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CLEANI NG OF SEM CONDUCTOR WAFER SURFACES 10 JAN 2007

POST- CWP
USING A COMBI NATJ"M“MM S AND CRYOGENI C CLEANI NG
TECHNI QUES FI EL NTI ON 5 The present
WREH{OI46P rel ates to tibsessf i el d of cl eani ng PCT/US2003/002643
contam nants from post- chem cal nechani cal polishing
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COMBBRINTION OFRQUEO B AND GRQIUGENICfGIJEIiENEﬂN(ITDE@HNIQUES
conbi nati on of aqueous-based and cryogeni ¢ enhanced

(ACE) cl eaning technologies. 10 BACKGROUND OF THE
FIEDVEOF Tt Srepneahnnechani cal polishing (CW) is used

for_the gl obal gl anarization of metals and dielectric

fil ke PWS@F% eesdates tq A ffigldt ofonletning spniaminenisafend post-
chekt@i¥d1 CRSohanieRt bcﬁﬁhmga&r k&ﬂ&ét%cto@%atmgﬁ;ﬁd icular, to the

sem conduct or - based device fabrication
renpyvak e sontgningwts |afters chemica! rrgechanicalopelishing) of tietals, arfd) dilectric

s O5bL L il AR LRI ) i

tecm?gcsature in the .presence of chemcals known as
slurries. The slurry contains particles such as.
Cerria, alumna, or funed or colloidal silica, along

BAGKGROUND OBRTHE INMENEION, and ot her additives as

app te to t T ess | owi ng t he CWP
pr o{;gg’%‘ a @ﬁ?héf’ﬁcﬁaﬁchl\lbé‘gn ] Fgigsd éb e relohaf qdanprization of
metdbearbdibittiodibat Ui thy préddeyd L bficAdd e dilfedh1Basel WetiYes, optics
products of the polishing slurry are

and.reaction b
fabriggtjony, ap ﬁama?f&@h%ﬂmlé\w Qb Fsst devies SbECRBAR- ahien &V process

invBWes hIBingBAPMAhe R theY, AbCsuBEYatf b thB %Em%rﬁﬂﬁ:tdr%ﬁtgﬁl Lhinst a
fabri catl on ‘grocess to_avoi d degradation of devic

weptet pRbiting pad iadentsiied iPorssHe Ak dEpEabreoin e presence of

cheh@i¥al€ @nowiaay sﬁ@lﬁés' Thesiely $4iRaR pAOBkANICRAR! TeRi£ alumina, or
smaller than 0.3 m 25 Conventi onal cl eani n

furpeel. 1R Qieidal, siige:t Alopg Nkl SyBaetantspeichmisa other widighyes as
apﬁ%;t)neﬁgibetﬁb' EMPBRLER! ralRan /R M%ﬁéégscé)ﬂtahmlts%&i%g of

megasoni cs and brushing, are” Inadequate
Palftlé%@emtth%@lsmms]lu@w diemiglcaidedin tha flimy, i@mh‘@&cmon(bmﬂiroducts

of ‘ﬂﬁtp('ﬁl%gé] E g.H‘z %Iéjﬁﬁ befn'!nH ! Og.(}flg g‘}%ﬁ? \éﬁﬁactet e\% C%n de.rru

to renove tam nants an as SucC elr ertic
rem@edmnm tce@ybﬁarthﬁestftmu in Kiree B fabkicatinn iossed do ywmdyiegradauon of

SEERE 0\ 0 B ST IR

coﬁtamnmmsﬁretsh:auéﬂ tharr[) anpd.t her ef ore

Conventional cleaning techniques used to remove post-CMP contaminants, such és

mn?s 1)1}1ust be

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-0.3 um slurry particles is
such that ionic double layer repuision, 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 gmslurry particles is such that ionic
doubl e | ayer repul sion, brought about by the

sl ari of the zeta potential of particles and
?l?%lé@)é%&%ln wet cleaning, is not sufficient PgT/US2003/002643
adequately clean the wafer 1 1 0 JAN 2007 WO
: i.Cl
o Pl in P S e P4 Aol f pER A clon the water
surigeqdatsurly tbe dlwid tflow whofee mot sembec theseAsmsllier hsizédh eontaminants.
d 0 Y% e smaller sized - .
AdTRUbE Al 58 0 HoebI0R) Bt RERS ek P, SERE opaficnts e
cleamug tapdbibgesoilvon diemgng ftenhintomes aingyi Sah@Eredhess the efficiency of
' LIt of. t_cleanjng techni ques and
thegél Ig‘ﬁ. %Eg’af%? P@/Q{Fuel% Efg%'iert %e\ggcf)flﬁﬁlgﬂ%y of 5 these
pr obiegssesics may bE urmdiing:d_ixjmllcﬁa_i with ZRee é‘dixﬂérﬁi?ﬁhﬁlaﬁét%chniqms to
: asoni cs e, us in.conjunction with these
sigdSRGRR R R hormet e BudlRls 165 e et oy Betrsesascd in
thidkaessoounsiaiy o ayRitzt Bicweves Sit isTHE RAURER ieHRY
be so?ecreagﬁe% ali n thickness tQISO. 5 gm at %ﬁmﬁgﬁh remove
thepgoipaalb pub-9.3 ppssiged partigiss of WHi¢hopash€MPosterd§ iscoammioked. As such,

2 : mﬁ?ﬁ Sl -0 m si zed particles of
thev\h{sgﬁﬁ]ﬁ%st- gq%ut{??%%?%r%%ﬁ‘%(bsed. As such, 10 these
conTheriseanftiew ketielbatrio ffiltds eustabetarturdopedoxid@ortts @S films in

o) dielectric fil uc s_carbon-doped oxides or.
) Whlhocth ety hey SRIeR el SIS Pl S inpeige in
wha:hlfamﬂ)t mboﬂmt)éﬁlgdﬁisﬁﬁe$ l&? pe&t T}{&Pﬁﬁﬁﬁ@@rﬂgﬁ @Lfﬂ). }Mgpqum,

onl y.aqueous:- based chemistries are used. These filns
such as,figon ?%Seps‘z‘f%mﬁ%r and. silicep ipxytnge e gisnyc hiydserbebic and
herttk @0 béélednkd rithdatkrShase® MRt ¥antist ri de, are very

hydrophgbi c and 15 hence cannot be cl eaned with

wat 8F SBHs it 2 BPEaRT } Cleaung fehpiaynwhish jis; able rie arngvsrpost-

CMP Gb@aninasks tvidH k@UabYEBCn Bﬁaéﬁ{?nels erdif? _tﬂc-]e HRYR e %%S&%nﬁjé:%ctor

contam nants which are sub-0.3 mparticles
waery prethergretdapy diglseitie tfolms, owpreiplly whendhé surfave timbswitich particle

rerfdval RGbAd & hldlbpRobiespeci al Iy when the surface from. '
whi ch particle renoval is done is hydrophobic. 20

SUMVARY OF THE | NVENTI ON The present invention
SUMRARP OF PEEAMANARIN TPr oved method of cl eani ng

sem conductor 'surtfaces as well as the surfaces of

net dhs prefes| wgention, provides foard hewladd | hprdved rra@hedE cleaning

] ielectric films,.and CVP etch st filmg to -
senn ity ShBE 1€ ! B8 o8 APt of et SBiectic Bhms partiutarty
hydrophobic low k dielectric films, and CMP etch stop films to remove post-CMP
contaminants. ' o

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

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

invention comprises a process for cleaning such surfaces to remove contaminant particles

2
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The present invention also provides for a process for

the renoval of post-chem cal nechanical polishing 10 JAN 2007

(CWP) contami nants fromthe surface of sem conductors,
B os014664 €l €Cctric filns particularly hydropf{}l\ﬁ%
k dielectric films, and CWMP etch stop filns 59005/86%43
such contam nants are 0.3 in in size or smaller.
whPksin AKGE podeessn infudpd @02 Stepsf oft PR viaiS & Nurfudty e,mchorﬂas undergone

S .a_.uni nati on of aqueous and
oG i Bl Bnitine, SCREb diePines ined uiFace Cuh o Ao based
clepaing ipedcess, bt @Bt tpagiaBy rcfrgﬁ,g 8 surf¥Ge, SQH] s@lgﬂgfl{ﬁérgéﬁer cleaning the

tal,, or . film At its oadest, the present
ANt 8% di%?%%’é@%%ﬁ@%%ssf‘&m& thas priopess.sa@ptaminant particles

mdh!ltfﬁ §841 u8-0.8 TV St 2 1.0 J

2057ga T P B R %gggo%@q%géﬁﬁp%é?se”%mﬁ%’% from the
Smg;;@;i@; Pleplt daesptiothel sot I@p@vcsf syoh @Enidmn:gnl A fﬁ:}ﬂ El&@a.‘bh es which are
h m nec i ca i shi hg
PSR O AIRE o IR R s bl aone

cl eaning process, at l|least partially drying the

VT34 01l R% eafter, cleaning the
B surflzge W Oﬁ%ﬁ@f}@‘g@i c cl eaning process. Using
t hi Elgum)besa; flosOeHaf T Ring RS Eéﬂéfa@%tegs bNBE YAbP Bt 30BN as the
as well as sub 1 mparticles

articles.
pm%?ge%o?e D¢ I¥E%P"e  surface. The present invention

al sB1guB£nD\l£§ 5640 Rh40 BRLAMIAR HeSodnb At RE i e
hydr ophobi ¢ and hence diffi cul %nt 0 cﬁ% ﬁéﬁ\’m (962 é?}‘g'gg'f‘«nlc
®ous- based cl eani ng techni ques. alone. BRIEF

DESCRI PTIO\l G: FIGQURES 10 Figure 1 is a flow chart
g{; : i.nin eneral steps of the prior art as well
%ﬁ ON the present invention. Figure 2 is _
a flq%&a%t hgm Al Benihegeneral ratus used
- %XEE X clgletan‘lgnlé 1552& Rl% L‘E%E%%;%Eﬁ ?ﬁ’f’?jﬁIW’deedm
1&%% ﬂ%%%l%gprtl%ssg@mw the stsps of clbh&ngAtBE surface having

cle

. CMP esftdiBiaié RE@SH ah&oﬂsoﬁfdsgc?aﬁéngné ot opéog%{gl W@n& Hggasomics

cl eani ng process corrlgol ses t eps of

andr brushings s atane Grpu Wetenfromrtbasunatd andcleaitRots siaseeith a
C@'c%@iﬁbﬁg cRehiE| ;stessoﬁtﬂ fﬂk&y aqtﬂg'o 19 egﬁ,%?s gal?]yéggudré grrlor to

brushi ng, renpving the *bu
theztrg of F@'@gﬁmgclmmnanm‘baw ting elst msﬂﬁ Cx2 cr yogenl c

B R T N ——
thesd oapii lmgused o a:xam;ﬂh eobeadh &afbdebs is AR G M Patent No.
5 95293 g 33731 g% {Jvfpgs o 091%333 1980°Asa lg!%q&lgﬁﬂg%ﬂi: thew clpaning
propess cessists Srabeidy lof lﬂﬁdsﬂeps Wf Sinsiia {88 seliRonductor wafer surface wwith
deionized water, using one or more aqueous-based or solvent-based cleaners, and re-
rinsing the surface with deionized 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 cornprises 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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5,922,136 which issued to patent on July 13, 1999. As
a general exanple, the wet cleaning 25 process
consists broadly of the steps of rinsing the

S or wafer surface with deionized wa
‘%mﬁg&@gﬁkﬁ%r more aqueous- based or sol vent - ba%‘éTtﬂng‘m’O“““

cl eaners, and re- rinsing the surface with deionized

w%ﬁﬂ&{nmérhﬁﬁ&iuﬁé %Spmm%e of pR&ak egdﬂ@l%ﬁ EsiIRd C?Fd Exﬂggemc cleaning

one aqueous or solvent based cleaner i's use
PRofeiSshiyevigtl Erogeciartho adyienansandy bs éncofporattdmtrethe AURcleaning
8Gs. DAS R bR el
Phater whi chb a‘{?m% g&%&l?e%g d%isg@:%eghﬁég% %trr#% %dgsg 86% issued
Deggpbger 291 H8%weto [Fasdtow| Sustemg IpICOC"EI&S dBdgenic cleaning process
k rysh. scrubbing to
m é a%H ?;et%gg ggn? %%hﬁfg{}‘gpar callj%s ﬁiflf’é’FW%eqorms of eryogenic
Cl@ﬂrllelgnuhlgzmg henit ehddomapeur dssistueeoved from t he waf er
under oes C geni c cl eani ng

f
r oo S PRk of £00 srRinid Abne HRHE Sy wisr oty Cor example,
atb @i 4d25°8) &k dlpahdbl thidlih a HRiABP ALY dérﬂsﬁ géﬁzle The rapid expansion

cgz US%OOS/ 002643 wet cleaning to re
‘Jg?f Wy qepses e I3EPRic P teREFREE th dropt raswdtimenin dreyfompeation of solid

CO| @@Rk HirtidMsQaBaS6S el ?aéé@{lé C@&Q&Q@F{gnﬂ@ SrdaAUst 8&% ancgﬁaseous

er belncortg%(?ratedmot he A aning proc
C lél‘?drfé:teéif atithe wafer sufask geneeving thd ewmtanhieshts. PatticBate contammants

ark’ ?Jnfdﬁ{red\lgy n%rﬁéﬁm?@t%né qae @ %’E? f‘églﬁ? %\Ze%%x%e% §l§ fS)rce of

Eco- Snow Systens I nc. cryog
adhestosy fy ﬁteeéorltﬁnmamhearﬁ&lis cine thai wgaqurr oafss TEY HEOof organic
dnﬁﬁgﬂ f, eni aning ytilizing
I qui %%1%%%%%% r&ascg%sé ance. g {lé{Q?f fopppd at the-

interfaeey i the c:lrmnmn artidlayuind (Belwafet e;ﬁrf@cfee&w{oeth@fﬁéssu:e on thc
agple, at 850 psi and 25C) is expanded through a
speC|aIIy desi gned nozzle. The rapid expansion of the
i qifitee éﬁfsebafhefpmoessmaﬁ ba][aﬂpliefﬂg@ rlsg&%ggdmr WaPRs and wafer
the formation of soli snow
Sugfgcr%%lll%: tggnééﬂ Hqa.2 piliogn éaﬁfgs“éﬁ?f’sa Beplys (Mt userhia the fabrication

ofstht e amlyf sik@ii umndd@e@eom akéBinl ophtd ERlRAEH ;}da compound
seﬁ@gr?duétor-& ace I elnD the tam nant s. Parti ¢ul ate
contam nants. & ée ;‘ (Flegring PaessIsanashglse he used to
rempyeo gentamipdts mhﬁme&y @ﬁﬁﬁé‘s "id (d381cb0H SRS whiBf A8 Bibiergone
C]% Wa}? conttﬁn} nant, E@r"tl ¢l es on . wafer sur
§ Mg afrE ¥o maé%swé%ﬁ»%" axe asaddernim dt igyntt:rtcEd that
theke Sﬂ:(ﬂ:ruhht@ﬁal@fnaty%ofbé ¥kd Bnd tEhE &%SE gf {Eﬁgre%grft 1?ven&on may

bl nter of, the cryogenic particles
o4 E’ £18 1p 8 SHlar BiagREsUr e on t he partl cles. The ACE

Cl eTHNADE 098I BYoRE ARR nguct or :

waf ers and wafer - Surfaces #0%%8 CI gl %g’élauetsolmown in the
S?ﬁ";{’i;‘éﬁﬁob Hé‘éﬁif}ga\f’etr Pragqyequs| gleanﬁgfpxs 3 mﬂgmovm nﬁdilgod for cleaning
se a6abi 1O ased devj ces but

also In ogtt%if%s ?rf’qg%sl f:)[zlélkltl}i%nl4 aﬁﬂ‘{] q mdustry. However, it has
heretofore been unknown to use CO, cryogemc cleaning for cleaning semiconductor

wafers to remove post-CMP contaminants and in Pparticular to remove sub 0.3 pm , or
evensub-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

10 JAN 2007
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20 seni conductor - based device fabrication. The ACE

cl eaning process may al so be used to renove 10 JAN 2007

contami nants fromnetal surfaces and dielectric filns
whi ch have undergone CMP. Whenever the terns "wafer”
owowmaMemsosur f ace” are used herein, it is i ntBE&TGE003/002643

that these other materials may al so be used and that

the process of the present |nv ntion na
contamitesth orbeFemPKed RFufES s Sm*é figed A@E&ﬁ R’gﬁ. ‘ﬁ ga‘l“"”“S based
c1 LGS Sof MERLAR 1A tETovE a8 T HHROcon e Q&tlklﬂﬁt\lmtherkniaﬂ‘@—sued

semconductor industry. Wt or agueous cIeaqu&g?é be
pawiiiés, kmbisnnateffipent fip reragang s Foneapnaats HirLe gs must be

re%%%c?ﬁ&ﬁ hlyt ﬁhé’lﬁ@%eﬁcgst andlaesic 'cﬁaﬁlﬁgb ¥ RsHis#1Yalso not remove all

ret of ore been unknown to use
CMIPyagemiivants. edditivgs fuerd inl @R ingudeorir fetreta éng FOH&%%&“@*’“MS

{0 remye.pos r el
whhaFeorean® B, IRGPARENAS R o efloll Wt LyBenleoaning
anidakill iedpede fhe partivkf remowgal ibfy atygenip plehuagg gﬂlgﬁ) op therwafer surface. It

use. a €o
g eI, Do B ey e i S3gE EOMERE AR flln wot deamioag i
sustdBlz ROS deddMbleC fuit adel marie pantcomduetsr fmdmiryvatberemove post-CMP

TP R R e P
prQRes BYihe éhAnddd J4hbvE06HTthesdbond 0 Gel- @34&940ntammants from the wrafer

PCT/U82003/002643 contam nants to-be renD g§gad|n
su:rﬁaee espedidlbrhasd teedlequaiyidraphelic sugces rtha&d]&"é S use

? ga?dgot sufficient to renove all of the
con am nan particularly the smaller-sized

par t Eattesf tteneeti andneryogsinfq eleaning processefomAY) gnqomperate steps wwell-
kﬁg?vg%x am %’1? Er% Vé’&? eeauIth b S h{We%ter, bﬁiorrf%mse q)et:ﬂ Qd in

acCes. O enic Ccleanlin | tse
cmmnbinaacbrstw 19OIOVE egniAneingits frsmcmfercwrﬁa@pmaﬁ ﬁtyegewateﬂ%?s not

b%?ﬂe] :jug: iMRe V\%ﬁi Jﬁo%ﬁu&w LAekats BRGvE %&mncontammants CO;,

ors are organic I n nature. These
ad@eﬁmw@amnugl doesmabt dapende nn\ﬂe&jwwutlzt of itheowyelfat surface dut, miper, on

and wil | ed t he artl C £r
b PR oo Rt Bl SHRFE M EKHRARRIR: oven from
hiaeipabkic gow eanelscun@ ﬁilms sy thepefond, edables treyagpertlow & integration

cl eaning al o wet .cl eanin
SERETY e ai L bR oY offhs R b B il mditomally
ukedove post-CVMP 10 contam nants frontmafer surfaces

and, when used in conbinati n with wet cl.ea

pr ovi Thes ACE qeﬁ@nénﬂﬁﬁé%dm RS ATUEUST ﬁsgge %Iogemc cleaming

té&glo%g‘?bs MoC %@Hlé‘ et shafor OftobiBAs Viade@ ! witls Uhd ase ,of aqueous—b ased
especially hard to clean  hydraop hObIC surfaces Yé&
camnmclmomstamugw iRt bRy aaawnrfﬁfeatl gremo ving

ch,of 1 t a
(:6]0 3r3 X5 g{}ﬁ -5 %O& ﬂby(pg H'Ll?;agt\‘,féwllgs RbRGHP HAFR 328 e"BM cleaning

in their respective
kf:ydroph'Bbfcyshﬁﬁes riE}Ie tryogener plegmlg) [pracesst wprks Wyememegtign transfer

Wﬂerem 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
on wetting the surface and hence is not limited by the hydrophobic/hydrophilic propetties
of the surface or a film deposited on it.
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conbi nation to renove contam nants from wafer surfacesy g jan 2607

and cryogeni c cl eaning has not been used in the
sem conductor industry to renove post-CW
contami nants. CO2 cryogeni c cleani ng does not depen

oW MGt i ng of the wafer surface but, rathBfT/U 03/002643
monentum transfer. Hence, it is able to renove CMWP

cont y/
di elﬂemuc : {rgzt%c C?% ﬁlc%%%gmhgrtg ﬁ%}#%{ % ‘?‘g’%gﬁ’aﬁf“ \ﬁl)rﬁ%d due to the flow of
thec ©)6Pergab owek the tvexje;rasurfane Howevre, the beundxtye tjedntamifests itself

er cnolo mthseln ichit is .
dltfeyeléﬁ |sc1)ﬁr$ gl ﬁtﬁe m@ Cgﬁmm;& R |rﬁI§‘°‘6 o]8e§1§’°%?8’rf’t)|°r]1€é’§mg 1s
IMORGHEONS tdam%xd afl rmdmpmysd; ge nhyairedyaamicn gxagt &C k| @hiess. tThe CO,

over cCone bl ens, faced wt e of .
o R i 5ot B bR DT Y516 B ah g el S face. During
thd111 phadsagd thfbugﬁ tﬁlhﬁy&pﬂﬁd@bw}} GBABE criyBg il Wﬁél&@&e}z’reases due to the
vin articles, or even sub-0.1

a%rcao erpr E%F%We]gﬂbf gcte weﬁcm% 1s measured in
texﬁly ds PR &ﬂi}&h&ﬁ' 'ﬁfn%c?ﬁe reldX8tiéd HRAYENIHe the ﬁpmhﬁﬁeoggﬁélty of the

wor ks by monentum transfer wherein the cryogenic
CT9gFR CCaEtEC et Jectrryrg 1B 6hiof Fheirdnigial Yalesityend fshgiverdfyethe following
exsddigge are able to overcone the force of adhesion of
he contam nant particles by their inpact. Once the 30 " -
particles have overconertt h@(%lzfppﬂe)é)'rpf adhesi on, the
drag force due to the gaseous CO2 flow renoves the
particles . conpletely off the surface. Thus, the
wizteen iy the raifssof el crpgReiR@artior, pek th éééﬁxcﬁidfﬁc%%nﬁﬁ? Ccis the
hence is nat limted by the hydrophobic/hydrophilic
Cugpigysham g cogfecim faioF] wde i tha wscosmyd@f & inpesighmo LS .equation
643
e e ) e ey Ropigh 92%%%%%%% Hpgpant s Tow
implizag Ufah thewty ogamic Perticlse eXtetmmcsta ereatrs d@’BZfogas:mymg thdeoundary
f f; r | ni fest.s
a8 ﬂsuﬁﬂgllgqgsﬁ%#%xg %fctheé]iteﬁglﬁiéi Qfdymo RS AL E Sk the water
Suﬁ%ﬁet |Ié|aé60r%1nw dhatlarger potees @:anc#rean jah g:q wafemmﬁne uwith greater

M dr
Yee IE eani ng. ﬁ%%‘%gc@ trn%otgéé%l;%d%gr HGRE A oéltafndnaaié’g?des on
the Wiagelb surfgter gml ex;tmplet calautation shows tiae twvaéBbves 01|36 €contaminant
e t hr ou his_|ayer, the velocity
Pﬂ%{“f%@e@ .tb;Y/ n‘?fe R omesto 4 &\Lﬁé Sfage (RO gepLo DREticleyy lagger than
1.5 @iCén Gj?m:tetb‘? st Ai@ive QE (Ra%Fer SirM& Rith ta)’veRfmt& I}?eatﬁ than 14 m/s
cryogenic particles is neasured in terns

ThssVeleaityolf tqhigyablynwith dypisedt 4BG¥¢S¥1VWEIOIZZ§€St hvectt asrmm FcoSnow ™

I e
a \g:lomty dfyat 1dast ]f4odnlsoy\Dﬁg.Lm Tene fliie Sﬁdnq:ﬂe stws:thﬁcherb')mBﬁary layer

is not a %mltmg 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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where r is the radius of the cryogenic particl e; pp iS10 JAN 2007

the cryogenic particle.density, Cc is the Cunningham
slip correction factor, and rl is the viscosity of the
medi um This equation 15 shows that if the viscosity
ovoeepore® um i s high, the relaxation tine cOCINEBRIVINER643
l ow i nplying that the cryogenic particles experience a
greater drag farce crossin e _boundary | ayer,
resulting in faster dec%&g@gﬁst heir velocity and
monmentum arriving at the wafer surface. It also shows
that 'larger particles can arrive at the wafer surface
Wik tleapype Biasess vel ocity and momentum to overcome the
forcg, Qtmafhasd oﬁbspél\/tlh Ccdrpdthid ity aﬁk%m péréeh&{?ﬁﬁu&& wifer in a
the wafer surface. An exanple cal culation shows that
cangentiopplweet Glepninganeressy the mater japlaresd ine floovig yyutevbath aed rinsed
: f ] C ' .
o SO o TRERR % BRI B ApRouEbUBOERLERAAL Hef pBlicd to e
wokat g)ﬂ' up e fappreximnatély bve ehimoics yo gleaaiteAfternthis sfep, thesvafer is rinsed

j ¢ locity J i.eyapl e.wi.th typical a Ssi ve. .
L5 1805l VP ERSORl B el R SRl BRSE  Be.
themairieé st spyiogemiecdrpar tat ipprokinadtelg atf00r PSS for AfPrd¥imately three
thi ck boundary with 25 a velocity of at least 14 nls ,

mlmsuteﬁ'.Z m Hence, this exanple shows that the boundary

| ayeAlterhaivielyt tige bteprbf id)€anfr@Civith algBEoub-LHD¥AenbassiBln ers may

si ze articl es Si nc&?t he $nti re.size distribution of

O Byt papt MUl RBEPY BFF SR ReWEeR FeehsH: [Solvents include

aiObt MBS )VenpA fénefdlIf S §edNinCthe aﬁddsﬁg to RRHA FBEYMIBYE From wafer
S1¥c;_tteated by the CO2 gas flow over the wafer surface. 30

agesy THoRRi Bxherie DWAGZs0 AimitersioS Pristio 6 30mbRetien of ammonium
hyaXOEL. Egdro tgé’ff ?ergxﬁ@, N0 whfeP g&:ce?all}pmb%my g rﬁtﬁ%gﬂé ;aigv%f from
S water in a

cont anmi han roma sem conducto _
Oddaventt dharcltden ef Latt-Ae Pr velews anmpaivga hirdroxige pl waser; dilute
hydRoBudric OY¥id Gn VR Gifizel A& AtRNSF EdraSBfhtioh A2 WP 60 Uklating agents

mnute with deioni zed water. Aqueous-based cl eaners .
sufebletfappseap posedMErleaningypifidiging mgenip such asgpydmgemparekide; and
driRtats et BRIt the id . erso e f
Si s.t_r isnsed uagai nesﬁ[?arééa t?ﬁdvi\]ﬁ nsgﬁ%fge?ebéaoﬁéd\?ﬁ?%&dﬁg upon the
CRIEITAIRAIEY hegempvedr approxi mately one minute. It is

t he il [ -SRI ' . t .approxi mat el y. 150

rpm P Be cbaftugleh {8 of bighecflcs AREL A cRunking St PV
brakhes rim abmminy  Thiebe teshtreiqued ae| welhikagwini ih the didastss andothese well

P R B 22 PR AL o e PRt of b p SRS & exarmptes of

‘usblevpeduesses, olveder, any known or standard technique may be used as well.

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 is placed horizontally and a megasonic wand moved in a
sweeping motion over the wafer surface. The megasonic transducer or wand operates at a
frequency of about 800 kEz 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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any of those solvents generally used in the industry 10 JAN 2007

to clean contam nants fromwafer surfaces. These
include but are not limted to SCL, which is a

conbi nati on of anmoni um 15 hydroxi de, hydrogen

PE? gWHB%and water general ly mixed at a rat iPET/U$2Q0p/@02643
range of from 0.2:1:5 to 1:1:5 ; a solution of 0.5

. . . t
e e koW AT BITPN LAY B Sod Tho BBRsorCh MR pvitation

bu'@blzs fooihlof)\%uch il uaﬂierrgmaw of partislas frahltie \f/a:fer qugfecé.n

- post eani n uch as .hydr.oge "
bor G SaDngcs pIA dhuS B A0Th RSt R BBl Pk sponge-

likt ensériah an8db ‘h@htygcoa{mes@ibtus Bl‘rodl&ﬂfaﬁfbsﬂﬂle upﬁér sutfece #&h cleaning

tam nants t e .renmpyv t he cl eanin
o 3 SRLLEBIe0 ol B LES S PUED B L8R, B0 T PmToA contact

withi the heferi Surfa e Rbbad, b Hﬁﬁoﬂl@fé@ RVEYE %sﬁfdgmg%é cohmmaﬁtrbarucles
t.he i ndustry and t hese wel | known net

by Jyepdynanpg élfagofe%% hthediausk st hodhs sompressed pod p@h@d@éong by the

br@ha Mk 8B efifore URRBH AT RRAGRS $AFer ABNEVE! hy Gﬁfh.l SIMH & the brush
standard techni Qque nay be used as well. gasoni cs

hydrfplapps @NeTige ﬁuéer@san#@peﬁwéwhu it Q;llceétm sogtaneinatteparticles
aré)éfsfbhge‘a %@ Fighaty su%#:é}ﬂlef uffll &@P{h@g aférr%&%ge%f %ﬁn{‘% wafer
be used.” I negasonic c eanln s using a batc
sufpesctysdlee fiuidflowf ers are placed vertically in the tank
. With the negasonic transducer at the bottom of the
tank. In a single 30 wafer cleaning system the wafer
Dryi;lgrihea%edactmri zontally and a negasoni ¢ wand noved in a
svveg,ﬁ% noLion o r_sur The rrel%jLsonl

©r et el U o Sl e Eq B3 e OB it then

unﬂel@oésl-dZybgexﬁb el¢tnidg STHdBulk Waeer widyrat le@BBedby Hipfing the wafer in
alcmglg ic.transducer or wand results in_the formation
acol

PTG SE T STSBEVBYE Halid aeoloh idticowinpg the wafer. If
deyvirsl; tha surfacd nfdy Bé\borRpleély died2004/ 014604
PCT/ US2003/ 002643 nedi um These waves result in
streaming flows and the formation of snmall cavitation
Criyu phicsSleabiigtProdessvhi ch aid in the renoval of parti cles

fromthe wafer surface. In brush _scrubbing, a
br ushefPrahikdiie CRECIT GERRiPE OFRhPElRTisE the vgetfoieanmg to reduce

th& PORBBItyof- panicuel@ha@&re mkaéraag}dthe SryBE e AHPRNBSSIRE gnhm 24

It rotates across the wafer surface wi th cleani ng
hoprgerilers affevet slsees|Sjandard gy egerie clesning nmesjps gregwell known in

thé ﬁ{d%stryuﬁd Rraysb nﬂ:@ﬁﬁ)r‘ﬂé& infoHHE ACE ﬁéaﬁri}fér% Toces I}\tntJ;&mple of these

waf er “surface. Instead, 1t hydro

teqhindquadiigi Aescrihed oW Sa PrtsaiNo. p‘éﬁiﬁ Qﬁngsuebibehgtdbeoa%aﬂp&to Eco-

S sfﬁi{ﬁé as the liquid is both conpressed and
pus 5 ong by the brush. It is therefore inportant

t hatAstame exvi@de ofsnch ageodess, thedymigdh icleating sy stdaais shérém in Figure 2.
Tl%r gl%gu'ng 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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hydr opl anes over the wafer surface and does not touch
it. Once the contam nant particles 10 are di sl odged,
they remain suspended in the liquid until they are
r Q0 YEoiLam the wafer surface by the fluid flow
Dﬁ&?ng tﬁé Surface After wet cleaning, the bul HET(HEE
is renoved fromthe wafer surface and it then 15

el & 8k hpfer 428 46 ARG | i
0 GaiEGuses ag ehder drbg r_eémﬁnglml gﬁeom#gﬁcgfig% ioﬁg CO, snow

renoved by dipping the wafer in alc pl ace
Pﬁ@%&@@a&% AOshgasepusd- P stifaionilowias Bbi rahpf eppspiimatelygl-3 cubic
febyRr Wathete. Thief stredgSdes66d f
dtrki%(red. Cr go%esrﬁ c legani ?1%&] r%s@zgﬁgﬁé{%&zﬁc %@%ﬁ{s@éﬁcc at an
angle, ofyabut 3¢ teabrrgbGb dessess, Risfrahly anfit engl¢ e abvet 45 degrees. The
i e ot i bid ] of _partjshe " _
S oty Pttiched' A 8 GRS Ne dblohaBR 45 3p 05" measuea
algeg:the ligeofwighpaf thhposzde torth¢ wafr. dirimg thedleapimpaitostgs, the platen 2

: [ i ng pracesses are wel.l known.
SR AR LU SLARRSIEE 8L SlehneISMe nome
e ey arf it Bt kg
.S.. .Pat en . 5, , i ssue cember
o g_‘?q‘ri‘!gfg’gg#%‘g%c"é Finiel” 6 Slopcs BHSSRhE 980 BbTe ¢ desied. The
nguidity én i cleening chiebéryippofirably BRRitAEASK 6P E pSssHROMP example
<Jp%flg%re.2. The cl eani ng contai ner 12 prOV|de$ an '
401G 4w peigh "The, (qvp Bwmidgy 15 BRapesd - pravamk fhy copdensationjand freezing
# Witsr GhaRWaATeZQRBcd Srok e *tﬁ!ng L8k SMhcBss whi
° by vacuum The %#%tc éeﬁro%/?\nptgl I’?Vﬂ%/\lg%pg%rei S §3F° E{GQ%Q§ process which
wel ineners dhe dapseraftadhesiart befpyeen the0®@tantinap iparticR and rthsmwafer
' ' ean 0O.psi, is . . .
o) K088E St R RIREAMERRR o g
byt thetflgw ofjpitrogenyor oicah |drp airt As vedl, trarghbitethb ictpethiflg process, it is
. o s o) g'eoxidc a re as.. ..
T AL 0SSR O Q50 P o B s on
by fhg birplagprama idnivatiombe 3. Thespstenl asorims ghpofoniwfabizle mounted

. . ' e e ly_of fromO0.05". tp 0.15" in
S LA B e A LRl R i v i
is200uted 48020 PEFHISRH0 810D Grldemf Thd@lekiroutitid iRt etdlSps by

chSREALE A8 SIRRIPTR LR ANC LR O

@?/002643

 awsltis gded by thedlay Mimidity mbiatatied Apfhe QlhiiRE Bhambbr.3 Cubi'c

feetg per mnute. The stream of solid and gaseous CO2

s O deEiate Sonaminants, (e sroyel mephagim Brigineardy by meamentum
trffet cofakBUCOBO ciyegRe Partitleef BF 3Riondtt HRN fGEY! i

agout 45 degrees.. The 5 nazzle ié preferabQQCE fhesion of the
C()bl q.IE

" hatye s o theswafer éurgqc.e.agmeof;@p !palttigley aOSy 3p6%entdy, the drag
8 epukete SOl RS 408 ) B Che! DO B
mechanism for organic film contaminants is by the formation of a thin layer of liquid CO,
at the mterface of the organic contaminant and the surface due to the impact pressure of
the cryogenic CO, 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 fc-)rmate, methyl iodide,

9
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noves back and forth on track 9 in the y direction 1 0 JAN 2007

while the armof the cleaning nozzle noves |linearly
on the track 10 in the x direction. This results in a
rastered cleaning pattern on the wafer surface

VWNPEH4ORE0SE ep size and scan rate can be pre- EQE“@%@“WH&“
desired. The 10 hun1d|ty in the cleaning chanber is

r rabl nalnta as sipl.e
e S B GiRit r o E RS e e BR BRE g ey BRI hmimg or
prib ®VieMThet liguid andebs aprayed amdhd petee ngthenhs wdimr lager fohparticle
waf er surface fromt e at nosph urln the cl eani
rerRaL @S AR SROTIED VETERLEo RE FORYBgTe SEReay it hiroduce
ad B8 HE Bapt hﬁcé‘sof&)t fbﬁld\/@rthe Rrattidled. efhealighill aaybé &rprayed using any
surface by formng crystalljne brkdges betv\ﬁ%3 Fgwp
stangasd [ABRFCHURISHFR ¢ @akele SIS Sop iy W HRETCh g o5 fSPraying
dm@%-u EPwaRr 8 wak@atrriced, A tishdlly, ASapRir lof thdMRity Raiythe cbRiensed
eani ng process, it is inportant that_ the
oneth«emaqutlﬁwec a%@atbgevapwrt avistadeemiPERgic RigAmBg apdescribed in U.S.
pafefit! ﬂl:én%ﬁd%)/ 3¢y 8%2' Ie&1 ABF1 éo)QObf qnpdrg&la?erd Het¥iR Y reference. The

I onrrzati on ar 5. e systema SO a po oni um
-walﬁezrzzctce'ervdmﬂe@le llduxdamfbxybbefw 1 te tra nOORtes JymAK begpvered by one

B D RGN Lok 4 0 Sl gt Wik e 1

enairediat tetwifec ra:ﬂtmsgwewbdveiﬁqnshlb;hnmperiod the CO2 cryogenic spray is

RSS! LRI G U A b B PT84 e

thd Yoré6f hdesibhl 0f died pariiele RbAtaNE darits ohhlbe wa@r&mﬁ@ce by reducing the

chanber: . For artlcu gte contan1n é v§b .
Hapupaiceh P%tfﬁ%l% By DIBIRE Y il ThtEiprcg g [ oryogenic
paltidfesCh 846 ?Ids‘slmetth@écﬁanﬁﬁmﬁyﬁbﬁaﬁe sirffef OF ce of

adhesi on of the contam nant partlcles on the wafer

surface..Once the particles are "l oosened", the drag

25 force of the gaseous CO2 renoves it fron1the

surface of the wafer. The cleaning nechanismfor

organic filmcontamnants is by the formation of a

thin layer of liquid CO2 at the interface of the

organi ¢ contam nant and the surface due to the inpact

pressure of the cryogenic CO2 on the wafer surface.

The liquid CO2 can then dissolve the organic

contami nants and carry it away fromthe wafer surface.

30 In a liquid-assisted cryogenic process, described

in .nmore detail in U S patent application nunber
60/ 369,853 filed April 5, 2002 and incorporated herein
by reference, a |iquid having a high vapour pressure,

such as but not Iimted to isopropyl alcohol, ethanol,
acetone, ethanol-acetone m xtures of 50%/v, nethanol,
nmet hyl formate, nethyl iodide, 9 1 0 JAN 2007 WO
2004/ 014604 PCT/ US2003/ 002643
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and ethyl bromde, is sprayed on the wafer.surface

ei ther during the cryogenic cleaning or prior to it. 10 JAN 2007

The liquid may be sprayed on the surface either as a

t Wiorzoddmyans f or particle renpval or as a thi ckeru§lidso2643
whi ch, when pushed by the cryogenic spray,

Wqulgviknt roduce additional drag forces to renove the
particles. The liquid nay be sprayed using any 5

standard apparatus such as a Teflon msting nozzle

se :
dorE et JEORG el YR than (Rl UISHRY (RS o minaces
mayfrire theondavs efl a smcbmcmmvefer,smvtﬁlaoeﬁm compiisirg the steps of:

U 2. R RO B RR G R PR or solvent-

2002, biased olemient ed hereln by reference. The wafer is

cov. Wi th ui ferably for up to ten

mn églaﬁﬂ?ﬂ%ﬁﬁ%gngﬁvg §5F8938 e 10 |l ayer of spraying

of c;)he{jrydgqm&119rc1gaﬂ,§;gmfseffadmﬂbeog epeatedly sprayed

wth ayers to ensure that the wafer remains wetted.
After this tinme period, the CO2 cryogenic spray is

ioni Th@gﬁgess Sbenda 4 WeshRiteUuasfes & Paas1ys Usd @Stﬁé"ﬁﬁﬁ)val of
descrl ed above. The |iquid reduces the force of
adn@8k3ftebf the particle contaminants on the wafer
surface by reducing the Hammaker constant conponent

of the intervening nedium Therefore, the CO2

G ybaenioeess 15 clramtli whesen ghesuefaesiip Wmmtld&g@eﬂhe

contam nants fromthe surface. 20 25, 30 101 O

JAN 2007 WD 2004/014604 PCT/ US2003/ 002643 CLAI Ms: 1.

A. pTbe g®ses$ arf ddim ¥ whervial stapf(a):drmxprtsad: thewstdpanf m.admg the surface

polls onta n1na he surface of
sem'¢ n%g)é‘s%'?\f&ﬁ? B ¢ ofé %?%I f)‘fr}aFF IvFﬁlih EBrAFEE 175 f“ﬂ%em based
stegsmmﬁﬁmﬁIaﬁumﬂhesh&aﬂmmgdbhEMQMMﬁate wi th dei oni zed
wat er and/ or an aqueous or solvent- based cl eaner; b)

At least. partially drying the surface; -and c)

Gt y®hemiccass| yf clhmaniwigrdihstes (o)f facthervdointpricéPrepehfing. thd b@ps of

process of cl ai erein the surface is partially
G S5 I PufRsg aniope i mete,atepts g B Hhistbabansps and
cIanﬁmigmb%t@ﬁmehh&d&bm&atemkﬁ substantially dried. 15

4. The process of claim1 wherein step (a) conprises
the steps of rinsing the surface

6. 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.

7. The process of claim 1 wherein step (c) comprises the steps of expanding ﬁquid
CO; through a nozzle under pressure to result in the formation of solid COZ
entrained in a gaseous CO; stream; and directing the CO, stream at the surface to

remove contaminants.
8. The process 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



wi th deionized water, cleaning the surface with an -

aqueous or solvent based cleaner, and rinsing the _
surface with deionized water. 5. The process of claim 19 JAN 2007
4 wherein step (a) further conprises repeating the

HNRHY4BK6%420 ¢l eaning the surface with one orPGFFS2003/002643
aqueous or sol vent-based cl eaners and rinsing the

SurFhgawossss of daimohviaselntep &¢). is precddeed y sprassg th suifak with 2

1 FIH : LSE enstep af buffing the
sur f gccg h{lk,v]é? é E@uo%h?%)aﬁ ?‘3‘2@‘%5%%2 rahg n%l? %ﬁ%ﬁt‘ea]ﬁcﬂlé% {5 Tegpaw on the
solsueface fong debiredl parivdrof tidke. 7. The process of claim1-
wherein step (c) conprises the steps of expanding
liquid CO2 through a nozzle under pressure to result
5 il THeeprbassraf ¢laim Diwhein ctefO(®) is pRtéBEd 1B therkteps SASHRHRE the
Cx2 stream and directi the CC2 stream at the )
surPHEE YH! 2 Vapgy et & ﬂ\"‘g%? FeEcE thedpras ofmegily-shrbse adifesion;
¢l ainthaBowlth@ e Vapbit@o Bethdin Y@ RS subflce fBRR\8Hrl peHbPBH k.
the surface in alcohol and slowy renoving'the
surface fromthe al cohol or by spinning the surface
Wi A &rSdREbi 0 ook JAN 2007
V0 3000 0 LA OF géé'%? %sé’zfoo }%’%%%‘5{% %ﬁﬁghaegl%er éf: g‘és g¢or sSmaller
10 ¢| dfgm 7 wéaceiaf & sepicémducios vpafes euteall, by Blad, aptodgtet g post-

sur i b aui.d . hawvi a hi gh,vapour _pressure;
and"Sffealeicnficd 8tling B 98 Tembien B Ve Skl & i,
a dwegiprigdg persteapd oHf tine. 5 10. The process of claim7?
wherein step. (c) is preceded.b he steps of covering K
thed Wk o e erbles SRR, clefimiah crurisen, ody gRachized
f or cewafer, péeahing lte> Stfadaawth adlageécaNbasadNdeadls AWtk

@rater,
vapour_taq.remain_on the surface for a desired period -~

15 ofti petag tggs‘b‘fa&‘éa’étg detnized &vajes ssY/ 8T 2@owOHeaaat nant s
haw)N@t Ea&ipakialf dQink tRe Birfike SYRABIng b f0Mm Agsur f ace
of(§ em con uc%gr.maﬁgr, tal,. or %I|Iﬂ produced by
post - ~OIfERIE et B supaes sHithd“6r cumprising the steps of
sem cexandih@niqorf €0, MBiabh Photdld Thdef SFRES B %ediiCin the

steps_of a) Yﬁt,cleaning_the surface cofrprising
cl eanfIFRREgeolsiplil £ Qs SRiRnedi R araaxens GfRx Hreame heshdirevting the

20 the sgd,seamdih Afatdeatsvdanatitiganer in deionized
water, 15 or buffing the surface with dei oni zed water

and/ or aqueous cl eaner;
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 :
25 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

30 remain on the surface for a desired period of time.

12



b) At least partially drying the surface by renoving 1.0 JAN 2007

bul k water; and c) Cryogenically cleaning the surface
with CO2 conprising the steps of expanding liquid CO2

t nozzl e under pressure to result in
P@?%@?ﬁ%ﬁ“of solid CO2 entrained in a gaseougkgﬁgmmymnms

stream and dlrectlgﬁ?the 20 CO2 stream at the
SurrsdEcees Helivel CBRTESR FEMEQ 1S precedeh by Hratepsof gpvering the

cl aiudblwithev ol bH1E! ﬁﬁﬁ%g'a%é&’\!'a 8 riSte t&?édugme force

process, of claim 11 erein ste nprises t

st éég%mlerﬁuffeqq@ﬂwﬁ@l,sqﬂdr b@fmsz e\mamchxr @ceremmz@uthmu@ace for
cl e‘qﬁglp&geggdgp{lﬁj@ce W th 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 1 0 JAN 2007 WD 2004/014604

PCT/ US2003/ 002643 151. The process of claim 11l wherein
step (c) is preceded by the steps of covering the
surface with a vapour of a liquid 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 tinme.. 5 13
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