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WO 2004/ 014604 PCT/ US2003/ 002643 POST- CMP CLEANI NG OF
SEM CONDUCTOR WAFER SURFACES USI NG A COVBI NATI ON OF
WOACMEQUSB0AND CRYOGENI C CLEANI NG TECHNI QUES  FI BDDUSIB03/002643
THE I NVENTION 5 The present invention relates to the
field of cleaning contam nants from post- chem ca
POSECIMPRiGIEEADING O SEMICONMDUG TR WAFER SURFAGES USING A

cohuRAtoN i addab BN P B O St Reciiveoues

films using a conbination of aqueous-based and
cryogeni ¢ enhanced (ACE) cleaning technologies. 10
FIELIENOIGRBININ CENTHION NVENTI ON Chem cal mechani cal

o e ieBre eipere ey e e 16 Ph Peingr SpReut i Fom post-

chemicaPhéchbhiefl belishthgd i0FOsnHaGREcER VingRFials Qﬁ{d Cén C})artlcular to the
fabrication, and conpound sem conductor-based device

remoyhef emtar@mantsh@e@\nhepn@ﬁé anschpgicah pelisharg (o] victads and dielectric
r in I q UL send condu

films nlg%ugél %ng%éiﬁ;% of aaﬁe%w Q)ég F}ﬁ%gegg Oerg'%a&%creg (:AéJFE) cleaning

technolvpligsol | ed pressure and terrperature in the presence of

chem cal s known as slurries. The slurry contains
particles such as Cerria ~alumna, or funmed or

&ﬁ@b gﬁfﬁ th surfactants, etchants,
BACK&dkot er ad Ives as approprl ate to the OWP

prOieesisal fmethanidah g)ollblangil\(EMP)J@&ﬁed Q‘@:’lméhmgﬂ@’dl lsplananzation of
consi sting 20 particles fromthe polishing slurr
metalér?é% %IF%mSé{}@d 1p ghe REOcess 9 {abrigatipry g’&éﬂi%ﬂl ased devices, optics

fabrlcké}ﬁoﬁr %&’d@?ﬁlpo %%1089%&&1 LDe®ddbick £ ﬁce{ﬁ&i 'Eﬁ@ Ic\gp process
the wa surface. ese contam nan
involvm’ﬂmlédg [and ootating anlyinf faitsubstrae efthd senfidodduCtor material against a
abr.i cess to %i/oi d degradati on of devjce

wette TG P9 et opBAUE PHFSUE dal dEORTRTS finghe Presence of
chem%‘i@ Eﬁ‘om%@yshﬁﬁ& '"Plllee§luﬁfy ddSRs ﬁ&fbﬁe@%@ﬁ”&@ (@2, alumina, or

ler than 0.3 m 25 Cbnventionhal cleaning
fllmed e@lh roHoidsl sdizd, tabonge rmthe spofactathp etamttan zmhtctthers udxhtlves as

comeei RGP DRSS B CHESRRS SR o of
partidl & Rye theSIBhEIFalhey, oﬁb&ﬁﬂl%&&f@ HRAhEry, %ﬂ\&%ﬂéﬁ&r@-products
wet techniques use f luid flow over the wafer surface

of the polishing dugyriratafnbeliad andhe sofes sonface Holese e:rontmlemy must be

M S N A ——

devicthelitindasd ihteydRetions o‘ETHe(fédﬂﬁ @ht& ra8 dekice P tM§h§2 Partel@Jof these
force of the fluid and therefore
contaminants are smaller than 0.3 pm.

Conventional cleaning techniques used to remove post-CMP contaminants, such as
aqueous chemical cleaning processes in combination with megasonics and brushing, are

inadequate to remove these smaller sized contaminants. Conventional wet techniques use

. fluid flow over the wafer surface to remove contaminants and, as such, their efficiency is

limited by the thickness of the boundary layer created by the fluid flow. A particle smaller
than the boundary layer is shielded from the physical drag force of the fluid and therefore
remains on the wafer surface. The Van der Waals force on sub-Q.3 um shurry particles is
such that ionic double layer repulsion, brought about by the similarity of the zeta potential

of particles and surfaces in wet cleaning, is not sufficient to adequately clean the wafer
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remai ns on the wafer surface. The Van der Waals force
on sub-0.3 mslurry particles is such that ionic
walowdloetshayer repul si on, brought about by the PCT/US2003/002643
simlarity of the zeta potential of particles and
surfaces in wet cleaning, is not sufficient to
of palaxstémwtdee factetmwehel enaings is ot DIRGiedy ©laisquately clean the wafer

USZ 03/ 00 3 of artl | es and surfaces i.n
surfacsy o RAg e MO0 Gort FBRn Pt rE g fo duSe g i Faptaminans.
AdditiHaehdh&idd, 2GR tdo‘éhe?ﬁi:ébl dndehydrbgsh Bbﬁ’dﬁlg Of&tH3Plcomplicates the
renove these smal ler sized contam nants.  Additi onal

cleaniggivepatolitiesdfevetcelehiong mhman@s amdavigiyénarilyrrdiluges the efficiency of

rther i cat es..t he. apabilities of wet
these% EENh 5°r rn%ﬂﬁlrﬁtf@fugﬁalzg fimg%ﬁl?ﬁ y reduces the
eﬂ\ﬁdzgﬁb@;ﬁ@ynﬁf/ b2 dsétﬁﬁﬁcﬁﬁﬁﬁ@tiﬁﬁmtﬁ Tiest %@Wnﬁ@nél"iﬁét't@i}mlques to
si zed contam nants. Megasoni cs nay be use

Slgmﬁf@ﬁ}lm Feduice FhediqumdutidawcTcibirkertsi haboyasery I@Wﬁna}a be dweased in

iy TR € PSRBT, WA S emor
these @fﬁaﬁ%u% (M"ﬁm KoUeY&kicltd of ﬁfhfdh' ﬁdst—@@tﬂ) %Hfr% G c%ﬂg)og&l As such,

efficiently renove these small sub-0.3 si ze
thesepmtalrrlmamsrofnaMomﬂnepmfer@wPa@l urry is conposed. As

S ont nan in on t.he fer . .
P ase O e F B R et RN e o ogganie films in
dual &ﬁﬁ&@&l@ﬁﬁ@ﬁa@éﬂ dfSaddied ragf&ﬁh@r f:lhdllé'ﬁgé “Bo tlﬂa“ st-CMP cleanmg in
damascene |nt§(?rat| on has added a further al l enge t

which miy payvecusRsed ekemistgidsrare whids Tlask fileg @ewﬁ asSd? stop layers,

suct {8084 ChRuen ST Fitrichn A sbichl oo i tpdtodRipc and

hence&iahh&% aeanBll WithiRater2basadonyt dnwm%ohobi c and 15 hence
cannot be cleaned w th water-bas wet cl eani ng. As

sdehsuchhieee issa aceobar ﬂdﬂea@ing teghnigye tv@ﬁﬁniSan@emr@hove post-

is abl.e to re St nan
ove Gl f T EE BEDi A RERERTERE b PR ohafpicpauctor
Waferﬁ\/@f oftier et beticlRtRl FilQE, Bp&difist when ﬁie' s‘ﬁ?fac@ﬁ@ﬁﬁxbﬁ'ch)f)artlcle
when the surface from which particle renoval done

removad iqanedphpbopholie SUMVARY OF THE | NVENTI ON The
present invention provides for a new and i nproved
nmet hod of cleaning sem conductor surfaces as well as

SUMMKRYUDFEHE INVERTEON dielectric filns particularly
yrdro phobi c | ow k dielectric filnms, and CVP etch stop

hespreeent dRYFEIPoBIOVaMS farsaceit antinamrgved method of cleaning
semiconductor surfaces as well as the surfaces of metals, dielectric films partlcularly

hydrophobic low k& dielectric films, and CMP etch stop films to remove post-CMP
contaminants.

The present invention also provides for a process for the removal of post-chemical
mechanical polishing (CMP) contamminants from the surface of semiconductors, metals,
dielectric films particularly hydrophobic low £ dielectric films, and CMP etch stop films
where such contaminants are 0.3 pm in size or smaller.

The ACE cleaning process of the present invention comprises a unique
combination of aqueous and cryogenic cleaning to remove these small contaminant
particles from the surface of the semiconductor, fnetal, or film. At its broadest, the present

invention comprises a process for cleaning such surfaces to remove contaminant particles
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The present invention also provides for a process for
the renoval of post-chem cal nechanical polishing
W@ aPp1woent am nants fromthe surface of senm coPCUSINE (02643
netals, dielectric filns particularly hydrophobic | ow
k dielectric filnms, and CVMP etch stop filnms where
wheregn dhe quereasriinalutles tace st ofproviding ea errfaceaiwhéch hae undergone

The ACE c|eani.ng. pr of, .t he esent. invention
chemilgl g pteel ool CCBRE) ridrdeiie OheSgbitoViRgH aueons-based
cleanifig YOGRBS, Gt (d-RAPIAMLSE Qir%ri%@&ﬁ@ siFRRE afd BhbrtEORERATBA Reaning the

particles fromthe surface of the sem conductor, :
surfacgayith a @92 enylogeninelepning progesss Usinghibisppresesst contaminant particles
: L. nventd o nprises.a process for cleaning such
includify il Soh - GRS B e TR £ 50 L Bt RagiCles gigytemoved from the
surfacd0PHé %gés@%t h'rﬁ@ﬁﬁ&ﬂ%ﬁ@@%’eﬁ%@_ ¢ Juch\ft&hhahB S dth %ﬁﬁ%h hgess which are

i ncl u e steps of providing a surface whic
hydrophahie gerhkencelfifficolifo wiernanitlc aquepus-bateidreipapigRychniques alone.
cl eaning the surface with an aqueous-based cl eaning
process, at |least partially drying the surface, and,
BRIEFIDESCRIPTIONMUFEIIGURESI Ng the surface with a CO2
cryogeni c cleaning process. Using this process,
c BHauaRil e at flpwrehpg peyliging{be wanergl stapd of tetpror 3urtas well as the

proces@%rftﬂil%%l%&n%?n ltiLn as sub-0.1 mparticles are renoved
romihe surtface.” The present invention also renoves

s Higure Qnis amifloan tlsarfl oMiSUE fthe genorl efpagdtes ubad P RI®irfogenic

.and hence difficult to clean with aqueous-based
cleanipg.eani ng t echni ques al one. BRI EF DESCRI PTI ON OF

FIGQURES 10 Figure 1 is a flow chart outlining the

general steps of the prior art as well as the process
DETALEDDESEREPTIONventi on. Figure 2 is a flow chart

oyt L i ni the general apparatus_ used in CO2 cryogenic . .

c%e}é?]‘mggﬂ fgo Al_EBNBESERPPT BRACE clsanisgareceshsumgded in
Figurd NeTHE 'A@l@'cle%hﬁ]%sprgée&h&ﬁﬁg‘gsggt%agﬂe JoP Eféﬁﬁﬁg édéé surface having

provided in Figure 1. The eani ng proc

. CMP contpmirsgts witk astagpeustbaske alanggtsoiitony dptoomalipwking megasomnics

contam nants wi.th a uequs- based ¢l eani n )
andlor iR OGS 1 VIR SBRAGS nd FgRGPE the surfice with a
CO, dpjdehic@eanti®PYdcng. TR Qb bf Weldus LidMnkhE e R ©8eurs prior to
and cl eanin He surface with'a 20 CO2 cryogenit

the step| afgryaegnisradeaning to Pheain thp bost resylteous ¢l eani ng

PSBLAEASH, EHAR BBk ol R & SENPISTRS iy ana
these iﬂqﬁgﬂgte :ﬁib%ﬁg&ﬂﬁkﬁq;lér BEQSELS prRe¥eld dkRemBd iR UNE Patent No.
5,922,136 whicli issued to patent on: July 13, 1999. As a general example, the wet cleaning
process comsists broadly of the steps of rinsing the semiconductor wafer surface with
deionized water, using one or more aqueous-based or solvent-based cleaners, and re-
rinsing the surface with dejonized water. These steps may be repeated where more than
one aqueous or solvent based cleaner is used and rinsing would occur between each use of
cleaner. The wet based cleaning comprises the use of deionized (DI) water which may also
include cleaning agents. Further, the wet based cleaning process may incorporate
megasonics and/or brush scrubbing to further remove contaminant particles.

After wet cleaning, the bulk water is removed from the wafer surface and it then

undergoes cryogenic cleaning. Preferably, the cryogenic cleaning occurs shortly after the
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these may be used. An exanple of such a process is
described in U. S. Patent No. 5,922,136 which issued
wo eoopatesmt on July 13, 1999. As a general exanptBDUS1008002643
wet  cl eaning 25 process consists broadly of the steps
of rinsing the sem conductor wafer surface wth
wet clgaindng i@ deth: dhe posdibiftsont p@ﬁtlclnmaéhﬂmne @isndasb eqyogenic cleaning
and i nsi the s

|
pove RTS8 R ctemnin

procesWh@Kﬁ emhpletdﬁﬁeseqeﬁlr@qﬁé@ Qs desefibeqliMqns. PASRANG! ?@535‘962 issued
is used and rinsing would occur between each use "of

Decengp @and?s. 1?% {eetEdsaSeav c Prstannh gIII,fo npies esfoghmc usksawifig process

incondFRR RES thohre Ceilh ot BARSR i8dmiE et fogms of ervogenic

cleanifpg aatfisAngAyuidReop Vasie assiBg@soni cs and/ or brush
scrubbing to further renove contam nant particles.

AP RN GEARIE @éﬂ%ﬂ’@%@l%@?%n%ﬂmmd QOzeLm@eplresmmeh@:ample

R T r——
of the Silbaritl |cf¢u@§ s prichiRire ﬁldp@rrﬁﬁ%ﬁr@ H@Qﬂp ReshitlAp2R O %@ﬁgh of solid

wet cleaning to reduce the possibility of particle.
CO; sp@Ne PrBilessnimsineddngy gasgews £0¢ Fergann hepﬂ’f@@léks@fe@hdr@ld gaseous

COy 1%%%60@0%& a& eg rlilgl‘%géj etﬁr:l%\élgggle gnt é‘%‘?ﬁ? rP%% i‘fg% %ontammants

are reesedl by @sorhSnta@SEansie byt ﬂlel.brﬁ;geﬁﬁb aktidies oVer8RdindbBe force of
i ssued . December 29, 1998 to Eco Snow S%st ens I nc.” The
adheS'lEFy Sethec centannang RFiiles onst eanSk‘) rsutfaee. i Riig filves AdForganic

contarir 1L Nige %rﬁ% anb%m[){ut I%Bldtf&ﬁl e ki ?\ﬁ@ﬁ {pﬂﬁ (96%' formed at the

_ cryogeni ¢ Pzing vapo
interfages o§ tthe @eyog%m@paxﬂxhnmrﬁ tife Wrcmrf@e n:lub wl &&npﬂ’égsure on the
[iquid CO2 under pressure (for exanple, at 850 psi
pamdg?rd 25C) is expanded through a special |y designed

Pz ACETQFéaﬁﬁH oB3R AN ¥R ag?ﬁe&ht% éé{IﬁBbIﬂiﬂf&ﬁ)ﬁls\ﬁgfe}Shﬁld wafer

pressure ar_ldt erature to drop resulting
surfacésobwdtis oot lohited to gilizn Mdsmajmqisrdnlyl €EnIPeistusad e thel fabrication

aseo m The eam of solid and gaseous
of s BARE R e 5SS e R3S Sompound
semlc&ﬁﬁétﬁir-ﬁé’déﬁsdevf’o%rﬁabfié’e{tﬁhe THe N EH dl@:ﬂﬁﬁ% Pﬁfc%ssr HIPURE $Wused to

momentum transfer by the cryogenic particles
removg\/@p@‘@mngltq Heont gnefel erfacedirodidielatric Hdms owhiahi Ineeyatundergone
Thin fil of. or

he, er_surf.ace.
CMP. %4 eg(re‘r‘(er{ a]ﬁgéergl} e Z?ﬁ)\?@d VeI SHHRGE s 2t HRef dieTeR lﬁﬁsemtended that
these dthlerhatetialguh 4l 4168 bbAkEREn@that R pRodeBY 6f RGReLht IrR'@ntlon may
cryogenl c parti cI es and the wafer surface due to

be appfiegkothemdp asisilanyapies es The ACE cl eaning pr ocess
ncf%eb%@]@ p!:le&tﬁné 1%%59509rpco¥pora Ls V& eglgl%ga e%th\i%]:les known in the

semiconductor industry. Wet or aqueous cleaning is a well known method for cleaning
semiconductor wafer surfaces. Its use is standard in the industry. However, it has
heretofore been unknown to use CO, cryogenic cleaning for cleaning semiconductor
wafers to remove post-CMP contaminants and in particular to remove sub 0.3 pm , or
even sub-0.1 pm, contaminants particles from wafer surfaces. It has also been unknown to
use a combination of aqueous-based cleaning followed by CO, cryogenic cleaning to
remove such post-CMP contaminant particles from wafer surfaces. The combination of

aqueous-based cleaning and CO; cryogenic cleaning allows for all of the post-CMP
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surfaces but is not limted to silicon based materials
only. CAP is used in the fabrication of not only
wa@Rlotoorwobased devices but also in optics fabrPCHUSZING/002643
and conpound 20 seni conduct or - based devi ce
fabrication. The ACE cl eani ng process may al so be used
contammantsetotheerecmved inciading ﬂfmf smuliertsatedsparficlee SWeinek aqueous based

e 56 g oty OSRRE s T o
particlds, il shh@ndBeichhat rerﬁd?@&g? tHat Jb%falﬁ'ﬁ%ﬁﬁ ivlePe ‘Eﬁey}t)ﬁltléﬁs Bfist be

used and that the process of the present invention nmay
removsd fepphiydepphobictvarfacas. Grysigenic gleammgriyr itseifswifhalson@et remove all

I cl tech
CMP B AR Eert LR TR St S o figp nhibitors
whiclChr8 dbEahik irSnAueThedeniAdtives IR dof 198 rphRRA igh cryogemc cleaning
sem conduct or wafer surfaces. Its use i‘'s standar

and wihénpednibe pprtickoremaiel by mmgmc sloeningfibledt oethe walenswce. It

has thtseg rgegbnegg %)r}/s?r%a{{] ?‘El%t t§%€ een(?cr %ﬁ%ﬁl&l&wgb c%eaning is

suitabdé) Aintl NdgsaableC frahsd Qnrtfhﬁowi‘n@c!\thm@to@ fidust8f t30re@MBR post-CMP
sub-0.1 m caontam nants particles_ fromwafer surfaces.
contaminanigs frams Fabaerfasrnandh woen gsel i combinsgon dﬁlﬂéfwet cleaning,

prov1<§ei%lf§10 12 nﬁé?nec%d %n%g\r/]a{l ig t}he(s?cl: !518%“? %K?PM gCOZ St ks from the wrafer

eani ng renove Ssuc m nan

surfadéaééﬁe@ﬂaﬁg hafdfs M@eﬁﬁnycﬁ@ﬁﬁo@ecemmme AN NGbthiabd Shrough the use
ueous- based cl eaning and CO2 cryogeni c cl eani ng

of wentlesung plopeal | of the post-CMP 4 WD 2004/ 014604

PCT/ U 1002643
S RSP ARN Srbehl FATpors, s wet-
knowhaigetheirC k@péutﬁ@ aﬁ rrnéy Hifve | it elitiwdv@r .l BB €0 ahis, Meed higed in

contam nants, particularly the snaller-sized
combgfipn & EENOvErRPIAMinELs drort wiakss tsugf %P%@ﬁémeflmcleamng has not

I
been ﬁ{% rgghg%ngén% 51?0‘[51]1 'ﬁ) ‘leectn | ng %Ee 1££n%'.“ CO,

i C surfaces. yogeni C C
cryoganic | cléng dods netndependiboh the @P&n{gom dm wafet Surfé‘cd:dbﬁﬁ, vatiser, on

used in clude surfactants and [roSion
momdiRRpfREIT WA B B @Lgﬁaﬁ? crePVRal iR, coffwapants even from
hydrogﬁ%ﬂ: 'l?ﬁgsk e e'ctrfboﬁlnti’se 'Irh?gTQH&gonE teha 1%.3/ R eLIRAN il8eration

i npede the parti'cle rerfoval by cryogenic
schentd ®ard exgended|teffurtioar tedhmolvgfyerodsufrbacthosd in whah it is traditionially
therefore been surprisingly found that cryogenic
sed-c| eaning along with wet cleaning is suitable and

degier alglpe cﬁé&hlﬂg;%réd%ssi RenbaEs C&ﬁl@H&i-@ﬁseﬂ nﬁ&@%@'ogeﬁlc cleaning
remove post-CHI P 10 contam nants from wafer surfaces

technaloegies vileeaversestie i the coajior rraobloms wiacdd weith dhe axsé mj aqueous-based

cteanfgRees el @b, RTRLGEDy TR Skl BERT S HBelively removing
sub- oe_as p&%a@ﬁms Rl eh Quis-DaARMMYEHQR) BRI (HERE @8rfadd) @ cleaning

hat ‘obt ai ned t hrough the ‘use
hydrophoblc surfaces. The cryogenic cleaning process works by momentum trarasfer

wherein the cryogenic particles arriving at high velocities on the wafer surface are able to
overcome the force of adhesion of the contaminant particles by their impact. Once the
particles have overcome their force of adhesion, the drag force due to the gaseous CO,
flow removes the particles completely off the surface. Thus, the cleaning does not depend
omn wetting the surface and hence is not limited by the hydrophobic/hydrophilic properties

of'the surface or a film deposited on it.



of wet cleaning alone. Each of the wet and cryogenic

cl eani ng processes nmay incorporate steps well- 15
whp@mol46n4 t hei r respective art. They have not POIESEN3/002643

prior to this, been used in conbination to renove

contami nants from wafer surfaces and cryogenic

Mﬁgﬁqu&mmamm dieraisadsa mbaundagelyadnuned dre to the flow of

the Cdcj]rzdg%ste :(1)?(18} cqie R ﬁrg grcofs W%V(ezinte ant%éy%?r fests itself

differeiitly wiaterths uhhjae Qn@éliamsﬁlabh YPartidd® refRFVENIH rﬁrﬂlég%ﬁﬁ &leaning is
Hence, it is able to renove CMP contam nants .even from

momen ity WRISEIoBT Compawrad & dvdeadynemiq drag ihwet cleaning. The CO,

K t t
T T T -
their phkage through ttdhlaybr, itlse ‘tdl@ﬂﬂytdf(il‘ﬂ@bﬂw%erﬁs p&tmi@%&le&@&ses due to the

cl eani process combjn aqueous- based and cryaogenic
drag fQTGEP HiFm+ Thed8fERiccd Y%O%ve%%wecrvwnwapaﬁmbﬁ 8| messured in
U
s O ol s aital Whep TBe TplnBAS Wife FOBR e By SR Widvslocity of the
cryogettaq partictesefebmatds\te I3ﬁ%r efitheir ngtislnel iy andpis rgwe(nlbs'sthwfollowmg
ven sub-0.1 pmparticles, fromthe wafer surface, and
eXpreS%’r(’é’anlng hydr ophobi ¢ surfaces The cryogeni ¢ cl eani ng
process works by nonent rlagseﬁ wherein the
cryogenic particles arr|V| t Th vel ocities on the
waf er surface are able to overcone the force of
adhesi on, of the contam nant particles by their inpact.
where gyig theyrgdiug @f ﬁ&rqry%ge@sc m%l Redp hsrrsyegraia parracle density, Cc is the
f or o to.the :
Canni PGS S8 ol i PR R mol ot Fiseain S e e 1018 Sauation
shows 'lﬂhblﬁ if ﬂi&evﬁéd%&}?'digth@ aR&dinatis dape nﬂlle &[hxw&ﬁ itk E8Sstant is low
surface and hence is not linitéd b
implyingdh#dhoprvesenie paislas |e§pqmen9@agm§er ch:ag fonee engssirar ¢hoboundary
2004/014604

tayer, %éfl tﬁ@ng%%ﬁaétﬁigg?g&m ﬁlé V\?%/cété'e?ﬂdcm@fn@gm Griyipg g the wafer

surface! sItadlsm shobo tiag dinget pm&leﬁ QafRAritdiat R Water! dupMe®fwithegreater
gas over the wafer surface. However, the boundary

V61°°1t1>’a%r@rmﬁ@ﬁmﬂ1€st050wer%0@n@r the doree ef @cﬂhqsgpnsqfﬁh@cwtemm partlcles on
the wa'f@f: Qﬁl{}hcc‘em&fl egaﬁﬁie%aﬁctﬁﬁ v tl}%yﬁ? gcg%gﬁ] anl N nﬁammant

um trans as COfT'p

pamc1emehelal wavan der WhalsQRcds t6 EWéxﬁfa@@ré §585c Bﬁ’ﬁ@lésolarger than
cross this, boundary |ayer to arrive a he waf

12 pmg mfdaaa@etemusmnve léithe afss aggacetwithi ghveldriity glagtetr tharhé4 m/s.
i A6 54 2 e SRR RS 55 SBE S osnon™

cleaninid ot rmﬁﬁblﬁespéﬁlbg&ﬁ@ ParkieleTRASHUh Fods™h 50 um thick boundary with
avelocity of at least 14 m/s is 0.2 um. Hence, this example shows that the boundary layer
isnot a limiting factor for removal of small size particles since the entire size distribution
of cryo genic particles required to remove the small contaminant particles can cross the

boundary layer created by the CO, gas flow over the wafer surface.
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ternms of its relaxation tine. The relaxation tine is
the tinme in which the velocity of the cryogenic
w@artiotiees decreases to 36% of their initial VBCBUBnmymn@B

and is given by the followng .0 expression: i (2
r2 pp Q91 where r is the radlus of the cryogenic
particle, pp is the cryo3aMRLESrticle density, Cc is
the Cunninghamslip correction factor, and rl is the
viscosity of the nedium This equation 5 shows that

Wet Cleatiig Prb&s®si ty of the nmediumis high, the relaxation
time constant is low inplying that the cryogenic
pakq itemeye eth@e mioslr{ el gfvré@mman@r @@m cfr cemieenslycioy waker in a

n in rease
convé:h?% gl & cl ;%Or?? té? rv&lga\f%rﬁa p & i & FTowing' W, Sg?rfbggleand rinsed

for uli to @ieSﬁnﬁiﬁ@%tH dsidnizd @GEdr. AQﬁédu@l‘tﬁSecE@BarﬁEsf dreeheéi apblied to the
waf er surface with greater velocity and nonentumto

wafery{pg ﬂl@otﬁeappwlmmbetvw s te lean it ifxlter dhisHtaps dhg wafer is rinsed

agampig] ca%at g rgbv\%stlbgfﬁsgﬁf(%ﬁo@ieggg \?l'gt%b f@n rﬁ?f%ﬁ?ia?el one minute. It is

then [daied iial @Ssphe kﬂlsb)dr}\é&n atlefppitadinatetyo 1666 rhm forvap@oximately three
. surface, cryogenic particles larger than 1.2 min
minueSanet er must arrive at the wafer surface with a
A R&hk Eedt Svith 6 ¥ 64,0 1¥eht-
achll@eva%Y% \;e\}?lt ht ePt 51@%1%3411 r éssia— g 1rl1ozzr es‘;salcl:)%sed cleaners may
occurE’moﬁwemTMepsI\eﬂlnlardgldpmbd widher 15mse| betweerc eaohgtep. cSolvents include

any FHEEEEIe SN B fRThDT PRERdm bl £mm water
surfa@ééa@‘ﬁés% iRORYE b &k nohSRRNERSE 1) WURA is hSoMBination of ammonium
limting factor for renoval of small size particles
hydrasiideg élytimgee ek oxids ianel diatsr rigeherally mixed atca yaigemmi the range of from
. hpart ui r g smal | m nant ey
0.2:1 38 1:£155 8 ol G Danete Bt Grlitfs ABonint FdPetiny et ditute
hy drc@%rlga&nﬁ' BWdeNalzed R avaf 8f contehBafon ©.3V 2004/, OBl agents

PCT/ US2003/ 002643 EX, 42VI PLES. Wt O eani ng Process
suitable ferenes /@ p%%tclmngomlémngamwﬁ sush a3 hydrogen peroxide; and

w3 RIUERE YR i NG | SRt SR apon

conw@ﬁﬂmﬁ$ﬂﬁbﬁhmﬁdMédup to one mnute with deioni zed water.
Aggeous based cl eaners are then applied to the wafer
QPRI ﬁt?mttheyusp\/&f IRAEIBATESS ansl/qn lewsh sarubbing writh PVA
bmshte|§'1§' c% iR on. t’fﬁ%s c%!mqﬁesr 'af%s%ll Wm tlli] ?ncfuts aﬂg these well
elonlzed wat er r apprOX|na one

knovm Ili’lHﬂhedS biayi e ubdlie A Brief diesmpalo&mﬂthésmq)ﬁfoﬂebvsads examples of

approxi mately 1500 rpm for approximately three
usable FI))?OCCSSGS howgver any knrc))wn or staIP(Pard technique 1¥1ay be used as well.

O
oF

Megasonics and Brushing Techniques

For megasonic cleaning, either batch cleaning or single wafer cleaning processes
may be used. In megasonic cleaning tanks using a batch process, the wafers are placed
vertically in the tank with the megasonic transducer at the bottom of the tank. In a single
wafer cleaning system, the wafer 1s placed horizontally and a megasonic wand mowved in a
sweeping motion over the wafer surface. The megasonic transducer or wand operates at a
frequency of about 800 kHz to about 1.3 MHz. The vibrations of the megasonic transducer

or wand results in the formation of acoustic waves caused by wave attenuation in a viscous
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10 mnutes. Alternatively, the step of cleaning wth
aqueous- or solvent-based cleaners may occur in
W@ ewenaleost eps wWith a deioni zed water rinse beP@EER2003/002643
each step. Solvents include any of those solvents
generally used in the industry to clean contam nants
medigmofihesd avaves uesulicins strepming ﬂoml mieﬂt@uﬁonauaéom@f small cav1tat10n

bbbl Bl pgahish i b e s Sy e R Mk e e RERRRIE”

mﬁf BELH s@ubiihy 0 PV Al hi@sh RNged OfhelBragh is %oaaphséd b@ a soft sponge-
1:5; a solutron of 0.5% 2% by vol une amoni um

like mgt@naé@mbla Ini ghlrtcempresisible. dt Taigtey agrperothe avafer gufage with cleaning
11qu1d(d§ azuﬁéjou\ggé netulg cfhrec?efcf: ’%}F&L{gﬁtﬂsocﬁg A 'I%ﬁﬁog%s%[ c?o%%ﬂgot come in contact

with the@aren gurfavel Hiszhddit Bg@opBned®r s dlldsegehe paitaxiid@it particles
and surfactants to reduce the surface tension

by hygedyapmaicdrag doreeens &@pl&w‘ii befhonimessedend pushed along by the

bmshC qpits aﬁl&@#y‘ré it OIkPEﬁlt rtﬁﬁot f% tﬁ?lﬁ%%%ﬂﬂi’h@ %oStt the brush

use o soni cs an /or scr vvlth
hydrd@ﬂamh esrelr $he:®’IE'(fi§B Burfddecarl does Imnt tiptueh mmcmhd: cMﬂlammmm particles
fhe indystry and these wel | t hods may
are dﬁﬂ’é&f’d’A Vitemageyispensied o lwrhct g@ﬁﬂﬁéﬁpg@ BRI wﬁ fgm the wafer
fa& QAffiowisabl e- processes, however, any known or
sut ast@{}fg reigutec ni que may be used as well. 25 Megasonics
and Brushi ng Techni ques For megasonic cl eaning, either
eani ng or single wafer cleaning processes may
Drylrlfethﬁgb"# °Pn megasoni ¢ cl eani ng tanks using a batch
Pr OE@Ssviet LlRAnNR! BleSoAk Svaliras edhnover frdhdhd Yydfe s‘iﬁ‘ﬁa&eaﬁiﬁ it then
wi th the negasonic transducer at the bottom of the
undeltgam:rngealosvlngim 3bhenaflls rwateremay g I‘SI}ZQY@inyt(}ImDImT the wafer in

alcohg\f\édp bfﬁ@ “oﬁzg %qurl %)ﬁagfrl]]g%la e\gfﬁgﬁaﬁ?ﬁlgg wvﬁ?x e ban\ﬁ%g me Safer. If
desiréd, BRRHENTe Ahy VossmpleRIPIRS]. at a frequency of about

800 khz to about 1.3 M. The vibrations of the

megasonl c transducer or wand results in the formation

Crvo emca‘g ustl C % s caused by wave attenuation in a
Yo gic s Ang 9°5504/ 014604 PCT/ US2003/ 002643  medi um

T@&Erabl\y?ﬂld @9oigdni¢ bleating adturg shdrilysuften it teecleaning to reduce
formati on of small cavitation bubbles, both of whic

the pagsipility etparfiglsdhesion Boeferabll, the qryespnictrlegingpill Gecur within 24
V
hour%wlgsﬁcgfsteljc%ﬁ%ll Se C%té@agd;%?' ge pl)lg n@é"g‘{lffg Eréc%s er| al“j—é;ﬁlanown n

the iridusthi ghtlymgyobpinespobdted intd theA@E eteaninpggescdsseAamakample of these

urface W th cl eani
techn?ques ?S descrtlbed n Ug P%tent No. 5,853,962 issued December 29, 1998 to Eco-

Snow Systems Inc.

As an example of such a process, the typical cleaning system is shown in Figure 2.
The cleaning container 12 provides an ultra clean, enclosed or sealed cleaning zone.
Within this cleaning zone is the wafer 1 held on a platen 2 by vacuum. The platen with
wafer is kept at a controlled temperature of up to 100°C. Liquid CO,, from a cylinder at
room temperature and 850 psi, is first passed through a sintered in-line filter 4 to filter out
very small particles from the liquid stream to render the carbon dioxide as pure as possible
and reduce contaminants in the stream. The liquid CO; is then made to expand through a

small aperture nozzle, preferably of from 0.05" to 0.15" in diameter. The rapid expansion
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5 liquids sinultaneously being directed through its
core. The brush does not cone in contact with the
wordenisw f ace. I nstead, it hydropl anes over iPCT/US2003/002643
di sl odgi ng the contam nant particles by hydrodynamc
drag forces as the liquid is both conpressed and
of the jigsirbchusdsotitp teynpetature o Wedp resulting it tisr Efrovation nﬁsmltdaﬁl@z snow
. .that,  the waf er surface be hwydrophilic so,.that .
partiely Girineg H Brass Qb eRL MRS St S 06 G HOREY s? cubic
feet pe} ahilitel The e8midTRoRQBAABAIRBIN COB S HiPdR&] AAhéfer surface at an
i sl od they remain suspended in the liquid until

angle @ﬁe’yoﬁ%@ e pbydod degreeshoralambly atsan fgle owbowe% ﬂ@gT@es The

|nc ur.f ace ﬁ¢te wet cl Wl
nozzle s Rty ARsURGef ik R, PE AP B 7' R Rl mieasuea
along the 1H4RALEGIASOTAhY AGEMN € e Q@Ifd:rnmun ?%Mbﬂﬁuﬁ\@bﬁfceﬁameqsiaten 2
renoved by di pping the wafer cohol to displace

movesthaskyge é”@rth ow gl Orig the deltqq'tlan ddHhls| thatrmeofdpe slepnigs nozzle
movesé{ﬁeea f %rthe tIfackqﬁa'l é}geﬁ)lt ﬁﬁ@cglrogiggélg? ?ga}sgqgﬁ) lcﬁ%u%mé pattern

on theow yfeg Quifac e be amhidtgthecstey slzshﬁ)dl istan Iafd @[n b&1@raagdt as desired. The
cleaning to reduce the possibility of particle

humidity fra dhe &?Pampépbalabws PF @fablefyaaaml@daséaw.aﬁ@owblp for example

<-40°(g8‘éw d}g)‘ﬂ%}t IT‘I{E B hﬁﬁfg tir i rprésgﬁtstogfr&?ent W CO%d%ﬁﬁ%’Eg ‘and freezing

yogeni C anrn esses are we

of wateh ont {he waﬂﬂsﬁmc@mnme b@ldsﬁﬁ@é AREALCHe |dk§&1ﬁ§‘lﬁr06€é_s which
cl eani ng process. An exanple of these techniques is

would jaekaasnibg force). of adbagien tenensthg wongrnan iasiclew endritey wafer
surfacg'g% f&l%ﬁl? c SS’%n? ﬁgd%ég%’ggg}/&ttﬁ% THe loWA‘ﬁ?ﬁ 111%% ?né}lg‘ltained

eahi'ng systemrs
by thei flowi cg"unmo%en of hedean| drgndin A scwall athgrghd gt ﬂfeocleaiﬁﬁg pfbcess it is

ultra , encJo ed qr | ed cl.eani ng zone.
importap ghaktﬁ%s GEpsidise ﬁrssetnﬁ éhevé?aéamgph@m?r gﬁ nautﬁqlgﬁéﬁﬂzs is done

Iy
by g8 B S 9 Py o, e
dlrectly behyidlth&j@O;anoZ%ﬂb foo enhdrempetha charge amﬂrﬂﬁﬁtlm of thes;vafer which
is mo Iqre ef glihse thr 0 amfglggfal dgll nrfe)ﬁtfétllqlz It%% tdgvelops by

tnboelééth%ﬁﬁcﬁlodﬁg@@ﬁ{e id¥e of @0)ARodbR l‘ﬁ%z%l% 4 derdds the wafer surface
possi b and reduce contam nants in the stream The

and is hidgdibor tl@dpwilunhélﬁy matdained mxtpendating cbghba. smal |

31]96” i e. n%céme[am%ge iggegl %10(9?{];1 fglre mn%o Ois/ B]tio Q 1§y momentum
transfPCIf W2 @34 0&%6%&110 Qfarfidl6s ltd Prictoot R IRS HRE of adhesion of the

tenperature to op resulting in the formation of
contamjppppagiplesn@wthe wafer surface. Once the particles are "loosened", the drag

force of the gaseous CO, removes it from the surface of the wafer. The cleaning
mechanism for organic film contaminants is by the formation of a thin layer of liquid CO,
at the interface of thie organic contaminant and the surface due to the impact pressure of
the cryogenic CO2 on the wafer surface. The liquid CO, can then dissolve the organic
contaminants and caxry it away from the wafer surface.

In a liquid-assisted cryogenic process, described in more detail in U.S. patent
application number 60/369,853 filed April 5, 2002 and incorporated herein by reference, a .
liquid having a high vapour pressure, such as but not limited to isopropyl alcohol, ethanol,

acetone, ethanol-acetone mixtures of 50%v/v, methanol, methyl fé)rmate, methyl iodide,



particles entrained in a gaseous CO2 stream fl owi ng at
a rate of approximately 1-3 cubic feet per m nute.
wab@4migeeam of solid and gaseous CO2 is directrdr/as2008@2643
waf er surface at an angle of about 30 to about 60
degrees, preferably at an angle of about 45 degrees.
and ethiphbrdnidez sl spriyed prethe walfeysybsiteithaedubng the d:iryt)gmie clehning or

prior tgﬁp S’Iﬂ&hﬁal&gl ﬁg'bggsi)iqyggt%nglﬁees Cgei gﬂm?&{sﬁ%ﬁp fayer B particle

AR a8 1aNAidREP 68S Whibh SyhiRirAb@dhed b grmg% fife 061l introd
removon trgbk 9inthey dlrec?log ile ?ﬁgﬁaré?ggyt redtee

additioppledrign§praesz 1 eemave 81 piarésdes. ylln lighisl maache ﬂprayedt wung any

standalislag]éﬂa?a Isosﬁcl% %gl%\é[;eg?ry lg%}fsftllng 1?0 fg\‘j’\ﬁfeer d Cle?%eélﬁﬁgs for spraying
deioniAd0v&60on halfe sedfacke Aﬂﬂﬁtl@lﬁﬂlyas vap6in' Gftkhe Tlgeid ehay be condensed
hum dity in the cleaning chanber 1s preferably

on theraist sWiHees as in the yapopbsassicd cryegeniq pleaning as glyscried in U.S.
patent Qg]%lgé F]lgpa;{h?)é %é%%] ﬁ'rlegleégn!l 3 9?55 1?1 1%38&&%% é&@v\é tét)Bfereference. The
wafer 13 ubf/ﬁe& vﬁﬂpmetliq&uﬁpﬁﬁﬁwll@r for dpité g thhigited. &#amay e covered by one

ocess whjich _woul d jncrease the force of adhesjon
layer (jeHVRERS (GHelle digamion Vet meavebe dreeatelly waragred with layers to

L e
initiatedi Standeml techlesnardyedasuch Asthose Idﬁsdrﬂredwbhmlt Thédquid reduces

cle rocess, | ortant fhat the
the forge ?@f*ﬂ%%lg? iof e aaﬁ%le. ‘}?Iﬂtﬁgl?%%né%\ﬁ}lﬁ e ypdrbdrfage by reducing the
t [ 0 0
o e ot PR U€ a0 ey i Mo TRErAL e Oz eryogenic
particlesowan| easihy disteige tla cantnh ynapéshiromm thheulmﬁa nozzl e for
enhanci ng the charge neutralization of the wafer which
is nmounted on an electrically ground platen. The
el ectrostatic charge devel ops by O
triboelectrification due to the flow of CO2 through
the nozzle and across the wafer surface and is aided
by the low hum dity naintained in the cleaning
chanber. For particul ate contam nants, the renoval
mechanismis primarily by nmonmentum transfer of the
CO2 cryogenic particles to overcone the force of
adhesion of the contam nant particles on the wafer
surface. Once the particles are "loosened", the drag 5
force of the gaseous CO2 renpves it fromthe surface
of the wafer. The cleaning nechanismfor organic film
contaminants is by the formation of a thin |ayer of
liquid CO2 at the interface of the organic
contam nant and the surface due to the inpact pressure
of the cryogenic CO2 on the wafer surface. The liquid
CX2 can then dissolve the organic contani nants and
carry it away fromthe wafer surface. 30 In a
i qui d-assi sted cryogeni c process, described in nore
detail in U S patent application nunber 60/369, 853
filed April 5, 2002 and i ncorporated herein by
reference, a
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l'iquid having a high vapour pressure, such as but not
limted to isopropyl alcohol, ethanol, acetone,

we@tdhanoleoacet one m xtures of 50%/v, mnethanol , POBUR03/002643

formate, nethyl iodide, 9 WO 2004/014604

CLgﬁiﬁ§52003/002643 and ethyl brom de, is sprayed on

waf er. surface either during the cryogenic cleaning
or prior toit. The I|qU|d may be sprayed on the

surface e|t er as th er f or dcle r val .
. & PSS fowitag armeyal ol ﬁh?few “d’iﬁ@ jshipe (§RgB) Cottaminants

R YRR AN seﬂﬂéﬂn@uctbf]%ﬂag UGEtal, Qﬁj Gl %}ﬁéns@ﬁg%e steps of:

orces to remove the particles. Thé |iquid may

a)) r Ayt dleagiing thnsurfee avitaddonippd mmmnslﬁurmuaomefor golvent-

hlng E%zzle used in wet benches for spraying

del fee e Waler on wafer surfaces. Additionally, a
§pgw[eaﬁfpmﬁ11§,ld9yih g ievirface;@aadensed  on the wafer

surface as in the vapour assisted cryogenic cleaning

&} Gewgenieadlyi dleagirg ﬂlepaltfmwﬁlp@ﬂzcatl on 60/ 369, 852

filed April 5, 2002, incorporated herein by reference.

The wafer is covered with the liquid preferably for

. Uhd proteRB 67 BlaiAS: whereif@theb@rfioy 6§ partiaylyaited Byayies r@hoval of

sprayi ng of the liquid or the wafer nay be repeatedly
byllayelgr-wi th | ayers to ensure that the wafer remains

- wetted. After this time period, the CO2 cryogenic

spray is initiated. Standard techniques are used such

. &hd froses dFtdimbedhaletvibe siifacd is qubsantiadiyraeisd. t he

force of -adhesion of the particle contam nants on the
waf er surface by reducing the -Hamraker constant

. %@p%% eﬁ cé&iﬁggv{l{ n\f %fékrtg) éﬂg'gl:n?g& éﬂé?t@ gglf ! sghE ®he surface

mmh algioniadd watam dldfaﬁlr%u teamefact OWiﬂD @0 aduddbd &4 solvent based
/ US2003/ 0026%6 rocess for the

rc FAgh P rrinsRgthe spe ﬁ‘i?c‘ﬁ’élﬁ rlelam%@ Wal#i ng (CvP)

contam nants fromthe surface of a sem conductor

wafer, metal, or film conprising the steps of- 5 a)

. \idie ploemsi ofjclabe swhépestop (4) cthencaepriseatrepeatimg) the steps of

lvent - based cl
SR T RERG VB T a0 AROD) BrPHRRkPISERT pleaners and

r?s%ﬁgtﬁgsh?ﬁcéuﬁ&laﬁoﬂuefdhvﬁsp 10 2. The process of
claim1l wherein the surface is partially dried by the

renoval of bul k water.

. The process of claim 1 wherein step (a) comprises the step of buffing the surface

with deionized water and/or an aqueous or solvent based cleaner.

. The process of claim 1 wherein step (c) comprises the steps of expanding liquid

CO, through a nozzle under pressure to result in the formation of solid CO,
entrained in a gaseous CO; stream; and directing the CO; stream at the surface to

remove contaminants.

. The prbcess of claim 2 wherein the bulk water is removed by dipping the surface

in alcohol and slowly removing the surface from the alcohol or by spinning the

surface while spraying alcohol on the surface.

11
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3. The process of claim1 wherein the surface is
substantially dried. 15 4. The process of claim1l
wob@neiawost ep (a) conprises the steps of rinsi PQI/UR®03/002643
surface wth deionized water, cleaning the surface
; v . .
D e L (o BiroedE Py oy e bRt o
diqiidnhdviniger bigh wipepr pedssifresr ad allovwing ilsekquid geatinan on the
t he stgdps (Pf. Rl2/0 cldgcgfning the surface with one or nore
AE60 LT G s BPY BF{OddERC c| eaners and  rinsing the
~surface with deionized water. 6. The process of claim

1 wherein step (a) conprises the step of buffing, the
10 sTiref progessviftaite ovlieradd steat(e) impravestedaby drpustenssologovering the

T L L B N O S

| drf U1 BwikEhevAhowab rénRinZal tBe HRERE FBE QSRF&R] piddaTinte.
in the formation of solid CO2 entrained in a gaseous

C2 stream and directing the CO2 streamat the
1 R RSs (R e Rl BEFRTAREN wndin, 068 o GF TR of smatter

tiemSHIsuface ofMa 3bERBAuARIWRFQWMNEtAE B KRE, bRRiuced by post-
surface fromthe al cohol or by spinning the "surface

vitiemacal pngehianicah nobblongoel s3id sumieqraductar wafer, metal, or film,

2004 4604 [ JS2003/ 002643 9. The process of claim
7°°83F¥%%§?%49‘§t5§g8 ') is preceded by spraying the surface

i)t (We tlegiing thawuidcd ddh@hisingpeleiniAke BRURRTaceN@ith deionized
allowing the liquid to remain on the surface for a
desiVad, pleaning thy surfage with apoaqueres-bresdeesanst it fajopized water,

desia ek _
g O RRFRERe i i SARHAY Rlic iy BF Blieole BN 0°

for g ledst patibily isAsgihtaofadhietinoning dolt witkwhadg t he
V%pt%f” to-_r(fmai on the surface for_a desired period
ot Gryesenicplly acksprpg sther sprfaqee WikhdvS 6PmpBRpanilivasteps of

havi.p o 4QuRf 3 r f r e;

of g gaé?%l@on uct g(rb Z\A/a?]g&fghng@ %Zf‘eo?n%llg]f rP]rr &g]rl%d Edé er%:{ﬁg(ym the
pos tferntiem afsolidedDretcahedpinl & ghicogs dFOs5 atrehm, and directing the
>em zgsgc%gltnoz& tl}ll\elzasfu?{abe o Ee?r{o’ve %rontfallfngnrgnts.conpr 'sing the

ste

12. The process of claim 11 wherein the surface is fully dried.

13. The process of claim 11 wherein step (a) comprises the steps of rinsing the surface
with deionized water, cleaning the surface with an aqueous-based cleaner, and re-

rinsing the surface with deionized water.
14. The process of claim 11 wherein step (c) is preceded by the steps of spraying the

surface with a liquid having a high vapour pressure; and allowing the liquid to

remain on the surface for a desired period of time.

12



a) Wet cleaning the surface conprising cleaning the
surface with deionized water, cleaning the surface
wowrah/oamoagueous- based cl eaner in dei oni zed WaP€T/PS200%5002643
or buffing the surface with deionized water and/or
L 3 e b PG T SR (PR Tl Bk v Zi B By qrprine the
cluface wigh bivepewr dfadeguidihaviog? kighpepairpgesstie te tepeedic force
expanding Liquid CO2 th h a _nozzl e under .pressure
0 P@égcm-gurﬁqe@ﬂgw%r allivige B angurispreamit an Aerfioe for
e&&gﬁ.&pgaio(g@ftﬁhg.eam and directing the 20 CO2 stream
at the surface to renove contam nants. 12. The process
of claim 11l wherein the surface is fully dried. 13.
The process of claim 11l wherein step (a) conprises the
steps of rinsing the surface 25 with deionized water,
cl eaning the surface with an aqueous-based cl eaner,
and re- rinsing the surface with deionized water. 14.
The process of claim 11 wherein step (c) is preceded
by the steps of spraying the surface with a liquid
havi ng a hi gh vapour pressure; and allowing the liquid
to 30 remain on the surface for a desired period of
time. 12 WD 2004/ 014604 PCT/ US2003/002643 151. The
process of claim 1l wherein step (c) is preceded by
the steps of covering the surface with a vapour of a
l'iquid having a high vapour pressure to reduce the
force of particle-surface adhesion; and allow ng the
vapour to remain on the surface for a desired period
of time. 5 13
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