬁyﬁgd@ér§£iﬂgq%;ﬁmﬁb@tﬁd dnl A iﬁé?@asﬁ%%h@%&ﬁﬂn@ ﬁ,gqjgcl ude any

sui t abl e nunber of any o e systens 902, 904, 906, 908, an as well
as 16t hentfloy dgough thafsenrcp vutlets3idngag he substankialdywn combinatior of BIW aud ain t he

art. Therefore, .the.system 900 hgs great flexipility in wafer processin

abi | i tiaég%ghﬂé%%l?%mghovf‘aghﬁég?er‘gggb?u"%cﬁghg"lf'attﬁrler or uselro. - I49g .
The cl eani ng,.syst 902 may be any, fuitabl e cl eaning system such as, for
exanpl e, br %éﬁ‘}lrﬁés(%g?’? ag‘b‘?('ﬁr, squrGsiplet apdjoptles opigpiafion yerean addiignalet c.  Any
sui t ablsgylc¥ B&11I&T309 LN 15 @Wﬁ?ﬁﬁﬁﬁﬁﬁy@ﬁo ok R s the system

900. The CWP system 904 nmay be any sui apparatus such as

t hose embodimen of fherpreseatjriventien. t T exierftativirofinletsund ditletssas shbo®m ikthe
nme @so%j,c s%st.em may be one as descri bed above in reference to the
rreg somPeur

: pPEdedsionisniation descaibed dn fithse detail in eferenee tncignre 613 exespdince to -
i 9ur € a8ioSofiicE Blufle: /55 SBIRG heeRFiotY sdu¥BEinfl: D8R3 d AHE oBAEHEN
devi ce sucﬁ as, for exanple, one't Ihcludes & robot that " cafPobtain a

waf er that ofighe saulce adtlet304. dnduch asemdodiitenyydW may W ivipttiedeiowdh theocess
an_ take place. A deposition systemcan 10 optionally

nodul es where etching ca ) € ]
be uti P?%ﬂﬂﬁ?t&% whl{g%a diferent selutign sych asafgesamples a glspning sojutianmmey be nay be

any dryj i i tilize anyv. of 4t h i.fferent

enbodi }rﬂgﬁ? g& gﬁafﬁeﬂgigﬁﬂic?n? 3e/{lﬁje§dﬁ1%€‘%ges ld(fyggﬂ%bs@ﬁﬁgﬁlo%%wmgF%afygt?eence to

Fi 26ir eatiRZeditblephdiite tianingfithé afer 108 avifle)t ﬂ)swmaﬁmi@yaxﬁ@ﬁhﬁwgt em 100,
100-1, 100-2, 100-3, 100-4 or any variant thereof. Therefore, the system
900 natheppswdacetlf8a obthgavafer 108 i n any suitabl e nunber ways and dry the
wafer 102 in a highly efficient and cost effective nmanner by usage of the
dryi ng syst Ergupd DA oflustatespr proginity hemint (6qrerfofindriged dryéng operatisryimng system
910 may loper of wafer production costs, and raise wafer yields. Figures 22A

.Y
t hr ougPFeoEtanes, With o0 spbdimentiof thepnssent jpvention, \Whe Broximity head PPt ed
yert i cod smbHimeft, MVEE WAL iR Kotk panley 28 bR ¥huthde/1 iaUE O Rlafer f08e! t her
20 novenent of the wafer and/or rbvenent of t at least one proximty
hédd, tolvendadtarclemirgurel/oradtying opecations drshoald begipraciited dmattthgpioxitnyt om |t
shoul d appreci ated that wafer processing as described-herein may include
cl eaning, drying, rinsing, etc. The vertical processing of the wafer can
enhance control of the meniscus and reduce random fluid novement on the
waf er during wafer processing. Consequently, by use of vertical wafer 25
processing by the proximty heads) (also known as manifold), wafer
processi ng such as, for exanple, cleaning, rinsing, and/or drying nay be

acconpl i shed in an efficient manner. It should be appreciated that the
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t hroughout the wafer. Therefore, scanning direction and speed may be
controlled so the neniscus area is scanned evenly over the wafer. Figure
22A illustrates a proximty head 106a begi nning a wafer processing
operation where the wafer 108 is scanned vertically in accordance with one
enbodi nrent of 5 the present invention 1In one enbodi nent, the wafer 108 is
oriented in a vertical manner so a t6% portion 108c of the wafer 108 is
presented for scanning to the proximty head 106a. In such an orientation,

br ocessPgT 1% iy A B Pl Ay BOAE FEE "Cele? b 4 PRl P68 L0 60 °
t hat t hgnenpdfer 1388 Iieile BrabddEhiént, thedwafee 108 isTortiflg 46 Hastor nionhéddel 06

configuration of the 10 wafer processing system In one enbodjpent, as
di scuss&tyibe meyediin linsenfashipn alongdhehead metigm while finiins remavedirem theog | s

hel d into place dth [OXi 1] i f 0 ta @k
scanni n&;()pn%’fﬁfi% ,l%e]?%g?ﬁ?“glﬁ tgéo% gﬁ@%@fgh OFEB ¥§ ﬁjércévaﬂ{i%at?‘w%gwﬁ%cglg{é% (r?lg]d

bef o5 e @rb@sH Qure06iticPD04,QRd 18 ddibmiz¥divater 308 thrbiigtSthe Rodite i3OG EIR , t he -
wafer 108 is positioned in a substanti al Ig/ vertical orientation. The

posi t i omenfscushblorag discusesl inireferenge teEigura 6 mayegeperateds can therefore be in
any suitable angle as long as the top portion 108c of the wafer 108 is

| ocat ed hi gh@iguat GBghbive atemyiess dftagportitee oba praximitp head b0 iBatcofdandee waf er
108. In a_preferabl e enbodi ment, . the wafer 108 is pagsitioned,to be vertical
al ong t Wathyong,embodimentof ghepresant inyention, the tondsy ofions epbedimenty 'oBad 106a

may nov rj j i t rface
T om ¢ ot St fe o'sck Br e AQUG S05 4 Bl LARE SHBE Bfor 0, AES Rl
be el dsaired intet3109, ase of e soafeeroutleB3tgund e seofdhe souree idetr3®2. such that the

waf er surface is _processed in a vertical fashion where the to ortion 108c
of the dhsforacs IPA Wd AWK droopbiied Wit seaignbBYaen She RIAIMISY edtel dfaf or

108. It I j i RN t@hlhs may be
used toaﬁrfﬁo@g%@eﬁo@gﬁem cgﬁlﬁgglhg%ég@vb&é%hgﬁ? so\{ggéto Saggﬁﬁtcﬁe surface
of the vt fiay2&iddén therwafeel BTN stRRde, inlete3 (02, ¢hd soutoe ihke30d)Gad they be
attached to an armthat is then attached to a nechani cal device to_nove the

proxi ni squremsentletpdd descrbedhereinanay.elsmbe any spitahin tee obgemsastReHich ag

pr oxd m . . he ai.ta r
appia(tsf at E%/arlgkﬁg.’t%%cggd?fo gg’%ﬁ Ilg’tsgtqglreﬁ)g%lé%gh%&bﬁh ?’ %ggg}bggﬁn&?%ggﬁcggﬁggﬁgpgse to
t he sur h@d306dnd the svake bulléts 364 tateocinmla dperings.oxi mty head 106 fromthe
top portion 108c of 30 the wafer 108 to the bottom portion 108d of the

waf er 108.  pigute Y€ iRhtaés BYroRinkiey REUAIDG witie engdlb@Eoic®imets B02'Y head 106b
(not visible in Figure 22A but shown as _an exenpl ary enbodi nent in Figure
22F andpaf@ningg dipang operativmwingpogprdanewith ong icpabodimend @f thyepresedit pr ocess bot h

waf er surfaces t two sid f. the wafer 1Q8., ref roximty
heads 18859 Iggfé%ﬁ&rgﬁ aB%reﬁl?f itB%tc}ﬁeM?eé“%ﬁégﬁ? %ﬁ?ogragéshn? %Jﬁ%eoheads may
Pr ORES S ot(s¥ BOK d&¥cribB& hivefremhay B8 afgled ihanyPduitiblePhH}ioBptimiRe & walgr pr ocess
the other side of the wafer 108. The proximty heads 106a and 106b may be

any sui cleiring pndiar diying proaessd & on¢ gotiodiment,the angled pouseeindess 302 atdi nent

two proxin heads 106a and 6.b e oriented so.thah th [ ssi ng
Wi ndowsmpﬁtty‘bé&m?r 8{1’110?&:; “I‘#%r é%o’é égg%ﬂ& H&ﬁ%\gmgfe Prigts ? \b\g sﬁcﬁlo@?fr)nﬁg y heads
may t herp DQagdrifRAW Ritcdted!to OntalOthe Fhén¥scu® 1¢6ch 10 other. In such an
enbodi ment, the space between the processi ng wi ndows woul d be | arge enough

0 as 10 be greal 86 HRARANEEIGHPRST Rls it aBkELodABmTasnl e, when 2

meni scus i s e processi ng e proximty heads
10625 anghglébdourcy/ouets 304 gerdormiing aalryinp operatiba imvadoard4ie8 with ornoul d be

appreci ated that the proximty, heads 106a and 106b tgor any otgﬁrﬁgb Ximty
heads dembediment oftheprasentipventions Ihshoudd be apprecigtedithatthe suGe g Phe waf er

108 as I I j e surface
- bei ng p%ngf;%bsé%éﬁ h?%ggﬁg sé%%éﬁﬂ%tﬁs?}%{l E%g%?‘%ﬁshnﬁ 3%1 rﬁ@a%és)aﬁ%gdaﬂg%@hl%b are
about Osultable w4y @luptimide o vy clehifip ahid/of BpRE piocesssur f aces bei ng
processed. In another enbodi nent, the proximty heads 106a and 106b are
about 1 mm t 4 GRAbelifEhE R arlg QIR IRIPSES VR ispiit TRASRpBEbLAS the ocessed,
and in a preferable 20 enbodi nent, the proximty heads 106a and 106b are
ab@® lwbfer0Siscangiedoanahtaagleddspeatotiandthesoiimedslelssd 06gsushdbasbe P A #aparhe
proximty head 106a and 106b nove downward, the meniscus may contact the a
top edge of the wafer 108 and one processi ng wi ndow woul d form ~ neni scus
with one surface of the wafer 108 and the other processing w ndows woul d
forma neniscus with the other surface of the wafer 108. 25 It should al so
be appreciated that the wafer processing operation could be started where
the proximty heads 106a and 106b starts by initially producing the

Y o a - . B A NS




108 is positioned in a substantially vertical orientation so the top
surface of the wafer 108 is visible when view along a horizontal axis. As
the proximty head 106a cones into close proximty of the wafer 108, the
meni scus 116 is formed between the process w ndow 538 of the proximty head
106a and the wafer surface being procgssed. In one enbodinent, 5 the
proximty head 106a is configured to dry the wafer 108. In such an

enbodi ment, . the process w ndow 538 intelligently controls and nanages t he

por 1 orfat e ' SR SGTadASE 115, THE aERA BGliZ Mo TRAPadBRE . *Jos

Ther ef ogboditheht) Be dhyled dt &1 /EESGs0 AIFREIPMMS GFeniddis 186 Bhpelditeon of t he

wafer 108 will becone larger 1n atop to bottomdirection. The generation

10 of tdppreviated that thesainglesfiyeg aneldhe anglaﬂgobmayimtmylsuabbieenglsthimdés| ng the
' f 108 t | t at f t ott 116
hmy be QRFITIFE I/ mERAEemST @ SSRaP| o P ARPSROE b BooBeembRRIBIT, e TRE scus
110 | TS I ikl AlarQld SN Bl o0 BltckoLAd BRlanl U 655 BRI bl

gr aV| ty fe accountBgor TR ratron of c

manageafigPecd Rl $68Y than! 90 ddedes! dfla ﬂ}ufeﬂa"m&sxﬁawlﬁﬂmt hike mgwega, isyatvaeds 106 in
a downward manner fromthe top portion 108c of the vertically oriented

waf er I1d¥greesandringnotheppreférebleambodin®sit i tha angle angled @bay angle Ascdis 2butmy be

R EE R N I bty S GURHE TR PRI ot
Tove up G0GIASka BEAKELY 1hBhe L BSsAlPARY ok B g&@g}e@gl@@ oy bEER2C Shovs

a conti nua a waf er processi ng O er

acqer dajff Mﬁﬁﬂ&&@ﬁﬂdﬂﬂ%& tﬁé aﬁélee aﬁ&me Y@@gghﬁ&ybé gifférant By22C, the
proximty head 106 has al npst hal fway (and processed about a semi-Circle of

t he vvafamglmg)ﬂ)c dngie\d@enrctehelet(sﬁq%amdloma@&g tkmahglcdasmm outlat(s) B04nthe0sd of
t he waf.er ur e 22D | lustrates. the oces operation
contin adqr %ﬁ‘? STy "anSc e G‘éﬂ'@ %ﬁ“‘a PEe &P q'q% t he
pr esentanify @ Mahy:thé Surfice Wefhgd#bteskdie Proximty head 106a has al nost
. finished scanning the wafer surface. In one enbodi nent, when both the

proximty heg 8 ﬁ{%sp% 146665 ke @ ot he
waf er 108, as po%??blﬁ{smg%ggﬁled%n@en‘?scu ?ggm g%a(r: |§g FI niﬁsﬂ p‘rzoczelsy ng .
and5ar eluabwhfen gafadercleanigaid duying systemviafaecord@itce witke one embodisent oﬁtheot h

sides of the wafer co i nto cont ct and 30 beco cus.

Fi gure pzesenemmh%elnﬁe@m Apperds wasseg'a?qrswrr@%ﬁgﬁﬁagﬁ%g éﬂﬂ"ﬁf‘bﬂ’r’% 22D
in acc in

i gar o BEDIE pblcliyaiCalt ﬁ‘éﬂgﬁﬁ%%‘%% S RO PloT e ERpeuith, o mEHRM,
devi ce 116 e tggenierdted: edl) addiden, fonrthe lmeld o;ﬂltlmmmeerngldth%wppmte]tﬁ& offhé-i gur e

22F shows a SI de view of the proxim t?/ heads '1063?% & si tuated over
t he toﬁOWGPt“F I3 Q% these maybeiacsgricy qusist 30biagmexed VY 68d fKePdBP dance wi t h

t: t
R R s o

© proxi m30g tﬁE}anB.ltill%d fanflﬂ’Alﬁﬁhwmw el DDWeidflowiBltdanespeatilvglytvig et the soaroanwar d
. to process the wafer .as descrjbed in further detail 1Q i ef ereng
Fi gur o oaiet 304 maY be B5azad toapphataesum A2qdt sioud be apmecisted,hatiany SHERRlE 1062
and 10%9115%5{‘&1 Qf%‘iﬁfes*tnﬁy s 962, @ce BUALRSDT 88 sb&%emfs{%rsoﬁ%’f me,nse accordance
with one € résent i nvention. as the

proxi Mutilizéwe st ekefmpla sk ;ixeﬁhmmy)h&dd Q06 \4ad d 06b emaydivea dohfiguration of08. As
the_neni scus 116 contacts the wafer 108, the 15 proximty head 106a forms a
neA? sc §eures gHetijang sewree waﬂeﬁ likg thegrnfigneationslescrited Fhoxe in trierencs tos

o o oo Hiehd TR dld 78 Iadd G it ang el Bends; e BEGKHIIRY e 706 & pf‘oL‘Z‘Zs
t he ot hesb fia§de®f atd&»ﬂﬁgﬁxfaﬁbn ad\shalins BeloGeith r@ﬁ!ﬂéﬂ%e to tFig:daew thrbeghinsleAayood

that the proximty hea 106a and 106b may be noved downward, or the wafer
108 mayuitablegréage @pmmgimt@ eonthet with theaneniseus 1H6anay hodned by thegsaverasnthe
noved war d whi,l fer 108 s d upward. Consequently, the
scanni ﬁg fm?rﬁec‘\fe{flgﬂﬁ %m%é%‘“pﬁ“ﬁa&gug ng any suitable novenent as

|l ong as the proximty heads 106a and 106b are noved in a downward novenent
relative to the wafer 108. By using this relative downward scanni ng notion,
the drying may take place fromthe top portion 108a of the wafer 108 to the
‘bottom portion 25 108b of the wafer 108. Although Figures 22A to 22G shows
the proximty head 106a noving fromoff the edge of the wafer 108 across
the dianmeter to | eave the edge of the wafer 108, other enbodi nents nay be

utilized where the proximty head 106a hovers over the wafer 108 near a top
edge of_ t he waf er 108 and noves tovvard t he surface of the waf er 108. Once
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5 108 is held in place by holders 600. It should be appreciated that the
hol ders 600 nay be any suitable type of device or apparatus that can hold
the wafer 108 and still enable the scanning of the wafer surface by the
proximty head 106 such as, for exanple, edge grip, fingers with edge
attachnents, etc. In this errbodim::nt,3 the proximty head 106 may be held
and noved bye proximty head carrier 802. It should be appreci ated that the
10 proximty head carrier 602 may be any suitable type of apparatus or

devi ce that gan the.proxi.mty h fer 108 and
scan the pr oﬁ'igﬂfetn%yﬁléoéﬁs gr?xﬁmétyélgﬁﬁ\;\ﬁg)r(’ éa% ?mlfr(l)ﬁgﬁﬂ gﬂ?%igvifglg%}lé%&gt he
proxi m éwmﬁw%aﬁuﬂ&%g&ﬁdeﬁﬁﬁ aBEGTIhriBetwith énd disbodimenit cuhdé peesent lifvenltion.

enbodi nment , e proximty head carrier 602 may be simlar to thefproxim'ty

head Galrtbis emwdithent, the psordmity hicgd 106 pmcessesibe temsurfachd 08 pEthejvafer | ent ed

15 vertjcally..and the proximty head carnri.er i NF § CHAr fromtop
to bott ’F?la/gfe\Pé?’flfrBQ}la‘eﬁéﬂﬁé?%rquﬁﬁﬁ @eﬁ; 0%533\%8%0% er%%g’é‘g%ﬁﬁé' system
wheise tie Y iRxhtiths ¥ HRAT ACAUth€ DIWORy theRpurle ifleks 302 AndBe6 fespectivels dnd n

accordance wth one enbodi nent of the &raesent invention. In one enbodi nent,

t he wafteyrust@f theyadnemhiedrd thescaeseouflet P themenisers Hiduaay bofarmgdrd. By thi s
upward notion, the wafer may,,be sc ed t he proximty,he 06 in a
rel ati \}@tﬂﬁ%\kﬁpﬁomgﬁea%/ﬁ@q %“‘ilwg “ﬁ?ﬁﬁ% W%ggﬁnfg%pgoﬁéwtﬁ hg%cgg% ng the
surf ace{aftht Raretaos! THE ?)rd)ﬂmﬁ b1 0R0Hdl 198b 24 tRBR fste BRuBRisEhs 118, One
enbodi ment, the proximty head carrier 602" may be kept still and the

rel at i vaaylbevmoaed oserahe weyareas eftthe malférshrfdcenin antmannst so theeintice wafesd08 pwar d
whil e scanning .is taking place. In 25 anot her enbodi ment, the wafer 108 may

be 1fpovedn -and the proximty head carrier 602' may be noved downward.

Therefore, the relative dowward scan may _be acconplished_ in one of nmany
different vaFigars Yhilustraigs poroqessing Windaw 8381 4macqordance™ith oiead carri er

notions, Jn.a pr I i i ; . isan_1of

i gur o et B G SRAHLET B oferReh  clotRbhg TARIEY D801 1y of

t he wafgjy HefidengpliRis eSsoufte iAREE302 andB06ranfptso dldralithef sonkatesutleGO0, such
as described in reference to Fiqure 23A, may drip the wafer 108 and nove it

upwar d 304. Themrecassing avinggve 53$rlJe e segiop on @pseximity head 486 Loramy afhelh onto t he

waf,er 108,. t. edge. gr.i [ e anot her
waflgr ﬁ?x%gﬁbvggm?e%%g%gesrf@?glﬁa oaryr %%é%g?e aﬁlidgb? gﬁ?f ﬁ‘é né%g?cgg?gﬁ's by the
pr oxi mtheréterd the professinigGvindow 368 hmup bea verien that driesaidig dgmisarwatkeife t he

proxi mty head extends about a radius_ of the wafer 108wbn .accoréﬁance W th

one entibélpraximityhead G isdssired torhearsed émthat mapnd. dpeBeFmeAdimentdhgar o
processj - 0L £l m j roduci ng
B e SaEesFHE R S bL1 s a5 pdai ) Bl fao;ch shoud 8EgbReRled T PLIS
enbodi rsttthe ke o tHOProtdsying edaddwd 6381y (os amyotherafitableproéassingfwiodow t op
portion 108c to a bottom portion 108d of the wafer 108. |n anaqther

enBOdi rdsseribedisreinbmpyrbe pny sitablel lgpstheapd yadth (a5 sespdrfR&taP ¥HfWseni - circl e
of the wafer surface is processed by one of the proximty heads 106 while

t he ot her sdchigure 9B ilkstrites houbstdngiallyeircaleepiosessingwindow BB-Zhe ot her of the

i mit ds 106. 15 Fi, D shows. f i t em wh
Phe pr cebomiageaiony ShpUEen of e Fep i aior. Tars ETEogMgRaRss | - ¢
accor dgneeiihb byifdsy 8382 i tclite 4 PlaralitPsfiturde TRA 302and 30604R] slsdadi ment

the proximty-head 106 noves in the fashion as described in reference to

Fi gur e pl@@lityhof seprcetoutlets 34T heipregessing windaw 5382 is ¢ regionoadhe proximikt i on
112 by using rollers 102a, 102b, .and ~ c as . discussed in reference to
(haSE s (67 anm uhes Prosimen had STt g o0 S8 PSR S gL e
utilizedet ti ' in WRIGH S38.238PbER RGO iR dfBParIBOd] rent
of thqu?%gélﬁgq?'n\?gg%e{%%’.amlg:Ep(gcr?gglg%bo |§rﬁeg?§]—th§}opr oximty head 106-5 is at
| east afedn®agvater if e Hoimityeheadf 106hie desiferirto beRisedint thet mannérnila pneiead 106- 5
can produce_ a neni scus that ,encoEBass_es a{) Iea%lt a dlﬂ%nﬁter of the wafer.

I n anotemeiodipedthedEecessing VindoW a2 §@sybstaptally, Arepin §halfough so the 25

meni scus produced by the proximty head 106-5 can extend across the
di anet er of RipereR( Blustrates s preressing wdiedaw 838-8gn gaeordancerkithhgper surface

d . w.thi | ysi regikon. Th , . R t
podl g ot G ent ShgbRa LS gUERALRES metroBEL whidw R T

proximty head 106-5 includes source inlets 30Z and 306 and source outlets
304. In one embodinent, there is a plurality of source inlets 306 that is
in a




30 shape of a line that is surrounded by a plurality of source outlets 304
that forns a -56 rectangul ar shape. Two lines of source inlets 302 are
adj acent to the plurality of source outlets 304. In one enbodi nent, the
source inlets 302 and 306 as well as the source outlets 304 may nake up the
process w ndow where the neniscus 1168gay be formed. It should al so be
appreciated that the proxinmty head 106-5 as well as the other proximty 5
heads descri bed herein may be varied in size to have different sizes and

configu I of Lo V. ' 1€ ' ' : he

o bce ooy it pREGEPEsofRG: 3@ an(Eiok 29 dotta BRRIIUF Shicilofled B
be changed. mm%@e@smgmaﬁwrms-s 13& regiofl ®nQhe ploxasity hedd BOP(oRahybther head,
the sizes of the source inlets 302 and 306 as well as source outlets 304,

and t hepoimity beaditerensed erimdhatanppgengrate aubeontred thenvemiseus IHbgur es 24B

' d 10 24C - d ib i f t g .Fi 11-14. .
Ther of of Sttt Thdiror et e EdaW oS L i S GRS Tl iy, ARU/GF gl ater

confg guihRlprSanfSREA 1 06 idbsirb® tobPhded3h iﬂ%nﬁbﬁﬁ%ﬂ af onE@mbRYARt Sthei  ONe

proximty head is desired to scan an entire 200 mm wafer in one pass, the
pr oxi mi prpcéssing Wiodo® 5383 isasubstantiallycoval prehepes wi ndow t hat produces a

meni scus that is at least 200 mmin length. If the exclusionary region of
the 200 nm i Bigare 9D Hlwbtrates aproceskiag windes $88-4 ihhecordmceovith omy be | ess t hat
200 mMmin length. In another exanple, if one proximty head, is de%kged to
scan arcrabgdimentxfdhepresentdnvention,, dn ong.embediment, the PROCTSSHENINdOW B 8hy have
to hav i . i S <o 00 mMm

i 1 ongPRy BRRER IRt ol Bl MR (3R b S Bprtitlory 0 2

pr AQess30l, THegpro®sssiag wanddw 5B8-4l ie aTegibalonINOprRirhity head106 (or any etheanot her
enbodi nent, if 20 a semcircle of the wafer Is desired to be processed by a

proxi nmiRrgxmeifyshead refeeensad hereim) that maaygenergtnens contrpl Hie meripeus klfat woul d

pr oduc i . i i .

Ther of oPiereBY, Bt o e bubfdh so8rfihay B8 3rellof Bt UHePind BPcM S waterie
be changegrokenan Head 1@ istdesiredPRl betwsied o i€ fianféer. Iriogdehmbddinahohe a si de
view of the proximty head 106-5 |in accordance with one 25 enbodi nent of

t he pr dgeeRssingwapdovsa38+4s pisubstantipdlyisqiare shalfe proxinity head 106-5 al so
includes ports 342a, 342b, and 342c that, in one enbodinent, correspond to
t hdSsour ce iFigate 19d0shovs ancexeoplarg pra@ss winddvws 538-¢ evitinthepleelityrafsgutsei vel y.
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342b, and 342c correspond with the source inlet 302, the source outlet 304,
and t heoperation ngaythecaovey imtdigotion 446 acrosex siafiraluyingnfor ¢xample, a waferhoul d be

appreci ated that. th orts 342 342b, and.342c suppl r renqove fluid
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302 and 306 with the source outlets 304, the neniscus 116 may be forned

bet weepréxintity head A Pérthay, insadiyingpracesscencoentorsifblids| ist. Cooveselpe twilinghe

i 116, d ‘ Lt ‘ ti d di nensi f th
or oxi g rith JeskRah e S Aty B TOA M bk Blhe S s AEBERE 0 e
sour ce pridediedIBG. MRUNOBrAPRity HeAE 106 Snd el RoddI€ winldth 538-1!iRAulEd iHefeigur f ace

of the wafer. As discussed above In reference to Figure 7C and 7D, by use
of an amopecmtrass thecwafenirethel@ctiom 84Gehe setisreany theewafien syyfateehfardhent | y so

the_10 shape of th i Scus y he controlled a maj. nt ai ned, i n opti mal
mifer PROSOHI oL hORDUES Bl Eang FiEt fogs %, Thed ARG BaersiRRliia bout o
degree . : { i i ; | et 304
thor o S TigRithe RAERES bl ad MEnRbi RS fefrt-AamaUhERIAN | O ol d be
poi nt i mepintaised dnd manhgedloyithegroedst stindSx 53841, thepwretfiregimnlie ddadend thent , t he

source jnlet 306.is angled about 15 degrees. It should be 15 ynder.stood
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proximty head 106-5 in accordance with one enbodi nent of the present

i nvention. The view of the proximty head 106-5 20 shown in Figure 24C
shows a back side opposite the process wi ndow which includes connecting
hol es 580 and aligning holes 582. The connecting holes 580 may be used to
attach the proximty head 106-5 to a proximty head carrier. The aligning
hol es may be utilized to align the nmanifold depending on the application
desired. The proximty head 106-5 al so includes ports 342a, 342b, and 342,
on a side of the proximty head 106-5 25 opposite the | eading edge of the

A NS - - . N _ - — - —




-58 Figure 25A shows a nufti-process wi ndow proximty head 106-6 in
accordance with one enbodi nent of the present invention. The proximty head
106-6 includes two process wi ndows 538=1 and 538-2. In one enbodi nent, the
process wi ndow 538-2 may use cleaning fluids instead of DIWto cl ean

-waf ers. The process w ndow 538-2 may fe 5 any suitable configuration of
source inlets and outlets that may af)g y any suitable type of cleaning
fluid to the wafer. I n one enbodi nment, the process w ndow 538-2 may i ncl ude

only so ) ghe [ I ' i d. Qﬁ%’ll

enbodi rrewrillt%ﬁgfe Eie)’%hr% cggésss mﬁv@é@?’@%&?%wﬁ)&ég%ﬁ& @%%?%ura |1edns and
funct i onectaigudalsquare, oireilar, andl, seniildifcalagdeger i bed herein. 10 The process
wi ndow 538-1 nay then dry the wafer. The process w ndow 538=1 may use any

sui tabl e confhigiteaoBURSwS r&fewaﬂg%reggggtsao,%, ws&@opyg}o%ﬁityﬁélﬁ Foe! wi th

the configurations and functions d ribed herern tfor drying a wafer
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the prokeeen yAGmsindesthepluralify efsguzce salets 392, thepaergssing ragion 342 (alsoyng 538- 3.
I n one ﬁg@ggi i - ' -
cl eaning, ri ﬁg}? %é?u rylﬁﬁg{ ﬁgﬁg%ﬁgp%gg&%gggm\%bﬁﬁ%% 6Kr"es pec??g)g%s?ﬂ%e n one
enbodi mesgiion $4einpludesti® pamatiovefsdtrce infeys 306! M a preferabianbatimentptief DI Wt o

rinse a wafer surface. The process w ndow 538-2 may generate a cl eaning
fluid nisaaeA? swrounds (prsubiantially sprrgunds) theaegionSddvith apgof saleq ang

538 [ I 0 i - . A . fer
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a stable and controllable fluid neniscus. The process w ndow 538-3 nay
gener at Betpracess Wigdavep?&dus 116 to dry the wafer. It shoul d be appreci at ed
that the process w ndow 538-3 both rinses and dries the wafer surface
because t he fheteforaeinioperationsthaprximitydiead106 ganesates aflnid mienfseysdit t ypes of

i.nd included in. 5. i miy h 106- 7. di d
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one or nore of the proximty heads may be used for different purposes such
as cl eawafey surfagesin g exemylamy dryingopepitidne thenwvafer suréaceithat mexesiterenghithecr i bed

int f. f d 10 | t. [ i ]l i d that
those. sRROYmthe Rghor S48t conBitRs Memeeipicas daf hin O APRGS MRS o
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proximate to a
It should be appreciated that although the plurality of source inlets 302, the

plurality of source inlets 306, and the plurality of source outlets 304 are shown in this
embodiment, other embodiments may be utilized where any suitable number of the source

30 inlets 302, the source inlets 306, and the source outlets 304 may be utilized as long as the




surface of the substrate when in operation; 5 at |east one of a first
conduit for delivering a first fluid to the surface of the substrate

t hrough the head; at |east one of a second conduit for delivering a second
fluid to the surface of the substrate through the head, the second fluid
being different than the first quid,3 and at | east one of a third conduit
for renmoving each of the first quid'gnd the second 10 fluid fromthe
surface of the substrate, the at | east one of the thlrd conduit being

| ocat ed U gdui t,
wher ei n aa?%ﬁ%gépﬁglhé §ﬁﬁ?§§u&t&%?s@%rﬁ%w %L 3@% % “{lét%§26o the
second (@REWE oudéts 306 haglgeh@akta stitile, YontrbRab1b il @emdaustthmsaﬁ@rp@nf i gur ed
to act substantially simul taneousl y when in operation; wherein the at | east

one of sunfaceefasubstrateddt shoukd bwulemﬂOQd)thQU@wt%lﬁﬁN&IW afisubsftatelsuch ag | east
n of the at strate

Sr 28; i’itgf g¥AER]s, %ﬂqt%lgopcﬁ%ﬁrgﬁfgrf{n%{]% h{%fégﬁﬁ §y g?e ap[pﬁr sg fé#‘?at e noves al ong

a sgem,{léﬁgdaggyggscﬁb@ahé@mso that the head traverses the surface of the
substrate met hod for processing a substrate, conprising: 20 applying

a first flui I %Eﬁﬁ?,ql pplying a
second f 1 ui dﬁigﬁ{%thg%g n&ﬂ@%@%%@ %ygur gglgénct)%gﬁﬁ subst ategé and

r emovi n@et esHouldbe ﬁ]bptédataﬂdnj‘! bfths eifferent émbatiifentsiof e pmxirmt}ehcﬁd t06e
substrate, .the renmoving occurring froma_,third reglon hat cPtlally

sur r ourflescribed may be usedgis one ophethaif the proxisaity hepdsd§fs an
ond © haoPusist relerERe toFiEd 28 PBulh, S tAd sl e eﬁ%hi?@%ggﬂrea Bt appl yi ng.

prqges %HGwSﬂﬁﬁéﬁhﬁt}&feaﬂ @fdytbRinky Ruithlile Bomi guraticrhér sizeothipr ingy eguble then nl ng
the-controll ed neni scus over the surface of the substrate. -61 5.

met hod fluid remeyal proqess an desenibaddn Figuyree te 40, Khereforenany, soms. or ﬁlllolﬁéhq i rst

proximity heads described herein may be utilized in any suitable wafer cleaning and drying

~ system such as, for example, the system 100 or a variant thereof as described in reference

to Figures 2A to 2D. In addition, the proiimity head may also have any suitable numbers

15  or shapes of source outlets 304 and source inlets 302 and 306. It should be appreciated
that the side of the proximity heads shown from a top view is the side that comes into
close proximity with the wafer to conduct wafer processing. All of the proximity heads |
described in Figures 11 through 14 are manifolds that enable usage of the IPA-vacuum-
DIW orientation in a process window or a variant thereof as described above in reference

20  to Figures 2 through 10. The embodiments of the proximity head 106 as described below
in reference to Figures 11 through 14 all have embodiments of the process window 538,
and regions 540, 542, and 544 as described in reference to Figures 9A through 10B above.
In addition, the proximity heads described herein may be utilized for either cleaning or
drying operations depending on the fluid that is inpixtted and outputted from the source

25  inlets 302 and 306, and the source outlets 304. In addition, the proximity heads described
herein may have multiple inlet lines and multiple outlet lines with the ability to control the
relative flow rates of liquid and/or vapor and/or gas through the outlets and inlets. It
should be appreciated that every group of source inlets and source outlets can have

independent control of the flows.




fluid is one of DIWand a cleaning fluid. 6. A nethod for processing
substrate as recited in claim3, wherein the second fluid is one of

i sopropyl al cohol (1PA) vapor, nitrogen, organic conpounds, 5 hexanol,

et hyl glycol, and compounds mscible with water. 7. A nethod for processing
substrate as recited in claim3, whergin the renoving the first fluid and
the second fluid includes applying a vacuumin close proximty to the
surface of the substrate. 8. A nmethod for processing substrate as recited

in claim3, WhoRidbd dpprecPats®itab tHeSiR s8I PastRe idtafiost GFMRE S5ureé ir%lﬁlﬁ d havi ng

substrate. 9. A substrate preparation system conprising: a nani
a sur f a@ed outless mayieveriedas oggae the metiscysrpoaduvad és stable. fnioficembadinteht

- substrat,e when.in operation; at |e one of first source,inlet for
del i ver }"??gﬂ%f gh the PP?QP%S&OFB“%%HI&G@QC@%?G outlets; 304 and sourpe inlefs 80@ AT he
i fol g I . t ' | . d
(i -t Setvien a68R10 AR and aBERY RONf Giahbler) Th U prbierdnfebmBlaihele 00

fluidl béhemizedofithe opertingsheithe soarée inddts 80Gant thersduret ohttés 30dHealssut 8.080ur ce
outlet for reppvin ch of . the first flujd and the second fluid fromthe
surf ace! ’?‘Hgt?‘gﬁﬁgt"? ePpepgs of thessourcedpletssi02;in @b %:@dinsht | et bei ng

| ocated to 20 substantially surround the at |east one of the first source
inlet, and t Feong emeedimentidie spurchinlets 362 and 306 én addition ta the saurck eatletsone of

t he sec Qur hnl et .n.and the at st, one t he.sqyrce,ouytl et being.
conf i gu?gga't%ggacet% a? BBtspggthéT qon, b?adﬁ‘é}bﬁ%%%efeﬁﬁﬂﬁ@’g? ,ntt'\ﬁﬁér ein
the at baasd infie306 arkRBace@TNITS ek bt ohtdach $iHe? YRE theXouk&Aitleis did48“ ling
edge side of the at | east one of the source outlet. 25 10. A head for use

i n K} epareispaced OabdSeincks apdrhand the sowice dilaty:302 af¢ spced abdun ODGainch hparhead, t he
first surface capable of being placed in close proximty to the wafer
sur f ace; Additionally, the proximity heads may not necessarily be a "head" in configuration

but may be any suitable configuration, shape, and/or size such as, for example, a manifold,
a circular puck, a bar, a square, an oval puck, a tube, a plate etc., as long as the source
inlets 302, and 306, and the source outlets 304 may be configured in a manner that would
15  enable the generation of a controlled, stable, manageable fluid meniscus. In a preferable
embodiment, the proximity head may be a type of manifold as described in referenceto
Figures 10A through 14C. The size of the proximity heads may be varied to any suitable
- size depending on the application desired: In one embodiment, the length (from a top
view showing the process window) of the proximity heads may be between 1.0 inch to
20  about 18.0 inches and the width (from a top view showing the process window) may be
between about 0.5 to about 6.0 inches. Also when the proximity head may be optimized to
process any suitable-size of wafers such as, for example, 200mm wafers, 300, wafers, etc.
The process windows of the proximity heads may be arranged in any suitable manner as
long as such a configuration may generate a controlled stable and manageable fluid

25  meniscus.

Figure 11A shows a top view of a proximity head 106-1 with a substantially
rectangular shape in accordance with one embodiment of the present invention. In this
embodiment, the proximity head 106-1 includes three of the source inlets 302 which, in

one embodiment, applies IPA to a surface of the wafer 108.



-62 a first conduit region on the head, the first conduit region defined
for delivery of a first fluid to wafer of the surface, the first conduit
region defined in a center portion of the head; a second conduit region on
the head, the second conduit region being configured to 5 surround the
first conduit region; and a third con?uit region on the head, the third
conduit region defined for delivery 0f°a second fluid to the wafer surface,
the third conduit region defining a sem -enclosure of the first conduit

regi on and the_ second,.conduit reqgi.opn. ' _ ' '
enabling a rghg%?m ‘?‘?‘ﬂ’?@ghfer?f’r :IB{%&S ) ﬁar:?'ﬁ%)ag) °§‘§2“§P§8"‘]§1 ﬁlﬂ& (tf{vg%lri\gnv\herei n
the del \N\éfew‘.}lﬂfacetﬂ% '8’;1,' the odrct infletd R86 afFcapabie ot applying DIWowad the Wafdrhe
removal by the third conduit region of the head defines a controllable
meni scgmfmgegiﬂn,ohﬁﬂit?esbmmm 30#carh capnblmef applyingvaquusiiof EE€IORHBN i n
operation and the ad i.s proxinmate h f sur f 11, d f
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"~ openg ng n ide oft alveaEr ' [
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in the direc er Tarchitetture systém for

pr ocessiifodmiaf, orresoRRtd HeBurceGnrR302)s6@ikca batletB04, agl syistemlet306
integrated drying systemincluding at |east one proximty head for drying a

subst r atespectivelyp Byciopuiting onemodng flvidihesenghshe perts 3d2ay ?’ﬁi‘édmérf‘ﬁﬁg syst em

t he progessi dul I f ] [
bl anar | DU S Rsdaputea.or AL arofiEh Ot eos TIGE P o SOUFER Gler SBE 43R 52
an fﬁi Chﬂl%%oiﬁ!aéli&get_so?é Mthov%ﬂhﬁ%ﬁ% 3304, B4DB Cridr 2428 oirespdndrwith theesaicay a

wafer as recited in claim wherein the cleaning nodule is_one of a brush
box andindet SP2sthe isource andeth0d, 1RRbE snwgalinet 309 inshis exemplary embpdisant; ik

system ot P Snsiinda thatRleFort 34284478 atd 342 bbbty or remove fluid

from any suitable source inlet or source outlet depending on the configuration desired.

Because of the configuration of the source inlets 302 and 306 with the source outlets 304,

15  the meniscus 116 may be formed between the proximity head 106-1 and the wafer 108.
The shape of the meniscus 116 may vary depending on the configuration and dimensions
of the proximity head 106-1.

Tt should be appreciated that the ports 342a, 342b, and 342¢ for any of the |

proximity heads described herein may be any suitable orientation and dimension as long as

20  a stable meniscus can be generated and maintained by the source inlets 302, source outlets
304, and source inlets 306. The embodiments of the ports 342a, 342b, and 342¢ described
herein may be applicable to any of the proximity heads described herein. In one
embodiment, the port size of the ports 342a, 342b, and 342¢ may be between about 0.03
inch and about 0.25 inch in diameter. In a preferable embodiment, the port size is about

25  0.06inch to 0.18 inch in diameter. In one embodiment, the distance between the ports is
between about 0.125 inch and about 1 inch apart. In a preferable embodiment, the
distance between the ports is between about 0.25 inch and about 0.37 inch apart.

Figure 11B illustrates a side view of the proximity head 106-1 in accordance with
one embodiment of present invention. The proximity head 106-1 includes the ports 342a,

30  342b, and 342c. In one embodiment, the ports 342a, 342b, and 342c feed source inlets



further conprising: -63 a front end | oader which | oads the substrate into
one of the cleaning nodule, the negasonic processing nodule, the CW
nodul e, the etching nodule, and the integrated drying system 16. A cluster
architecture systemfor processing a wafer as recited in claim15, 5
wherein a robot |oads the wafer from.pe front end | oader to one of the

cl eani ng nodul e; the negasoni c processi ng nodul e, the CNLP nodule, the
etching nodule, and the integrated drying system 17. A cluster

ar chi t ec0Qy sousdeshritds 304, Bh@ ERSDURS 1M cWH0B respechivy.t R @hbild BedinderbodWher ei n

t he robot transports the substrate between the etching nodule, the cleaning
10 nodultkat thrportvmayrbel ahye suitable mnjzes onize; onsliape@s lenghstthesourcemlets 302 dr yi ng

% ol AP 3068R AT sp s oHER PLp s they gLl e et 450 FRen 0y

head cafrpd @enResENty.y configured to scan the substrate, the proximty head
carrier assenbly including, 15 a first proximty head bei ng di sposed over a
substrate; a I i | nder ;o an
ippe? arm cottEatad CAPR e st IEE R R o PAR o6 WackdRal A BAE

conf i gurarbodimérof the esant inientién, Tieadtai Siewnfahd proxithity heBHG1 Gisiofiet y over
the substrate to initiate substrate preparation; and 20 a | ower arm
connect mbgAiment,orEcspIKls to theleading e 18 qfithe proximpity hpadb il Eshovldur ed so

Substr o PR apRefildd dut BE RO PTRURPL G} 1 oot iR R BE R 05, 1, o
syst em kgitabilé dmesisionGhsdonPishe 86urc€ fléte 302 And Bo6 B3 Wall a¥iIRY Rlufceldu@leP3mi Mty

head i ncl udes, . .
are configured in a manner to enable cleaning and/or drying of the wafer 108 in the

manner described herein. In one embodiment, the proximity head 106-1 includes the
input ports 342c which may feed fluid to at least some of the source inlets 302a which run

parallel to the input ports 342¢ shown in Figure 11C.

Figure 12A shows a proximity head 106-2 with a partial rectangular and partial
15  circular shape in accordance with one embodiment of the present invention. In this
embodiment, the proximity head 106-2 includes one row of source inlets 306 that is
adjacent on both sides to rows of source outlets 304. One of the rows of source outlets
- 304 is adjacent to two rows of source inlets 302. Perpendicular to and at the ends of the

rows described above are rows of source outlets 304,

20 Figure 12B shows a side view of the proximity head 106-2 with a partial
rectangular and partial circular shape in accordance with one embodiment of the present
invention. In one embodiment, the proximity head 106-2 includes ports 342a, 342b, and
342c on a side of the proximity head 106-2. The ports 342a, 342b, and 342c may be
utilized to input and/or output fluids through the source inlets 302 and 306 and the source

25  outlets 304. In one embodiment, the ports 342a, 342b, and 342¢ correspond to the source

inlets 302, the source outlets 304, and the source inlets 306 respectively.

Figure 12C shows a back view of the proximity head 106-2 with a partial
rectangular and partial circular shape in accordance with one embodiment of the present
invention. The back side as shown by the rear view is where the back side is the square

30 end of the proximity head 106-2.



25 a first surface of the head, the first surface capable of being placed
in close proximty to the substrate surface; a first conduit region on
the head, the first conduit region defined for delivery of a first fluid to
the substrate surface, the first conduit region defined in a center portion
of the head; a second conduit region_gn the head, the second conduit region
being configured to 5 surround the first conduit region; and a third
conduit region on the head, the third conduit region defined for delivery
of a second ubs, region
defining a Sgi&-ﬂrg%%ﬁgggﬁgﬁé i ggta?Pr stlfnﬂg%gﬁlflI F%r ggill %%Oa@%qghw‘eths(g%ond
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substrate, the substrate being substantially 15 vertically oriented,
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the wafer 108. By the application of the vacuum, the IPA, DIW, and any other type of

fluids that may reside on a- wafer surface may be removed.

The proximity head 106-3 also includes ports 342a, 342b, and 342c that, in one

15 embodiment, correspond to the source inlet 302, source outlet 304, and source inlet 306
respectively. By inputting or removing fluid through the ports 342a, 342b, and 342c,
fluids may be inputted or outputted through the source inlet 302, the source outlet 304, and
the source inlet 306. Although the ports 342a, 342b, and 342c correspond with the source
inlet 302, the source outlet 304, and the source inlet 306 in this exemplary embodiment, it

20  should be appreciated that the ports 342a, 342b, and 342c may supply or remove fluid
from any suitable source inlet or source outlet depending on the configuration desired.
Because of the configuration of the source inlets 302 and 306 with the source outlets 304,
the meniscus 116 may be formed between the proximity head 106-1 and the wafer 108.
The shape of the meniscus 116 may vary depending on the configuration and dimensions

25  of the proximity head 106-1.

It should be appreciated that the ports 342a, 342b, and 342c for any of the
proximity heads described herein may be any suitable orientation and dimension as long as
a stable meniscus can be generated and maintained by the source inlets 302, source outlets
304, and source inlets 306. The embodiments of the ports 342a, 342b, and 342¢ described
30 inrelation to the proximity head 106-1 may be applicable to any of the proximity heads



25 wherein the second region substantially surrounds at |east a portion of
the third region, and the applying and the renoving forns the fluid

meni scus. 22. A nethod for processing substrate as recited in claim 21,
wherein the first fluid is one of DIWand a cl eaning fl uid. - 65 23. A
met hod for processing substrate as regjted in claim21, wherein the second
fluid is one of isopropyl alcohol (IP & vapor, organi c conpounds, hexanol,
et hyl glycol, and conmpounds mscible with water. 24. A nmethod for
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t he meninsh@ad pheuthtkinch 8partippl ying a first fluid at a first region on the
surface of the substrate; surrounding the first region with a vacuum
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10 be appreciated that the proximity head 106-3 is exemplary in nature and may be any
suitable dimension as long as the source inlets 302 and 306 as well as the source outlet 304
are configured in a manner to enable cleaning and/or drying of the wafer 108 in the
manner described herein. In one embodiment, the proximity head 106-3 includes the
input ports 342c which may feed fluid to at least some of the source inlets 302a which run

15 parallel to the input ports 342¢ shown in Figure 13A.

Figure 13C illustrates a side view of the proximity head 106-3 in accordance with
one embodiment of present invention. The proximity head 106-3 includes the ports 342a,
342b, and 342c. In one embodiment, the ports 342a, 342b, and 342c feed source inlets
302, source outlets 304, and the source inlets 306 respectively. It should be understood

20  that the ports may be any suitable number, size, or shape as long as the source inlets 302
and 306 as well as source outlets 304 may be utilized to generate, maintain, and manage

the meniscus 116.

Figure 14A shows a rectangular proximity head 106-4 in accordance with one
embodiment of the present invention. In one embodiment, the proximity head 106-4
25  includes a configuration of source inlets 302 and 306 and source outlets 304" that is similar
to the proximity head 106-3 as discussed in reference to Figure 13A. The rectangular
proximity head 106-3 includes the source outlets 304' that are larger in diameter than the
source outlets 304. In any of the proximity heads described herein, the diameter of the
source inlets 302 and 306 as well as the source outlets 304 may be altered so meniscus

30  generation, maintenance, and management may be optimized. In one embodiment, the



oriented substrate; and noving the additional fluid neniscus over the
additional surface of the vertically oriented substrate to process the

addi tional surface of the substrate. 25 29. A substrate preparation
apparatus to be used in substrate processing operations, conprising: an arm
capabl e of vertical novenent between g,first edge of the substrate to a
second edge of the substrate; and - é a head coupled to the arm the head
bei ng capable of formng a fluid nmeniscus on a surface of the substrate and
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108. By the application of the vacuum, the IPA, DIW, and any other type of fluids that

may reside on a wafer surface may be removed.

The proximity head 106-3 also includes ports 342a, 342b, and 342c that, in one

embodiment, correspond to the source inlet 302, source outlet 304, and source inlet 306

15 respectively. By inputting or removing fluid through the ports 342a, 342b, and 342c,
fluids may be inputted or outputted through the source inlet 302, the source outlet 304, and
the source inlet 306. Although the ports 342a, 342b, and 342c correspond with the source
inlet 302, the source outlet 304, and the source inlet 306 in this exemplary embodiment, it
should be appreciated that the ports 342a, 342b, and 342c may supply or remove fluid

20 from any suitable source inlet or source outlet depending on the configuration desired.
Because of the configuration of the source inlets 302 and 306 with the source outlets 304,
the meniscus 116 may be formed by the process window befween the proximity head 106-
1 and the wafer 108. The shape of the meniscus 116 may correspond with the shape of the
process window and therefore the size and shape of the meniscus 116 may be varied

25  depending on the configuration and dimensions of the regions of source inlets 302 and 306

and regions of the source outlets 304.

Figure 14B shows a rear view of the rectangular proximity head 106-4 in
accordance with one embodiment of the present invention. The rear view of the proximity
head 106-4, in one embodiment, corresponds to the leading edge 548 of the proximity

30  head 106-4. It should be appreciated that the proximity head 106-4 is exemplary in nature



extends at |east a dianeter of the substrate. 20 33. A manifold for use in
preparing a wafer surface, conprising: a first process wndow in a first
portion of the manifold being configured generate a first fluid nmeniscus on
the wafer surface; and a second process wi ndow in a second portion of the
mani fol d being configured to generate4a second fluid neniscus on the wafer
surface. 25 34. A manifold for use in %reparlng a wafer surface as recited
in claim 33, mhereln the first fluid meniscus cleans the wafer surface and

LA n b et St be infenSiB g KOG A Sl 52 R K well 35 thea a ac
Ar A2. Addurée dutfet A4 Afe dbnﬁgﬁé’sﬁ iMNEnfanfier o enéble- oﬁémﬁtg%d/ﬁr dNihg oftheAvd¥eA&. A AY
A . AY. AL. ARAA&y A . A&?. AASOer]X e h

Jzu pkf alQq incthe a]@a]m@qsca!])%l]empc dheap ca]bod]mfa]tdh]: puxanjtyhepd 204U ca] cal] ca
Ul cal ca fu%les e m ut ;Jortasl Lﬂﬁg wlﬂ}c%/\r%ll}(l: i&a 11 u1-d oba east sorrtlé# gt/ %O Sr’ce inli/etgz
23[567v
; <T
osk cmALs e planlopinabpalaaene e srirgleglee ca) co ool cal al eal ¢

ATAY AAACESE! friCh I FREREEE a%v@vm LT EAGR fosleg) oo oo ool

a]ca] ca]calc cajc
Ul c”a] cakortaned with@ak ealbodintet bZpfesa®@E bl The proximity head 106-4

[zI'1Jt JIKCKKKK2LkLL NNNI OTO} xsni d_Z] ] ] ca] ca] ca] ca] calcalca]lca]ca]calc
a] ca] capelp Esa‘]h§d’]°€t§]3§&f],c34 PboAnd342s] dnpregmbidinicat thep w}ac%‘] pedi! TOOOPTP
PP@%W B ihlels. 0 55 the Cukd SR G8366 FesReciRbfAIE 2l cal ca
] ca] ca]cal’ca c%?] cal ca ca Caﬁ#g? ‘}/c%{?cd] caJc &%J %el?.}e % ] g%c ]L,@a ga] ca! OW
WK XOsksuidreéYaniiéistad dothhl the bbits hialy|elany&aitdble hunbér siék) drshhgedslahg as ca] ca] ¢
a] ca] caLca] ca] ca] ca] ca] ca ca] caj ca] ca] ca] cal ca‘] ca] ca] ca] ca] ca] ca] ca] cajcalc
a] cal e sche gﬂﬁaa Dehd 806 es wall as amree outlets 304 may be utilized to generate,

faf of f d Z

ool - dpabp et eheahaRag] o ool o2l ol ool ranel e vl ke
Anmm Yni d, Z

(ona) cal cailogy gé%c%f Aoy beACLgt fopafitian asgarding p oap e'a]beé]n&ea]tca] cal

ca] ca] GFkiéybreddrft InRAASE! IehS bR apptctlated stk 1odl date of the DIW an
U] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] calcalc

al da] c d]’Aa]lma]wg]xmd]a oﬁ}h:ea\fi{cmbd Xrﬂmnﬂn ment of the wafer being processed

o ool O R aE e efhE ]_Jgg]g?],p g]@aﬁlﬁslf&%&% calealealsahgal calc

management to generate enhanced wafer processing. The proximity head 106, in one

exemplary embodiment, is utilized in a configuration as described in reference to Figure
2A. As shown in reference to Figures 15A through 15F, the wafer is a clear material so

20  fluid meniscus dynaxﬁics can be seen with different flow rates, vacuum rates, and wafer
rotations. The flow rate of DIW and IPA as well as the vacuum and rotation of the wafer
may be varied depending on the conditions encountered duﬁng drying. In Figure 15A, the
meniscus has been formed by input of DIW and vacuum without any IPA flow. Without
the IPA flow, the meniscus has an uneven boundary. In this cmbodiment, the wafer

25  rotation is zero and the DIW flow rate is 500 ml/min.

Figure 15B illustrates the proximity head 106 as described in Figure 15A with IPA
input in accordance with one embodiment of the present invention. In this embodiment,
the DIW flow rate is 500 ml/min and the IPA flow rate is 12 ml/min with the rotation of
the wafer being zero. As shown by Figure 15B, the usage of IPA flow has made the
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fluid meniscus discussed in reference to Figure 15D due to the added wafer dynamics as

compared.

Figure 15F shows the proximity head 106 where the IPA flow has been increased
as compared to the IPA flow of Figure 15D in accordance with one embodiment of the
25  present invention. In this embodiment, the variables such as the DIW flow rate, rate of
wafer rotation, and vacuum magnitude are the same as that described in reference to
Figure 15D. In this embodiment, the IPA flow rate was increased to 24 SCFH. With the
IPA flow rate increased, the IPA holds the fluid meniscus along the border to generate a
highly controllable and manageable fluid meniscus. Therefore, even with wafer rotation,

30 the fluid meniscus looks stable with a consistent border that substantially corresponds to
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and 100-5) described herein with the any of the embodiments of the proximity head 106

10  described in Figures 2A to 15F herein may be utilized in conjunction with other wafer

. processing technologies to generate an integrated system such as, for example, those
described in Figure 16A through 20 below. In one embodiment, the cleaning and drying
system 100 may be incorporated into a 2300 Brush Box Assembly manufactured by Lam

Research of Fremont, California.

| 15 In one embodiment, the cleaning/drying system 602 is the cleaning and drying

system 100-5 described above in reference to Figures 5G and 5H with a brush core 604
and a spray manifold 606. In such an embodiment, when one of the cleaning and drying
systems 100 are utilized in conjunction with a different wafer proéessing apparatus, the
cleaning and drying systems (or components therein) may also be known as a wafer drying

20  insert. It should be understood that the brush may be made out of any suitable material that
may effectively clean a substrate such as, for example, polyvinyl alcohol (PVA), rubber,
urethane, etc. In one embodiment, a brush such, as for example a polyvinyl alcohol (PVA)
brush may be applied over the brush core 604. The brush core 604 may be any suitable
brush core configuration such as, for example, those known to those skilled in the art.

25 Therefore, when the brush core 604 rotates, the brush on the brush core 604 may be
applied to the wafer 102 to clean the surface of the wafer after wafer processing such as,

for example, etching, planarization, etc.

In one embodiment, after the wafer 102 is cleaned by the brush, the wafer 102 does
not have to be taken out of the cleaning/drying 602 (also known as a cleaning/drying
30  module) for drying. Therefore, after wafer cleaning, the wafer 102 may be dried as
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discussed below in reference to Figure 17 though 21. By having both a cleaning system
and a drying system in-ene module, space may be saved and the wafer processing' system
10  may be made smaller and more compact while retaining substantially the same

functionality.

Figure 17 illustrates a wafer processing system 700 with front end frame assembly

705 with a drying module 704 in accordance with one embodiment of the present
invention. The drying module 704 may be any of the systems 100, 100-1, 100-2, 100-3,

15 100-4, 100-5, and any suitable variant thereof. It should be appreciated that any suitable
number of drying modules 704 such as, for example, 1,2; 3, 4, 5, 6, 7, 8, 9, 10, etc. may be
connected to the front end frame assembly 705 to generate the wafer processing system
700 with varying levels of wafer processing capabilities. It should also be understood that
any other types of wafer processing tools may be connected to the front end frame

20  assembly 705 such as, for example, a planarization tool/module, etching tool/module,

cleaning tool/module, etc.

In one embodiment, the wafer processing system 700 includes 6 drying modules
704 and also has a robot 712 that may feed and remove wafers into and out of the drying
modules 704. The robot 712 may also be configured to feed and remove wafers into and
25  out of the front end loaders 710. It should be understood that any suitable number and
types of robots 712 may be utilized as well as any suitable number and types of front end
loaders 710. In one embodiment, the front end loaders 710 may receive a cartridge full of

wafers which require processing by the wafer processing system 700.

Figure 18 shows a wafer processing system 800 which has multiple wafer

30 processing tools in accordance with one embodiment of the present invention. In one
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embodiment, the wafer processing system 700 may include three of the etching modules
622, and 6 of the drying modules 704. When multiple wafer processing occurs, this may
be known as cluster processing. It should also be appreciated that any or all of the drying
15 modules 704 may be replaced with a module containing the cleaning/drying system 602 so

both cleaning and drying may be accomplished in the same module.

Figure 19 shows a wafer processing system 800' without the etching module 722 in
accordance with one embodiment of the present invention. In oné embodiment, the wafer
processing system 800 has the frame 720 containing a plurality of the drying modules 704.

20  The wafer processing system 800' may contain any suitable number of drying modules
704. In one embodiment, the wafer processing system 800' includes 8 of the drying
modules 704. The wafer 102 is shown being loaded into the wafer processing system 800
through use of the front end loader 710. The robot 712 may take the wafer from the front
end loader 710-and load the wafer 102 into any one of the plurality of drying modules 704.

25  In this embodiment, the etching module 722 shown above in reference to Figure 18 has
been removed to generate space to add more drying modules 704. In addition, the drying

" modules 704 may include the cleaning and drying system 602 described in furthef detail in
reference to Figure 16A. In this way both drying and cleaning may be accomplished

within one module.
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megasonic cleaning device, etc. In one embodiment, the cleaning module 850 may be a
brush box. The brush box may be any suitable type of brush box that can effectively clean

wafers such as known to those skilled in the art.

10 In yet another embodiment, the wafer processing system 800" may have a cleaning
module 850 that is a megasonic module. In another embodiment, the megasonic module
may conduct other types of processing besides cleaning. Any suitable megasonic
processing device may be utilized as a megasonic module such as, for example, those
described in U.S. Patent Application No. 10/259,023 entitled "MEGASONIC SUBSTRATE

15  PROCESSING MODULE". The aforementioned patent application is hereby incorporated by
reference. Therefore, by having various types of modules or wafer processing devices
interconnected, wafer processing systems may be generated that have the capability to

utilized multiple wafer processing methods.

Figure 21 shows a block diagram of a wafer processing system 900 in accordance

20  with one 'embod.iment of the present invention. In one embodiment, the system 900
includes a cleaning system 902, a chemical mechanical planarization (CMP) system 904, a
megasonic system 906, and an etching system 908 with a deposition system. The system
900 also includes a robotics 912 that can transport substrates to and from each of the
systems 902, 904, 906, 908, and 910. Therefore, the system 900 may include all of the

25 major wafer processing tools. It should be understood that the system 900 can include
one, some, or all of the systems 902, 904, 906, 908, and 910. It should also be appreciated
that the system 900 can include any suitable number of any of the systems 902, 904, 906,
908, and 910 as well as other types of wafer processing systems known to those skilled in
the art. Therefore, the system 900 has great flexibility in wafer processing abilities

30 depending on the desires of a manufacturer or user.
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5  one or more belts, etc. The megasonic system may be one as described above in reference

to the megasonic processing device as described in further detail in reference to Figure 20.
The etching system 908 may be any type of substrate etching device such as, for example,

one that includes a robot that can obtain a wafer through a load lock and process the wafer
in any number of process modules where etching can take place. A deposition system can

10  optionally be utilized along with the etching system 908.

The drying system 910 may be any drying system described herein that utilize any
of the different embodiments of the proximity head 106 as described above in reference to
Figures 2A through 14C. Therefore, the drying system may be the system 100, 100-1,
100-2, 100-3, 100-4 or any variant thereof. Therefore, the system 900 may process the

15  wafer 102 in any suitable number ways and dry the wafer 102 in a highly efficient and cost
effective manner by usage of the drying system 910 of the present invention. Therefore,

the drying system 910 may lower of wafer production costs and raise wafer yields.

Figures 22A through 25B show exemplary embodiments where a wafer that is
oriented vertically may be processed by at least one proximity head where by either
- 20 movement of the wafer and/or movement of the at least one proximity head, the wafer
surface may be processed vertically from top to bottom. It should appreciated that wafer
processing as described herein may include cleaning, drying, rinsing, etc. The vertical
processing of the wafer can enhance control of the meniscus and reduce random fluid
movement on the wafer during wafer processing. Consequently, by use of vertical wafer
25  processing by the proximity head(s) (also known as manifold), wafer processing such as,
for example, cleaning, rinsing, and/or drying may be accomplished in an efficient manner.
It should be appreciated that the proximity head/manifold may be any suitable
configuration or size as long as the proximity head/manifold structure is consistent with
the methods and apparatus described herein. In a preferable embodiment, to achieve

30 process uniformity, resident time of the meniscus on the wafer surface is uniform
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5  the present invention. In one embodiment, the wafer 108 is oriented in a vertical manner

so a top portion 108c of the wafer 108 is presented for scanning to the proximity head
106a. In such an orientation, the surface of the wafer being processed is substantially
parallel to a processing window 538 of the proximity head 106a. It should be appreciated
that the wafer 108 may be held in place or moved depending on the configuration of the

10  wafer processing system. In one embodiment, as discussed in further detail in reference to -
Figure 23 A, the wafer 108 is held into place and the proximity head is moved from a top
to bottom scanning motion, where a top portion 108c of the wafer 108 is scanned before a
bottom portion 108d of the wafer 108. In such an embodiment, the wafer 108 is
positioned in a substantially vertical orientation. The position of the wafer 108 with

15  respect to the y-axis can therefore be in any suitable angle as long as the top portion 108c
of the wafer 108 is located higher along the y-axis than the bottom portion 108d of the
wafer 108. In a preferable embodiment, the wafer 108 is positioned to be vertical along
the y-axis. Therefore, in such an embodiment, the proximity head 106a may move

vertically in a downward fashion and process the wafer surface from top to bottom.

20 In another embodiment, the proximity head 106a may be held stationary and the
wafer 108 may be moved in a manner such that the wafer surface is processed in a vertical
fashion where the top portion 108c of the wafer 108 is scanned before the bottom portion
108d of the wafer 108. It should be appreciated that any suitable device or apparatus may
be used to move the proximity head 106a vertically so as to scan the surface of the wafer

25  108. In one embodiment, the proximity head 106a may be attached to an arm that is then
attached to a mechanical device to move the proximity head 106a in a vertical manner. In
another embodiment, the proximity head 106a may be directly attached to a mechanical
device or apparatus that can facilitate movement of the proximity head 106a close to the
surface of the wafer 108 and to move the proximity head 106 from the top portion 108c of

30 the wafer 108 to the bottom portion 108d of the wafer 108.
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other side of the wafer 108. The proximity heads 106a and 106b may be any suitable
proximity head described herein. In a preferable embodiment, two proximity heads 106a

| and 106b may be oriented so that the processing windows face each other. The processing
windows of the two proximity heads may then be oriented in close proximity to each
10  other. In such an embodiment, the space between the processing windows would be large
enough so as to be greater than the thickness .of thé wafer 108. Therefore, when a
meniscus is formed between the two processing windowé, the proximity heads 106a and
106b may be moved down from above the wafer 108. It should be appreciated that the
proximity heads 106a and 106b (or any other proximity heads described herein) may be
15  any suitable distance away from the wafer 108 as long as a stable controllable meniscus
may be formed on the surface being processed. In ohe embodiment, the proximity heads
106a and 106b are about 0.1 mm to about 3 mm away from the respective surfaces being
processed. In another embodiment, the proximity heads 106a and 106b are about 1 mm to
" about 2 mm away from the respective surfaces being processed, and in a preferable
20 embodiment, the pfoximity heads 106a and 106b are about 1.5 mm away from the
respective surfaces being processed. As the proximity head 106a and 106b move
downward, the meniscus may contact the a top edge of the wafer 108 and one processing |

window would form -a meniscus with one surface of the wafer 108 and the other

processing windows would form a meniscus with the other surface of the wafer 108.

25 It should also be appreciated that the wafer processing operation could be started
where the proximity heads 106a and 106b starts by initially producing the meniscus on the

wafer instead of moving the meniscus onto the wafer 108 from above the top portion 108a.

Figure 22B illustrates a wafer processing continuing from Figure 22A where the
proximity head 106a has started scanning the wafer 108 in accordance with one

30 embodiment of the present invention. In one embodiment, the top surface of the wafer
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portion 108d of the wafer 108. Therefore, as the drying process takes place, the dried

portion of the wafer 108 will become larger in a top to bottom direction. The generation

10 of the meniscus is described in further detail above.

By processing the wafer 108 in a vertical orientation from top to bottom, the
meniscus 116 may be optimally controlled by limiting the forces acting on the meniscus
116. In such a vertical orientation, only vertical forces exerted by gravity need be
accounted for in the generation of a controlled and manageable meniscus. In addition, by
15  scanning the proximity head 106 in a downward manner from the top portion 108c of the
vertically oriented wafer 108, the region of the wafer 108 that has already been dried may
be kept dried in an optimal manner. This may occur because the fluids or moisture in the
wet regions of the wafer 108 not yet processed would not move up against gravity into the

already dried regions.

20 ' Figure 22C shows a continuation of a wafer processing operation from Figure 22B
in accordance with one embodiment of the present invention. In Figure 22C, the
proximity head 106 has almost halfway (and processed about a semi-circle of the wafer

108) between the top portion 108c and the bottom portion 108d of the wafer 108.

Figure 22D illustrates the wafer processing operation continued from Figure 22C in
25  accordance with one embodiment of the present invention. In Figure 22D, the proximity
head 106a has almost finished scanning the wafer surface. In one embodiment, when both
the proximity head 106a and 106b are processing the respective sides of the wafer 108, as
~ portions of the meniscus 116 on each side finish processing and are no longer in contact
with the wafer 108, the meniscuses on both sides of the wafer come into contact and

30 become one meniscus.
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- of the present invention. In one embodiment, the proximity heads 106b and 106a may

form the meniscus 116 as described above. The proximity heads 106a and 106b may be

moved substantially together downward to process the wafer as described in further detail

10  inreference to Figure 22G.
Figure 22G illustrates a side view of the proximity heads 106a and 106b during

processing of dual surfaces of the wafer 108 in accordance with one embodiment of the
present invention. In one embodiment, as the proximity heads 106a and 106b move
downward from above the wafer 108. As the meniscus 116 contacts the wafer 108, the
15  proximity head 106a forms a meniscus 116a with the wafer 108 and the proximity head
'106b forms a meniscus 116b with the wafer 108. Therefore, the proximity head 106a may
process one side of the wafer 108 and the proximity head 106b may process the other side
of the wafer. As discussed above, it should be understood that the proximity heads 106a
and 106b may be moved downward, or the wafer 108 may be moved upward, or the
20  proximity heads 106a and 106b may be moved downward while the wafer 108 is moved
upward. Consequently, the scanning of the wafer 108 may take place using any suitable
movement as long as the proximity heads 106a and 106b are moved in a downward
movement relative to the wafer 108. By using this relative downward scanning motion,

the drying may take place from the top portion 108a of the wafer 108 to the bottom portion
25  108b of the wafer 108. |

Although Figures 22A to 22G shows the proximity head 106a moving from off the
edge of the wafer 108 across the diameter to leave the edge of the wafer 108, other
embodiments may be utilized where the proximity head 106a hovers over the wafer 108
near a top edge of the wafer 108 and moves toward the surface of the wafer 108. Once in

30 close proximity to the wafer surface, the meniscus is formed and the meniscus is scanned
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‘accordance with one embodiment of the present invention. In one embodiment, the wafer
5 108 is held in place by holders 600. It should be appreciated that the holders 600 may be
any suitable type of device or apparatus that can hold the wafer 108 and still enable the
 scanning of the wafer surface by the proximity head 106 such as, for example, edge grip,
fingers with edge attachments, etc. In this embodiment, the proximity head 106 may be
" held and moved byaproximity head carrier 602. It should be appreciated that the
10  proximity head carrier 602 may be any suitable type of apparatus or device that can move
the proximity head 106 from above the wafer 108 and scan the proximity head 106 in a
downward manner while keeping the proximity head 106 in close proximity to the wafer
_ surface. In one embodiment, the proximity head carrier 602 may be similar to the
proximity head carrier assembly as shown Figure 2A except that the wafer is oriented
15  vertically and the proximity head carrier is configured to move from top to bottom in a

vertical manner.

Figure 23B shows a wafer processing system where the proximity head carrier 602"
may be held in place or moved in accordance with one embodiment of the present
invention. In one embodiment, the wafer 108 may be held by edge gripper 604 and moved

20 upward. By this upward motion, the wafer 108 may be scanned by the proximity head 106
in a relative downward manner where the proximity head 106 starts scanning the surface
of the wafer 108 in the top portion and moves downward. In one embodiment, the
proximity head carrier 602' may be kept still and the relative downward scan may be
accomplished by the wafer being moved upward while scanning is taking place. In

25  another embodiment, the wafer 108 may be moved upward and the proximity head carrier
602' may be moved downward. Therefore, the relative downward scan may be |

accomplished in one of many different variations of wafer holder motions and proximity

head carrier motions.

In a preferable embodiment as shown in the bottom portion of Figure 23B, after the

30  proximity head 106 has scanned over a majority of the wafer 108 and reaches the edge
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about a radius of the wafer 108 in accordance with one embodiment of the present
invention. In one embodiment, the wafer processing system may utilize a proximity head
that is capable of producing a meniscus that may cover at least a radius of the wafer 108.
10  In this embodiment, the proximity head 106 may scan a wafer surface from a top portion
108c to a bottom portion 108d of the wafer 108. In another embodiment, two proximity
heads 106 may be utilized where one semi-circle of the wafer surface is processed by one

of the proximity heads 106 while the other semi-circle of the wafer surface is processed by

the other of the proximity heads 106.

15 Figure 23D shows a wafer processing system where the proximity head 106 moves
vertically and the wafer 108 rotates in accordance with one embodiment of the present
invention. In one embodiment, the proximity head 106 moves in the fashion as described
in reference to Figure 23C while, at the same time, the wafer 108 is rotated in direction

112 by using rollers 102a, 102b, and 102c as discussed in reference to the Figures.

20 Figuré 24A shows a proximity head 106-5 that may be utilized for vertical
scanning of a wafer in accordance with one embodiment of the present invention. In one
embodiment, the proximity head 106-5 is at least as long as the diameter of the wafer 108
so the proximity head 106-5 can produce a meniscus that encompasses at least a diameter

| of the wafer. In another embodiment, the proximity head 106-5 is long enough so the

25  meniscus produced by the proximity head 106-5 can extend across the diameter of the
wafer so as to include the regions of the wafer surface enclosed within the exclusion
region. Therefore, by use of the proximity head 106-5, an entire wafer surface may be
scanned in one pass. The proximity head 106-5 includes source inlets 302 and 306 and
source outlets 304. In one embodiment, there is a plurality of source inlets 306 thatisina

30 shape of a line that is surrounded by a plurality of source outlets 304 that forms a
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should also be appreciated that the proximity head 106-5 as well as the other proximity
5  heads described herein may be varied in size to have different sizes and configurations of
process windows. By varying the configuration of the process windows, the size, shape,
and the functionality of the meniscus may be changed. In one embodiment, the range of
sizes of the proximity head, the sizes of the source inlets 302 and 306 as well as source
outlets 304, and the sizes of the ports 342a, 342b, and 342c (as shown in Figures 24B and
10  24C) are as described above in reference to Figures 11-14. Therefore, the proximity head

106-5 may be any suitable size and configuration depending on the application desired.

For example, if one proximity head is desired to scan an entire 200 mm wafer in

one pass, the proximity head 106-5 may have to have a process window that produces a
meniscus that is at least 200 mm in length. If the exclusionary region of the 200 mm is not

15  desired to be processed, the meniscus may be less that 200 mm in length. In another
example, if one proximity head is desired to scan an entire 300 mm wafer in one pass, the
proximity head 106-5 may have to have a process window that produces a meniscus that is
at least 300 mm in length. If the exclusionary region of the 300 mm is not desired to be
processed, the meniscus may be less that 300 mm in length. In yet another embodiment, if

20 asemicircle of the wafer is desired to be processed by a proximity head in one pass, the
process window may be a size that would produce a meniscus length that is at least a
radius of the wafer. Therefore, the size of the manifold, process window, and the

meniscus may be changed depending on the application desired.

Figure 24B shows a side view of the proximity head 106-5 in accordance with one
25  embodiment of the present invention. In this embodiment, the proximity head 106-5 also
includes ports 342a, 342b, and 342c that, in one embodiment, correspond to the source
inlet 302, source outlet 304, and source inlet 306 respectively. By inputting or removing
fluid through the ports 342a, 342b, and 342c, fluids may be inputted or outputted through
the source inlet 302, the source outlet 304, and the source inlet 306. Although the ports
30 342a, 342b, and 342c correspond with the source inlet 302, the source outlet 304, and the
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342a, 342b, and 342c may supply or remove fluid from any suitable source inlet or source

outlet depending on the configuration desired. Because of the configuration of the source .

inlets 302 and 306 with the source outlets 304, the meniscus 116 may be formed between
the proximity head 106-5 and the wafer 108. The shape of the meniscus 116 may vary '

depending on the configuration and dimensions of the proximity head 106-5. As shown in

_ Figure 24B, the portion 342c and the source inlet 306 may be configured to angle the input

of IPA to the surface of the wafer. As discussed above in reference to Figur_e 7C and 7D,
by use of an angled source inlet 306, the meniscus may be managed efficiently so the
shape of the meniscus may be controlled and maintained in an optimal manner. In one
embodiment, source inlet 306 may be angled between about 0 degrees and about 90
degrees in the direction of the source outlet 304 where angle 90 would be pointing toward
the wafer and the angle 0 would be pointing inward to the source outlet 304. Ina -
preferable embodiment, the source inlet 306 is angled about 15 degrees. It should be
understood that the source inlet 302 and source outlet 304 may be angled in any suitable

angle that may optimize the generation, control, and management of a stable fluid

meniscus.

Figure 24C shows an isometric view of the proximity head 106-5 in accordance
with one embodiment of the present invention. The view of the proximity head 106-5
shown in Figure 24C shows a back side opposite the process window which includes
connecting holes 580 and aligning holes 582. The connecting holes 580 may be used to
attach the proximity head 106-5 to a proximity head carrier. The aligning holes may be
utilized to align the manifold depending on the application desired. The proximity head
106-5 also includes ports 342a, 342b, and 342, on a side of the proximity head 106-5
opposite the leading edge of the proximity head 106-5. It should be appreciéted that the
configuration and location of the ports 342a, 342b, 342c, and connecting holes 580, and
the aligning holes 582 may be application dependent and therefore may be any suitable

“configuration and location as long as the meniscus may be managed in accordance with the

descriptions herein.

10
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cleaning fluid to the wafer. In one embodiment, the process window 538-2 may include
only source inlets that may apply the cleaning fluid. In another embodiment, the process

window 538-2 may include other conﬁguraticns and functions of source inlets and outlets

described herein.

10 The process window 538-1 may then dry the wafer. The process window 538-1
may use any suitable configurations of source inlets and source outlets consistent with the
configurations and functions described herein for drying a wafer surface. Therefore, by
use of multiple process windows multiple functions such as cleaning and drying may be
accomplished by one proximity head. In yet another embodiment, instead of multiple

15  process windows being located on one proximity head, multiple proximity heads may be
utilized to process the wafer where, for example, one proximity head may clean the wafer
and another proximity head may dry the wafer according to the apparatuses and

methodology described herein.

Figure 25B shows a multi-process window proximity head 106-7 with three

20  process windows in accordance with one embodiment of the present invention. It should
be appreciated that the proximity head 106-7 may include any suitable number of
processing windows depending on the number and types of processing desired to be
accomplished by the proximity head 106-7. In one embodiment, the proximity head 106-7
includes a process window 538-1, 538-2, and 538-3. In one embodiment, the process

25 window 538-1, 538-2, and 538-3 are cleaning, rinsing/drying, and drying process windows
respectively. In one embodiment, the process window 538-1 may form a meniscus made
up of DIW to rinse a wafer surface. The process window 538-2 may generate a cleaning
fluid meniscus to clean a wafer surface. The process windows 538-1 and 538-2 includes at
least one source inlet 306 to apply fluid to the wafer surface. In one embodiment, the

30  process windows 538-1 and 538-2 may optionally include source inlet 302 and source
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is made up of DIW. Therefore, different types of process windows may be included in the

5  proximity head 106-7. As discussed in reference to F igure 25A above, instead of having

multiple process windows in one proximity head, multiple proximity heads may be uéed

where one or more of the proximity heads may be used for different purposes such as

cleaning, rinsing, drying, etc. |

While this invention has been described in terms of several preferred
10  embodiments, it will be appreciated that those skilled in the art upon reading the preceding
specifications and studying the drawings will realize various alterations, additions, -
permutations and equivalents thereof. Itis therefore intended that the present invention |
includes all such alterations, additions, permutations, and equivalents as fall withili the
true spirit and scope of the invention.

15

What is claimed is:
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a head having a head surface, the head surface configured to be proximate to a

surface of the substrate when in operation;
5 at least one of a first conduit for delivering a first fluid to the surface of the
substrate through the head;

at least one of a second conduit for delivering a second fluid to the surface of the

substrate through the head, the second fluid being different than the first fluid; and

at least one of a third conduit for removing each of the first fluid and the second
10 fluid from the surface of the substrate, the at least one of the third conduit being located to
substantially surround the at least one of the first conduit, wherein the at least one of the
first conduit, the at least one of the second conduit, and the at least one of the third conduit
being configured to act substantially simultaneously when in operation,
wherein the at least one of the second conduit is located to substantially surround

15 at least a portion of the at least one of the third conduit.

2. A substrate preparation system as recited in claim 1, wherein the substrate

moves along a specified motion profile so that the head traverses the surface of the

substrate.
3. A method for processing a substrate, comprising:
20 applying a first fluid onto a first region of a surface of the substrate;

applying a second fluid onto a second region of the surface of the substrate; and

removing the first fluid and the second fluid from the surface of the substrate, the

removing occurring from a third region that substantially surrounds the first region;

wherein the second region substantially surrounds at least a portionofthe third

25  region, and the applying and the removing forms a controlled fluid meniscus.
4. A method for processing substrate as recited in claim 3, further comprising:

scanning the controlled meniscus over the surface of the substrate.
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fluid is one of DIW and a cleaning fluid.
6. A method for processing substrate as recited in claim 3, wherein the
second fluid is one of isopropyl alcohol (IPA) vapor, nitrogen, organic compounds,
5  hexanol, ethyl glycol, and compound_s miscible with water.
7. A method for processing substrate as recited in claim 3, wherein the
- removing the first fluid and the second fluid inchides applying a vacuum in close
proximity to the surface of the substrate.
8. A method for processing substrate as recited in claim 3, wherein the
10  meniscus extends up to a diameter of the substrate.
9. A substrate preparation system, comprising:
a manifold having a surface, the surface configured to be proximate to a surface of
the substrate when in operation; |
at least one of a first source inlet for delivering a first fluid to the surface of the
15  substrate through the manifoid;
at least one of a second source inlet for delivering a second fluid to the surface of

the substrate through the manifold, the second fluid being different than the first fluid; and

at least one of a source outlet for removing each of the first fluid and the second
_ fluid from the surface of the substrate, the at least one of the source outlet being located to
20 substantially surround the at least one of the first source inlet, and the at least one of the
first source inlet, the-at least one of the second source inlet, and the at least one of the
source outlet being configured to act substantially simultaneously when in operation,;
wherein the at least one of the second source inlet surrounds at least a trailing edge

side of the at least one of the source outlet.
25 10. A head for use in preparing a wafer surface, comprising:

a first surface of the head, the first surface capable of being placed in close

proximity to the wafer surface;
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a second conduit region on the head, the second conduit region being configured to

5  surround the first conduit region; and-

a third conduit region on the head, the third conduit region defined for delivery of a
second fluid to the wafer surface, the third conduit region defining a semi-enclosure of the

first conduit region and the second conduit region;

wherein second conduit region enabling a removal of the first fluid and the second
10  fluid, and wherein the delivery of the first fluid and the second fluid combined with the
removal by the third conduit region of the head defines a controllable meniscus that is
defined between the head and the wafer surface when in operation and the head is

proximate to the wafer surface.
11. A head for use in preparing a wafer surface as recited in claim 10, wherein
15 an opening exists in the semi-enclosure.

12. A head for use in preparing a wafer surface as recited in claim 10, wherein
the wafer surface is capable of being scanned by the head where the opening of the semi-
enclosure leads in the direction of scanning.

13. A cluster architecture system for processing a wafer, comprising:

.20 an integrated drying system, the integrated drying system including at least one
proximity head for drying a substrate; and
processing modules coupled to the integrated drying system, the processing
modules selected from one or more of a chemical mechanical planaﬁzation module, a
megasonic processing module, a cleaning module, and an etching module.
25 14. A cluster architecture system for processing a wafer as recited in claim 13,

wherein the cleaning module is one of a brush box and a spin rinse and dry (SRD) module.

15. A cluster architecture system for processing a wafer as recited in'claim 13,

further comprising:
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drying system.
16. A cluster architecture system for processing a wafer as recited in claim 15,
5 wherein a robot loads the wafer from the front end loader to one of the cleaning module,
the megasonic prdcessing module, the CMP module, the etching mbdule, and the
integrated drying system.
17. A cluster architecture system for processing a wafer as recited in claim 16,
wherein the robot transports the substrate between the etching module, the cleaniﬁg
10  module, the CMP module, the megasonic module, and the integrated drying system.
18. A cluster architecture system for processing a wafer as recited in claim 13,

wherein the integrated drying system includes,

a proximity head carrier assembly configured to scan the substrate, the

proximity head carrier assembly including,
15 a first proximity head being disposed over a substrate;
a second proximity head being disposed under the substrate;

an upper arm connected with the first proximity head, the upper arm
being configured so the first proximity head is movable into close proximity over the

substrate to initiate substrate preparation; and

20 a lower arm connected with the second proximity head, the lower
arm being configured so the second proximity head is movable into close proximity under

the substrate to initiate substrate preparation.

19. A cluster architecture system for processing a wafer as recited in claim 18,
wherein the proximity head includes,
25 a first surface of the head, the first surface capable of being placed in close

proximity to the substrate surface;
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a second conduit region on the head, the second conduit region being configured to
5  surround the first conduit region; and
a third conduit region on the head, the third conduit region defined for delivery of a
second fluid to the substrate surface, the third conduit region defining a semi-enclosure of
the first conduit region and the second conduit region;
wherein second conduit region enabling a removal of the first fluid and the second
10  fluid, and wherein the delivery of the first fluid and the second fluid combined with the
removal by the third conduit region of the head defines a controllable meniscus that is
defined between the head and the substrate surface when in operation and the head is
proximate to the substrate surface.
20. A method for processing a substrate, the substrate being substantially
15  vertically oriented, comprising:
generating a fluid meniscus on the surface of the vertically oriented substrate; and
moving the fluid meniscus over the surface of the vertically oriented substrate to
process the surface of the substrate.
21. A method for processing a substrate as recited in claim 20, wherein
20  generating the fluid meniscus includes,
applying a first fluid onto a first region of the surface of the substrate;

applying a second fluid onto a second region of the surface of the substrate; and

removing the first fluid and the second fluid from the surface of the substrate, the

removing occurring from a third region that substantially surrounds the first region;

25 wherein the second region substantially surrounds at least a portion of the third

region, and the applying and the removing forms the fluid meniscus.

22. A method for processing substrate as recited in claim 21, wherein the first

fluid is one of DIW and a cleaning fluid.
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5 removing the g'lrst u16d and the seco%\ ?l%ﬁm ulcl‘ésK Iaipplymg a vacuum in close
proximity to the surface of the substrate.

25. A method for processing substrate as recited in claim 20, wherein the
meniscus extends to at least a diameter of the substrate and moves from a top region of the
wafer to a bottom region of the wafer.

10 26. A method for processing substrate as recited in claim 20, wherein the
processing the surface of the substrate includes at least one of a drying, rinsing, and
cleaning operation.

27. A method for processing substrate as recited in claim 20, wherein

generating the meniscus includes,
15 supplying a first fluid at a first region on the surface of the substrate;
surrounding the first region with a vacuum region;
semi-enclosing the vacuum region with an applied surface tension reducing fluid
region, the semi-enclosing defining an opening that leads to the vacuum region. |
28. A method for processing a substrate as recited in claim 20, further
20 comprising:
generating an additional fluid meniscus on an additional surface of the vertically

‘oriented substrate; and

moving the additional fluid meniscus over the additional surface of the vertically
oriented substrate to process the additional surface of the substrate.
25 29. A substrate preparation apparatus to be used in substrate processing
operations, comprising:
an arm capable of vertical movement between a first edge of the substrate

to a second edge of the substrate; and
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a head coupled to the arm, the head being capable of forming a fluid meniscus on

a surface of the substrate and capable of being moved over the surface of the substrate.

30. A substrate preparation apparatus as recited in claim 29, wherein the head
includes,

at least one of a first source inlet for delivering a first fluid to the surface of the
substrate through'the head;

at least one of a second source inlet for delivering a second fluid to the surface of

the substrate through the head, the second fluid being different than the first fluid; and

at least one of a source outlet for removing each of the first fluid and the second
fluid from the surface of the substrate, the at least one of the source outlet being located to
substantially surround the at least one of the first source inlet, and the at least one of the
first source inlet, the at least one of the second source inlet, and the at least one of the
source outlet being configured to act substantially simultaneously when in operation;

wherein the at least one of the second source inlet surrounds at least a trailing edge
side of the at least one of the source outlet. |

31. A substrate preparation apparatus as recited in claim 29, wherein the arm is
configured to move the head down a diameter of the substrate.

32. A substrate preparation apparatus as recited in claim 29, wherein the head

extends at least a diameter of the substrate.

33. A manifold for use in preparing a wafer surface, comprisiné:

a first process window in a first portion of the manifold being configured generate
a first fluid meniscus on the wafer surface; and

a second process window in a second portion of the manifold being configured to
generate a second fluid meniscus on the wafer surface.

34. A manifold for use in preparing a wafer surface as recited in claim 33,
wherein the first fluid meniscus cleans the wafer surface and the second fluid meniscus

cleans and dries the wafer surface.



