APPARATUS AND METHODFOR DRYI NG SUBSTRATES Field of the
I nvention The present invention relates generally to

wohaeosfosedosl of appar at uses and net hods for dryi RQT/US2005/006181

substrates requiring a high | evel of cleanliness.
Background of the Inventionin certain industries
there are processes that nust be used to bring objects
to an extraordinarily high |Ievel of cleanliness. For
exanpl e sen1conductor substrates ar e cleaned rlnsed
and dri AdPPa » 6B Q) Y INGSHB ;

i ntegrated circuits to renove chem cal s, reS|dues and
particles fromthe substrates. Integrated circuit
fabrication technol ogy has advanced to a point where

5 é Qe fegtures can be as small as 90 nmand smaller in
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cl earnttepasent i8@htidredlated gédeeallly abihi Gialdion Bprafad@ses and methods for
i ncreases. Wth 90 nmfe ture si zes, even wat er mar ks
frene SHSHPReaUrrhY Reh il g @i ying of the
substrates can lead to so-called "killer defects" in
the integrated circuit devices. The present

0 c bes a new, highly effective system
and gl RAgh: s Gk SRR Ae: FFHRSES AhERud b &&H%’bﬁﬁg\@ﬁ] Bss to an
m nimzing deposition of particles and watermarks on
Wr@o@ubgtyrlaglelsvel Bf ¢lednlimess c Forsriraple eqmiconsugiprsiihgates are

el ot P AR5 5o QHANGC 1 BRI AU BiSprncd pirepits o
ﬂeowvcjclyam@ls l;elsslth:sa@tné@altlﬁlegfromﬁhel sgbgrates obegsased Fiorval

dvie IIustra r I
%grelcag\llﬂlpe/ %Iholog%/ gdv gg'reago Q é(gn"?t vﬁl%% fr{n% Jé#&%%a\ﬁ? oA s%ﬁ as 90
ﬂn@ﬁd)ﬁﬁalkemtsnzan Als deVlde s&zaedﬂcnehdesmlﬁer latel n’gcleanhﬂwﬂdqulred in the

ternative i nner v e use.with the syste f .
RGO Rofeis ep IRy o ndleatifSih eled Pore it b R bigd
MNamgRBaRing bWy ine @he sWktiees Gldldad teso-dalb@iNiBek defects” in the
Description of the Drawi ngs StructureReferrin

%’5 &]ﬁ@?ﬁaﬁw%

mr&graéeddrﬂrwlﬁ fevispst LA E’fﬁ%?Plﬂﬂ’é%CaH% FHERSF 2 2OV HES

SREH Hd na!elhodq&dd@niﬂgquﬂszraﬁpy&@t&deowmsomﬁlhﬂﬁﬁl 4 @peaN& of
the opening 11. Chanber 10 has an outer
particles and watermarks on the substrates.

Brief Description of the Drawings

Figs. 1A through 1C are a sequence of drawings schematically illustrating use of a
system and method for drying substrates.

Fig. 2A is a cross-sectional end view illustrating an aiternative inner vessel for use
with the system of Figs. 1A through 1C.

Fig. 2B is a cross-sectional end view illustrating a second alternative inner vessel
for use with the system of Figs. 1A through 1C.

Fig. 3 schematically illustrates Marangoni flow from a wafer surface.

Detailed Description of the Drawings

Structure
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vessel 14 and an inner vessel 16 disposed within the
outer vessel 14. The outer vessel is forned of a

woraaosios@bs such as PVDF or Teflon(tm) that is iPErUS1005/006181

chem cals used in the process environnment. |nner

vessel 16 includes sidewal | s218 havi ng upper edges 20.
Al though Figs. I A through 1Cillustrate a batch system
in which the inner vessel 16 is proportioned for

si nul Refpeiog & Pedde adliving vbtemineliqss e chybes l8haynsn qpeing
i %ﬁ& 2 %1855 GlovEmY 1ht%3>‘i£é‘?o Ve ORI Oﬁe%thgBersib R £ outer
substrate processin for proceSS|ng on

vasbd tld ahdan iateronselt iorispo@dnyithixethe oaler easgpd Msnt s for

L e e

NE'ﬁhIEHB BeRinShé\(ioéess GRuDANBILE- SUBSTRATE PROCESSI NG,

isS inc referenc oV
vess el aet I BB FoPvafrigndio S SIS g Aithef Fies
ﬂn!‘r@fgﬁi@ ingstard HAKE Gdtdh BdvidtE QB RineOVesked 16 I:qur@uERﬁbmr
300& Si ngl e fer Processor_ manufactured by SCP
BRYH IO B AT B e TR Ltip Substratpyy, tl)sslnw|vr°>ssslén%yé§%?%dﬁ>é(d

plopsiabRdd foPSh@Msubbthife HBRRSInEHIRr FOcks\RL bsly @\{'o §d?>§trdté§rh@ bne

vessel 16 function as an overflow weir, such
fimgi FomppresbrEABeeaRsdor Hegle-ag floubéesgt@lstwf%vvé%@qeﬁwystems

haghVA A &Ecﬂb@@ﬁrwbﬁm%é 11§PPMTU§WWTH@§%@R 14.
The 1 nner vessel er edges 20 are preferably

SBYGLE-QR QQW W&@Cﬁ NG, sibealiriziingerperated herein by
A BHTSRr T h n L  hf r l

e elevation’o
mscaad@auteuﬁionof the EMERSd@NGAA(tmYSinpledtgfar Brheessanmenufactured

ti.ve to the el evat f th f
g%%é?ﬁ%%m'g ﬁn@gég ngﬁlgr Iom;rehoguglng 5sgao$rthe
syst ess wilhbet described)in defhil-belbk, eretupgsrred s andtvhllls of the inner vessel

eved b i di ng b I I
6 Rl aeat et e gt h{ISt B Sping A oms o6 omebRed 155,

byeeflopPlBE walgeSnidd véresl 1bentomeadcbedsaan. a‘ﬁe p@skssel’s upper
it in Fig. IA and a.lo i.on shown

p(?gselﬁ%g grré . f%gr y 5%'[‘3@1{?5 él&ﬂwpetﬁgunqnﬂ%c fiﬁ d F‘%}H u%p%n on the edges.
3' dewpihd §st8RYs futthél coRG@ddknemMthasthy El@va@i%n lof {hH %%e@%@gis DO

I B. The inner vessel 16 may be nmade of

%@r us iy Gapqags leyg of fluid gasepdipg @wugh theaanar yesseld Opredigisa & the
EIRVAHoR OB tvaf? duiRb R0 cSARAR & Qllok@bd &Bﬁigﬁge 8ifle system. In the

expandi ng over many cycles wthout fatigue. The i nner
Vigs $A LiGwhedieent tds isvaehigyed tg prqvinding sjdeyvahlp 18 prchepgllangibde

within the chamber 10. By collapsing the sidewalls 18, the upper edges 20 may be moved
between an upper position shown in Fig. 1A, and a lower position shown in Fig. 1C. In
one embodiment, the collapsible sidewalls may fold “accordion” style as illustrated in
Fig. 1B. The inner vessel 16 may be made of PTFE or other material inert to chemicals
used in the process environment and also capable of collapsing and expanding over many
cycles without fatigne. The inner vessel includes a drive system (not shown) including a
motor and associated components positioned outside the outer vessel and coupled to the
inner vessel via a linkage. It is desirable to prevent air from passing into the chamber 10,

since gases, fumes, and particles from the external environment can diffuse into rinse
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not or and associ ated conponents positioned outside the
outer vessel and coupled to the inner vessel via a

WO povRage08 It is desirable to prevent air from PeBEEE905/006181
into the chanber 10, since gases, funes, and particles
fromthe external environneng-can diffuse into
rinsefluid in the chanber 10. D ffusion of oxygen into

t he chanmber head space and rinse bath fluid can | ead

flaid i the shamatisl 40.wWalfEsion okexygen infreths gigstbeniicad sparh ard rinsadath
I

tﬂé]{a% ﬁac’? oqnﬁg %Qiglx “B%grgi eg &Pﬁlg F@A&gﬁeg 'Hllug tfrggr]lg{ﬁ/{rg é)ﬁgferably

pa.a;s@lthteug] a ﬂthd mm]@als sumxyarm mpgrap fueedlin pklm@mgb ot eteheoutside

nber 10. Altern t|ve conf.i
B B e Ot B R R RGBSRt
ﬁls@ldeallisleﬁ Eb peghahiovemém ot ﬂiteltibufn%axﬁ ﬂle(aﬁschdbeslesmlb&i Tetitied &)the

.. In one alternative enb
RbisE BhshayATne L Blea P B G VB el oer vessel 16
Ry ﬁ@k@h&re\m hi Vbl&rﬂ@blﬁ BE Sov¥BESRithil e \WaeNvakel BRRR@En an upper
position and | ower position, referablxmmhlle t he

BOSEPRANE A lwerpﬁ%tl%a@ erableWhishihe FleVation afithe pypsipffeTasins

ﬁkécﬁ rIﬁ‘ @ﬁdtl‘{éi" aﬁgfﬁﬁ% RBBbdimEREtht MRS ved @ 58 b&BWaBR within an
le within an opening in the outer vessel, rather

Pl??é\ﬁlgb’é thecpuies Vesapsthrithyy Bain g collprsithy wishin (hesaar vegsel.

desi r%ﬁesureﬁ,ethéééfeﬁml ;p&l@é'dq}/ﬂtﬁjﬁggg%rﬁ&u Jﬁ%&ﬁ:@ﬁ%ﬁtmned to

transducers position to create a nmegasoni c

enete gyand eflmegasonis epergy estbinghaproesss oliarbenehdnagtivaded. ﬂHn%band
e .

PR e SOEF SR DAL R BT g o

adyornigyipg poesss asdeschésd in deed] inWAI0ADE61 APRM&%DHS&M)

T | - - BSI.RATE
DR R e DO R B B o S B B PR T IV P e
Iepbrawdsselshbyt Batensmy be similar to the inner vessel
16 of_ Fi | A but that, are enhanced
¢ opaprlessafs gl oy B i oY iR SCssa AR S BA by batge
blﬂﬁﬁéed\bﬁﬁlﬁbﬁmmﬁpdbﬁny &8 G’lldsﬁatﬁii ar@gd QAtaH@ 2BN TRése ieh @dssels
16 of t e shown I n FI% | A where asoni c

Baphe wefitnglpl?é%e ¥l gy vesspld© of fhe; WH’%%PW%& gl A where
ﬁe§k6ﬂ§bg&£ﬂﬁﬁﬁ%$ﬂ%gssel 16a which is proportioned for

si hgl ewaf'er processi ng and which includes a pair of
megasoisi 2A tlluarriebiceetapsiple inger vegsabloe avhich is prepetigesspr gngle-
Qvfafe Exg) ésrs]irﬁg and WRRR ncﬂaggsu Cfé:a?xc& ldoARARYERADs 4 %ergﬁlpled to

|nc ingle trans Fent or an array of
th@l stdephiés efitiamisnkroesssl. 16Ty E@r@dxmeiuserzﬂ@; 424paysinelude a single

dﬁ(lfg 1?)1\@ al%l ‘f?&d@geﬁﬂfg&ée angcﬁucgllggfo Angagé positioned

In er ve are orieh
at an elevation below that of the upper edge 20a of the inner vessel 16a and are oriented

09
—

such that transducer 40 directs megasonic energy towards the front surface of a substrate,
while transducer 42 directs megasonic energy towards the back side of the substrate.

In the Fig. 2A embodiment, the transducers are preferably positioned such that the
energy beam interacts with the substrate surface at or just below the gas/liquid interface,
e.g. at a level within the top 0 — 20% of the liquid in the inner vessel 16a. The
transducers may be configured to direct megasonic energy in a direction normal to the

substrate surface or at an angle from normal. Preferably, energy is directed at an angle of
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such that transducer 40 directs negasonic energy
towards the front surface of a substrate, while

WO c@nssizeer 42 directs negasoni c energy towar dBCT/DE2005/006181

back side of the substrate. In the Fig. 2A enbodi nent,
the transducers are preferabhy positioned such that
the energy beaminteracts with the substrate surface
at or just below the gas/liquid interface, e.g. at a
kepredimagetyt] fﬁOtdcperet&)fpom norn2 % fosttpeelbrablyiiagprokintatedy 5 — 30
ﬁ%%*sﬁnﬁéi%m [16a. The transducers nay be configured to
gasonic energy in a direction normal to the
subst It atag bs desirakle tcoproatle tha tramgheers 40 A2 oremadlependently

KOO e o el el b G Porsfiied B exommply fggtec

ﬁ{e szs@iha Bhétg}ai@ Iﬂ[r@@td:d’fw @dn){dlﬁer%&@wﬂﬂgthe gebstriite Iﬂﬂoﬁﬁsfuﬂlﬁl:e it may

| t desi.rabl e he transducers
P%deégal?lﬁ bl e spergy ﬁa %3&?% 4? RTQPagAE O Erds A @Ck surface at
E ﬁir@ettl'oﬁ Botnth] BAhERIbsBAEl étﬁ’facep QY&hg sdah réXad T Revehf or reduce
gl ed negasonic energy is directed by transducer 40

biswsagels! ich@1es gB dierizanb S TogRY WupPHRRthe fercepdypppred against the

desd haRleayiRe HR%A chdify. eM%fegyerf&lﬁm Jr@ﬁﬂ%ﬂ" ffer féwer or no
pr opagat e tomards t hé back surface at di rection

nowerahaythy d@ﬂ@bk}m@gmtalneesubwwfeémt SILIJ@angD asdo aymd daspage do fine
%atl.?é’seé( ﬁ]%flergo e gtpdt’nﬁﬁht?@ g%a%{st Ihg @Eéﬂ sﬁga&rtatt Jﬁeanéfe Q)P hl a

surtate I nparted agai nst
flirgntipn aomﬁaatpethdagubsme)a e bl@h@f pewgrycan kspaeds erqughithiel S@bsilate

L antha 1croca a 1Per ft%rﬁc es elibsHRY fr% dﬁl%feliagg‘lal%ing to

J4ains &8s ront - SUrtace 8o as to
ﬂaﬂag@uﬂﬁ)esfﬂdmethé aaﬁahroasmesa hi gher power may be

in o S ha e e a2 e on FRa i Rt permis

fRwaEle ¢abe ﬂ@ﬁguaaie@enﬂhlrg@u@{e dafige @ﬂfcb@mbame @ fiee fratigs) and
m crocavitation in the _trenche n_the substrate fron%
alse Agneadips AR IBIPFRFeSiePIGEA Cf ?‘ftt {retomepiianclt fagAlsp be

@%Yﬂat)lb @S havAd inbleAnaidu¥er, BIb HaR 8vd BehsUIRRSMAMERE hen 4 pair of
to have an adjustable angle pernits the angle to be

@W@ﬁg@@“ﬂbﬂ%ndlng on the nature of the substrate (e.g.

fine headpififsda@nde ﬁloﬁf%r deppad fﬂgerqlésstep%b%ﬁrﬁﬁﬁﬁétléqﬁﬁr
bei ng carri ed out”. In some instances it may al so be

dess¢lrod bige 28 butrmodified &i neslie 2 brtahsydigeesuch oy therpifstem Hapirated in
E#) 1,%2 ‘H‘@lg lIb?ge 2%’ n{i} (M}x%ﬁt {hg @Qnstdnc?ersoﬂ 26 91fe Jf@lﬁﬁ g%ﬁ@ﬁt@d facing

ustrates yet another tern tive
theredgesvod $l$eslubshﬁt@s Siasshcam, thos dllvevingimegasoas swskgyofmifedyby the

%ranstkc)iucersn%)é#j ?pgatss'f %)etwge%eadjl acr:]en?suk%%trzﬁgs 2 Ersggdﬁ&%bmgfbé he
configured to direct megasonic energy in a direction normal to the substrate surface or at
an angle from normal. Preferably, energy is directed at an angle of approximately 0 - 10
degrees from normal, and most preferably approximately 1 - 3 degrees from normal.
Referring again to Fig. 1A, the system includes a fluid inlet 22 which directs
process fluid such as DI rinse water into the inner vessel 16. A first drain 24 extends
from inner vessel 16 and is preferably capable of allowing rapid (e.g. 15 cm/sec or faster)

evacuation of fluid from the inner vessel, such as in performance of a quick dump. If
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Fig. A In the Fig. 2B enbodi nent, the transducers
44, 46 are preferably oriented facing the edges of the

wasvsates S as shown, thus all owi ng nmegasoni BCEOE2005006181

emtted by the transducers 44, 46 to pass between

adj acent substrates. The trapsducers may be confi gured

to direct nmegasonic energy in a direction normal to

the substrate surface or at an angle from normal .

Srsgbd fatsldyain dhmay yltareatioely eematislewer and/arigbie coftrolled draining of

ﬁl@@rn%{uvrgatel y O - 10 degrees fromnormal, and nost
era%rgy approximately 1 - 3 degrees from normal .

Ref er Aisegnagave2d dlowisdluid iA the duter systlaobe daingd esa @ntrolled rate

lui.d.inlet vvh ch ts process fluid such as D
{nggéth%&ngp Ctoﬂhwgiﬁses)essel 16. A first drain 24

exte nﬂ&aﬁd’r@ﬁs pcnm is ‘ﬂ&ﬁﬂS}e&ouﬁl@d anitle 118 1pr Efdarahdlydes apaifdl@ing
of all m sec or

r.a
ESrdish iz ?Vlfﬂl ghsf"g’blﬂ?li e/ NEPoF m\fb{hg 8]Pamgfﬂ ¢k as in
per f OAHBﬂﬁ@st%nt@O%ﬁteﬁ& bt e chiERs 10,98kfedablyStigllydedvwdd.g.

may alternatively ﬁjgrmt s| ower and/or nore controlled

ADAP A LYOImm fhelojvh the lid\lés The exhauss gens 40 is piplo@blygmersshan 2
f:(grﬁ'élﬁ’er'SQ of h&m@ W &to iﬁ%%érﬁ 'extgl%alba@r ﬂn@bﬁ‘é‘ﬂg @rosh the vent into the

controlled rate (e inth erangeo misec to
Plampesec) . A vapor/ gas port 28 is fluidly coupled to

the | ' [ i f.0ol

e Lk 8 LS5 B 1001 3P B s
thaediend al@ocesncassetia G holding bnB@ rexe eu’o@@atfssr Ontift Brkis preferably
ggsatﬁg%lgﬁ w}tg nI tﬁé %ner Va PsFlyﬁ 111% '311 Lr}égﬁgéagx a%og oatl ﬁlé wn\) éhr%]l
ﬁﬂva:ssth@hﬁfoeumbm M\mmneln@pﬁ pomanscthmtehy ai&nwﬁgthemfﬂ td sitghdy

ent external r. from h
HRHES PR ERE AT R et et Yohnb POREs B s g e Bndlhnd S
tﬁlﬂisﬁﬂiteéSMFatsgb@uit&My tah el @poskditd glgmf]}eclhgérabﬂ Pro@Quidqagieidns than
0O recej ve a rocess cass tte (0] n e. or
sihseipsingle mﬂdﬁ% o en guay, fedifieapaying/udso ! g’f‘ﬁ’rﬁé‘lﬂs%@ﬁ h{nﬁt

iRV BNSpoMBR8d of ¥k Lifkish fthaafhe laEYGAL ud&&a@yp&ﬁmﬁlb@aet&vé@ltthe
shown) that npves the lift between |ower and up

peamyisaprgates Hal @ovpaqeﬂmrﬁ@rmméocpswn@%my Jfgc}%m’;ﬁ the ift may

Bt EXfHofred WS dvAL @fﬁrf{er@% Qpp‘%@ﬁﬁﬁé of e %@ﬁuﬁl sHNHaRY 50 as to
oper ati on. Because the first and | ast subStrates in a

duaypartidles axiay dspmctheother sukyiiates én the amay; ght ly different
proce 't@l‘ai”tﬁﬂf
5SRO AU skl bl Ll e
sysoenm) thatttraogpobe o e nubse oibstrates, buthot a mrocesherssetthgnto the inner
%gstselﬂal% %s%%‘é Ey?atn(ﬁ) e, Qe%%{ra 1|0rc1) 0f tﬂe sueotst\{\ﬁg(n) ﬁ'(J)'H% the cassette may employ a
passive lift system of a type well known in the art for removing substrates from a cassette

for processing. As another example described in detail in WO03050861 APPARATUS
AND METHOD FOR SINGLE- OR DOUBLE- SUBSTRATE PROCESSING, in a

cassette-less system substrate(s) may be supported within the inner vessel by an end
effector extending into the inner vessel and/or by a retention system provided within the

inner vessel.

Operation
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dummy substrates will be exposed to uniform process
conditions. If desired, the |[ift may be configured to

wa@bdosms@ogharge to be applied to one of the duPemyUS2005/006181

substrates so as to draw particles away fromthe other
substrates in the array. It -wi-ll be appreci ated that
alternative systens may enpl oy "cassette-|ess”
transfer systens that transfer the one or nore
s ubst Uaat @fdhe yysemmitigs. bk odEderinsgsnd divesubstrates wikhaekitbaer
E 4. 16. As one exanple, separation of the
su strate(s) fromthe cassette may enpl oy a passive
lift Eiys,tcmmoofnom supgeateas|is lokemdnntd mnehesset 16.f Bire lid 12 is
Vi fr. t [
célrc])% ter eg)(sgnp eg%reazeg Jiinin dtﬁe gh%%ﬁ)?l; Iflgocegs %{ﬁf} g PT%nseA\%ater
ARRARAT tdto mu&m&smwaa 18bNCLand c43BadauiRr Hre SBIDRADELe
casse ess system. su

B 1 o 2R ppea s oS iy S REC Bt Alyet sehscl B ara

eSHtRUE Ot ¥ SR AF Prdcdsh HIRidliNReleRBBIinVie®Es BfoRTEE SibstRifesdre
retention syst em(ﬁr ovided within the inner vessel

i heglmber 14t mipunigssxgpsups ofdhe julstratesco thg ajr basgever

AR rlyYal SRSl PbERitbtel ldueXdr Aper SRRRIND 8flihe Fibshtes R1BIn the
or nore substrates Sis |lowered into i nner vessel 16.

Pgnber.d 12 is closed to enclose the substrates within
the chHaMELemRl O5AR ubdst HoRuchs@Re B, il 1% Mo%d mghay

directed i'nto the i nner vessel 16 via inlet
upadlyds elovaie ﬂlewébs@dtgésé S 2@mni the prog¢se carsatier Alfégw thli 4tep is

t ngl %QS Jiesé g;pgrgte ﬂle s a{e§ ltﬂé slefle ﬁ%ﬂmﬁ 26}
PG eeh e BBl o

er 'vesse contr OW Of - process
ﬁ¢0mn11ﬂalt19n ptr@htamabmys dunmgld@tlmg:l Akseaﬁ«zthe atbmatiuebit satisggte(s)

il BB als s} B MR or oy el GBI Gl
alte {1 Aatlisg@key:l bﬁfdﬂhhﬂide@f ad ﬁghuem;] n;g:bnbztncai lb}eﬂmrmﬁ&iﬂgi thmzimkgmt
of the substr es wthin the_.chanper

Oh e SR aRhRR bt koSt S B the ipodsr Fd g While the

BEbé e Sirb @ity 1mméa@séa irhrycdsOfi @l exalielidphReBerd step atag bs berformed
fromthe process cassette. Although this step is

Bprlipalp ar I from the ghgyopn ). eAeardingia Fus der NentS( b%qppaetdé(né)a
fiisprdoeic GRS 8l dsuittdeR Bﬁéfg&xt or'WHefIneAGHMEMS Bllb@itedinto the

contact points during dryrn As another alternative,

ehaantion b viedelel( 28) o eyt &ir ot of g arR BRI hetidd 2¢ad Jestupper
BickRE U & o ca@%ﬁid@%rdc@&%ﬁd. Ofheds: ifl hisfiRA et &8hd dtfaber 10 via

the vent 30. In one embodiment, the displacement step may include a first step in which
argon is used as the displacement gas and a second step in which nitrogen is used as the
displacement gas. Using argon can shorten the overall duration of the displacement step,
since heavier argon molecules can flush oxygen gas out of the gap G more quickly than
lighter nitrogen molecules can. Although argon could be used throughout the
displacement step, this two-step process may be desirable since N5 is much lower in cost
than argon. In another embodiment, a slight vacuum may be applied through vent 30 to
assist in the removal of oxygen from gap G prior to introduction of the displacement gas.
If further rinsing is desired, a low flow of inert gas such as nitrogen and argon

may continue until it is time for the IPA drying step.
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As di scussed, performance of the systemis enhanced by
m nim zing the anount of oxygen that can diffuse from

wo b@sssmooundi ng air into the process fluid. TPCEDS2005/006181

while the substrates are fully inmersed in process
fluid, an air displacenent step may be perforned to
elimnate air fromthe chanber 10. According to this
step, vent 30 is opened and a displacenent gas (e.g.
as ni tThedeinantepds gow penforoichaprelerably tat yelwadpr pressure of

PRSI ARIE AR SR Ak oS il Rt v
gsuchas PA) anfl tcnﬂg?r %aﬁgmgﬁ gmytrpgan@sésua‘ intiodhcedineo the bhalmber via

di spl.a ia.t vent 30. In
RS Snepon i e T i aiprpoR chambe
f(h(BtE‘shO\gﬂi)Qﬁlot D) tﬁgi’rﬁ)hleﬁlf@ Wl’uvdmhﬁhdﬁﬁﬂ&s afe rbdu§ fou cﬁplln%c TH@IEA vapor

as .a a secon ste n I.C n.1s use as th
%@&ege%wm@ggnvegeg%maxha% syel s éh%fqbeﬁg RiffasE\ a5 gar@ugh 2
digludtd EMigafd iPAe 16hsited éﬁﬁ&lﬂmﬁﬂ BB, vaPbi1esy KeeRddiel widlid 0R IPA
nmol ecul es can flush oxy gas out of thea‘%P G nore

dap%taeyer@whpﬁngﬁtbéﬂmﬁ?ttqgégéw%ﬁu@éapw% Adiquitngha

oM st dA bR daew thid rs&lég@ %Bocﬁlﬂgnt dhSTH L RERM 103 tERperature
this two-step process may desirable since Nis nuch

Ipgsienablyyess dlsin thenlzodlinegrrpént of IHA érhisthHeB2.¢hB edl atmesphete) to create
iSaLdeg%tem%&gxﬁlﬁggl&%%/ Vgl;e(engg 1% ltlfneqot r@r%gu%%evlﬁﬂtvaggr 1}1t% Y c‘cham%er 10
ito tlryctﬂcu sibswates) hediddeNdias ﬂiaaﬁgmﬂﬂhpegaime of ﬁpp‘rthmmhtely 70 -120 C) is
Il nNsi

t
e gon A ar b ondpeRBien il vontd R A TS Rpa
toaRerhtimA dﬂlambagh@hgpnhgbert d8 stitd he Slleﬁhﬂ)et $0. nﬁi&mﬁﬁﬂofcﬂfrﬁﬁgement

B 12 SRS 5Ty oF Ha A IBEE HEBE D PRT g and

c&bygquenwg AR Eveﬁﬁﬂtﬁ»hoia@ pbiRfNoudi the GRS LR on8Pthe cSHEReAS
nltro% as) are i ntroduced into the chanber via port

alad yEpgmANiig in sheampgepsee prgferqbly Rigk By speh as
BA W,
i3k RENAISH YR, EPaIRL IR, bR GEIRIY S o e
IcRambeipbd ratayl Approkispaidy SO standprdigon et mionk| (sln@n) fmj @s [PA drying

b I
lial.‘éggcli @%feg%ﬁl}bf* . 'Pg Irr]ng&gh e:r &%ﬁg&ga&ngﬁ% ﬁlﬂﬁlg%%hcoﬁst%ﬁ QI‘ZE%&’ge of IPA
dn gwthed P thiriume.t He nemntangrbegleadevﬁtvaxyrdepmmgelpotn the surfaces

GLpg S .1 PA %tg t
beln? déles u]rB? L%t %a%l Whﬁt&e avm %ppr%% 1|¥E% 908 1PA
tviaporl oy bealshfmhfoed hydrophm@mﬁcawhr:masmppf(ﬁrmhﬂy 21-d9% IPA vapor
tha theE h}n%@g)l[b o | PA (which is 82.4 Cat 1

%f]u gé’r? YeP ‘éense | PA vapor cloud. Wien it

i S t | Peesh @inkd i@ d@tﬁﬁu&sh@ floRAntéalRGhindr RERelt16@ne BasoRRovdOhe
edges 20 into the outer vessel 14 throughout the IPA drying step. As the No/IPA flows
into the chamber, the inner vessel 16 is slowly collapsed, causing its upper edges 20 (and
thus the cascading liquid level) to be slowly lowered at a uniform rate within the outer
vessel 14. Preferably, the inner vessel 16 is collapsed at a rate that will cause the upper
edges 20 (and thus the cascade level of the cascading liquid) to descend at a rate of
approximately .5 - 10 mm/sec and most preferably at a rate of 1 — 2 mm/sec. It is

desirable to ensure that the inner vessel 16 is collapsed smoothly so as to prevent
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to dry the substrates, heated N gas (having a
tenperature of approximately 70 - 120 C) is passed

WO nios/08d2e8 | PA generati on chanber and al | owed tRPCT/ES2095/006181

the 1PA fromthe | PA generation chanber through the
port 28 into the chanber 10..g8The mani fol d arrangenent
inthe lid 12 pronotes even distribution of |PA vapor
through the channels in the |id and consequently an
enlashiniz| ap e velf suyges ot the igeidighs inteefagen bineassualnsplashing colld re-wet dry
%%Q?&ﬂﬁ§ﬁ%mn£§e | PA and nitrogen utilized |n t he

rocess are preferably high purity, such as "ppb" or
par t sTlpreugHout thie @A Qrmﬂlg dtgp, dre c@La@ASN propealodfithe surfaces of the

rab flows into,the chanber at rate of

ABSas s o Rpaia b P BERRR vaeb i bR Spage over
&R dRA 20riyto RYtep eédsad4p¥tﬁé1afyaﬂié%nﬁng act@miilhtie Slissdlved BPA

desirable to maintain_a con ercen

RHLONGBI A oh R L e OTHE ST Ut Brefeg" B Guctvi fydrained
Vrdhyoults F}Sﬁgll 1@&hﬂﬂ%’ﬂ dtahe26Sib Bdr@REd tbemeagths FluRideveBih th&Yuter
of exanpl e, an N2ZlI PAm xt ure havi ng rOXIﬁHt§U¥ 20 -

A6l bpl W the kel af hagkdeess el and glggy to QIEI’{?‘HF}éf‘p‘Pﬂt?erESS% o being
\ﬁﬁ‘ﬁ{eﬁ%&nﬁﬁf%[}p Xt SRb164 ¥ mPtyingld Hae cPu&r \('@s@&r(of@/)én BSp&agfh point

for a drophobi ¢ surface.” Fresh rinse fluid continues
wderel tepiquid lsvelhelowen then ¢ predeterntigeddpyel, cyds@es@@ pasfesredi pethod

T e
phﬂmeherﬂl@gsfslghlﬁe ¢xposadaldiy 2€0l | apsed, causing its upper

q : .
o305 AOANHY IR BERTLPE UM S LRUPAL bt
‘desﬁ'béd ]Rbferﬁngfoelﬁglﬁ yis the haschd@rle\rel L edssehds hbonigshe faces of the
R R et BuatRliobia i BRE% ek StatR R Py F e yfibaes
ted ghe SERTrhicin the fnﬂéleve@s‘el apriexddured PR Vaﬁor-dls'balvwlihﬁﬁﬁls fluid
and nost refeﬁg at arate of 1

greajseusy As 1pgjcat 8.3 the cpprentratiqn pf MVQWIEL% ngor 1s hlghest at

aRl uBeRd seiRel b chﬁ@w@fsattr@g(ﬁfs QY Rt ASAKRYaespdc8Y fbm the
surges at the liq U|d/%as i nterface, since such

syfeaswifaces: drsresesaripgsitengiop dgsreasss asrlPA canaspisation drcgeases, the

EERUSNGUN of B WaRA idlowkfat §LE @%stritg @ur%§ Gaee tllleel‘f’ﬁl concentration
drops along the surfaces of the substrates. Fresh

i highest | Thegoresniratinnegsadient fhug yesplestia "Maemnpen dewy ekbe ringegvater
?Qg)[(l %rgm%ﬂesﬁﬁﬂges%\f%e stugﬁra?eg 4 ﬁldi%gte& B# B ke r Rf‘ﬁ?egx%gtler 11' @hereby

ereby preventing accunu atlon of dissol ved EPA
amigpat frora thel wifessuafhcashleading thawefepfurfanes dry.nse 1 ui d.

Tne Pl B W3 PRl P Bt o
fpteldlie!érrhﬁl%bd:lﬂﬁoﬁ eeg.aoh @oint below the substrates or to at least the exclusion
zone at the bottoms of the substrates), a final step is performed in which hot inert gas (e.g.
nitrogen) having a temperature in the range of 50 - 100 C is passed into chamber 10 via
inlet 28. The heated gas removes any remaining rinse fluid and IPA vapor from the
substrates and the cassette, and drives the IPA vapor from the environment of the
chamber.

If the substrate(s) are processed using a system equipped to form a band of

megasonic energy within the inner vessel, an alternative drying method may be
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vessel below the | evel of the edges 20, and also to
prevent the outer vessel from being drained

waeemwplosed y. Conpl ete enptying of the outer veRBSEUS1003/006181

even enptying to a point where the liquid level is

| ower than a predeterm ned l.eavel, which in a preferred
nmet hod may be approxinmately 2 cn) is undesirable since
it could lead to entry of air into the chanmber 10
pérfasugh Thie mexypd y6ll bel desicribeign cqingetio® wihaesingle wafet gystem

, _ Cvi by t ) ¢ :
e Rl S Ay
oeBdingehdse having thdasme mekseldbb nfFighzB. f aces of the
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ﬂp/hoenﬂmehwratf flgid atigchedgn s subsirpie. FGACEAPewndpyayer thinned in
g5RY, $PA cwgﬁfugeeﬁwetqgi onbpfhe ,aﬁe atd ﬁgvg th&fealuRi§ of IS
wat er away trom t he 'surfaces o strates as
puldiraiatthes Ipyding todester dryRipwish waltiead IPé usiger Sogause e ppred

f e r e A
S ot el B QeSS R A Fedit] B g5 51 B E e
védsgab nib§ bh amsd@&dﬁmﬁ@daMS@emreldmeéy qmcié;d (iel prefrtabbmat a

. to oint be wth stra or to a
e St Palel i Bomanunor RETuRtY b PRt BB patasy o
ani/kaal 306hRPset)S al}ﬂﬁih@l@fdl@ﬂ'elymdﬂ'et elirabdn rafee klichgashofedigussed
nitro EA ggwn a tenperature in the range of 50 -
i‘?ﬂye YPLEEY i nto chamber 10 via inlet 28. The

heat epis QRS theSprov BSsl i criatiryihdlethbd) $8s fucHashaand nithden may
vapor fromthe substrates and the cassette, and drives

brintoieed spvappraisiany Kemanpe Hhrrsier vteriie. erdpruipsirajgand to

Hﬁ?et%b‘@%%’ﬁo%@&)nﬁé@hd%ﬁ&?esseo' using a system equi pped
to forma megasoni ¢ _energy within the inner

vess eDtheaﬁlteamtlefp ﬁmma/%em Ay PG PRBersd uping theelisstopest sygigms. In
Iﬁ'é Cﬂgfté}?%\)é’ld 1n€?ceﬁj %Wdfk?ﬁlge ﬂlﬂd Gl REGELON;s Y@rﬁl{ﬁa@d al%d the

si ng er s m énpl oyi ng the I nner vesse
Flugl in 2% infrmtvedssl ie capadly gvaswdtedatblagradetehainehelsyation fpsg

Iﬁ%ﬁ{:ﬂggi}n O ttorllop%?nt %gl%bvncge Ibllé]\‘?atiioﬁ] BFthe \b(lﬁ)%ﬁ'&l?s c}rqg aplfaasF {hg exclusion

zone at the bottoms of the substrates) by performing a “quick dump” through valve 24.

Once the liquid in the vessel has been discharged to a level below the wafers, nitrogen gas
and IPA are caused to flow from the generation chamber through the port 28 into the
chamber 10.

The IPA vapor condenses on the wafers, forming a uniform concentration of IPA
in the liquid adhering to the wafer surface. The condensed IPA breaks the surface tension
of water on the wafers and causes the rinse water to shear off of the wafer surfaces. By

the end of the IPA drying period, the rinse water will have been completely removed from
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Referring to Fig. 2A, as wth the drying nethod
descri bed above, the cascade |evel is dropped across

wao besssmdsmce of the substrate S during | PA i nt POOUSI00H0N6181

by | owering the upper edges 20a of inner vessel 16a

and by sinultaneously draining-fluid fromthe outer

vessel 14 (vessel 14 is shown in Fig. |A). To enhance

drylng, nmegasoni ¢ transducers 40, 42 (Fig. 2A) are
tha datgrs.edsopli, [aad veseel vudle dde wilkave tiegn wpleppidy aslayeasf ¢andensed
eate turbul ence in the nmegasoni c energy band or zone
Within the inner vessel 16a. This turbul ence thins

t he bobmgieck/dungyard IBA Vfaan' stepabf e lahcinzttb/eidnenmdz}sproviﬂ@several
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RirRES bARYcadY o ver 1A Lardf difPREVREN A RRLP 1y BBt Rl Yore IPATE §f6nses
-30 mmi sec), although relatively slower extraction

Piaibe Svalerct serdualiyolsereases dsyderedbnsion okl Vel gnpkihe waigr
Hnifailh félﬁqm% B iIvRHS sy eS 88 %bﬁgr o G taeﬁt&qﬁe cif@ber and

such aS§ heated nitrogen may be |ntro uced to evaporate
eadensspan thenfgafmFSArfacmd leavingaiayer ¢ficongensgddP v thautafer sutface.

and t Phi Eﬂe\(h% ol? %va e %n\/o%lgf)l ng 18\'1.5]&1169 n%ﬁa i Wafgsl’ﬂ)?ﬁng high
al ternative rying steps y ertor red usi i e
ehpsat Ireteschr swteeﬂmpogrdtphyowhers uchy aghteparcat enis witrhm thewafer

ri nse el

Pl Gl rorob B b ek Rehebrin B0 Butlsfuitigult o emove
watpt £Hoyn thstac Th¢ edthbd oﬁcqmﬂadﬁtgdt)m dneﬂhel:myaivbﬂ]raye(ref g/ater

C . et el or to,a point belowthe. el e ati.on of
SRER i af atork fE i i [H@ qiber AL D 1S F SR 6 HEM g 0mppRSs (and
&ﬁlﬁhﬁﬁi@ t®torddafsenltsthe dafes yurbite PRI IR diiiEveR 1ay6ithas fallen from the

' throug@ﬁvalve 24. Once the liquid in the vesse
hEsriang:,

é%ﬂ Haeiktairs Seving gesa i those desply|or sélptbwattq%ee

ni t r OgRREES tRTHv @%oﬁ&&s&ﬂ#ﬁ&danh QohdeBWaP R @i‘ohhlﬁe wafer
generation chanber t hr ough port 28 into

Shaepepromotes Ty waaripgpg pf fb@ We@h gle‘éacesnwlmﬁefawéifaéesgemoval of
%rﬁ%me@h%;ﬁ%%ﬁ%qﬁ@;vm;su on of IPAin the liquid

Ing to the water surface. The condensed | PA
br eakénether aglyarftagedies émdpighe quick dump step is performed so as to

completely evacuate the inner vessel (or at least to drain fluid in the vessel to below the
wafers) in a very short period of time, preferably under five seconds. This high velocity
draining of the liquid is beneficial to stripping water (and any particles in the water) off
the surfaces of the wafers. It thus facilitates water removal even before the IPA vapor
step is initiated.

The system described herein is thus advantageous in that it allows the user to
select the mode of drying (e.g. the first-described mode in which the cascade level is

lowered relative to the substrate or the quick-dump mode or, where available, the
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of water on the wafers and causes the rinse water to

shear off of the wafer surfaces. By the end of the | PA
waleopsmgp2per i od, the rinse water will have beenPCT/US2005/006181

conpl etely renoved fronthe waters, cassette, and

vessel walls, and will have-lpeen replaced by a | ayer

of condensed | PA. The quick dunp and | PA vapor steps

of the alternative drying step provide severa
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ﬁ@i)%'LES Lﬁﬁﬂ:ﬁ{Aﬁ@ PROCE %b?@G Whlc‘fﬁ% ol S%\ﬁqﬁ%rei by reference
particul arly benefi ci al ers V|ng
Marciowss, numsr@vef%tutee peyy kagh ylescribaskia corteption @ﬁh e@ba @s
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mhgﬁgkan@atterned regi ons. Moreover, the flow of
condensed wat er and condensed | PA fromthe wafer
surfaces pronotes | PA/water rinsing of the wafer
surfaces which facilitates renoval of any particles
that may renmain on the wafers. Another advantage lies
in that the quick dunp step is perfornmed so as to
conpl etely evacuate the inner vessel (or at least to
drain fluid in the vessel to below the wafers) in a
very short period of tinme, preferably under five
seconds. This high velocity draining of the liquid is
beneficial to stripping water (and any particles in
the water) off
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the surfaces of the wafers. It thus facilitates water
renoval even before the | PA vapor step is initiated.
wab@seyevtem descri bed herein i s thus advant agePtEUS2905/006181
that it allows the user to select the node of drying
(e.g. the first-described nogg-in which the cascade
level is lowered relative to the substrate or the
%ﬁgck-dunp node or, where avail abl e,
msgtesoed i5- assi st ed drying mode) to be carried out
dependi ng [ rates or
t he ngturégg¥&gﬁﬁ§%' %&%gépg&?% @%gﬁértain
enbodanmmﬂslut|I|Z|ng pr|n0|ples of the present
i nventi.on have ed, The enmbodi
ot ver bR By o ER B M hm O G FEE TorE M gt oes
brhenivall hMgsaIa@@enﬁdgé befinddged ¢WBcade &Sel h’ﬁeﬁﬁlﬁfﬁé qip&ﬁe@l (ik
nma onfi gure
B i B ey e B e oS SR Boun Gp e EdR 1) B 3Ca first
glegtioh Bed sdteh®@pdbitionah which iR Rscadh R vEl)S LE Sty RFatitmed
to practice etching, cleaning and rinsing nethods for
which it may be desirable to nove a cascade | evel
acr oss t herpuy e ac@kdihP® GMBST §AdSih e WM & |301‘Pe[ sible to retract
W t hout the presence of a negasonic energy band),
ihgapprticAge framdle fsirositipa & tha sssoBpHUBEL APPARATUS AND
METHOD FOR SI NGLE- OR DOUBLE- SUBSTRATE PROCESSI NG
whi ch is incorporated herein by reference. Moreover,
nunmerdus fBmtsysten apavding tertaithes ewhictsathe mneovessst hisarfirst
P SAEH a6 ohBF MRS L BERTRIRAEN! Seecll MG e
gpebedgeds inthe sacpilgositmy sandaviatrdihtit séooad uolame desatledtbgh the
ﬁki L gspect to one of the disclosed enbodi nents may
EWSE be included with the other embodinents
wi t hout departing fromthe present invention. Finally,

various diyensi ons, rati rocess sequenc

cheni‘tal s, "%V ﬂﬁ%@ccoécﬁﬁg tqu%l ]bg’élﬁfetjﬁ %Wnﬁ‘y"e\ﬁ%‘;lsé‘?‘“’eable
@ﬁﬂﬁﬂh@ckﬁﬂﬁeﬁfr&n A@Hrstie Rl ATAHEE alsitod bleftion M@ret@RI WPatedge.
is clained is: 1. A systemfor drying substrates, the

system conprising: a chanber; an inner vesse

posi t4 onedryyd Pﬁbrﬁ aEJb@d&Qﬁ‘f@l’ﬁﬁl 1, flbfhel MBRAINY SR ?lﬁid inlet fluidly
i ncluding at [east one wall aV|n an ugger edge

pieditp ghednies yesseldon recaaving paeCess utchétoa wpergigesl | s
retractable within the chanber froma first position

in which the cascade |level is at a first
6. The system according to claim 1 further including a gas inlet fluidly

coupled to the chamber for directing a drying gas into the chamber.

7. The system according to claim 1, further including a lid moveable to a

closed position enclosing the chamber.

8. The system according to claim 1, wherein the inner vessel is proportioned
to receive a substrate carrier carrying at least one substrate, and wherein the system
further includes a lift moveable within the chamber to elevate the substrate from the

carrier.
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el evation to a second position in which the cascade
I evel is at a second el evation. 2. The system

w@emonsi2ogy to claiml1l wherein the wall is col | e@EUki065/006181

to retract the upper edge fromthe first position to
the second position. 3. The.gystem according to claim
2, wherein the inner vessel has a first vol une when

t hen upper edge is in the first position, and a second
vol une when the upper edge is in the second position,

and erei h nd vol i ler. n .

P o en e e SN RN 1 AR Bl D IR messon
wdhedekenpdstiend dhtoefiorm e seghsonis enengge himdeacyast Aintd it ke inner vessel.

chanber froma first elevation to a second el evati on

to retract the upper edge. 5. The system according to
cl ai lﬂDOélj. fTue Irs]?@ém ewokdiad l@g:llaallfﬁ o Whtréln ithel redgafdnit ©hngducer is
coupled to t i nner vesse or .receivi rocess
FELRR o4 Sy th%@eimﬁgéionvee@g@rf bagd depfipdg wﬂ&fﬁ%&e&? IR
hBvethedt 6 e dppck B&e frdie médirag)_oﬁu&a;ﬁ) th&keRbnd pdditidhy
coupled to the chanber for directing a drying gas into
the chamber. 7. The systemaccording to claim1l,
furthgr inchy@ioRgs Bediing a TRNEAR! SonlRisthethP&H oBOSI ti ONn
encl osi ng the chanber. 8. The system according to
claim1, wiadngachinbenpedanigseaessekwithio gsrchipbgsdthe guer
[ : =18 ying at |east one
%% §?¥2?2§§gggkaﬁ%?g%ﬁ{%ﬁ§m23§%%n1further i ncludes a
i ft noveabdikoming hiwafer ebstrhta mbthe innsr eéseatat e t he
substrate ;fromthe car Lgr.Q The sgsten1accg{dLn H?‘
claim 1, FHFTHER? RRET AT AMe REL Sl R hresss tuid to
fiowmpsddesidggposi tioned to forma nmegasoni ¢ energy band

across fluid in the inner vessel, 1Q. The syste

recor ai ng e e betriapoloR Sine tregas Bilte B iR By e pereby
losveps biscalesheguch that the negasonic energy band
descends within the vessel during novenent of the

upper edge fromthe first position to the second

posi t120N. Thd methdiBsrREn ol wheRat ihb %v@krﬁﬁ% Q%g iRhfles collapsing at
conprising the steps of: providing a chanber and an

lepi @ porjien Skte iprekvesselhe chanber, the inner vessel

i ncludi ng an edge defining a cascade | evel;

positioning a wafer substrate in the inner vessel;
13.  The method of claim 12 wherein the collapsing step decreases the volume

of the inner vessel.

14.  The method of claim 11 wherein the lowering step includes lowering the

inner vessel.

15.  The method of claim 11 wherein the method is for rinsing and drying a
substrate, wherein the directing step directs a rinse fluid, and wherein the method further
includes passing a drying gas into the chamber during the lowering step and allowing the

drying gas to contact fluid attached to the substrate above the cascade level.
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directing a process fluid into the inner vessel,
causing the process fluid to fl ow over the edge;

walenosgp2ohe directing step, |owering the edge BET/H52005/006181

the chanber to thereby | ower the cascade |evel. 12.
The nethod of claim 11 whereilm-the | owering step

i ncludes collapsing at |east a portion of the inner
vessel . 13. The nethod of claim 12 wherein the

col | apsi nglhsreptherbefdanes wheeiy dlewingng gastrhdicenihe surface tension
¥EHS Bliid alechedG HERLEReAbot @k @s&#emf.el n the

| onering step 1 ncludes lowering the I nner vessel. 15.

The net hod of claim 11 wherein the nmethod is for

rinsi a ' tr rein the diyectin

step Ic]? r eglﬁl S q{é%}rl%%%kﬁéﬁ%av I%geﬁ%l th&cwhﬁgfné% At REe W‘@Bgong flow of
fhgftuirbattached| to dessupsisitd atgvathd cyscady lgad. i nt o t he chanber
during the I owering step and allow ng the drying gas

to contact fluid attached to the substrate above the
cascatie | efbelmdifod difutaimelshadread theldaying 35 iNdI&Ie8iBpiopf alcohol.
dryi ng gas reduces the surface tension of the fluid
attached to the substrate above the cascade |evel. 17.

The nBt hodhefméthad o clmWh eheeth thdiéhatlo¥i RBILEES: JeRH YEESherein
g%rangonl flow of the fluid attached to the substrate

SRrET s drchifies fhevisp of Tsior trrbe lrsteRipE step. ietreduping 8
WoSh@dent 8 ikth Yl BaRBsr th PhieH g%?%;?h %gﬁgﬁnlgée/ (I:haﬁlbgﬁotﬁ%élgh gl%'vent.

The nmet hod of claim llwhereéin e rinc
vent, and wherein the nethod further includes the step

of , pfo. or @ fhdied &\@ﬂ‘iﬁlrlg \if{?gaﬁ%tél% 'i]ritfo(agaﬁ% Eé}g%%?ludes introducing

di spl acenment gas into th 0 pur gen
ofirst figplatsmebegastchmprisihg tigen emhithen REodikdtive aretdaidligiacement gas

' - ein the introducing step includes
?%@?o&%éﬁn 8g’first di spl acenent gas conpri si ng argon

and then introducing a second displ acenent gas

conprq.si ng,ni trogen..21. The method of claim11l

wher ejilh t ﬁfg © TR Oﬁﬁ lagpd | W%Wé“r 'tshe ?%“8%@33@" grpihecasgpde
avelat €ranf oflbetweeanppoRinexdlyasel I fmkec. 10 nm sec. 22.
The nethod of claim 11 wherein the |owering step

| owers the cascade

22.  The method of claim 11 wherein the lowering step lowers the cascade

level at a rate of between approximately 1 — 2 mm/sec.

23.  The method of claim 11 wherein the method includes the step of directing

megasonic energy into the process fluid.

24.  The method of claim 23 wherein the directing step forms a band of
megasonic energy into the process fluid, and wherein the method further includes the step

of lowering the band of megasonic energy relative to an elevation of the wafer substrate.

25.  The method of claim 24 wherein the step of directing megasonic energy

into the process fluid includes emitting megasonic energy from at least one megasonic
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| evel at a rate of between approximately 1 - 2 mi sec.
23. The nethod of claim 11l wherein the nmethod incl udes

wao b@sssems of directing negasoni c energy into tPEr/US2005/006181

process fluid. 24. The nethod of claim 23 wherein the
directing step forns a band.-gf.nmegasonic energy into
the process fluid, and wherein the nethod further

i ncludes the step of |owering the band of negasonic
sastyser paipledity dhe pdeaané Waerin thesterf of lneenie e edge causing the
ﬁ#&?‘f El@%fs.oni% %neréh&\) B%P&?au% tocﬁlgklg]v%%n% ?hre%lvar%ert sh str%E e

0 I recting negasoni c energy into e process PO

i ncludes emtting negasonic energy fromat |east one

nmega i ctxans er. coupl,ed to the edge, and wherein
The stbp eGP PHES St A SR e R DBt B coscade
lee¢jas o nitCofepprogimately |30wan/s¢cdraéssve to the el evation of
the wafer substrate. 26. The nmethod of claim 23
wherein the Iowering step | owers the cascade | evel at

a ratx.of Thppemot FECRIN 23 WHITSISBE 16Werln®$&p 1&Wers HeRascade
Eﬁ%hod of claim23 wherein the Iowering step |owers

af 3 ilepfeeivesgR rPRIOXIpAtelY & -G BfSHeen appr oxi matel y 8
- 30 mmisec. 28. The nethod of claim 1l wherein the
directing and | owering steps are perfornmed w thout

ps & erf
wi t hdiBawi rige msdhodef slaim b stherpinethe diseating and lnavebiag steps are

performed without withdrawing the wafer substrate from the chamber.



