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1999 di Sﬁévpéﬁeﬁ%?&ég&qs ﬁgmgr lsﬁv\fés%%, Eﬂﬂé ere?eik Sof hlé‘l concentration ozone gas in

the process tank presents a safety hazard to the users 3) the immersion design uses water

inefficiently and provides no means for integration of a drying step. We can analyze the etch
rate performance of this method by noting the following: 1) a low temperature of 1 to 15
degree C produces a higher dissolved ozone concentration C for a given gas phase
concentratlon and pressure 2) alow temperature of 1 to 15 degrce C produces a low surface _

' reactmn rate, and 3) the very low mass transport available in an muners:on desxgn w1th a very' -
large stagnant layer thickness 8 reduces the temperature at which the reaction becomes surface
reaction rate limited, and 4) the etch rate is therefore lowest of the four prior art methods

reviewed.

Room Temperature . Spin Processing: The publications by Christenson, et. al. 1997,
Christenson, et. al, 1998, and Nelson et. al. 1999 disclose a method of removing photoresist
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In the noi st gas phase process quartz container is filled with DI _ water. A
di ff user ©zpRe ¢apeqntration for g given gasiRhasesOneeREratingAnd Presuye, 2) A Lampsragre pHE0
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Humidified Ozone Gas Processing Method: The publications by DeGendt, et. al. 1998

disclose a method of removing photoresist from semiconductor wafers using humidified

ozone gas. In the moist gas phase process quartz container is filled with DI water. A diffuser
is located in the bottom of the quartz container and high concentration ozone gas is bubbled
through the liquid while the liquid is heated to about 80 degree C. One or more photoresist
coated semiconductor wafers are placed above the liquid level (not immersed) and exposed to
a moist ozone gas ambient. Etch rates as high as 6,000 Angstroms/min. for I-line positive and

DUV positive photoresist were reported. These workers also noted that the ozone etch process
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posi tive photoresist of 420 ?mshnl nute at a teggerature of 95 deg.
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processes that, rrettsl corrosion limted process tenperatures to about 45
deg. C. TROGESSEEEEYeY that the 95 deg. C process was only suitable for use

in front - Hagidified OZfe GisR Sy PRAEHRE MR LWoReR at SGhitdof (SeRnkAS1999) 2
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angstroms/minute at 45 deg. C, and 1200 angstroms/minute at 20 deg. C. They reported that

in the case of back-end-of-line (BEOL) processes that metal corrosion limited process
temperatures to about 45 deg. C. They reported that the 95 deg. C process was only suitable
for use in front-end-of-line (FEOL) processes where metal corrosion was not a consideration.
This method has the same disadvantages as the humidified ozone gas processing ﬁethod: 1)
the high concentration ozone gas in the presence of water vapor can be corrosive to metals, 2)
the presence of high concentration ozone gas in the process tank prcsenté a safety hazard to
the users, and 3) the high etch rates can only be achieved at relatively high temperatures (95

C) where metal corrosion rates are increased further. We can analyze the etch rate




C) where netal corrosion rates are increased further. W can anal yze the
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Accor di ng\cﬁ,a If one lowers the tenperature to |ncrease he di ssol ved ozone
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Ozone Gafc1 Sterilization Method: Faddis, et. al discloses a téchnique for

medi cal 19WFEYthe IFEREralredp ancreas the dissplved opensicancenteation Abeong secreases the pat ent

5, 344, 62 gurtudéirealtionaA®tBinatively) F¥né fHereadta fle HitHe bPMERasR thedubdeaue for
medi cal i ns{runen sterl lizatjon with hum dified ozone gas In US Patent

5, 069, ggfractaRTate, fasngg derreases the digiolved pzoag gencentrtion.| Aeqordingly thejeteh ¢ he hi gh

concent r fité sl RifEbyFASW idRsSIAR d2bRSRAEArMon\WR h Riw MHBE rea@ibnkfe COT rosi ve to
netals, 2) the high concentration ozone gas in the presence of water wvapor

is not conpatible with many of the common plastic and el astonmer materials

used in Bhemmﬁmpcmcnmsmwmpmmmmxoﬁ he presence of high
concentr tIO A the Dr ss tank presents a safety hazard to

t he user SUBfECzZONG Hag Hle gihod: Faddis, t. alqisplesgea techniquefarangdical ¢ he
surface rnemﬁmgtexﬁmraﬁon wﬁnth mﬁla;ﬁea eidﬁe g% USqraE@nif §mz@taua ©/s!Fa¥aR Si on
Proces&gg @j’g 8 f 987, an al A room eratureéZO deg. O
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of the common plastic and elastomer materials used in the construction of medical devices, 3)

the presence of high concentration ozone gas in the process tank presents a safety hazard to
the users, and 4) the inactivation rate is relatively low because the surface reaction rate is
relatively low.

Room Temperature Immersion Processing: Rickloff, 1987, and Omi, et. al A room
temperature (20 deg. C) immersion processor has a number of limitations: 1) the modest
temperature produces a modest surface reaction rate, 2) the very low mass transport available
in an immersion design with a very large stagnant layer thickness & reduces the temperature at
which the reaction becomes surface reaction rate limited, and 3) the inactivation rate is low

because of the low surface reaction rate and low mass transport rate.
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wi th an ozone-sol vent sol ution which conpri seg a suggrb% of an ozone-
|

sol vent sol (putign apdhematerigl, thereby, capsingsaidazonecolyenysplu havehigher general | y
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sone of t hethackoantalegmssdlition utthe fustteppaaterss he systimhinsludehe heatereouplethitev ed:
hi gher oxi dglhat,d &%ﬂe-sog‘feﬂé’éo Bon Qttﬁg':ﬁrgthgneé]ﬂn\ll\g ﬁoﬁ. thd &9 e éaélﬂie using a
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temperature greater than the first temperature toward a substrate.

Outlines below are some of the advantages the various processes and how they are
achieved:
higher oxidation rate: provides a method for oxidizing materials using a solution of ozone gas
dissolved in solvent which can produce much higher oxidation rates than can be achieved by
current methods
environmentally benign chemical: provides a method for oxidizing materials at high speed
which uses an environmentally benign, residue free chemistry thereby reducing chemical
disposal cost
increased user safety and reduced chemical cost and reduced chemical disposal cost: provides
a method for oxidizing materials at high speed where the oxidizing chemical can be created
and destroyed at the point of manufacture thereby increasing user safety, reducing chemical

cost and reducing chemical disposal cost
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avai | abl e°Ff s3sffisselyetin asbyent avhichmay include “WFGElng @4?1@10@21611@11@85 whitsh sol ution

and t her eagmﬂmtmeae& RO mE SIS Rr irﬁbcdku%ﬁehm@qua@mumg Gfdﬁg-s@%rﬁn or

[ nj ected chﬂhem C concentration caused y such a reaction f erent
i nj ect ed therehy migimizes aoy dectease in dissplved Qranegoneestratiancy injeatedng

di ff er ent clphficaeEoncaitratittfeali®thi By bith r@dcBGESSI Ng cycl e: provides a nethod for
oxi di zi ng terlals Slno a solutlon of ozone gas_dlssolved I n mater whi ch
maylncluﬁ?— ' olution duringdiffarent phase

onto the gfthé ﬁhﬁﬁnﬂﬁ ptbbé%mﬂ@éy_@ et %l‘oinde@a Hﬂthgif fdii biﬁg.ldéliﬁdté?ﬁls%sﬁk‘igauﬁg@se of

the materjals SII‘J cle DI water and ot her chem cal
i nt r oduce® 92A%9 g’ég w@%b‘ﬁ'é“’h/\’&ﬁé’l“clg@ﬁ /ePags tafglert the mi quhﬁf@ﬁQl(Sbhas es of

t he mat er ihaf e mmseasmmghmﬁh& of IeQNtEHRS 18 bEBLiNas cfuﬂﬁ P ¥iver ﬂiagwofflﬁ’é erials
using a sol utllon of 0zone gas di ssol ved in water %1 may 1 nclude a neans
for inj ecTPiHes PRESFIRg FEley water in |ieu of the ozone-wat er sol ution
and t her eﬂw&mﬁd&eﬂchﬁmﬁ nﬁz_q be Sifttodadel] Welion dﬂt&@ﬁ@w@eﬂa&ehame{g DI wat er
onto the gurf ) : .rlals to b.OXI | zed I n I ven phase

mat eri al s—# B ais FotEsS ﬁl‘%‘g‘% °’%ﬁh6‘ﬁg ﬁgval

rates: pr mmg:mhmomafdmnb gas ﬂxssoeml\in wgeqo\hmtme,sinsmde $P@edns & linjedtiag or esi st

resi due, t e d ot her terials from sem conduct or
waf ers, f&(a%&t'cﬁgsr?gpl lﬂlqlai)} g@%ﬁ"f“ﬁ é'?rs Hgg'ﬁe YLPIORIAE ATERS B r oduce nuch
hi gher r eseieetively d!smsetchamcaiam' DEwaterohioghesirfage of thiemntrialatb Bootdizedver process
tenperatu otential: provides a nmethod for renoving
photoremﬁlﬁln@q%“{eggg{ﬁe’%%%% ésf:ess n‘f‘@’sciedue, post-etch residue, and ot her
organic materials from sem conductor wafers, flat panel display

substr at eﬁ”afe??gcés@]ﬂ"dm ch can produce rruch hi gher renoval rates at

| oner tenperatu tnan can be achi eved by current methods and thereby
reduce t hiaighesressavalyhtes: providgs amethod fop simmrvingiphatbresist, pdstsh phdtpresist i n bot h
single vva;ga 2 Peht rovj des f or .renovi ng
phot or esi St, g& %Qldﬁotgl(q)c?%%rs alﬁl\eéﬁa e],s ﬁg’oss[&n cto%ucpeg'a%ﬁ’eﬂata"ﬁﬁelot her
organi ¢ dlsplay substrates and the like which can produce much higher removal rates than can be

a

achieved by current methods

lower process temperature and lower corrosion potential: provides a method for removing

photoresist, post ash photoresist residue, post-etch residue, and other organic materials from
semiconductor wafers, flat panel display substrates, and the like which can produce much
higher removal rates at lower temperatures than can be achieved by current methods and
thereby reduce the potential for metal corrosion

practical throughputs in both single wafer and batch processing systems: provides 2 method
for removing photoresist, post ash photoresist residue, post-etch residue, and other organic
materials from semiconductor wafers, flat panel display substrates, and the like which can
achieve practical throughputs in both single wafer processing systems and batch wafer

processing systems -



materials fromsem conductor wafers, flat panel display substrates, and the
| i ke which can achieve practical throughputs in both single wafer

processi Nng Swybeimessnd batch wafer processing systens 6 %128950 )
PCT/ U500/ 29167 readily retrofitted at | ow marginal cost: % 48&7 2 et hod
for renoving post ash photoresist residue, post-etch residue,
and ot her oegd arginsheost: povidpr R @ethed fapremoing phateresissnost ashii spl ay
substrates, pnﬁmsish%slhwsosw/e&& i‘ksﬁaé‘ a&fom&afyah.x n{aé‘ehmffao;ntseﬁhcaﬁduua%ws i nal

cost to many existing single wafer and batch wafer spin PFOCESSIng ool s

readi |y i nti#panckdisnliayisybsirates. agd the like which gandg repdily eetrﬁﬁmda owgpargiaphsostng

phot or esi stmnmaféxlﬁﬁgsmgia%&rraﬁw&chrmrdﬂﬁpme%h g ®ofsh residue, and other
organic materjals from sem conductor wafers flat panel displa

subst r at es, eadily integzated into a glusta tool; prayjdes waﬁhw}/for mmm@eﬁoneﬁﬁtomy #hust er

t ool COrfprﬂh%to?éixsﬂi‘éh&de?b&t—@t&ﬁ’fe@iﬂﬁ@ gnd dihed ofghﬁll hﬁteamehmrs%fcsmbdovwhfe&egr at ed

vmthasplnrlnse and ﬁﬁ% dry stlE Erow des a_nethod for renoving
phot or esi st* flat pane} display sypitiptss.@ad de likewhi %a“bﬁ&afmlé’l“meéé’i“ﬂﬂémt&ﬁﬂ°lot her

organic rrat&mpaélﬁ ﬁnﬁmpleps@aassaﬁduﬁg@mamrs flat panel di spl ay
substr at es, %1 ke V\:hl ch can eadi | nt é?d with a spin rinse
and spin drsadil AR A P%Vfdﬁs thS or Z§IAYg process
| ow cos}1 prlﬁmmisngosemrﬁagmsw@ydagﬁs&;mﬁm ilﬂroﬂfegﬁ@ilm@ﬁatﬂhﬂﬁ fbsi st

post as phot or esi st ue ch res ot her or.gani c
material s fFOIHCY ‘E‘Fﬁ Hﬁ% {]%Pa%g’@ﬁgys“ ol ﬂ‘éﬁ*ﬂ@ﬁ?&%ﬂ%ﬁ?&t‘ ates, and
the |ike wihtegra@ddesth aepin Hiaspind epih g tstep pgimdes)me bais T kidBRInQIFP Ot clegitifig be
introduced into the process chanber thereby significantly reducing the cost
of the vvafé?cffroce35| ng chanber. increased user safety: provides a nethod
for renovi me&ﬂﬁﬁﬁhﬁfeﬂe@vmgp&tﬂmt nostsash etch residue,
and ot her or ni.c sel ductor wa neI dISp| ay
substrat es,? c?s'ts'ﬁgs“?u ‘%\%l c’ﬁs’g‘})és no °r dc%te?{ﬁlafmﬁl lco"d eeh rgﬁs’l on
ozone gas Htat panatdl&pthycsebktmm, dthelqwmhels@esmmc tliaelng?bgonsangamdmczam |y

| ncr eas! N0 6L 83k EL SR A ALF0S WD SRR e RERY IS5, Bra! hod Tor
AT B n BB Bl nf G Pkl oY S B L

renovi ng p or €s! st otoresis resi resi due, and
ot her orgamacfermmceqsmalcmheom sem conduct or wafers, fI at panel displ ay

subst rat es.ingiiled 36 dufo phidkDa ﬂﬁ%d?o‘?&er&o%ﬂﬁg;h O&Eiett %H pEARERR! rati on
ozone gas I ntroauced |ntot rocess c I'm nating high
concent r at iresidugnostectehresidie, and O;tivuore@m@matemhr em mmlqun@gewfm, athkweld

Dot or osi S PRy SN BRFNSUETAIGE ool Y & Y b BRI oz BB T o

seni conductigfrodigstldntg the process chamber thereby sxgmﬁcantly increasing user safety

ohOtOFESISH

reduced corrosion potential: provides a method for removing photoresist, post ash photoresist

residue, post-efch residue, and other organic materials from semiconductor wafers, flat panel
display substrates, and the like which does not require that high concentration ozone gas be
introduced into the process chamber thereby eliminating high concentration ozone gas as a
source of corrosion

nitrogen blanketed process chamber: provides a method for removing photoresist, post ash
photoresist residue, post-etch residue, and other organic materials from semiconductor wafers,
flat panel display substrates, and the like in which an inert gas such a nitrogen can be
introduced into the process chamber

increased user safety: provides a method for removing photoresist, post ash photoresist
residue, post-etch residue, and other organic materials from semiconductor wafers, flat panel
display substrates, and the like in which the dissolved ozone concentration quickly falls to
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flat panel display substrates, and the like in which an inert gas such a
nitrogen can be introduced into the process chanber increased user safety:
provides a Ry b@deshor renoving photoresist, post--ash phoggf §k3317residue,
post-etch residue, and other organic materials from sem conductor wafers,
flat panel display, substrates, and the like in which the dissol ved ozone
‘concent r atPRoY Eqvelk ipmediately dpwnstreanpofihe peintnd apriipatiogdhgrehy figrther ipgregsing,,y
levels | Mpisak@l y downstream of the point of application thereby further

i ncreasing user safety Medical Instrument Sterilization Advantages higher
sterilization rates: provides a nethod for sterilization of nedical

| nst r umentvedidal SPGB SRriiATREAMaHEGEE Whi ch can achi eve much hi gher
sterilization rates than can, be achieved _by current methods residue free
st eri | ant igbersierdization rates: Rroyides methed for storifizatinp ofmegical BSIUMERS 8t unent s at
nmoder at e  mcIBRRY EhpbrattreyVhich castachibveafuch highi siRizAtion Qated thin dad BE ackied her eby
elimnate the risk of carry-over of sterilant chemcal residue to the
pati ent arfy CPEeR BBty cost of chenical di sposal no water rinse required:
ltor ovi def aesiaa\tsm Ite ?]tﬁﬂl?ntls_ﬁz@i?ihésia&ﬂéﬁl@dﬁomernﬁﬁﬂtﬁ?ﬂfrdefisﬂ?mért&s ﬁ'&nol;léiﬁd:le_r ate t
enper at ures I C Il lzes a.residue free sterilant an er.eby elimnate
e’ neod (FperaRusbiFn S @ity fredieg atzad tircsey 0ot dis A af S-St
reduced chfsfesiaht cherbicalaesidue eslitie patieatmdiredate tHe sqaosfhermiealidisppsabvi des  a

met hod for sterilization of .medicgl instrunents_ at.npderate tenperatures in
whi ch the 1se -'é’ﬁ‘f""ggaé”reg'ﬁflé‘ﬁ sFBH%ﬁ'&ﬂf’B%‘fa SIS, destroyed at
end of t hanmigateaemperataley which ndiizes aungsidusede seenilant and thbeehyeliminag thdweed cal cost,
and decreasin cl"{gm' al. di sposal cost | ower consumabl es cost: provides a
met hod fo °rsatsg??r?| Y&%FBHSCS medi cal instruments at noderate tenperatures

whi ch has jgcréasedarseicsafety and inéda S angrs enjical Hinposhleasti prgvides
processes._.Si -yse. steri.l ant .al at, ful Conlk e]ak oyl des a
met hod for*'S tﬁ;"r%: iﬁ“i slzé%ﬂq‘lz% n°no°1f mﬁ%‘ﬁ?‘ (‘:“aswgnﬁss%t%&régjﬁ?ggg? norgsgiéla échttggn%ér%t ures

whi ch is aomporghtis psted e sach wycleandthenidesttoyed atxnd of the cysjertherelyy inmeasing
| st r unenty SULE BCES, A0 LRABRLPER ol uckfadll ALRichEHERY ol | T nating the

degr adati on he ster contentratlo e e caused by the

r et ent i on lowertchmsumebles ¢astn provides amethod fof sterdizationzod chedichldnstwmgatsiatc r esi due
washed fr ' r t LJ ' : 0Ccessi ng
chanber : 8’?%% etgrhg&%ﬁértiﬁggkggérs agggé}icﬁ?égg'\tﬂlﬂgér)\&%tf@%gBléljccg?lé)ttlhﬁgte %&6 nts at
noder at e tpEepgEseRt ures whi ch does not require that high concentrati on ozone

gas be | Nt QRIGE thehiBhIhALR of iR B EntfaHEH Bifvidel'R rBlhba R GHifidaBOE nlechicif UCT NG

instruments at moderate temperatures which is a single pass design in which sterilant is
sprayed onto instrument surfaces and then sent to the drain thereby eliminating the
degradation in the sterilant concentration otherwise caused by the retention in the sterilant
solution of serum and other organic residue washed from the processed instruments

low cost sterilization processing chamber: provides a method for sterilization of medical
instruments at moderate temperatures which does not require that high concentration ozone
gas be introduced into the process chamber thereby significantly reducing the cost of the
wafer processing chamber.

increased user safety: provides a method for sterilization of medical instruments at moderate
temperatures which does not require that high concentration ozone gas be introduced into the
process chamber thereby significantly increasing user safety

reduced potential for instrument materials degradation: provides a method for sterilization of

medical instruments at moderate temperatures which does not require that high concentration



waf er processing chanber. increased user safety: provides a nethod for
sterilization of nedical instrunents at noderate tenperatures which does
not require twoaloiddoggh concentrati on ozone gas be introdu nkm% he

. .- . . 1
process chanber thereby significantly increasing user safety re ed
potential for ins%runent material s degradation: provides a nethod for

sterilizat | SRnG8as beirpduced intodhe Rrpgest chamber thereby glimingtinghigh coprentiatiohi ch does
not requi r eodohiégas At Yiouk® am:m;ﬁaﬁ bmtalﬁor\&a&h%&&&siaf;&sldsgﬁé&@lG? ozone

gas be introduced into th process. 4', t her atin
concent r at | LA DYLEY TRas ceplagal B@Y‘g‘?'?y ﬂﬁgtfgl atﬂ§8$adat i on
of el ast onemsdiet mBhﬁﬁltsQSmodeEadﬁdmﬁd'amﬁ irwhichl an firekt gaﬁﬁich b itogenvRi B | al s

deaadat i on net hod, f illzatio .cal instrunments at
odor at o ciisepas e dnd o g My Phrting Bieh concATHGR AR 24

I nt roduced sontceofdwoﬁomﬁ'mlmalagmdanbmw‘eﬁistpmeﬂs|orrplms ng hi gh concentration
ozone gas our ¢ CQr r osi radatl of eI astomers
or plasti s@-rgamwa%eﬁu w%esq‘ tqufér“%ﬁla%’ogopme‘f B geFigpen staelrnl %t i on of
nmedi cal i nsmesma&hmlnhbeﬁabbed ¢Yzonp@meentrats qickiyifills o venelodilesl ved ozone
concentrati4 ‘ﬁ?elnaéi ﬁh-ﬁ[@?ﬂ t ream of

t he point o aeg% wﬁ%”%ﬁ%%?‘gﬁﬁ{ ak’ﬁwatkqﬁncregm ng. userﬁlgafégt%%appl | cabl e
to conpl ex appligak ‘ the glunic aternalpassageswith large ] /DaprgeidesiaD;

provi des a pyh mpstérmaatﬁh%ﬂnwa@ms%s& sl gemggwcﬁ célfpelipgder at e

tenperatures which can be used wt onpl ex shaped It

cont ai ni ng With @mplex shaped igmssor items HO%HIFS @Feﬂlabwaﬁeﬁék?hﬁsélgl"éﬂéék’é@ﬁes with

i nt er nal paéla@e%mﬁ fhteRnal PsEhRed Wi Brgk Gnfth 3 Bhiéter'ritid 19DL/ D. BRI EF

DESCRI PTI ON OF W NGS The various features of the present invention and
its preferred enbodi nents nmay be better understood by referring to the

fol |l ow Nng (BRIEE DHSCRIFTIONIOEDRA gnying drawi ngs in which |ike reference
nuneral s refer i ke Ierre t he sever | figures.. Fig. 1 illustrates
a functional g'g?( ‘%W Fdgregion #ﬁ%&%"&’&ﬁﬁs@” col d
ozone- wat erbeﬁéﬂunﬂﬁﬂﬁbdaiy réfaﬁpgtoahmfoﬁov?mg decm‘aiaad tHe@acdoRipamying desveingsa®» T usi ng
aliquidto u heat excha u stream of .t poi nt of
application %?hlg{h N Pk °’€‘8F %? %eéémeﬂgmélﬁee%n%{ﬁ |%I to be processed.

Fig. 2 illustrates a functional block diagramof a nethod of processing
materi al s: S ted to

t enper at ur eﬁg%gql%uat%aoﬂﬁc&ﬁ@ilﬁfoc l%&h%]g?a gg{’iém?%st g%satyrnéizgn# g@at he poi nt
of appli catqzm-wsmtlmmmme@bmmﬂ@m mairéwmahmd tbe
processed. &he:?t }(&hlaix%F {ﬂ,\:ﬁtugﬁreéxnfo%%bﬂﬂﬁ*apﬁ#cmo% o@'ih@%&a@lv&fceri’olﬁiﬁyh'?&d of

processing terla
the material to be processed.

Fig. 2 illustrates a functional block diagram of a method of processing materials: A cold
ozone-water solution at temperature T1 is heated to temperature T2>T1 using a point-ofiuse
heater just upstream of the point of application of the ozone-water solution to the material to
be processed.

Fig. 3 illustrates a functional block diagram of a method of processing materials in which
additional chemicals are injected into the ozone-water solution just upstream of the point of
application.

Fig. 4 illustrates a functional block diagram of a methed of processing materials with muitiple
chemical injection supplies.

Fig. 5 illustrates a block diagram of a method of processing semiconductor wafers with a

single-wafer spin processor.



additional chemicals are injected into the ozone-water solution just

upstream of the point of application. Fig_ 4 illustrates a funct I onal
bl ock di agr amyefoias 9g@t hod of processing materials with mJI t| e chem cal
i njection supplles ig. Sillustrates a bl ock diagram of P§

processi ng sem conductor wafers with a single-wafer spin _proc;essor. 9 WO
01/ 28950 PCFigUsitP @ Tunchioml bleck didgran ofzet regthadl of prosessing aatepihlo with ¥ppeyr am of a

nmet hod of PL oL ;‘gqﬁg gl X nd |l ower rotating spray arns
(di shwasher georret’{(}tgt)l 8 dﬁ‘ PH‘%{Q%@ hg?f unctional bl ock diagram of a
met hod of p Em_édktstmges rferstional blogld didgram of 4 metkadxif preceseing gaterigls gith gn

I 1 lustrat es gnagram of a nethod of processing sem conductor wafers
W th rTU|tIp sm? waf er spin processors - nulti |e point-of-use heater.

Fig. 9 |IIu§1&.&ﬂb1§ﬂ’3éeSblbdn§=k d@gla@roémfhoéofmmg@pmww@e@sw@rsg@% conduct or
wafers wi thp et le@wétkﬁlgin%rMSﬁfs - ideipL e‘}foﬁﬁ‘%ﬁﬁ’é@r}ﬁatér An & point-of -use

heater. Fi g 1 ustr at I agram of a net hod ofhprocesm ng a

batch (one M}"éﬂ%ﬁmcké@wag@ﬁmé shrrocesing spmcanduciar vaeEVithn - axi s

bat ch spin mm&&gﬁe.wﬁe.%ﬁﬂpra&ésu&tgﬁ esoxat-ai@sifeaf&agr am of a method of
processing a batch (one or nore casse g of ,sem conductor wafers wth an

of f axis bafigalQilpsicaiss 8 blogk dipgramiofa mi‘i“"?? nrecessipeadatsh fong OF mrs gRssEfed): Kk

di agram of af geatidvauctth wafeRGAITSInva-aRRB bekch isprodsiopl d  ozone- wat er sol ution
at tenperature Tl is applied to a nmaterial to be processed while the
material to be processed and the ozone-water solution is heated to

t enper at ur e Fig 11l }Tilluﬁfate‘s h(blocb d;'ugrhm@’t‘a figfhbd 6rirocesing i bagh (@ onmbreltestiies)y -

heated from g eBgsurf i 1.l ust rﬂles. a functional block diagramof a
met hod of prPb¥ ano 45 4Ch B RO er sol ution at tenperature
Tl is appli &1 Dnllastrmtselfurﬂhoﬂabblm diagexmesfaankthddiof protéssing mategals:ad cdd be
processed and th I k: X 2>T1 at
the point % one' W:E’g\r%@% erg‘%lregf(}ilgéhphﬁdetgs i%]élagéij'-al f‘ﬁ L?QE&E rom%o-lét om
surface. Fi gnalemaltblbqpnomsedsmath& ozmutwaten sohision dsdeateditprtempendturg Ta2T has theof
processing £4f 4 ﬁ&rmﬁlﬁﬁggﬂ aglz&ggﬁé/\q,&_ ﬁé‘fﬁ%ﬁ% sffac@t tenperature Tl is

applied to mat e rocessed et material to be processed
and the ozorim&tlbstrmmﬁmcwl bjogkatiageamn ofp methndaf progessingmatenialgitA ¢tk  poi nt

of applicat 'o%he-%‘téi’gol@t onAPef érhtﬂﬂz 'ﬁh%&ﬂpﬂgd fo a%ﬁﬁofbé Bﬁhé%QJdthﬁ?e%lér face.

Fig; 15 illustrates a unc | di agram of a nethod of processing
materi al s: Aagesiakio bbn@fe@sqﬁm@the 9%ﬂnama@nscéwnmm@ﬁ@mweﬁmﬁa tithed to a

material 1o phmt oapRIRaSRhsHB rddfnt KBting - heated from bottom surface.
Fig. 14 illustrates a functional block diagram of a method of processing materials: A cold

ozone-water solution at temperature T1 is applied to a material to be processed while the
material to be processed and the ozone-water solution is heated to temperature T2>T1 at the
point of application using a convection heating - heated from bottom surface.

Fig. 15 illustrates a functional block diagram of a method of processing materials: A cold
ozone-water solution at temperature T1 is applied to a material to be processed while the
material to be processed and the ozone-water solution is heated to temperature T2>T1 at the
point of application using conduction heating - heated from bottom surface.

Fig. 16 illustrates a functional block diagram of a method of processing materials: A cold
ozone-water mist solution at temperature T1 mixed with ozone gas, is applied to a material to
be processed while the material to be processed and the ozone-water mist solution is heated to

temperature T2>T1 at the point of application using radiant heating - heated from top surface.
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material to be processed and the ozone-water solution is heated to
tenperature T2>Tl at the point of application using conduction heating -
heat ed from welyasssurface. Fig. 16 illustrates a functignal block diagram
of a nmethod of processing nmaterials: A cold ozone-water PLIER0RYSTit i on at
tenperature Ti mxed with ozone s, is applied to a material to be
processed Kigil7dllustratesmbloek @#gmo&ﬂﬁh&!ﬁmlmd&mhsasomg plsilledewvager i st

solution i ) tion using’
r adi ant he%%x{%n%%hgm%wg‘;r@ %géaﬁls%;rg g%‘g%nim%%%ﬁggg%p%g? ﬁ SOQ 29167
Fie. 17 i IE.Eisbﬁrl&lSGEte%ta Plpekdiagrin of asmetlend of dissalyingiozehe gisito chilledgvaserone gas
into chil I‘g ‘%ﬁ:%&fed cblﬁ:‘nﬁ i%m\(grp&iéﬁé-wht@l‘s%ﬁftﬁfnl and downstream bubbl e col um

to forman o wat er s ution Fig. 18 illustrates a block diagramof a

met hod of Eizd@dilusiratgs ableckdiapzam Pﬁﬂmemqfﬂéﬁf"m egone gasiintg watepehiliedd col urm to
form an 0zpRGiiet§ fromGh 'Skdu@Rvater ikt sottidn!nhilde Wit Gondgdk! OCk di agram of a

met hod of dissolving ozone gas into water chilled ter mst to froman
ozone-water m st solution mxed with ozone gas. DETAI LED DESCRI PTI ON OF THE

PREFERRED fABOREMI iR ETHRRor PRETRAFRNEDRIBABIEMNRATE OR REMOVAL RATE -

A MODEL e 1nventors have developed a nodel to help better understand the
factors determ ning oxidation and renoval rate of an organic material such

as phot or %A@toﬁgpmemoﬁmmmmbmmmvmm&mmt sol ution
at concentration C_and_ tenperatur oxi dation_and renoval of

an or gani crieg¥Eptorshgys %Fvglﬂlfé‘tarma‘idél tg Bﬂp B@teﬂg?qeﬁ?&d fhe fycprydetagmining ot ch  rate.
We can wridx@lafich £REMSGEI Atk of & orbdific Mitedal bith@s Phdtersgist ﬁﬁm%tsé!ﬁfbﬁﬂduaﬁr

E=C*( X/ p) S)/ ( M+ ar anet er [ cnB dj ssol ved ozone
concentr at‘&% “)F'Hé ??1%2%?@?"’ %ﬂl“t’l"F 5%0{1%@&8{9,0@@3 P Eﬁ*‘rﬁat? ayer on a
?em CO_ndedxﬁfatmﬁnﬂ&'emév@{] ofﬁiiaf@iuela@éﬁfﬁmbu&dbsmm be ﬂﬁinb@lh)temiE][warD&ﬂﬁWEt er X
g resist t he mass .of, resi st _ renpv mass of ozone
consumed ef?t ‘%&%W%@@e"?@s@ mr?tﬁgt("?‘ﬁ@sfelﬁf is conposed of

chai ns of Eadﬁ‘(m)«msmwfmnmﬁdpamneiwbl(gomeﬂmzpidﬂiemsbavmmeed then 3
noles of ozone are fﬁ"g uj rgrj t 0 ,0Xi gﬁlh nol.e of CH2. Thi %ﬁcorrfgsponds to

10. 3 gr amoBenGHIRL” frorg thes %Fe f OteAlif Jaypr qnasemicondutor Waleh g oy
(1998) vvasfoid%emfﬂlel(mébﬁuacmsmfaﬁm)ttmtpmacrr}a(g&sxsﬂgmzoﬂe)lsmﬂanﬁsef&mtsl st are
a factor of 20 .hi gher than that tgiﬁ"é bﬁ't eas tlonof full

oxi dat i on.TeRNEQ PRIAEE O m‘tcf?ﬁf‘m{e BYrape- gvga&ww Sﬂets‘sfﬁto short

f rggment S oa?]?os‘ecri] behﬁitﬂaofom tusits vy nhvsf terfelly dxdditedag beremsvddethemn® moiedr ophi : i C
an oat the wa net resul t
20t 1 ol e bS] ol i b 42 s comioneg 4970 Eramd SEerBR il oL
p (g resi STIM}CWIZG each fremadé resist. \Cheifteriskre(1928)ivak the Tiest md obetregthat efdhrateghout thi s
di scussi Onfor Iqmep tores1s Za?enafaetor (W% ﬁlgher%a%q}?at predlc{ed%(y) hllétagsumptlon of full

oxidation. They concluded that the resist need only be cut into short fragments about 20 CH2

units long before the fragments become hydrophilic and float off the wafer into the stream of
flowing water. The net result is that the parameter X is not (1/10.3) but about (20/10.3). The
paramcter p (g resist/cm3) is the density of the resist.

Terminology: Throughout this discussion the terms ozonated water, ozone-water solution,

and ozone-gas-water solution are used interchangeably. In addition, the terms etch, etch

clean, clean, process, oxidize are used interchangeably. DI water is De-ionized water
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and ozone-gas-water solution are used interchangeably. In addition, the
terns etch, etch clean, clean, process, oxidize are used interchangeably.
DI water is zed water 11 WO 01/28950 PCT/ 11800/ 294 | ved
Ozone Ooncentrét?}(g)dn C. Wien ozone is dissolved in a sol ventkso%eéprram mum
di ssol ved ozone concentratlon C. that can pbe achieved aftfer g sufficiently
| ong t r anBissel C 5 IWhsp 07085 s diiselxgd i3 solvent Jhegima® hy Henry' s

law. Acco Gﬂémdfoﬁodé%aﬁeénéadoﬁ@ thitldgh bermﬁbwmdrmsm samdldnuy 10ng trpisEiR Gifide} onal to
the partial pressure of ozone gas._ at i ven ra,t H gher gas
phase coné‘?ﬁ%‘ﬂ@ﬁ?‘b@é‘wﬁ'ﬁﬁ‘?ﬂ » He&ﬁ'cf \Mmélmg %’ep‘ﬁt ures vyield

hi gher W&ﬁammn%wbmt&)fslwoﬁiom% 118 Jarfi AR\ BEBE bZoak | gsmSa gNé'x have
calculated th ﬁroxmateewllb i um saturation conce& i\elon in rrg/L
(equi val emmne@ngar ighergas phasg ?06%“59“011%@?%‘%‘3“‘*‘5%3%9 gwer spiyer emSFRRBR 1 at i on

of 240 ny! kldﬁ&e?m‘ﬁﬁhﬂmeqﬂﬁﬂbﬁﬂﬁﬁ)ssol%ﬂ%ﬁ&iérc&&eﬂ&aﬁbns 2We haedaléulitad theand wat er
(sol vent) terrperatures of to 95 dwgaree Ci

cincre

Tabl e 1. TRESpYimate eqpilibriymn faF‘VatE?F’c tiga,m Tﬁﬂ\ﬂ%ﬁ“é"rapenﬁ‘ﬁ@aréﬁ ngg'fqggﬁbyozone
concentr atw&ght)lf& a@éﬁ hadé cohcerltidfigi 4240 m@/ums 9 wight p&r&lﬁt),eﬂrés%\ltesaofanlt gas
pressure for gas ase ozone concen of Fzﬁg g/(Jl\}I Fter (15.9
wei ght peraE‘éﬁP‘)’ WW&QW"F Fe"%l’e’iaﬁlﬁ"d giee Canp&F ng"qgiﬁs‘ Far (14.5
psia) p=21ask1(29 psia) p=4 bar (58 p5|a) 5 deg. C 109 218 436 10 deg. C
85 170 340 15 deg. C 66 132 264 20 deg. C 52 104 208 25 deg. C 40 80 160
30 deg. C 31 62 124 40 deg. C 24 48 96 45 deg. C 19 38 76 50 deg. C 15

30 60 55 THLE C Solubdity éflozofdgad @pwatés: Dheldissdled Givnel empeerationlid mPAL as) deg. C

> 1020 7ﬁ?nc%or9 of the wator t%l?xpergtgre%gg gas %r&%su?e fofa ggs%hgseég’zm% cncdutiatibt of 240

g/Nm3=mg/liter (15.9 weight percent) in oxygen for a range of water temperatures,

p=lbar (14.5 psia) p=2 bar (29 psia) p=4 bar (58 psia)
5deg.C | 109 218 436
10deg.C | 85 170 340
15deg.C | 66 132 264
20deg.C |52 104 208
25deg.C | 40 80 160
30deg.C |31 62 124
40deg.C |24 48 96
45deg.C |19 38 76
50deg.C |15 30 60
55deg.C | 11 22 44
60deg.C |9 18 36
65deg.C |7 14 28
70deg.C |5 10 20
75deg.C |4 8 16
80deg.C |3 6 12
85deg. C |25 5 10
90deg.C |12 24 4.3
95deg.C | .9 1.8 3.6
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90 deg. C 1.2 2.4 4.8 95 deg. C.9 1.8 3.6 12 WO 01128950 PCT/ USUQ 29167
Mass Transport Rate Coefficient M The paranmeter M (cnmsec) is the liquid
phase nmass tx@wpgisy rate coefficient. The ozone is tran?%?_é} ed to the

waf er surface by diffusion. The nass transport rate M ( 33(729167D/S wher e
D (cnR/sec) is the diffusion constant of the ozone diffusing in the |liquid
and S (cnm) is the thickness of the stagnant |ayer. The diffusion constant
D for ozone in water is 1.7E-5 cnR/sec at 20 deg. C. Accordingly the mass
transport rate is |ncreased when the diffusion constant is increased
and/ or the di f fMassdsang - ient Mo dhe pameters (aw/eecRis-tbe ligvid Rhase

Const ant Smaslhﬁnwmﬁtceéfﬁae&mm%odess mp&&lmert&tw&t& sufGRERA@Rtsistr f ace

reaction rate constant. The surface reaction rate S (cnisec) is an

exponent i alf® § 176 (RBIHORS Fate Me(c%S‘_a UR/B Wiy Br{emi/pes) iF tierifusion constent ofithe
activati ongLe ?%lﬁ? ifthe hé gﬁﬁn)' i9 the it of tﬂe%ta@@nrt iagHJ Fhe diffusion

S=Soexp( - Ea KT e K S constant an f he surtace
reaction rmletalptr!bfm B 70V] mamtmys wﬁétcmifsec 120 deig. 1G: ogordinglyrthemads transport of

di fferent t I t iof.f erence
in the mag%?etg eﬁh& a?:lél?'r%e*gc |1lcgir'1'?crréa‘1i eéiaa ggfr(l’ié?‘ ancﬁﬂﬁ!sté?% {lﬂ&? R

mat eri al s. ddéte@mdng Waf er s at H gh Tenperature: An increase in tenperature

G ssol ved cone SHE FoRiPLRAR CHSEREY:, T bifkfibir SOl e llchline

i n t enper adependent pusfacouaeastion sate cpmséantt hBleesu:facer acagtion\eate & (omsechde aw th
| ncr eased GEBRGHA! dhcfon t@&@\éﬁ&m@é éa?er &Felg)parfdrtﬁe Qn%&fb#n e%ﬂrg?t A% ¢ ature

concentrati l's wth | ncreases erature

i s such t hthe oxslatign preqees. dn particelare Sﬁ%%pfe@a/%‘k‘shm Kris Boltaman/sy¢onstant and|
E=C( X/ p) * Mo i thM duffadePeli@ion rhth GogoRfonalitf W& e c'aﬁffeeéncs hin et xﬁ{eg erate

becones limted by the mass transport rate gher.
t enper at ur &ffergntmajerials at o gixen tsweer#a@gs qtmws?)@rtbe fitﬁ@rencatmmnrr@amtqdeo@h@h rate

W 1 becog@memrestibh ARSdRRdtint Fr MeltRd mitetihisbe hi gher. Etching Wafers at Low
Tenperature: A decrease in tenperature wi|l decrease S and the magnl t ude

of the term (MEishifeiafers of High:lemperahug: Anfnereate B iemBEner WilliagrereyS an

appr oxi mat @t YymsMAdARE thé tt&ndG(M*Sﬁﬂmgl N 1t QAP HREIVEE cohdeRtatidR fealing€e t hat
the etch rate would decrease wt ecrease in tenperature. However, as

we have secaphroximatelycanstant, with ag jngrrasecin femparaterei Gen Wp san; segj that the e ztes i n
vat er t enpgiad oRasel with MredseREHeattrE n{&w&velc 5@@@ ﬁ&l/e sb'éht, te dRsoiVed sz!aﬁe etch

rate becones surface reaction rate |imted g *S. Measured

Tenper at uronesapatimadpiisavily inageasesdn Wéfféte&‘PEﬁ’@Fq rﬁ' ﬁﬁfey‘i’ﬁ@ é\'ﬁéﬁl’at 8§>Mhe
the etch rate becomes mass transport limited and E=C(X/p)*M. If M is larger, then the

temperature at which the etch rate becomes limited by the mass transport rate M will be
higher. If the temperature is higher, then the mass transport rate at which the etch rate will

become mass transport limited will be higher.

Etching Wafers at Low Temperature: A decrease in temperature will decrease S and
the magnitude of the term (M+*S)/(M+S). If the dissolved concentration remained
approximately constant with decreases in temperature, then we can see that the etch rate
would decrease with a decrease in temperature. However, as we have seen, the dissolved
ozone concentration rises with decreases in water temperature. If the temperature is decreased
until S<<M, the etch rate becomes surface reaction rate limited and E=C(X/p)*S.

Measured Temperature Dependence of S: We made a preliminary measurement of the

temperature dependence of the surface reaction rate S in our laboratory. We made the
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t enper ature dependence of the surface reaction rate S in our |aboratory. W
made the 13 WO 01/ 28950 PCTI US00/ 29167 neasurenents of the etch rate of

| BM Apex powbloiyddsfPUV resi st under conditions where §f’@§‘l‘f SCX by
etching a spinning wafer with a srrall di aneter nozzle to S ¢oh; gh

vel ocities and small vaI ues of S. We neasured the etch rate at 7 deg. C, 12
deg. C, amepesyremgpty of theetchypte ofdBM Apsranesisves R Yaesist mader cprditions where react i on

rate coeffishamni ESSCRBySRRIngaRpinRRg Safer Vith § sh@fF HideRE nd 2R ¢ ?Lrod@c\é(ﬁ

degree Cincrease in tenperature corresponding to an activation y of
about | eXeloojyes prsdsrepllvalies offfe Wmpasured the ctshestegt Tieg. Cal2glse. Gond 17 d:egent 50
for  Shi ptepulfbaud ?ﬁhtE kl?ﬁ el tiat ﬁx% sﬁx‘f’a% ctlo-ﬁmatf, chefi 8%&%' (CnfeBd nWr%\age I ne
positive resist etch aster rve p otore5| e?sured

Et ch Rat ebya fapsor ¢fdwe lﬁQf eYenPalegee ﬂelscreas}m tmetatmb comerponding to @s adtivatiohow t hat
the etch ga ERSESWMRSR 10 deg. Cto
19 deg. C beg?augg{u e nornaf‘ftﬁzk:sghg?aﬁm&lt%gré}%u %’g‘%ég%w%{/%n%ofarger

fact or thShplen éSQiupgsbwlelmeam»eThle fsongistent with I-diacpesamscsmﬂmhugfasteMen t he
t enper at Ugg, b Gotthr m 19 deg. Cto 28 deg. C, the dissolved ozone
concentrationwgbglgases@%éﬁsg Iarger factor than the normalized etch rate
decreases. ThiM Rateiath Differen perdtun é}urirmrqueammsulvsshmwttha resul t

t hat und 0 | eved at
about 20 JegtiHe %%%pmmﬁé '%*"9%5%1‘435.'*%5 B e UG 14 e RS Tode
can provi @e n@rmab%ﬂdmme E{Gincrghges byia largeh factor thbh thedissolvehazage t hat t he
normal i ze 'ﬁ?sr S Is nd t hat
the etch %5‘%“62%‘5 8%% f %%g%e‘gﬂ%nﬂﬁeﬁ@ éergtgllseﬁggﬁ?a&fienpera e&‘rg e%)ggve 20
degree C deB. Gethedissolyed proge aommtmtjdn d@rqasea\bydkrgcﬂfacgdmhamesmminMd '
concentr v,

enbodi rre?]%tgpﬁ%e?fefﬁz%gﬁ (lijl*sht(?s tg%lggona&nﬁe&ﬁnﬁ mhg{fﬁémgl?at gﬁhﬁg&g{t 3 un%fo achi eve
t he hi ghe@ﬂ!lﬂ'é%@@%'épﬂéﬂvmheim@émtﬁ ttackjevedmt @oug'm@g Gurface react | on
tenperature. T cl udi ng t he | owi ng:
a) heat the cc‘)am zonlén)g‘% ven Bale mX'QhOd |cﬁ}£g eﬁf l'bi’ t ed j ust
upst r eam i8sightrieto theprobieny dt shpvs that theneymelired stoh vambe noteaset by mcmasingqhe nsed
onto the t on will t at t he
surface Ot}?ﬁi?ﬁ%tﬁ%ﬁg & }gtfﬂ% btgﬁ&%éj%og@}gmr%%dvb?m aaglé'%&iéeatgfnpmtum aE? €

ozone- sol degree Cibwe couwkhfing 4 methed to providess highfer dissohed concedirationlatthel elatratédhe | ower
t enper at nmonment. b) heat

t he col dq%?%%%m%ﬁ/egﬁ%s%tg?%%@n&g{odﬁ%%gh%{]agt%ucliﬂq?é cation with a point of
application (dageerabprincipal isdo mhlttvnthgmg&s dxssoévedtohmesuobedntraﬁom asar f ace by
for exanmifentaititd récfial t{h%af)lﬁfs cal'bd (n:‘:% he, Xiﬁ%’b%l‘ 8{'\9 ﬁ?urhgngctﬂosen to be

absorbed t he ozone-sol vent solution
ollowing:

a) heat the cold ozone-solvent solution with an in-line heater located just upstream of the
point at which the ozone-solvent solution is dispensed onto the substrate. The heated ozone-
solvent solution will then heat the surface of the substrate and increase the surface reaction
rate. The ozone-solvent solution will retain most of the ozone dissolved at the lower
temperature if the solution is not heated until the last moment.

b) heat the cold ozone-solvent solution at the point of application with a point of application
heater as the solution passes over the substrate surface by for example using a radiant heater
with the wavelength band chosen to be absorbed by the ozone-solvent solution. The heated
ozone-solvent solution will then heat the surface of the substrate and increase the surface

reaction rate.
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ozone-sol vent solution will then heat the surface of the substrate and

I ncrease the surface reaction rate. 14 WO 01/ 28950 PCT/ US00129167 c) heat
the substr at gyg\iiosg POi nt of application heater and di spgHRRed#e7c0! d
ozone-solvent solution onto the surface of the heated substrate. Provide
sufficient heat input to _the substrate to overcone Ecllgol i %effect of the

col d sol vers) hedt hesplisirate pvithapaint of gpplication heater 4 disgense the cpld ozomers@VEl ek si de or
fromthe frapfonSintfine bfabd 6 e Hosted AlbGiraitd PR ale R fitieRedt ipubRakeiutgrate he

entire volunme of the substrﬁtthe may be heated so that the froréh sur f ace,
(]

the surf acdo evsragmespeling gtfect gfthe gold $alvents Jn prasticethe subgtrate,can be heated oWy ¢ o

the front iedReksidd®r BBthitieSronPLideTas @E sibb@ateisineitédiedn 18 Packbide,igadndiek or only
the front surface may be heat ed. A’he sutégggnet reaction yate, at .t he front

surface i s valumgeE the sibsisate Ry be hegisd pojthat Cfot gt be e Caheat the
Cogd Ozonﬁbs Qéavéantftmhh lﬁﬂtxiaﬁfis Rakd hﬁﬁtthdﬁtglt §iti) Shief edtir® vOlimicof thegmme miag| lnlg ab
radi ant eater with the wave] engt an osep to be absor artially by
t he ozone- $8beatadior saly the fmt s“égﬂﬁF 'B%Y:ll‘i?’ﬁ?tf’%ﬁgfls"trﬁge ??Pg‘g{‘ P%%Fhe???élpsubst rate
surface cagybRe heathRdioRyf hORMphiuRvf tedrmeaifacd, or radi ation. The surface
can be heated by conductiopn usi a heated surface _such as a hot .plate. The
surface c&h hB%“I?é‘a{de‘lF‘Eﬁ?”EVSW\Fg@ﬁ?'quﬁgﬂtﬁ@f s gﬁﬁ%&%ﬁg € pﬁ%‘(m?% %}GFIEJ‘ %o the
front or r adterStihitBEPavelbhgth bandehbsen tocheabsorind paniallybly thy ozoneHsalvénd solutipnng a
heat |anp or l'as Isr orhot er source of radiation. The radiation wavel ength
band can bé“%PﬂS'é?g by T he radiation passes through the ozone- water
sol ution with | Thd dubstarasudcedapediestedby ¢andidtion,wanvestionnef radigiomajlbe i ty of t he
energy absorbed in.the. surface, 1ln f aLd GhAsEN to be
most st r ongPYECE FRDIENE e‘?ﬁ'w ﬁuecg?%lf/s'entg atq’%s?&egn%f\?é?i&% %%goﬁq{éf glg{lgs ?ﬁ Tor “exanpl e) .
The descri [ehn beheated bjneonveatibn nsingh lotpasdir hetrliguidite the fontdir zéangpriaes: cklieal s at
hi gh speed is. divi.ded i N %ggp aGon) USt
Upstream ofwlfS teﬁ%‘ltf'?fh e%tF &1%’5{“,9%03‘5‘,5%%?%%@1% (o‘ﬁaﬁ@gcﬁ ahlr d GROUP:
Heat Appl i athe sddiatiee wheeleangthdandigep bé cwsénon tiat thg radistion basers droyghdhe @pna d
GROUP: Hi gh_Per f : SRR EYank & ity OF thO&i tion with
the Pr eferﬁagegsﬂg%%gpﬁn@ﬁ%g%@%oﬁkfﬁroughhl?éaing. e19 %t GRQUP:, Heat
Appl i ed Jusbsothed tin tha surface.t Indacbie madiation penbieichesen toypemmosistrongly phsgthshinsi g 11)
A first pr ?ﬁeelgge?%Héﬁ%@giﬂo%es%i‘fo%ﬁh{ﬁ%?.mt erials at high speed using a

n

solution o one gas dissolved in solvent conprising the E,t ps 8{
di ssol vi ng r el aThaxdsssriptippf taeprefered embodiments for pxidizing materialy 2 bigh spged 3
rel ativel yd# Qﬁtggﬁéeﬁ%m ed tenperature Ti to forman ozone- sol vent
solution w \ﬁ&é} relati elp)Q/ hi gh di ssol ved ozone goncentratjon I,g;mgl beati ng
t he ozone- lst GROUP: Heat Applied Just Upstream of the Point of Application (Fig. through Fig 11)

2™ GROUP: Heat Applied at the Point of Application (Fig. 12 through Fig 16)

3™ GROQUP: High Performance Ozonated Water Supply for Use in Conjunction with the

Preferred Embodiments (Fig. 17 through Fig. 19)

1st GROUP: Heat Applied Just Upstream of the Point of Application (Fig. 1 through Fig 11

A first preferred method for oxidizing materials at high speed using a solution of
ozone gas dissolved in solvent comprising the steps of dissolving relatively high concentration
ozone gas in solvent at a relatively low predetermined temperature T1 to form an ozone-
solvent solution with a relatively high dissolved ozone concentration, and heating the ozone-
solvent solution with a point-of-use heater to quickly increase the solution temperature to a
predetermined higher temperature T2>T1, and applying the heated ozone-solvent solution to
said material(s). The first method for oxidizing materials at high speed may additionally
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solvent solution with a point-of-use heater to quickly increase the
solution tenperature to a predeterm ned higher tenperature T2>T1, and

appl yi ng th@ohﬂﬁ‘gs@d ozone-sol vent solution to said mat ef ]Iq‘},s(ﬁ% 6The f| rst
nmet hod for oxidizing materials at high speed may additiona ’E

01/ 28950 .P USOOY 29167 i ncl udes ector/ m xer_ for inj ectr n and m Xi ng
addi t i ond¥® ?"Bﬁ%ﬁﬂeﬁ oL/ mIxgr Soripjecting ‘g é"é‘*&ﬁ@ﬂ’t‘m“%l(?h%‘ic@ﬁ’%@? °%Pr§§'tsgl<¥% of the

poi nt of selpfibd patwpafeamfo fiitgofit ONgpphEtive 6f th 61dAbIsOWerdt Solhifith thRlcGhdtéials t O be
oxi di zed iments are illustrated in Fig. 1

er ,of referred e
t hr ough IE?Q oxjdized. W P9t §’IW€E‘E’P%B‘°W§?W63“9Ww@)Ebﬁ&-ISIBM‘%F@SUI ution
Heated W Heat Exchanger Description - Fig. 1 Wth reference to Fig 1, an

ozonat ed te uppl. i connect ed h a Ie th_of tubing to the
conmon i %?ﬂ%ﬁrgg¥ﬂ¥%@2m§“v82w %ﬂvenﬁ%‘g eaeﬁw cah Exqhangss- way val ve 24
i s connect ed Dbgcﬁmmg ngmmcréfereﬁwtasmgtpaﬁhamseh%er%ﬁgszzfiswd inl et of

a heat exchan the ot h outl et of three-way val vé i S connect ed

t hr ough &°MHe8 gt‘ﬁ &tﬂéhercaemorltlspuap%ﬁthrepe@warlrwﬁr Ehearg for the

ozone- Watoﬁtlet%ﬁ{hbﬁel-v@d]( valve @4 f’%hﬁ&ted\{ﬁ'&kghﬂﬂeﬁéﬂ%ﬂuﬂﬂé {&&egéld%rdc@&'fuﬁyl ating
heat i ng nneg% d_gthrough | ength of tubing heat ed
t

wor ki ng 1’{1&‘105 Fﬁtéi“’ PEeh %E‘h%fﬁg‘@?t@WW Yidver2dds %P?&twghfpplhﬁ out | et

of heat Ilaygtufngerg d%he fcihQARSS-teaRith hﬂaw lFordhe &Bﬂéth@i soidﬁQh n@hé fe
wor ki ng fl ui.d ﬁmh%&tgiﬁrecr rcul ating heating unit 30. heat ea process

fluid out%&t % gating eﬁt@g “@b?ﬂfée?lwctﬂ']ﬂ’mygh dengthftubinghgt h of

t ubi ng t @o the hbmlemningmid\rﬁeﬁﬁhemaﬁcreﬁ%r Q&'t’[:heheé?éd J«&}kﬁgﬂuieﬁmtrfﬁgdfggat?i 'eS
In o a di spense nozz

connected thr gg a shoré | ength of t

di spense ﬁ%?'ig 15 cpanegisd throp ar‘“éﬁﬁﬂﬂ?&”%‘%‘%ﬁ‘?“&?‘sﬂaﬁdm%mthe surface
3? 01;] theecrraﬁramgaieaﬁngunheoomdhm rsdemﬁeutelromeaﬁe%l?aﬁ rt.)ﬁl?se ot heL out| et
of three wa ve s _conne ough a | ength of Tubing to the
facility® ﬂhé@lgglam %é“‘?‘%mt é‘eﬁ'é‘ﬁ‘b’éﬂl"ﬁé nEaegae gptl etgg t on.

Oper at i Ofway valvg32 is ciiriebred thiratigh @ 6ort lendth 6f thbind b HHGRRsARSZNES, efheSOl Ut i On Of

redeterm ned dis ed o] entration i s produced by the ozonated
\R/at er s u?BPW§§%§%8¥%?8r |Zarf a'b‘?g'rﬁi‘mé §§ta&‘|f° ﬁ"iﬂl" Qﬁgt‘@‘?qgrﬁﬁéﬁthg gtesiat eat i on and

pr essur e bPaxitizéd) cléﬁ’ieﬂlo@i‘oc@ss&[ THebMErDullawbf HRERAPY AN 32 connddiéy 0ZONe gas is
di ssol veﬂE gho wat er t% a venpturi. injector and downstream bubbl e col um,

a packed e gﬂ“bfa’i‘é i feefRriity feaisregiaim inlet34 dorghe hegted gpamerwaters f user, a

turbi ne soluthon, a sSpray contactor, or other neans known to those skill ed I n

the art. -The.ozqne gas nay be dissolved at atnospheric pressure (- 1 bar)
or at el g@%i‘—'ﬁ%s‘sures above atnospheric pressure. The naxi num di ssol ved

concent r at i onWith aéferefide toBigll;, axtloefelgdsOnatér selukibiofiRedcRAGHEd dissolved
ozone concentration is produced by the ozonated water supply 22 by dissolving ozone gas at

predetermined concentration and pressure P1 into water at a predetermined temperature T1.
The ozone gas is dissolved into water using a venturi injector and downstream bubble column,
a packed column, a gas permeable membrane contactor, a bubble diffuser, a turbine mixer, a
spray contactor, or other means known to those skilled in the art. The ozone gas may be
dissolved at atmospheric pressure (~ 1 bar) or at elevated pressures above atmospheric
pressure. The maximum dissolved concentration that can be produced for a given gas phase
concentration, gas pressure, and water temperature is predicted by Henry's law as discussed in
the introduction. (See Table 1).

Some ozone generators such as the Astex AX8100 and AX 8200 require high purity
oxygen gas mixed with approximately 0.5% nitrogen gas by volume to produce relatively
high concentration ozone gas (200 to 250 grams/Nm3). Other generators such as the Astex
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concentration, gas pressure, and water tenperature is predicted by Henry's

| aw as discussed in the introduction. (See Table 1). Sone ozone generators
such as the g fxnsAe8 100 and AX 8200 require high puri typcplé$/“§§§1 gas m xed
with approximately 0.5 % nitrogen gas by volume to produce™r 1§ ly high
concentration ozone gas (200 to 250 grans/NnB). Ot her generators such as

the Astex MbleldXlo8g80Mpdst AXBI0% Sewazon Madstidn. 20amlizmozomsMede! (RRI2|
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rel ati vel y PrAdyer relativebnhigheangentration ezopmgns. Meeerar seiringoaygenimiyedoxiffyen ni xed
with appr Q?ﬂrgﬁﬁlgﬂe% (95"/5g(&ﬂgér{]ﬁ%ﬁesq{sza%%ﬁti&%aﬂdrggqgloﬁntro?WZ! vely
of NOZ. Wh this ol ve

| ar ge anoun ) en gas streamis diss In water in the
ozone- wat eWhes figgas strean is dissglyeddn wateniaghe agone wolgr eontactop dhe NQ2 eambinesi tri c

aci d (HNO3)yithhater i2209%8b Erm! nitri¥ aaaiﬁmwg ,zf@gﬁﬁwpisﬁai{.g%e?&i ﬁfﬁmfc g the pH

of the ozone-water solution to gradually preferred el ectronic
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requiring Q%Xﬂ@é}pr@%e?ﬁﬁ’g Shtlddimdpl MicAikk gpatnedzé{ne@n&%% g&hgﬁﬁ@&&gbﬁm%@ red

because this type gener at or "produces ozorne a'very small anmount
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there is a mnimal " resulting pH cha e ozonated water su‘g ly 22 may
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concent r at pRGmaNdsultid YH GhfgeON @ continuous basis or on an intermttent
basis. In general, the mass flow rate out of the ozone-water solution (the

product of t he Theqapratedryatsrsynpbe2mey hefiesigned Josupaly 29 2gone-gagiaienealetionon) | s
l'ess than N ERESmnk@Yntaiatid] afdTRWIERRA a cORRuGRDLAE HbnlMASniEAiaet or (the

product of the ozone gas flow rate and the ozone %%s concentrati on).
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as a Wwast AoR#48endIRSdissolved B2oné BorR&RRAD IS RssWRinthe MR Flow HRYF 8 g gned to
fl ow the water t_hrou%h t he ggs-water contactor in a single pass and

del i ver an8¥78icEngths copticiar (g prodpgs of the ozong gasflaverais and the\p2PRELas | ess t han t he

sat ur at i Onc&RERRAN)2 AcSUdingly|s0fne JF ih¥ 82dhe ghd \WillRZR Rdinahe WhtRior G4 RhdasRY be
designed to flow the water through the gas-water contactor in nmultiple

passes, an¥ai'heFoBHEasSPFAYi de a | onger time for nmass transfer to occur

bet ween the gasapa@nédatdlwatdd isebplyrfisl Stdebiy@id téflow GeGnfer@iugihEgas St | on at
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facility waste/reclaim . .

designed to flow the water through the gas-water contactor in multiple passes, and thereby
provide a longer time for mass transfer to occur between the gas and the liquid, and deliver an
ozone-gas-water solution at a predetermined value up to the saturation concentration.

1t is convenient to use a three way valve 24 to direct the solution to the process for the
required process cycle time, and then direct the ozone-water solution to facility waste/reclaim
26 at the end of the cycle. This is preferred to shutting off the flow for ozonated water
supplies based upon a single pass design since this type of ozonated water supply 22 requires
water flow the operate. This insures that the supply runs in steady state and can provide a
stable supply of ozonated water at a predetermined concentration with no transients associated
with stopping and starting flow through the supply contactor. The supply can employ a |
controller to set the flow to a very low level during the period that the valve is set to the

waste-reclaim position to conserve water and ozone. If an ozonated water supply of the batch
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26 at the end of the cycle. This is preferred to shutting off the flow for
ozonated water supplies based upon a single pass design since this type of
ozonat ed wakgloysssgPl Yy 22 requires water flow the operatE $1| S insures
that the supply runs -in steady state and can provi de a ?TO{B 3’2%16 pIy of
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areS|de ce volu 100 , th he flowis sent to facll ct(;waste/reclalm34
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process @“’Baﬂ’gFFeﬁséHs bitetto srohstween thegad planeprasesssydaendths - wat er
sol uti on swattlofitewkt ppdce@icycle.

_ The ozonated water supply 22 .delivers an ozone-gas-water solution with sufficient
pressure to achieve a predetermined flow rate through the dispense nozzle 36. The delivery
pressure must be sufficient pressure to produce the flow through the pressure drop across the
heat exchanger 28, connecting tubing, and dispense nozzle 36.

Back Pressure Regulators for an Ozonated Water Supply Using a Pressurized

Contactor. If the ozononated water supply 22 is designed to dissolve ozone gas into water at a

gas pressure P2 above 1 bar, then a back pressure regulator is typically placed at the ozone
off-gas outlet of the ozone-gas-water contactor and ozonated water outlet of the ozone-gas-
water contactor to maintain the specified gas pressure P2 inside the contactor which is higher

than pressure P1 downstream of the back pressure regulators. Once the ozone-water solution
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pressure to achieve a predetermined flow rate through the di spense nozzle
36. The delivery pressure nust be sufficient pressure to produce the flow
t hrough the gweaawse drop across the heat exchanger 28, &aﬁ%ﬁ&}ah g tubing,
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i & shensn
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of the ozogR rt@ting heating unit. In passing through the heat exchangcr, the ozone-water solution

ﬁ

is quickly heated to a higher temperature and then immediately applied to the material to be
oxidized.

The volume of the fluid passages through which the heated, supersaturated, ozone-
water solution must pass, starting at the inlet of the heat exchanger 28 and ending at the
dispense nozzle 36 must be kept relatively small. A typical value for this volume is 100 to
300 ml for a system designed for a dispense flow rate of approximately 3.0 Vmin and a
dispense temperature of approximately 50 degree C. This corresponds to a residence time of 2
seconds to 6 seconds. In addition, the volume of the fluid stream starting at the dispense
nozzle 36 and ending at the surface of the material to be oxidized 38 must be kept small. A
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solution exiting fromthe exchanger can be changed by changing the
tenperature setpoint on the recirculating heating unit. In passing through
the heat exgbaiesy, the ozone-water solution is quickl Cl? ezg &0 a higher
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di ssol v echppmd'es then m:dnsign atelpomt-ni-lhste héagérito have a stffigiently snwileesidenteltime at
ozone- wat I pti mum
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t r anspor trelativdly sredllamoumt. as  di scussed earlier. Once S>>M at sufficiently
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rate further approac en-to desi e pol nt-of -use
heat er t cconesptratipnswillfalbatamigher reterifi the ingid¢ mfn@eoftthermnﬁnof-uaemwere(th?h rate

mexi m zi “@»oée@ d'i“ttl&érh%att %‘% feb n s SHBONKE ert C@&a&ﬂégcs%%rﬂ?etdz&%ﬁﬁcays a

relativel anount ozone gas wW one out of solution at a
hi gher r dleeveapliytiotmosy readity ﬂ@ulwbwfthﬂﬁﬁ@&hﬁsr ahacondingly ¢ refagively moeth hi gher

rate if tifferishi®lcds Rbirdaddte Mbidd ;H?fa&odf@e 96 difeddSRER b h Msbe HRAtOCESS Side of

t he heat exchanger in this enbodi nent) has scratches, since the ozone wll
| eave soIWhaé‘EerrWFI 413 amade hy Brerpylac. bat asurfape opehngs o cR@Rehes. Accor di ngly,

a rel ati vekropoiMbdverdioia@fe svhilabRGAth aSuftERirbifinesd e~ 5 Rgi de surface of the
316 stainless steel tube-in-tube heat exchanger nodel 413 made by Exergy

Inc. has a surfhaeenegagrillceme gyt of sohwionat a highes gath #dohs disselyed exo8f ons are
avai | abl ecopbdnfratfonSwll FAFS a hUHETHRE $HSthOdurfack d8éh of the free stream(s) of fluid passing

from the dispense nozzle(s) to the surface 36 is larger . If the flow of the solution from the

dispense nozzle to the to surface of the material to be oxidized 38 is carried by many small
diameter streams, then the rate of loss of ozone gas from solution will higher when compared
to the case of the solution being carried by a single solid stream because the surface area of
the many small diameter streams is larger.

In applications such as wafer processing the use of stainless steel wetted components
is not acceptable because these materials introduce metal contamination into the process
chemistry. In these applications the preferred materials for all wetted parts are metal free
materials such as Teflon PFA or Teflon PTFE or quartz. Accordingly, the point-of-use heater
should employ materials such as Teflon PFA or Teflon PTFE for all wetted surfaces in lieu of
stainless steel for these applications.
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second typezase-watar sajutionde saidamefprialywhilecheating spid materipls gpd saidkozane watery o

sol uti on OfoliRHQR the Paifit tapRiRhiicado hlciaP inéREe st MAtcriaAEmpdifut aBP i |
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The heated ozone-water solution will have a much higher dissolved ozone

concentration at said higher temperature than could be achieved if the ozone gas was initially
dissolved in water at said higher temperature. The parameter space for the preferred
embodiments and prior art is shown in Table 2 below. In the prior art, the ozone is dissolved

and applied at the same temperature.
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ozone-water solution to said materials while heating said materials and
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bel ow. | n Selytons F‘Eﬂhe‘éptﬂ‘c‘E‘?Fé"%i"d??é’x}dsze@?@st%%ﬂ“”gﬁd applied at the sane

t enperature ”11‘\,"{}6‘%#2895&#6‘1': HS60-29 LFI:’B 5im- df.m ntso" arreter—Space of the
Preferred E aqnents and Prior Art (th %ege‘g‘ ™ol ution i s _phepared
by di ssol vi 1gz=azone gas in water at a t BRE)IGARTe TI t he ozone-wat gr

solution is “““'li ed—to—the—tratert+al—to- gmeran - o L,ﬂ. e1T2
T2>T1 Pref ef $&d lEnbodi ments  T2=T1 PR ngWFe‘f‘ U@ere‘@neraﬂﬁﬁ
performance|than T2=T1 (Note 1) Note 1] Nate t)hhe case with T2<T1 the
di ssol ved c&reenrt+tattor—+S—hRorratt Y —tfhe—sane—as =

surface reaction rate S is | ower because the surface tenperature is |ower.
The poi nt -Ndte usk thecatewith F2<T4 sheglisolvedroheentration smmiminally shecieme as whEnune so

that the ppg %mgfﬂa@amgwﬁ% vk P%c%semes Gkuréfdortdie poi nt of

application i's sna fere s i nsutticren e For super sat ur at ed
solution to retl'hfrpmmt@f-esp.hehﬂems designbdtodwee 7 wrllinesitgnectiolumnso thate of t he

material tg eém,@%&&éin ml;hﬁe:tdf% hEzﬁé}%& &g pf)iﬂ{oftap}\?%cgﬁun% bRl Jna Hefdiflr N to

eqU|I|br|um|s endent upon enperature to solution is

heat ed. Oupsuficisnt hmﬁwyupemwéwﬁmo retm tocaquilibriym befpregeackinp®eat ur e of

about 50 %ﬁa&%fﬁienﬁte&%ﬁbﬂeaﬁ&zéd ’Tﬁe%e?eun@detiohtWot he di ssol ved
concentratlon to only fall by about 10 to 20 percent. At. _higher,

t enper at urdyili ’t‘%‘srdékﬁﬂi‘l"féﬂp‘}“é%ﬁ %PRF@“’FF‘?}’E"'P’%”S‘H‘&P?’E’F he‘*ﬁ%ol"ég? HUREE time is
pr fpoi th I Oﬁﬁéaﬁ]r&l?edtsf'ilﬂdﬁﬂé {hBEat Q%pbﬂwgef&'%dhtm @ég&retc @P@ideﬁdte tme;gdl 3 pensle flow
rate thoug at _vol ume red. an 0zo er i on i ssol vi ng
ozone gas, segfnd %Mﬂ‘f’lﬂ!ﬁq‘%ﬂ"%{w at@PWy&ﬁPm%V“F EHS 51‘“"6"%8)({/ mn, and a
R/tra essure ginlghhé igﬁperamf& ahaﬁqnﬁfedaésndanotaﬁﬁ%@e{)ﬁauéﬁwmsi@é@wﬁm&sqbﬁmmw usijng a
zzei Mode 7 venturi ect or e,.Cco nfactor operated in
the reci rctﬁlﬂé?t""'r‘l'ﬁ‘eﬁﬂ‘&’é“’erw bﬂ?‘f’%ﬂ‘a glft SBENSAIIRY aggR‘BY‘ﬁg’ t&’ﬁl"%’\%‘& t he
di ssol ved contsgrémiadan ofanadatel ftutivn by izidiviie eoncgas|at edricantrativon afi2ddit 70. W

SR OFRRS; A Pate of 0.48 L/min, and a pressure of 1 bar, into water at a temperature of

1

about 8 degree C using a Mazzei Model 287 venturi injector and bubble column contactor
operated in the recirculating mode. We waited about 30 minutes and allowed the dissolved
concentration reach the saturation concentration at about 70 . We drew the ozone-water .
solution from the unpressurized contactor with a high pressure gear pump capable of |
delivering a flow rate of 2.7 L/minute at 80 psi. We passed the solution through an Exergy
tube in tube heat exchanger model 413, through a UV absorption type dissolved ozone
monitor and thermocouple probe, and then to a waste collection carboy. We measured the
dissolved concentration upstream and downstream of the heater as a function of the
temperature of the ozone-water solution downstream of the heater for several different
temperatures. We used this data to estimate the decay time constant as function of
temperature by assuming that the decay time was an exponential function of the temperature.

We ran a similar test using coil in heated water bath heater. We flowed the water through a 20

22



solution fromthe unpressurized contactor with a high pressure gear punp
capable of delivering a flowrate of 2.7 L/mnute at 80 psi. W passed the

sol ution thr ogglymespExer gy tube in tube heat exchanger r’rpg,p 0 A;rslgbthrough )

a UV absorption type dissolved ozone nonitor and thernocoup and
then to a waste collection carboy, W neasured the dissol yed concentration
upst r eam arfotdengsetl pEstainlsss stenle-3%e inck PDa $03 inch 12 fubing, ismersed in 4 keatsdr at ur e of

the ozone- VWeIt&'batﬁQ‘.l‘nHéd ROWSIE diE AT hiVe siitRieRERMWRS tonRhintAiR ¥ S5dtantliatd €r ent
t enperat ures. used this data to estinmate the decay tinme constant as

function oftem?@ﬁ!féf%‘f disrentsrempesaivie AEthe Azone Mater spution d?‘i‘??é""v?é?@“%?rf“’&‘ﬁﬁ@ne ntial

function ofgutib@tht wapemmrngl wé/‘@seﬂ aferaagesénmekaaﬁestlﬁaﬁalyzﬁi ek fe&ults. Th heat ed
wat er bath heater. ter throu fV\D 01/ 28950

PCT/ US00/ 29¥ mwa{mﬂ ?fﬁ‘geq? in bﬂhfe&emﬂ about Pgérnd thefﬁgdme Molee of 805 | nch
| D tubi ng, thbEMR abe deat onﬂaxfgeﬁrﬁdbodt@()xﬁr (BRttlie tabide B €dtrohks) TRtresultdRE Botlli d not
have suffici ent %)ower to H‘S g#g a coaﬁt ant__bat hﬁ%&’ erature, the

di spense t YLt cRUEISERE i progentef belgyy Thedpsu F SESHHF 5 degree C
duri ng t he prsséadted in@abledibeigivy, We used average tenperatures in anal yzing the
results. The residence volume of the coil in bath heater was about 270 m
and the residence volune of the tube in tube heat exchanger was about

90M . ( see Table 3t Bé&dag tnaxefcmtanmseﬁncghgoflrtaﬁpdrama‘mashed bec?j! amé Sonﬁﬁﬁﬁas

consi stent wi t e elow. The re r one test series
are preseftd® h ﬂ‘kl?ﬂ%ﬁt%“@ag‘é‘faz 4578 tme qouyan ﬂs% ?‘fg a function
of terrperamwunungmwachydmyaﬂemmenmlfammnafshe tmperatzren of tenperature

oo
that the dbcay timbis e B IRIIRY o [he tenparature Tauosi:.
10*Exp(8. 26( 1000/ T) e qmens mﬂadu_latddéat ed flecay decpy tfansilt tmr'}nsi t
decay fact br T hoto] {aci B dotheq = tBbb/ T JBB becs| @M oxp|- sece.
exp(- sees[crp] . CIK Koo Tafon Tafiad Thu) _fumé e[ s 7 not 3 20203
3.30 120, 9| B"BEFIE o500 PFUg30pTH [t [decay|t = "|decayjt” \decay i
factor factor factor
deg. |deg. |1000/T |secs secs secs |exp(- [secs |exp(- [secs [exp(-
C K [|(K) t/Tau) t/Tau t/Tau)
)
note 1 note 2 note 3
20; 293] 341 292.3 2l 99% 6| 98% 22| 93%
25| 298] 3.36 186.6 2] 99% 6| 97% 22| 8%
30 303] 3.30 120.9 2| 98% 6] 95% 22| 83%
35| 308] 3.25 79.4 2| 98% 6] 93% 22| 76%
40| 313 3.19 529 2| 96% 6] 89% 22| 66%
45| 318| 3.14 35.7 2| 95% 6| 85%|. 22| 54%
50| 323] 3.10 24.3 2] 92% 6| 78%| 22| 41%
55| 328| 3.05 16.8 2] 8% 6| 70% 22 27%
60| 333 3.00 11.00 11.7 2| 84% 6| 60% 22 15%
65| 338 296 84 83 2| 79% 6| 49% 22l %
70{ 3431 292 59 2| 71% 6l 36% 22{ 2%




35 308 3.25 79.4 2 98% 6 93% 22 76% 40 313 3.19 52.9 2 96% 6 89% 22 66%
45 318 3.14 35.7 2 95% 6 85% 22 54% 50 323 3.10 24.3 2 92%6 780A 22 41%
55 328 3. 05 Whofhadsn89% 6 70% 22 27% 60. 333 3.00 11.00 11, 7 2 84%6 60% 22
15% 65 338 2.96 8.4 8.3 2 79% 6 49% 22 7% 1 70 343 2. 92 S5VYWL 6 360, 22
2% 23 WD01/28950 PCTI1IS00/ 29167 75 348 2 87 A4 Q5 4 3 2 63066 24% 22 1%
80 353 2. 83 D|1°%[528%4 149030 0% 485 38 3% 2.4 BH[1%.8] 794%2 0% 90 363
2.75 1.7 7 3800 85330 2g3|0% F- | - 368112 73l s52%F 1.6 14950 % B 1%k.122 - 00/ 61
Note 1: Exergy-Mddel 413 stailnless steel Jtubelin-tlube lheat | exchanger; total

resi dence [vobYneS8lt rdM[t he hefater #3)l et 3|o4t%fe hefit 8%|out2Zbt Wplpr oxi mat el y
90 m; di §peege ovg 7T € 45 (M7 Segy[ T eRl e 1 PPTHRXTTRkel y 2 secs
Note 2: 3/ ?%ﬁ“m‘,’g foot InnngZnil n er ¢ QPF{E heaitiﬁ Wsot al

resi dence |voPYmd68r ot¥dihe heater 13l et 202@%e helit dfbjoutd2et Bpr oxi matel y
270 nl; diRRE T el ' EAWRY; o 1 roxi mat el y
6 secs Note 3: rgl%mgmglsgrgggégﬁlungﬁ]grg?g?at%ﬂrcﬁﬂiggfg exc sgi#gﬁiaeya %t al

resi dence oo thabeaterdnletito the hpaserrontietiappreximpiglyt9Qanihdispease flaw fatet4Sabiseen to be

1000 nml; digRaRSEmd Aprixiidtdly 3RRE0X. 45 ni/sec; residence tine
approxi mately 22 secs From?hi s data we can see that higher tenperatures

cause t he Repec ingh OBn2Q fyotrlang, coiligwatey bath heajer; tptal xspidenice volomadrinthere t he
drop in capgefihlefiolit heHRPGLIBEDpioREnatd S il ﬂ’o%ﬁﬁ loRE4 s Riifkec; P e
decreased if thee,terrpeer atur E@f%g 0i ncrteyla?gd. ’Ei(s)éegiéxarrp ge,apHoq&}e woul'd 1 ke
the di ssdPSieACBeRPPERKHBAElY F8Bon at the outlet of the point-of-use heater

to be no |Ngs3irbiaiveBOargl O5IGME hea®dr of Rt SicRMBLrY Rtk RERDR e VORME Rokfthé ON at the
i nl et of the lEigiegtta-of-use heater, then the transit tine nmust be |ess than

or equal t53te thecheatgqutigtahasen to\berlOg) ml dlispense fow Tatp prprox. 4R/EmYeeim

esti mat ed reddeRtStEhddpproximiiédly PBdeRé SOl ution heating tine (heater transit
tinme): Exanple calculated for the dissolved ozone concentration at the
heat er outl et Eo b‘ﬁ.r}ﬁ | ess than 80 percent of the dissolved gzone
concentration atom ¥ @ tespn soythat higherdomperatiges apss the consgptratigndo llasur ed wi t h

an inlet dhesqhividyl Woneie tominibiaé the diopiin Sncéd@tién uboR hértihg,ithélthe Réldence
time must be decreased if the temperature is increased. For example, if we would like the

dissolved ozone conceritration at the outlet of the point-of-use heater to be no less than 80
percent of the dissolved ozone concentration at the inlet of the point-of-use heater, then the
transit time must be less than or equal to the values estimated in Table 4 below.

Table 4. Maximum estimated permissible ozone-water solution heating time (heater transit
time): Example calculated for the dissolved ozone concentration at the heater outlet to be no
less than 80 percent of the dissolved ozone concentration at the heater inlet. 'Estimated from
decay data measured with an inlet dissolved ozone concentration of about 100 mg/liter, an
initial upstream ozone-water solution temperature of about 8 deg. C and the a final specified

downstream ozone-water solution temperature ranging from 20 deg. C to 95 deg. C



initial upstream ozone-water solution tenperature of about 8 deg. C and the
a final specified downstream ozone-water solution tenperature ranging from
20 deg. C toy@aume. C 24 WO 01/28950 PCT/ U500/ 29167 TapdushondAM! e
Decay Factor = Estimated Cal cul ated 80% (Downstream Conct Upstream Conc.)
decay maxi num allowable Ave solution const. heater transit time tenp. at
heater outTa¥e4.Tenp Tenp. Tau t= - Tau*Ln(decay factor) deg. C deg. K

10001T secs SefRampiiDecasPactor] - 41 J8stimatGCAculated 298 Pp. 36 186.6 41.63 30
303 3.30 120.9 26.97 35 308 3.25 79.4 17.42 40 313 3.19 52.9 11.80 45
318 3.14 35.7 [#0%ADowwiregms 3. 10 24. 3 5.43 |55 328 3.05 16.8 3.75 60 333
300 T 2 oot e 5 LB] 10 303 2,92 5,9 1137 15 348 287 4.3
368 2.72 1.3 0f 28 V& kndw froth our ﬁlﬂ%féY‘tFE‘fv‘x‘éﬁml ncreaped terrpér ature will
provi de a signjficant allowable
Ave solution const. heater transit time
temp. at heater
outlet
Temp Temp. Tau t= - Tau*Ln(decay
i factor)
deg. C deg. K |1000/T |secs secs
)
20 293 3.41 2923 65.22
25 298 3.36 186.6 41.63
30 303 3.30 120.9 26.97
35 308 3.25 79.4 17.72
40 313 3.19 529 11.80
45 318 3.14 35.7 796
50 323 3.10 24.3 5.43
55| 328 3.05 16.8 3.75
60 333 3.00 11.7 2.62
65 338 2.96 83 1.85
70 343 292 59 1.32
75 348 2.87 43 0.95
80 353 2.33 31 0.69
85 358 2.79 23 0.51
90 363 2.75 1.7 0.37
95 368 2.72 13 0.28

We know from our model that an increased temperature will provide a significant
increase in etch rate until the etch rate becomes mass transport limited. OQur measurements

show that with a wafer spinning at about 4,000 rpm and a dispense flow rate of 2.7 L/min, that



increase in etch rate until the etch rate becones nmass transport |imted.
Qur neasurenents show that with a wafer spinning at about 4,000 rpmand a
di spense fygWageie of 2.7 L/mn, that 25 1i WO 0112895f, .BG%E(,%QP/ZMG?
the etch rate becones mass transport li‘nmited at the wafer edge at about 50

degree C. Qther nethods of applying the solytion to the material to be
“oxi di zedh®igh pieheeemacsmass Garspo Pm}te;%éﬁhwﬁ%@ dgg af3beys 5P desgest ¢ OMeht and a

corres pqa&héualor asylﬁh@the Q6Infi VB khe MRt riXVIY Ve @RTABIca Idly ProvidRathigher 5IQvREr
Reqw renent. he power, 1 nput in watts requl red to i.ncrease the tenperature

of a st r@eﬁqwtramsmﬁmfﬁean %a eonresRpndingly higberQr lower ORHIEM eMRRRAtIIEL o t he
desired termﬂ.ta%g P@wfﬁ%mréﬁéﬁt t1R poRet inpd Rpwhtisrefirel iPinkRisBithe W& have
a

shown the resu calculation in Table 5 below. If the flowrate
of the otzmn@,raw‘zfua steAmof water oA becalralatedgiven thegtiaier flomerasothadesifed use heat er

1S 2.7 Lefhlamitite 8 Wcagﬁh%ﬁh@tva@r tWERSVAhN R iR restltdaifRe C and the

desired exit terrperature S C, then the heater nust transfer energy

to the ecyiptionin Eablest heloym Iéthealoydate of the geqneryyatey solufigry whighypasses

Poi nt - of mH3eh hﬁ%ﬁi—o?ﬁ%’%aﬁﬁﬂﬂV'iﬁﬂi%“atnd@nes@ﬁ&seﬂte'r:d Q\A/térﬁﬁe%tm}!\éf $le gII&SI red

CQutlet Required Power Rate Tenp. Water Tenp. Increase Reqg d (L/mn)

(deg. C)Cyand e deyiredsaly temppratyegs 55 deg Ostbsgﬂlsdle?tewsust prampfesepprgytothe 3 2.7 5
3 545

65 60 1lo2ne daifr frehin af Rpdvierdevelor’o.Fich6 80 14.9 2.7 5 95 90 16.8 3.
40 9.1 3.3 5 55 50 ll.ﬁ 3.3 56560 13.7 3.3 5 75 70 15.9 3.3 5 85 80

18.2 3.3 5 95 90 20.5 The power required to increase the ozone gas-water
sol uti omgb@g@ep@ﬂtwf_%s%@@o@gmﬁﬁ&ﬁ&@ froma heated working fluid in a

heat exchanger he enerqy transferred by g particular heat exchanger is
det er ni ne P@W‘F‘h@b’?’ riplet Watsr o aBesited futllt ¢ Bemuirrst wor (POWELT | uj d

Rate Temp. Water Temp. Temp. Increase | Req'd

(L/min) (deg. C) (deg. ©) (deg. C) (kW)

2.7 5 45 40 7.45

2.7 5 55 50 9.3

2.7 5 65 60 11.2

2.7 5 75 70 13.0

2.7 5 85 80 149

2.7 5 95 90 16.8

33 5 45 40 9.1

33 5 55 50 114

33 5 65 60 13.7

33 5 75 70 15.9

33 5 85 80 18.2

33 5 95 90 20.5

The power required to increase the ozone gas-water solution temperature can be
transferred from a heated working fluid in a heat exchanger. The energy transferred by a
particular heat exchanger is determined by the temperature and flow rate of hot working fluid
entering the working fluid side of the éxchanger, the temperature and flow rate of the ozone

gas-water solution entering the process side of the exchanger, and the desired temperature of

26



entering the working fluid side of the exchanger, the tenperature and fl ow
rate of the ozone gas-water solution entering the process side of the
exchanger, aw@ oi/@sHesired tenperature of 26 WO 01/ 289501,(?31(;(}%0{,)5(}9/ 29167 )
t he ozone-water solution exiting fromthe exchanger. Exanple ow rates and
tenperatures are shown in Table 6 below. W can see that for a given flow

rate and t'BfprmeaeEselyfionexiting figmdhe eyshangersBxamnlefiove rtes and,ismperatures sre

exchanger ghgfnfh THHKE bR WE SdnSed @at o e TR ralinl tethefatiid fir telok&rél at ed
t hrough the outer, tube_ of the heat exchanger the recircul at| n% heat i ng
ot

b
unit, thatVatensalgemeptering thefiegkaxshange apd a giften W}‘)(/Rﬁten@r the bipated yorking Hyidge t he

t enper at ur gre@fatel ERoulh ARG e of i hits Eﬁh@?& by 18 rdclrRdn3hesting RaN IR L O the
di spense nozzl e. The enbodi nent can provide a constant dispense

t enper at ur&2nging the teawpprature,of thewerking fuid,will shange thedempperature ghthe szane-weigs| ¢ 6:
Cal cul at edsoR@ibh ity E&in Ble cRARNELY tI\RE!@ikpefdethostiai THe @fbodikneRt card poGidt #- Tube

Heat Exchanger Reported by the Manufacturer. The ozone-gas-water sol ution
i s passed ORFI# gispense smperatiee T3,thp othey paramsters mentiopsd aroheld constant ong, i nner
tube. The heated working fluid from the recirculating heating unit is
passed throu%gs_the annul ar space_bounded by a concentric ..430 inch ID

out er tubelakied: (Galculatgdderformpance ofifxergy Madglkd 13 Btainless Stpel Tyhe-inThbg Heatibe i s 90
n . ExanpkRhahgéRdpordiaRs RaRyadhitbe The o2dheZadlvaleLdbhRiol & Passed tdbuEh

Tenperature |nner Tube Quter Tube |nner, Tube Quter Tube o0zone-water

heat ed oz dReQ-h#ltiaeh 1 A5@dnchIki2A incl long: inger tylsr Tk featad waslkdag flwidifom £ 1 ui d

Fl ui d Usedhé REiroiitie h%h%ﬁni%bﬁsed/ﬁﬁ:@?h thé %u@élk%déb Béin@d thed GonteatrfcC) 7 60 7
70 Tenp. CQut, (C). 48 38 56,43, Vol . ow 2.7 52.75 (L/'mn) Pressure Drop
24 6 24 6 439j8rh tuhe gpd the inneptpbe. 7khe anterpe) yolyme-of the jprer Wabe 190kl o) s

Processi ng Me{Nod W OZOT&x¥RpIe 1: 45 °Cdispehse € PESApIE 2:56 70 Dipede- Us€ Vater
Heater 27 Temperature Temperature
Inner Tube | Outer Tube Inner Tube Outer Tube
ozone-water | heated ozone-water heated working
solution working fluid | solution fluid
Fluid Used for | water water water - water
the Calculation
TempIn(®*C) |7 60 7 70
Temp. Out (°C) | 48 38 56 43
Vol. Flow 2.7 5 2.7 5
(L/min)
Pressure Drop | 24 6 24 6
(psi)
Heat Transfer | 7616 7616 9203 9203
(watts)

Materials Processing Method W/ Ozone-Water Solution Heated W/ A Point-Of-Use Water
Heater

27



WO 01/ 28950 PCT/ US00/ 29167 Description - Fig. 2 Wth reference to Fig 2,
an ozonated water supply 22 is connected through a length of tubing to the
comon i npWyo®is@dsd hr ee-way val ve 24. The one outl et of FH@?%Q%% val ve 24
is connected through a Iength of tubing to the cold procCés 5T i nl et

of poi nt-g’s-use. he%ter 29. The other outlet of three-way valve 24 is
connecte ?sﬁ?%tl?é'ﬁ Izength of tubing to the facility drain-reclaim?26 for
t he ozone- wat evitlsefdténce b Fig Deanfo2aiated watacasply 31 W ddnfbetddehroffh Pehgth oPf - USE

heater 29 j.s connected thro a short |length of tubing to a three-way

Vel ve. 32, tiie ROREcoion topuegy d rseceeXiayve h oo a5 bRl et Fan VA Figh 2

short | enghhecedd thrabitpichgh of tbiad N8R cBldDHEdcBss Al infEh@fg%Erﬁ-}Eb?—ﬁlMe@fé?Zé.e 36 is
Q

spaced a t.el ?]ttﬂifve'h% fslli;ort di stapce fromthe surface )f the material to
be oxi di ZEFomRar QuHel g these-way yelue 24 i connsted thxgh g dength of sybing tocthe figility al ve 32

is conn &l‘rﬁiédedl&lﬂ@&gﬁr tde bRARGWatePSolitibAl L Heted PRcds Blildi dudetPF FoRitlofibiedl M 34
e

for the heated ozone- (\{vater solution. QOperation - Fi 2 Point-of-Us

Heat er: AOST 7 1s Gpungeted theoneh p short lepgth pf ubing go-a thyes-wapy g’iﬂ@ ddeTlmpane \\at er

Sol ut i on: oufiBEofitedivap ialvs2 ib sHndte2Broigh a Hop: ISR tREIAE oUW BiPefisedzAl1e heat
exchanger:16 I"nggl udi ng those rel ati ngl to_internal volume, surface roughness,
al

and mat er grspenst aezzie 38 ds spaced arelativslysho distanse fram e sunfese38 b theer ci al | y

avai | abl em#tedl 85 e SXiditddEc1éAn6d) iof FAcaREBEETh NG butldd BEthPR I 'va][v% 39fis

de for point-of-use heating of DI water for

construction such as those

the seni©BE t@'Pué‘r?o‘%? kg, to; the;facilityrirainrrlaim 24 forthe haatadipaeney ol ume of
at | east wAi&Qohition.One enbodi nent for a point-of-use heater wth small
internal yolume s constructed using radiant and convention heating of the
ozone- wat e“’é’(?f‘t]h%%. The ozone-water solution is flowed through quartz

tubing that sPoinddfUse Hénter! RPHRALEUE: Stk & Quidks NépkiHE e UzohdlGad-UbI Ng can
imze the. residence tine inside the heater.

be nmmde ‘&malé to m',ln ;

t enper at uf BeERqlutim: The pejat-ofyse heater 28 heq the sage requirerents as the heat pxebanganst r eam
of the diif¢ladisgthostzrzlating to SnteRARBRRsUrfcs RUFREA! 4hidOnat& Al JTheift Tree THE
tenperature ca(int ol l er .1 ncreases or, decreases t he amount of power delivered

by the hdBHE2s ¢ copsimelan. Yinst spapmarciplly ayatahiehentems of theapaiiced powerdeveht ure. A
direct beat efatetialsiof cdmeabios kuch aihos mideToR gof-oflhsRRAGR: JFDIRRAR B e CaAN

typically adjust the tenperature at the dispense point nore quickly than

can a heﬁ?@?ﬂ%ﬁ%éﬂ@ﬁ%ﬁ%ﬁk‘@%ﬁ%@“%ﬁ&ﬂW?feﬂ&‘fﬁ%ﬁzo%éﬂ-ﬁb&ti ng

power r equibogiat fors polfe-c-us@hdater Mith\¢mall iftéadl 95lude is ondthRteAABRg RRiahat usi ng
Wat erial s Processing Method Additionally I ncluding

a heat exc anr&%r . 28. . rnal
Poi nt - OF -39 EopysRbAngpting of theozons-wates;spiytion. thepzengr waten spluien isflawelon- Fig. 3
through quartz tubing that surrounds the IR heating source. The volume of the tubing can be

made small to minimize the residence time inside the heater. A temperature sensor, either at

the outlet of the heater, or just upstream of the dispense nozzle, is connected to temperature
controller. The temperature controller increases or decreases the amount of power delivered
by the heater to achieve and maintain a specified dispense temperature, A direct heater with
feedback control from the dispense temperature can typically adjust the temperature at the
dispense point more quickly than can a heat exchanger embodiment.

Heating Power Requirement: The heating power requirement using a point-of-use
heater 29 is the same as that using a heat exchanger 28.

Materials Processing Method Additionally Including Point-Of-Use Chemical Injection -
Single Chemical Supply-
Description- Fig. 3
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28 WD 01/28950 PCTIUS00/ 29167 It is often useful to have a neans to m x
addi tional chemcals with the ozone-gas water solution prior to applying
t he sol uti onwgeiizbeaterial to be oxidized. Wth referengg.f,h%m &3, an
ozonated water supply 22 is connected through a | ength of (o t he
common input of a three-way valve 24. The one outlet of three- vvay val ve 24

is connected t¥isofigh usefylddbave 2 greans ip miyaddiionplch eicels pith theogorergisy inl et of '

a heat excm&lﬁ‘diut%ﬁpnoﬂ_th pﬂ?'ﬂéfhe%ﬁlﬁ&ito‘ﬂieﬂl&iéﬁﬂtd’@bxﬁﬁ’ieﬁe 24 is connected
t hrough a | ength_of "tubin o the facijl drain-reclaim 26 for the

ozone-wat er sol Wft}léq’fereqq?éo Fiea: aoznpated ‘Mﬂeffspl?ﬂlld 23 ¢ ¢owpecisd throughealengthphit i ng

heating un hibu%Qo {ne c6aRoR fpRtbrlahires @hy FalveSIuD ke eﬁe Suited mhrwwweaw@ﬁ@d
working fluid inlet of heat exchangwr 28. The_heat ed wor ki fluid outlet

of heat exEoMRgedthropeh & lengthofwbingép Hhecgldrocsss Byidyinfet ofa lt“ﬂb‘? o 28he
wor ki ng 1 ghéloth@loufié oPthreObdy valile 24 is@nitRft oy dgma 1bngttPeF tuﬁﬁ%tohﬁél?a%ﬂnf” ocess

fluid outl et of heat exchanger 28 i s connecte throua ort length of
tubi ng to SRin-feplpiE: 26for the ezgnevater solutiany Theheated wasking Huid ontletaf agf  an

i nj ect ed cmm&ﬁingﬁmagmmt %lslcsmﬁaemmuﬁﬂamgwmmbmg% R hedtéPwiiihgval ve 44.
The outlet of valve 447is connected to em cal_injection ort of

chemi cal i fpiddalefof h%te’fchmer%é”hﬁmareétwwn&ﬂ@ﬁpwt of hpat exchaogsy 40 is

connect ed péhnbdi&d tﬁ&wlehgnharmmgto é %M@qmmenmwfem&a}atﬂ a@fifurfit | et of

three-way _valve 32 s connected through a short length of tubing to a

di spense  ndziThe begted preesyflujdaydes of Aes E’Fcéa%r &is §?JH’€%‘E# 'Q"W“S‘l ﬁﬁ-‘l%?%gﬂs hor t

di stance fpOpbihp® thé!inlcR6fchdMical infebtbr fiER40. al“hefoﬁtléigfa:ﬂ)ije&bdéﬂnu&h QppRd, or
processed. The other out]et of three-way valve 32 is cqonnected through a

|l engt h of fRisicaryested torthe inlet pf twvwﬂadwam - gniigt Sfivalvsd4iigeonAectrddg the
0zone- Wat €gheffial'injeefion feREIf@hénibal injéctdt/mier'dd] TR &ﬂlegﬁﬁhﬁ@h injedeMixety st em -

Si ngl e Chenical Reservoir: The injected chem cal _sup provi des a

chermi cal aft0 i oppgefed torths spEEmRdntetRort of Jhree-wigy ¥alye 3. aTbﬁroeaeW@mﬁ theea-way ow
rate i tnt Ot e 32][15: s&ﬁhhbaéu thfhgh Qéhohh&gthrufgﬂiéﬁy tb H‘di%ﬁénséﬁozéia@gel‘h?&spen?e h
concentration q e chenica ense and .ra 0 e
flow rate PzzleBiy %P@é@éﬂatg lé’n“F ‘%Pi‘f’etﬁf?é’ %Péﬁ@%?@gﬁe m?tﬁ%a& e- gas-wat er
sol ution t&ﬁd&ﬂ@d’b&iﬁd Idabﬂﬁés%d mwanerdeaa bfﬂh?&swéyhﬁlv@ ap fs%aﬁeafeu@ﬂo@ at he
injected ch ﬁf in the sgl uérlon XI fromthe m xer. The supply 42 may
be i npl errel‘??gral fuping tahe facting ﬁbqapégéwer"@éﬁls%}’r‘%ﬁ’ to a
predet er m OpgatiheFigise (not shown) connect ed through a length of tubing to

a reservoir (nqt, show _cntaln ng a |. hemi cal | Lrg be |g] ected The
di p-tube out | etlnigsted Che: ' =25 e wysste chepgical; hr ough

a | engt h ogupplyidvities @cﬁdi\ﬂcaﬂ Hﬂaqired?cteﬁﬁméd admwycpeeawr@hidl artﬂedé&ﬁﬁined Ak ve (not
shown). The .outlet, of %I ow.congrol li g‘g‘ needl e val ve aﬁ Bnnect ed
t hrough a ‘lagﬂﬁtf’ﬂ‘edi‘le‘ftl?ﬁlpﬁﬁ the inicetquimizer 40 ghers the Gopeenfration of heshemicelor of ¢ he

f1 ow met er disgended by @els8phly MdOHED oftht A6€ rdte 6f thé iMficd chémitd)  the flow rate of

the ozone-gas-water solution through the injector/mixer determines the concentration of the

injected chemical in the solution exiting from the mixer. The supply 42 may be implement
with a source of pressurized nitrogen regulated to a predetermined pressure (not shown)
connected through a length of tubing to a reservoir (not shown) containing a liquid chemical
to be injected. The dip-tube outlet (not shown) of the chemical reservoir is connected
through a length of tubing to the inlet side a flow controlling needle valve (not shown). The
outlet of the flow controlling needle valve is connected through a length of tubing to the inlet
of a flow meter. The outlet of the flow meter is connected through a length of tubing to the
inlet of the chemical injection control valve 44. The outlet of the chemical injection control

valve 44 is connected through a length of tubing to the chemical injection port of chemical
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inlet of the chem cal injection control valve 44. The outlet of the

chem cal injection control valve 44 is connected through a | ength of
tubing to tWgoemaegi cal injection port of chemcal 29 m%@@g%

PCT/ USQ0/ 29167 injector/ m xer 40. The pressurized injec Tcal supply

can al so he inplenmented using a, netering punp of other neans known to
those skiMpemixerle henressysized migsted siemict| shpninpan aljodeimplemmnied usingd cal

i nj ector/xﬁ&emgpmpm&%ﬁnyﬁmrtbmokmaﬁammeﬁtstatIC mxer, a mxing "T",
or other device known fo those skilled in the are. The inj ected cheni cal
suppl y nust d%@—?—ﬁéﬂ-ﬁﬂ@éﬁ&-“s L t'%‘ePh"é‘“?%“&%qf@ix?fdrotmﬁbe@%m al

| nj ect or /et a Whtlciniket! & kiR T"DEsiRY a@néeqmaﬁﬂ kPi¥6se siame&' ﬁﬁhé &t The

predeterm ned injected chemcal flowrate. The internal volume of the
i nj ect or MiFsted.chamical supply mugtdsliver he ghemigalte therirjection aprt oBehemicabl une bet ween

the heat jgabiAmaa” w1a§uﬁﬂ:ﬂan§ DRssticib aéhice Minﬁd%‘ﬁdﬁﬁ %ﬁé@ﬁ ckfed hl%on{l&?

earlier d| scussion. Mnimzing tenperature or SSO Orone Goncent rati on
Changes &awdats. Ty interaal vohjmecg hﬂi“.lGFtOUﬂE‘Hﬁ‘todmﬂwmmanéﬂ!Fed enmbodi nent

t he chemagditiodaldtsth@berWichthe Hedt dxhan ?E{’E{S%ﬁd thid QB SsE B8R T6 rkféﬁem%gm'éxcha“gef
28. The tenperature of the ozone-water solution is set at a predeterm ned

t enper at GRleRHscuRians i n the range of 30 to 95 deg. C. In the electronic

device cl eanmqm i ¥y &I&%:ﬁ&b&ﬂ@imetoﬁ&ﬁtrﬁt ed CousiB ¥y BiE
approximately 5 erature € Injecte cal is

bel ow t h@?@ﬁ%@f—%—‘@l—%ﬁ“ @ﬁ@"&!ﬂ‘l@ﬂhﬁ‘i@ﬁn@’éﬂ thmml injegtoe/mixeg 49 Isdodatedect or
t hen t he dgwhdwear Bf MY hidt BEhhrdePD4. Mhe &ﬁ@&ﬁfure%ﬂthe %n@?)aﬁ‘vs&lﬂﬁmtl%pﬁr pature of

the solution entering the point-of-use heater. erature may

be mti g&f"@&telﬁ‘ynedrﬁ"ﬂp%tﬁeﬂ@l‘tMé inthe ranee 91130 92dee- 61 Inttheeclmpmetde‘dcq: heni cal
rel ative cegnih é"ﬁldéﬁ&dd%gfeh%%ﬁ&hﬁhé’fem pElARIrOES dﬁ?fo?cfma'i&% 48 hQ H 'cljﬂhé‘n
nment re eat e

al ternative enbo the injected chem cdls can be
appr oxi misrRetRtyre et themiscied shemisal iy kelosthe franpemtuse pEthe pzonewaten goletionn e - vvat er

sol ution eetea@mmjactae tmqne Soltioh BkifiRg ﬁBxﬁ@l{eE}EXtexe\lvilme%Meﬁ erafdl

terrperaturglerrentlone above. It is well known that the 1ntro uctlon of
hydr oxy| Of g selytionsatering the peint-efvss heatere The fal!in%mwatremay bﬂ@!ﬁ}ﬂ@dbs etc)

iNto an GAMRENEhES olikab How Pte afth@ufeE{ea"ch&ﬂ@ﬂ%Htfv@%ﬁ:@v%néf&t e m)t' mes the

nol ar concentratlon of the ozone he concentration o | ecul ar
ozone i n the<gprerwaser selytion dn aasaliermetiveembogiment the inisetedichernicalssenbe es can al so

be used brehsdiaib bprekitb@ly tRODRRMEHFRI RS aHRE tefflethtire bithe %emt gr O

applicati ons such as nedical instrunment sterilization, metal ion
cont ani n&RiHEAR enteripg the shergioal dnjert therrby eliminating any falk igdemperagere ofentidngdir oxy|
radi cal ggsgenger chem cals such a sodi um phosphate, potassium phosphat e,

sodium carbonate. In the case of electronic device processing, one can use
amoni um counit &wellkagwn that by the introduction of hydroxyl radical scavengers (carbonates,

bicarbonates, phosphates, etc) into an ozone-water solution at a molar concentration of 5 to 10

times the molar concentration of the ozone, that the concentration of the molecular ozone in
solution can be maintained. We have found that borates can also be used to stabilize the
concentration and adjust the pH. In some applications such as medical instrument
sterilization, where metal ion contamination is not a concern, one can use a large range of
hydroxyl radical scavenger chemicals such a sodium phosphate, potassium phosphate, sodium
carbonate. In the case of electronic device processing, one can use ammonium counter ions in
lieu of the metal counter ions. However, many candidate hydroxyl radical scavenger
chemicals such ammonium carbonate, ammonium bicarbonate, ammonium phosphate,
ammonium acetate, carboxylic acid, phosphonic acid, and salts thereof, as well as sulfates, for

example ammonium sulfate, if given sufficient time, may react with ozone-water solution,
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lieu of the netal counter ions. However, many candi date hydroxyl radical
scavenger chem cals such amoni um car bonate, amoni um bi car bonat e,

anmoni um phos pWipdiRgese anmoni um acet ate, carboxylic acid, p oni ¢ acid,
and salts thereof, as well as sulfates, for exanple anmo $7%t e, i f
gi ven sufficient ti me, may react with ozone-water sol ution, 30 WO 01/ 28950
PCTI US00/ 29 Pairize dheiigipcsed chemicalngansimepzensesnd shereby significantly eeduesthe dissalvedier eby

si gni fi cant lgyode@6hiemrating THE Sdvahty %e‘i:fuﬁécﬂﬁ?thé's@ RhAitdiebOfe meﬁ,fJagk\f@ﬂ;mage of

injecting these chem cal s near t oi nt-of -use. is_ that

avai | abl e f dbe tinppayailapledonthess seaft&?nbwe@e@ vgeyfan s peyprelygedusede rAé‘FSFd‘Pé‘Muced

Accor di ngl y manyBlityhicaRevHichad culd bt AdtmabethstiBle if \QixEERInl atheRBd bh%ﬁ@bht@r if m xed
in a heated ozgne- &/a,ter sol ution be enpl oyed

0 rea
by i nj ecti ngolPtRnap m%rf*%to.rFﬁcbcapﬁeﬂa&lglﬁé%ymcavg@splafml@ﬁf é’ﬁ?’}"ﬂst
Upslt_ream_ of v&ateesmioﬁtstlr@ﬁrjuaepsdeﬂnbhmepamd of@sgluct or waf er %ocz:gszl ng c
application a cherjca ected at r oxi nat el eg. at a
flow rate of ap 6@8%"8?‘%)/' f?)rw]at%ggcelssmg&pgﬁ @ -exﬂléf‘lé'?’\;' be igetsdsh £ 1 owi ng
at apper;(: rraplfrb:ymaelyat)stafeg QMtafﬂwn’ldtelofappﬁﬂfmﬂtel)t Dmired momcnﬁnmm} y I ml of
1.0 mole/lit ution of a I sC r _such as ammni um
bi car bonat e ® qié’wé'}gft ?R?r%'m% 385%{/?}3@&5 to mgiﬁ ff'g')i apBrQ’SWStca;alt nl’;n%
solution (50 ijdﬂhtalt sobutiom 6f & Hydroxpl radi¢abstavengar sbchrae pmmbhiemédirgrbbmatenfong a
m xt ure of r i on of
about 72ngy/ E?e?g% W@ dr"?? ?‘isg& #fﬁgﬁtér%z%&q{f?\% Q(g ‘ﬁqéﬂﬂ)&ﬁnmg gﬂggﬁ}%fggve nger
concent r at i onixte), tisrehy fordingia|nhiktmrs| of 9Zone-water Somﬂhewﬂhhtqulr@dlome hydr oxyl
radi cal Sca\égﬂ%&ﬁfauo&&}%ﬂb\ﬁ%ﬁn%/ﬂﬁér(lgﬂﬁﬂﬂoﬁeé?l&l?%@ﬁw gﬂqd.uis Dega t such as

ammoni um car bonat e, anmoni um_acet at e, etic acld can so €5 oduce
good resul t SOTFpRiraion efabews 20 mullimeleyiter Ptheraligmative hydeoxyl radicrbisavengssor t ant

effects. Fi tRdmicdd\eilXdowR b théstskilGNA Be MR kith of AMEBSIA RarbérafSambsii@h al | y, the
optimum pH for mnimzing metal corrosion is slightly [ess than 7. Second,

the pH can P?ﬁtﬁt%é’ﬂ‘ééceB‘fa%‘{‘E?ﬁa}saf@d“‘i%P“de‘i%‘Hbl e, the inventors have shown

tﬂgz gor mal | Zed mf/ tfdfﬁieaﬁafe-mr@bleuonluvs Hnda\er ﬁ@snidwﬂfec&hwlirﬁtmspm:a@t
| S ut t.ne e .at et a ree
P st e ios etalopProbii s eneraitg 4R oplin B fprrmiminGE BEe FRSSTS mroni um

hydr oxi de, aligip lessthan b SebaidetherpH odieisience dmbmtmrﬂophmapha&emdermm c), if

Dy ected chimeatgun G notiifedd Rt b i ARER I hosict BhiriPys p-AAE
di ssol ved etrun10"Rbé etth rafe-atiBH=6.1) iMeany imetal fie piHhestfustingahamicalk suilabin for

stgnificant) Ve q%‘ﬁﬂ‘&%ﬁ énﬁﬁmﬁ%ﬁ?@ gaﬁimonﬁ; ﬂ@ﬁ%}?{u%n n Impnonglﬁ?%e ARndAdc ! Ne

chem cal . corrosion con 'S a aqueous ¢l eani ng
syst ens. Conmmonivm phosphetdiibasicy, ifgivan sufficis timet mammt with ozank-piater solusionss ,

mer capt oben 5}3&% 8¢ ﬁlliectea%ﬁénﬁéal, c'oﬁgugl@ %ﬂJn@,sand thereby significantly reduce the dissolved

ozone. Point-of-use injection of these chemicals can significantly reduce the amount of
consumption of both ozone and the chemical.

Metal corrosion control is a challenge in many aqueous cleaning systems. Corrosion
inhibitors such as benzotriazoles, tolytriaxoles, mercaptobenzathiozol, axoles, imidazoles,
thioxoles, indoles, pyrazoles, benzoate, molybdates, phosphates, chromates, dichromates,
tungstate, silicates, vandate, and borate may be introduced into the water-ozone solution to
control metal corrosion. Benzotriazole is an attractive copper corrosion inhibitor. Corrosion
inhibitor chemicals may be conveniently injected and mixed into the ozone-water solution just

upstream of the point of application of the solution to the material to be cleaned or oxidized.
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t hi oxol es, indoles, pyrazoles, benzoate, nolybdates, phosphates, chromates,
di chromates, tungstate, silicates, vandate, and borate nmay be introduced
into the wat avoazgee solution to control netal corrosion. Benzotriazole is
an attractive copper corrosion inhibitor. Corrosion inhiBSTUSP¥2¥&ni cal s
may be conveniently injected and m xed into the ozone-water solution just
upstream of t heSH&CRRsgre cftghrsed it 4quepup pleamng sysems to dmprove wetdngefisurficsd. t o be
cl eaned or Hywedérzest callidie stiicRARR MR dFeR0Peiddifise ﬁ;&ﬁ&ﬁ&f%’sé are often
0

used in aqueous .cl eani systens to i nprove wettin surfaces. However,
nost candi d’g? 1%&%&@5@%{@@&&@%?% afcm&%“"w&wwﬁ%eﬂt%@@ andthect i on of

t hese chenudakamt.can significantly reduce the amount of consunption of both
ozone and the u fac‘_tan%. Ir&.the %)refer ed enbodi ment the chemi cal

i nj ect or/ mi xer ﬁb&‘? Rrefegrderabpdimsnithe themisabimectopmingedq is lacatad doymstroagn of

Al t er nat i vaheheat drehan@ 28 .cAlterhdtivelp]the dhginkRY injéCloMRixki40RBuld 86 Rlchteld jusist
| njected ¢chemcals are

upstream of the heat .exchanger . ,Ln this case the C

heated wi t APETFE™ Y 3'8 ﬁgéﬁié%ers%ﬁ‘z 3'? i fas W@?SCWH’@*‘ [Eshicatet Withihee o

slightly | eagerwatirselutomiHosieve, thechemivals hawi d dlightlydongeOmte Maildle ©badt | ON.

Material s Br. ' Addi tionally Including Point-O-Use Chem cal

I nj ection -VJI%F{%ISF%W !Ies%ﬁg?i'f' Supplies Description- Fig. 4 In an

alternative enbodi nent, nmeans may be provide for the injection of nore than
) s ' .\/\Zﬂtrrlxrfer ence to

rgth of tubing

. e 3 L) L3, . K -
to the comMutipleChemios! Sppnlibs ee- way val ve 24. The one outlet of three-way
valve 24 i e ﬂg,ptﬁéhthrough a length of tubing to the <cold process fluid
inlet of a hea ex;{mn%er 28. The other outlet of three-way valve 24 is

connect ed t hrou tye Ambgdiment mepns may heprpyidé for thy injectipmofaere giam 26 f or

t he ozone- \6fé éHemidal kathifemh a sthifatd SR IAE1 RGN Skl ﬂéfeﬂen%’tl%ll:?ém% o?onate%.
recircul ati ng he |zag, unit 30 is connected through a | ength of tubing to
the heat ed R‘}Pﬁfy | §Fepnpqipdhroush algagth eftubing tgdhe commorjinputefaithnge-wapr ki ng

fluid outl etlvets. ERlonexsiapsTHGEe-wEy ¢a&e@@%ﬁ&ﬂd&ﬂ?&%ﬂQh¢n§tﬂ&%ﬂéfﬂ§het ubi ng

to the vvorkli ?’g{‘jfl glltl%.retzrg of Eeci rcul ating heating unit 30. “The heated
process f | SP'dPEGES lpud jplctla heat exchanger 28, Bhe ofher euiletpfimariwey,yabye4 i shor t
| ength of tornected througlnelehgth of tubiig PRSIy drhibir@ldif 26 RriR ozfde-wate Out | et of
an injecte hem a{j ppl 4‘8% I s.connected. to the inlet of two-way
val ve 44- 1?01%%1 %’t’ eea?e'dé'g’ﬂé%ﬁ ‘}Eﬂt-?ei" &1y @@52‘8‘“?‘6“&“ 39 is sprnggtedhi cal
i nj ection puougheflength aftiibirigipd the hentdd vadnleing fiwill irllAtjoLRdapéxching@ 28 4he hER8d OUt | et
of aninje%ﬂﬁnﬁg' @{ |y, 40-2 1S con ctgﬂ o the inlet of two-way
val ve 44-2.1n ou‘ﬂ)‘g gﬁ%gtgﬁxgh@“%-a%lsicgmﬂfﬁﬁg’ﬁ ey 2 i"Bg‘g of tubing to the

working fluid return of recirculating heating unit 30. The heated process fluid outlet of heat

exchanger 28 is connected through a short length of tubing to the inlet of chemical

injector/mixer 41. The outlet of an injected chemical supply 40-1 is conmected to the inlet of

two-way valve 44-1. The outlet of valve 44-1 is connected to a first chemical injection port of

a multiple port chemical injector/mixer 41. The outlet of an injected chemical supply 40-2 is

connected to the inlet of two-way valve 44-2. The outlet of valve 44-2 is connected to a

second chemical injection port of a multiple port chemical injector/mixer 41. The outlet of an

injected chemical supply 40-3 is connected to the inlet of two-way valve 44-3. The outlet of

valve 44-3 is connected toa third chemical injection port of a multiple port chemical

injector/mixer 41. The outlet of chemical injector/mixer 41 is connected to the common inlet

port of three-way valve 32. The one outlet of three-way valve 32 is connected through a

short length of tubing to a dispense nozzle 36. The dispense nozzle 36 is spaced a relatively
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second chem cal injection port of a nultiple port chem cal injector/ m xer
41. The outlet of an injected chem cal supply 40-3 is connected to the

inl et of two-vwaysidgdsye 44-3. The outlet of valve 44-3 is fote ected to a
third chem cal injection port of a nmultiple port .chem cal d Vﬁﬁr}'g@??ﬂ/ m xer
41. The outlet of chemcal injector/mxer 41 is connected to the common

inl et port skt distance fropfhe surface 38 of thematerigldo b Axidized pleaned; enprogegsed: Jhoe 32 i s
connect ed t lafeti@iflefof tREWdy Jaﬁ/@giﬁkc@ﬁn&fd@thﬂﬂngﬁ PleAgtH bPRBAS & MOMEIE dBfin- The

di spense nozzle 36 _is spaced a relatjvel 2 V&) 01/ 28950 PCT/ USO0/ 29167
short di st afteim SHfr fiedeater qzgnewater sS’f‘m'Prhé“Wﬁ‘%‘@P'i‘%fm the injestign plfhemigals,c| eaned,

or processedithef Bm aFévid bt o frofifa grébie? GuibkY of'iffedtBd chémical SPpIRs,Chesk t hr ough
a length of ittgébl ng to the facility drain- reclaim 34 for the heated

ozone- wat er TIPS PSINEAFBWALAPATOZY o { he injection of chemicals, either
froma fewer nunfsphrateGijedtsrViixer Elérst fof EadhitiiedtediCheinitdal Oh a6l alesneuii« al
supplies, can.b | npl engnt.e sing,a simlar. a ach. Separate.

oy Bet or M SBboEmel A Repl i e R R Ok srit n P SHEfital, e e
enbodi nent af s€ngie mjeetot/mjxecdlementiwithmultiplechemichidnleigoeth Thejdesigresf appreatiscal |
may be usedcin liey of a single Lnjector/mxer elepent,.with multiple
Chont cal i it ilion SiehimfaliisFe Bt Selsbia ok tonfsS FRE s imdit o
chem cal s i Maoy alteriativelapptoachmsmay beghbien provided thet théwesidensk it efthe ozondre art .

Va | t i . A . i« . N i ti

of the ogongeiel EEBREARC AR TR SRR A Lk aul Akl fob BRLSTAET || ™
since this fasaliresiderce timenBheshen residencedimetfigmethe inlet oftlspointiof-tiee. heqter28sin or t

resi dence t hog thé Mt%@?ppliéf?ﬁ@ﬂ ofdhe az!aﬂe.a%mal%ec&a%hégﬁ@a SStutidd tPihe n fbi0 the

poi nt of application of the ozone-water and injected chemca utron to
t he mat eri ato beroyidized Basitye irnertpnd benefits. Ashort residence time minigizenthe pgpynt plesi dence

time mnim gas aldN8b1a1oe tidldisiivediozéMR caXBhttabr 6¢ thOdupdriurstbdRhfatePZONE
concentration of the supersaturated ozone-water _ solution entering the

mi xi ng el enEtitiongnieang thygeredmeRyfo fllemion durinedt fperratin foniee sobied toon t o
pass t hr ougpass feough eFRIinent A Shuat resiéetitd GHROMIS rhiniifized et offtie svdilkide anount
of time available for the.ozone-water .sol ufion.to act with the.injected
chent cal o o Segonenaie SHRRAR RE Yibhe inpHad iomiseitE B Phectipfieasivit e
reacti on natheoadneoviley sahation)thereaction eag nat onlydusemt hane mekreduce the diszaived
concentratig t u 0 road lo.of . hniected chem cal .
Means for Pﬁzp)af g‘g‘%@éﬁ%’q’éﬁ‘y ﬁls%ﬁ%i’t Sre |°§@?°’i a?}l ogrql eé‘fjécger%nc?i‘ +§§l enbodi nment
each chem cal iMg¢ans for Burging Chemidal Infjeotel [2nes.afncn 4derBativeeminslireent,®ach- way val ve
to provide . W hnjseet ' [Fams iy § I 1 4 our - way
che cal i neBmy AR v 3t MaCE LAODS bilPoc d Bhelid valt ho RO opflng 01 0
cheni cal i nibetinjectipn linee In tp "off positioromfoun-wry cherhigal injeqtiop ¥alvd gan syl offi cal
injection t "Gl inlb&mnits e § 3 CRmibdd it In kiR "b"Shosi 'valRe SdnldeRie PEr M t
t he purgi ng&evm\n?kﬂfn%ll:%fglfﬁ%gg? g%?grfgke, the f’eﬁé’%‘ﬁg’gfﬁ‘?ugi n °§‘§% ween the
val ves 44- 1chemicabinjegfing tojthe Mjgeted chemical inlet. In the "purge"” position permit the purging

with DI water, for example, the lengths of tubing between the valves 44-1, 44-2, and 44-3 and

the chemical injector/mixer 41 to prepare for the introduction of a different chemical into the

injected chemical inlet of chemical injector/mixer 41.
Operation - Fig. 4

" This embodiment may provided for the injection of different chemicals a
predetermined times during the materials processing cycle. The rate of injection for each of
the chemicals can be specified and controlled for each instant of time during the materials
processing cycle. A preferred embodiment may utilize a computer or microprocessor to

control the flow rates at each time step of the process. The operation of the of the point-of-

33



the chemcal injector/mxer 41 to prepare for the introduction of a
different chemcal into the injected chemcal inlet of chem cal

i njector/ m Xl oilsesfPeration - Fig. 4 This enbodi nent may provided for the
injection of different chemicals a predetermnined tines éﬁf 03092915%
materials processing cycle. The rate of injection for each of the

cheni cal s Bwheraica) ingeqtipn axsteamviithcwltiple chemical sippliesdhotherwise the sarhe asithee dur i ng
the mat eri gheatioR bLLFsHflIRAsC AR al 1€je&foﬁfsﬁfe§rﬁglt@mgé &Eﬂfxcafr&g ytilize a
conputer or mcroprocessor to control the flow rates at % time step of
t he process. The operation of the of the point-of- 33 WO 01/28950

PCT/ US00/ 2§faefials PEoRestine MeBdd Wit £8pih Phhciét M Wi th nmul ti pl e cheni cal

supplies ig otherw se the same as the operation of a point-of-use chencal
i nj ection Ma singl e chenmical supply. Materials Processing Mthod

Wth A Spin Pr oo&gﬁaaneda@ammtdppmg tHel ofleneSwtdd BolRiH 18 sénfitondBitbtod f or

Py Al (PRSI He iiis 5 smpl 4 07 PUoR HBh ot urBte oL e VIR at e whi | &
spimrmi ng tlwﬁllssphﬁﬁxfgalﬁe&ubdnﬁtttabﬁﬂ aﬁ?u&tatremweglhﬁ@l(v,ebo/tow (mlb r[_(ﬂi)m@ﬁ@oh kP 4, 000
rpn) rotatig S The.,use of .a this nethod a ing the

ozone- wat ef? e%@ﬂhe “g%‘%éh‘ggﬁ%heiﬁaa%%?g %?ﬁ?gﬁ’v&fe&ol‘ﬁ‘r‘?ﬂ t:fﬁ%@Yqop %y ovi des for
a hi gher nodstratesand the like pratidesbit dtighee mass nansport kate/Mdhdncan beathiesd

t echni ques; nﬁ!&xt}n{?ﬂnﬁ{ tﬁ%gng%ém 3820”%‘ d wat er é?pg ézﬁ;gi?l S

connect ed - ThF oU Bt R fsfers » G0 PRARAtE WAISHSUPRIY of R onaeted oo vy
val ve 24. Mgbnéensfhtofbbmeﬁo the mmeomvamtvﬁa theeevhyivalve 0 MEetonclovtlet afgh a

| ength of Hﬁ’é@'@v‘ég e 2R cElethe® D gﬁ?%&éﬂoﬂu{nﬂ & h%f O@H’ ess%lux%xﬁlhtag er

The ot her outl t hree-way va 'S con h of
t ubi ng to hepbexchanger 28y Thegthsr ¢1§|eﬂ<1f|ﬂm62‘sayr\@l~et25® @medmdzugh adamgthtofon. The

heat ed vior kbl wHéisikilied UialiPleolBin 2 thifid SAobl- Ao DIIRA! T hodflalihia

connected throu length of tubing tot eate |ng

heat exchaffist °‘%8fe°‘1%tlﬂéh‘ta§$ ‘&Vé‘r@?ﬂ%@nﬁqc@ﬂ@f@mhlaé‘éngﬂfofm toshefeateer 28 is

connect ed oikeigdhidinletsthedt edh f
recircul at IQQ% chea': %‘fﬁtg&uunl te 38]5#%!18;%%%gg%gﬂﬁgg?&%?g%%%gﬁ%? heat

exchanger Qnneey 2 lepgth gffMbing Withs working Hyidietsm of rasireplating heating i nl et of
cheni cal i Gjiest OTHeHeated pré&ss flli@ otlet dfPat @k chdipel 28 ﬁ@&ﬁéaﬁ%@% shofUPPl y 42
v

I's connected o e | 0 val ve 44. The outlet .o alve 44 is
connect ed Fagtf‘f’%‘aﬁ%&‘ﬁl’ et ?l}ﬂs‘@ﬁ'f’%qaé%e }”E’x%ﬁo'c’ll\‘@’fﬁ‘@all of ppmjscted chemicalr 40,
The OU]E I e':}supbly@lﬂd’smoﬁﬁcted tothe filed of tivo Ry vﬂ?e%Tfﬁ@&ﬂﬁﬁ&ﬁdlvEMls{é@n&gtgmn inl et
port of t -way . val ve 32 T%[“Hone out |. et th val ve S
connect ed {hgg%etﬁ%algjegﬂ%m‘”ﬁ"éﬁ cal WJCSngi‘W%(f 03 \ft\@%"%& val ve
etch/ri nseinjeator/mmmoirhmnemmmmmhmmétpmbﬁﬂuewaya:ambzlmxl&al ve 46 is
connect ed outlet of three-way valve 32 is connected through a short length to one inlet of a three-way

valve etch/rinse valve 46. The common outlet of three-way etch/rinse valve 46 is connected
through a short length of tubing to the process fluid inlet 48 to a dispense nozzle 36 located in
a gas tight materials processing module 50. In the preferred embodiment the materials
processing module 50 is fitted with a lid with a gas tight seal (not shown). The sealed

materials processing module serves to contain the any ozone gas that is released from solution
at the point of application. A pressurized DI water rinse supply 74 is connected through a
length of tubing to the other inlet of port of the three-way etch/rinse valve 46. Pressurized D1
water rinse supply 74 typically comprises a pressurized source of DI water connected though
a liquid pressure regulator and a liquid flow controller and liquid particulate filter. The
dispense nozzle 36 is spaced a relatively short distance (typically 0.5 to 10 cm) from the

34



t hrough a short length of tubing to the process fluid inlet 48 to a
di spense nozzle 36 located in a gas tight materials processi ng nodul e 50.

I'n the pref gig pthssagbodi ment the materials processing nDgy@siflss fitted
with alid wth a gas tight seal (not shown). The sealed materials

processi ng nodul e serves to contain the ,any ozone that is released from
sol uti on serface pEthp araterial 38 to heypxidized, glgancdy e&%e‘é’?iﬁ‘?&‘ %%IBF °&5ﬁ'i‘§$letrq?nse supply

74 is conpged @l YaNeA A cohnedi@NEoligd lehgil b gbih® td the faoflifedraintedidimGh f@or t  of
the three-way €etch/rinse valve 46. Pressurized DI water rinse supply 74
typi cal | y thediepled eao8e-yalsF 8o zed source of DI water connected though a
l'iquid pressurg y&eddlRiddraiobte pbic S2 bthé matetigOplotabing modiile 50 is@uirideted

particulate filter. The dispense nozzle.36 is ﬁﬁaﬁﬁg a relativel.y short

di st ance @hrgughasherylepgth of tibing to thy inlet ofliquittrap,d PGS - WS SPREERY 29167

surface Ofis §ilRndiB bR sudiceld? HRInENhidafLElventiRPRRY the ghcdisplREd fomaRssed. The
ot her outl et o? three-way val ve 32 is connected throgg‘a’éa | engt h of tubing

to the fadbbsingmayexitat 3npegximately thersame flow, gatewith a relastyply SgHl PEESSUESHIOR- | 0. A

process 1 iflsuslreditfhe B bleSdurdithe Hodsifd ddelifot R4 Blcinglthe difRaRTsHIACHBTEME C SO I S
connected through a short length of tubing tq the inlet of%é%qwd trap 54.

Wien the ofbaud twen $4tosenngetedby a leagthpfiybing 49 ths facility deriniselpim 36 foF propsss
substrat e ;23R 11ghiM S fdehtO WhE Mafer of SiBstifesor ikt AARM By Apirinbrechudlosss TRy may
exit at approxinate the sane flowr tﬁ %h a [?h tlvel}/.s Cbl %essure
drop. Thic “qkﬁ§m3¥§1°iéﬁbﬁtw%fﬁ'é°r;§l“§§§'ﬁf”ét? ke (the TRIPRS 5‘%‘29&%5’ 8% dur i ng
the dispe Q&ﬁedfﬁﬁgrﬁcess}ﬁf b9 telu8d of vatuui, E&ﬁe@la’&rfg'ﬁ, r othei Medhe Ral &heeh toyhase | engt h
of tubing to the facility drain/reclaimb56 for

o tl ) . Efi,ocﬁﬁs nodul e_liquid
ef f | uent . shifled indheart. o Thespingerchuek 3is conaeqicdby & shaff, oy ofhqrmeansIpwafer . "o ck 58,
The Chu?g iRfer HdYor 88! ThetrhGo\BhR ALy on&slRAbY @ nficrOprotdssor] dalf @e plopamimides i al 38
to be oxi ?zed, cl eaned, _etched, or Froc%%e%%ep%ﬁﬁhe use of vacuum edge

cl anps, orncesierrie themafes oybstrate onhe ltks at #p5e PR ZEREPBR2 The spinner
chuck 58 igedelRpRg&d B, RId thabipai for DipeSiibEperio imé, dhenalecdlerats pianner 1ot or 60,
The not or, rédépi cally controll Ethg'}é a_%ro%cess r, can bedn’igr ogramed to
accel er at @redpiemmipedgate to back o zera, Altegiatively, thejmator may be proREammeEd On o rate from
Zero rpm typecdssively@pmlatéeverdPdlffedait rpi @hklesi dhdden forntiffedént porsipascof theanhtgrinis od of
time, then decelerate at a Pfredet@rrrin drate. t ba&k 0 (e)goi

Al t er nat i \PEROgSSIng|e¥cleryfp PZaRg PIITEas BtiGHR ﬁcqnﬂect%q(}kré’g ?M B} several
di fferent gdifleVdlad8soreROEaKHc fuif 641iThe oGt bf (2Ofid datadicainitich ¢s contieetetl al S
processi ng cycle. An ozaone off-gas outl et

) . t 62 i5s nnected t hrough a
| engt h of thrgpghadength oftphing toadpct 'Beél??uﬂi’ﬁ?féec e iRmate °gﬁ’|etve'éi'."e 'Iaﬂ‘se] ou? | et of
ozone cat glowtdapacitp of théfzdnS cRBINAEELiEDH is éHosensg thadthe e tline Bsfnoh-biadkng to a
facility exhaust vent 66. TQ% ﬂ{ amether of tt}& vent. éj‘neo ﬁl%% tfaigggv?%gpaci ty
of the oz FRssHREIn e netemed embpdimentihe azone destrigtion upit &% s of oo Catalyte e |, " o0
pr essur i NGk With B atRly&stsll REaRiNREO 200 ©aius Copoprion)eSidesthe wadte omoneigist 64 i s of

the catalytic type o
yentering &g catalyst unit contains water vapor, one may heat the catalyst unit with a heat tape

and temperature controller to about 50 degree C to prevent moisture condensation on the
catalyst. The increased temperature also serves to increase the performance of the catalyst.
The catalyst unit is sized to provide a sufficient residence time to convert the high
concentration waste ozone off-gas to oxygen. The higher the waste gas flow rate, the larger
the catalyst volume must be to achieve the conversion. The required residence time can be
obtained from the catalyst sﬁpplier. Alternatively, the ozone destruction unit 64 can be
thermal destruction unit in which the ozone gas-oxygen mixture is decomposed back to
oxygen by raising the temperature of the waste ozonc gas to about 300 degree C. A
pressurized nitrogen purge gas supply 68 is connected through a length of tubing to the inlet
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filled wth a catal yst such as Carul yte 200 (Carus Corporation). Since the
wast e ozone gas entering the catalyst unit contains water vapor, one may
heat the cay@biysbsounit with a heat tape and tenperaturel,&%g(l 9“;7er to
about 50 degree C to prevent npoisture condensation on the yst. The

i ncreased teEperature al so serves to increase_ the perfor mance of the
cat al yst POTtPh@ gy yalve prigs valee 1 Abg optlpt portof the twp-wa gaspregavalve 20 ence

Line to eomesil dd ki g in@TEEHEHARER RS HANR é‘ll@f Préifiizbdnifegeen. The
st volu S

hi gher the mb?ﬂ%legi flow rate, the Iar@g

achi eve PHESS WBifellyemprisss gipressprized soyees OB nifrogen comecisd thasgh aBRed 1 om
t he cat alpysturéttgithioPsind 2Hab AbWbhtioelandgREpLERANE fiR3! ruction unit 64 can be
t hermal destr tlon unit in which the ozone gas-oxygen m xture is
deconposed ba i‘?ﬁeﬂifﬁﬁgﬁceﬁi}“%%@dﬂbeﬂ%%m%ﬁ @a@smmrmhgse ozone
gas to akkuill B0 4RGEREcessor ContidlIEP Wafek e @@% 68 is
connect e% throggﬁ a I]gn tr?rofn t ubi t%ﬁt r?ehlfaéri] Mflﬂ%h%%éﬁ%%%o

PCT/ US00/a%hesy fittedwith bsasélgbwmlbfgﬁ-wﬂﬁamg@ mqewwmemuumt port of
the two- Weflow@f desifa tof Ac¥emb@até ﬁafe&%n@%mmtcﬂaﬁet&ur&% g chQl&f:thxz to the
materi al s g ocessing nodul e 50. Pressurized nitro

typi cal | J3t eration ate, and e canzbe getaag controfled batwe QHR@ uﬁ@@@@iﬁgmugh a gas

pressuremespihﬁein&nﬂgﬁdﬁaﬁtﬁd@N&%ﬁ&&l%h&fmﬁ%ﬂmﬂ@s&h@ﬁﬁd&u' ate filter. In
a single wafer processing enbodi nent gne can use a single wafer spinner

such as DHFfEPropgssordq ?%Hdrﬁpéia sightowalyes Jrhiseaphlesameciss amwatedgpwtm eftherade by
Laurel | iptrgefd %iktd, BRh 8i§bdii§@ hnd DPsins A Eerfsé E)Icfeqlﬁ{! ! h@f_@'}g@ g%k% nsgﬂherg jfl seal .

The Laurel | r W5400- 6TFM Lite s al esigned to
accomn)déi"i'é’“‘V&d 2915“"( jamefey Wﬁf?‘&l%ﬁﬂ%?‘am?‘ﬁéw%fﬁtsnﬂﬂéﬁ%@#@ﬁ%ﬁmsﬁ rate,
decel er abhd¢hapedt €, and rpm can be set and controlled between 100 RPM and
6000 RPM Th ] r}r can be upgra(f:_led vmth a val ve control opt| on t hat

enabl es t he s¥EH
enabl es preci we have aemied m&kﬁaletcﬁfratéﬁ@n

f) % xpdﬁrgélcﬁ Eb ﬁon \%&@oﬂhé pense,
and DI rinse di s&gﬁeae cyc tinmes. Laurel kes spinners to accommodate
200 mm dE&maRsdis i"bwat?@ea SiYFRtepperpie %ﬂ@r&venaﬂ@emﬁ@n Sheezonert es si zes

and shapeater Miasoarves dﬁpﬁkmaeme%amgiﬁemi%ﬁhuﬁi thgﬁgmmpemetﬁazﬁgw the br i um
Processi ng)&m%h T2=T1 have neasure Phot oresist etch rate using a

spi n- et ch F@W%Wﬁfﬁ%‘éi‘@"‘hféﬁ’é’ 0 ed Idineqopitivgiphotoresist er DHV a gi ven
t enper at gogitiveiphatoeksigi. ven concentration. The ozone- water sol ution was
di spensed at Wﬁe samne terrperature T2 though a di spense nozzle to the
center of spi NAUsE WWarun disgsiersliconovatess ¢ %ér‘”ltbfathlar(@ﬂ#aﬂémﬂoﬂlmé posi tive

phot or esusifor@Nayetdf pha@edsist. We BXR5ES tBS1agédrto a stream of ozone dissolved in water at
a given concentration and temperature for a specified period time to partially remove some of
the thickness of resist. We then measured the remaining layer thickness with an NanoSpec
ellipsometer and calculated an etch rate, the amount of organic material removed per unit
time. The results are summarized in Tables 7 and 8 below.
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We used 150 nun dianeter silicon wafers coated with a thin (0.5 to 0.8
mcron) and uniformlayer of photoresist. W exposed the |layer to a stream

of ozone di ss@)ppdesyn Water at a given concentration andp&‘éﬁ?

51oqdur € for a,
specified period tine to partially renove sone of the thickness of resist.

W then neasured the remaining |ayer thickness with an NanoSpec
el | i psonet dablgdFhe measyred il ratewhenqzone s dissolved inywaser et 2 siveneppepEre M@t er i al

renoved pefgidRicdncedtiatibh an-ﬁrigp n&%%gkgﬁhe?saﬁﬁd 8 bel ow. -

He5td $i%ertH oW SieThoREh £ Bfpd \
36 WO 01/ 28950 PCT/ US00/ 29167, Table 7 The nmeasured etch rate when ozone is
di ssol ved itmreEatuse toghe center ofspinping yefes coated witha laygr ofhprd: and

applied at pfotleMQN The Righdsbdtéh e M i Rietedtit R REHIS ol 6 Wafer id thi PwesttRh
tenperature to the centher of spinning wafer coated with a |ayer of hard

) g
baked |- i ke faehievyed at the,edge of the water forhe exarppleshowas ch rate is achi eved at
the center of the wafer and the |owest etch rate is achieved at the edge
of the wafer for _the example shown, Dissolved Dissolved Agplied Flow Wafer
Max Etch M n BDissolvézone [Dissplvdippplixtd Flowi n MrﬁlmaeEt@on MinExthi off (deg
O (deg O (LAm (RPM ( 1.N) 1 n) ny ) ) 9.9 9.9..1.2 4900
4270 3718 62 ?é% 18.8 1 400 8 gg&B ‘fé]’g Eg‘z 27.8 1756 400§ 3524
1940 Tabl e 8 TWencentzationed| (degdd) r hfdeg GhdL/oimnd(REM dis¥win)ed [i(Awmider |at a
gi ven tenper at ng,@nd gilven congentratli on and applfied at a jgiven flpw rate
t hough a disp 0zzle lat the s$ane tlenperatiure tlo the cenqter of spinning
waf er coated W#78h a | ayer{9% har ¢9-Bakedl2UV pg4000i é270phot or|@21&t. The
hi ghest etch fgteTs—ach t t '
etch rate is|achi eved at

t—at T3 center—of ETPRgeT an i Fovest
tk‘r‘?e ed J}eg'%(:)f tﬁ}efg;/af @r Por .ﬁe example showh.

Di ssol ved Ozon@4.® ssol ved

Concentr ati on “enp- teeg—€

228pl i e¢R8 ow [Waber IAO00EL35R4M n Et|dB40
Tcllrrﬂtt D[JI Fp\at—c P\Htc \Ilu ll L7 ]

(L/mn) (RPM (A/min) (AAmn) 90 10.4 10.4 1.2 4000 1226 986 60 19.2 19.2
1.32 4000 2426 1774 24.9 27.8 27.8 1.23 4000 2308 1058 W& know from our
previous di | ' £aS] thes. I re. of. r educes
Phe equi | Bk TP Bt R B0 Mok ok SRS bl Ehivbd el d °C P20,
In the -cagiveméonsentrationvod eppdicd eif given flowrate though hdispehseynorziedt the sgmni c
pol ymer, V\@errrp%alqe &Qﬁet ceﬁt%xcct}' sf;ﬁﬁiﬁg wafer coated with a layer of hard baked DUV positive

photoresist. The highest etch rate is achieved at the center of the wafer and the lowest etch

rate is achieved at the edge of the wafer for the example shown.

Dissolved Ozone |Dissolved | Applied |Flow Wafer |Max Etch |Min Etch
Concentration Temp Temp |[Rate spin Rate Rate
(mg/L) (degC) |(degC) |(L/min) ((RPM) |(A°/min) [(A°/min)
90 10.4 104 12 4000 1226 986

60 19.2 19.2 1.32 4000 2426 1774
249 278 27.8 1.23 4000 2308 1058

We know from our previous discussion that increasing the temperature of the water
reduces the equilibrium dissolved ozone concentration as predicted by Henry’s law. In the
case of semiconductor wafers coated with a layer of organic polymer, we found that etch rate
was higher at 20 degree C than at 10 degree C even though the equilibrium dissolved ozone
concentration was significantly lower (60 mg/L at 20 deg. C compared to 90 mg/L at 10 deg.

We see that the maximum etch rate first increases with increased temperature and then the
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was higher at 20 degree C than at 10 degree C even though the equilibrium
di ssol ved ozone concentration was significantly Iower (60 ng/L at 20 deg.
.C conpar ed w@oRosgt/ L at 10 deg. We see that the maxi mw& te first
I ncreases v‘\ft i ncreased tenperature and then the 37 WO g‘g}%&
PCT(US00129167 etch rate decreases with further increases  in tenperature.
Ve see t Kigh rate dqcrpases adthifinfler instrases indsmperatuee. Wesrpthatblineipesifiyocess at a

faster r ﬁﬁ&oﬁaﬁ% drb9 %e\?r?ceyﬁt 2 fdsﬁ’,r ﬁ?&ﬁ&&?ﬁUVh%sxit Ithi3 & beBAuSE the Yfine

phot oresi'st has a ue of positive photoresist at a

gi ven t@nﬁse\reathetoeemstrkfaégén@%vﬁmeﬁ §§haarl%11\ﬁaeslwregw°@m§gﬂ agyePr ovi de

r easonablygy, pghputs in a single wafer configuration. Measured

Phot oresi s enoval Performance with Non-EquilibriumProcessing with T2>T1
W tested oneT!@qsaeteh rAigstareiot high enoygh i proYide reasonskie hipushpptyipgsingles di ssol ved
in water, get, bntenperature to produce a high dissolved concentration,
t hen passe

Lven fI ow rate though_a oi nt .of use heater and applied
at a hi ghMeasnrediRbotaresistRe ) th Nog : EWHILTIRELL | -1 ne
and DUV posi tWéeae eﬁﬁ&lﬁtm%@@tﬁmm ih wch%mzenab hfssottea i@chi eve an
|-line positive p otore5|st etch rate of 16,812 A/mnute and DUV positive
phot or esiwgter at a:lnwpetmpmmmo predigers high dissolvert eonrenitration, ghenpassed pt giveflese et ch
rates ar g’tmtthd% L 36i g&fu@éhéateveadalagﬂeaatm érfaamt&attesamet&ku%ﬁt es than

we were le to t|a mc ' eve usin conventional techniques (conpare
t o Tabl espipniggwafsy. witibothirdige %ndd?téwptltlmnhgtongMfrhywemhgﬁw were ablehi gher
RN and (BEHfe b L s pAGE TN TY of 1WR1308ANSE Snd BBY doglibare PO L1 ve
photoresist 1's et e process at a faster rate a esi st
because tphetoteslbu etuh rpte OF tl(D %Aﬁhm’hm d8¢esTablea 9 and m)g H‘bcsev:t;h watescire @whan DUV
positive [ Al &5 etch rate
when o0zo t?r °?§ 15#‘?72‘%?“%5 eE%’% gs om)é’?“’ re %ﬁ% mtlal tagﬁa%lr{]oggce a high
di ssol vedonventienai teetiniques (cbimparepa’ﬁab@d 7and §). \Z&nnialsmsmthmgnmgtaﬂﬁ poi nt of
use heate her, grature to the center of spinning
waf er . h‘éghb"% q“g%g'p“@ ag‘e%tc A %‘slh‘ags%'g{qgc‘)’* ﬁhard baked I-1ine positive

phot or esi st. Wemnghingkethat ldine iposititesphbivrenistis ewhcii byathe pmeessatratfastermdtet he waf er

and t he | etc rate s ,achi eved 48 of fe ssol ved

Di ssol ve&gﬁgﬁveﬁm "z%vt‘%‘te lmle/g s'ﬁeﬁg{%eﬁ's aéﬁ l%?rvai g\ggh Urr\tlé))I Rate spin
Rat e Rat gosifespheturesist atagitaidempferatirdeg C) (L/mn) (RPM (A/mn) (Amn) (ng
/ L) 95 7.5 49.5 2.7 1000 20208 9459

Table 9 The measured etch rate when ozone is dissolved in water at a lower temperature to

produce a high dissolved concentration, then passed at given flow rate though a point of use
heater, and applied at a higher temperature to the center of spinning wafer. The wafer is
coated with a Iayer of hard baked I-line positive photoresist. The highest etch rate is achieved

at the center of the wafer and the lowest etch rate is achieved at the edge of the wafer.

Dissolved Dissolved | Applied |Flow Wafer |MaxEtch {Min Etch
Ozone Temp. Temp. |Rate spin Rate Rate
Concentration (degC) |[(degC) |(L/min) |[(RPM) |[(A°/min) [(A°min)
(mg/L)

95 7.5 49.5 2.7 1000 20208 9459

95 7.5 47.5 2.7 4000 23850 16812
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95 7.5 47.5 2.7 4000 23850 16812 38 WO 01/28950 PCT/ US00/ 29167 Table 10

The nmeasured etch rate when ozone is dissolved in water
t enper at ure awslor/2géssen concentration and applied at a gi
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Ozone-Water Solution to The Substrate: The

Alternative Means for Applyi

of

application of the ozone-water-other chemicals solution to the surface or surfaces of the

material to be processed can be accomplished in a number of different ways. In the preferred

embodiment the solution can be applied to the center of the wafer through a single solid

t he

stream nozzle 36 with an inside diameter of about 6 mm positioned to apply a flow of water to

the wafer at the center. In a second embodiment the solution can successively applied to

different positions between the center and edge of the wafer. In this second embodiment the

ozone-water solution can be flowed through a nozzle which can be successively positioned at

different locations from the center to the edge of the wafer or from the edge to the center of

the wafer. The dwecll time at each position can be controlled to reduce the radial variation in
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pr ef er r ed thetisaiad arone-waise selgion Wﬂsbﬁ?é%!ﬂkﬁgf swall gudthe Hime delay betwagndieatingand t he
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the material to be oxidized I'n a material processing nodul e operated at
one at nos eptsuffigiendssmall as discusppd earlier.

Alternative Locations of the Back Pressure Regulator for an Ozonated Water Suppl
Designed to Dissolve Ozone Gas in Water at a Pressure Greater Than 1 Atmosphere (14.5

psia.) In an ozonated water supply designed to dissolve ozone gas in water at a pressure

above 14.5 psia, a gas back pressure regulator is typically placed in the waste-ozone off-gas
(undissolved ozone gas) outlet of the ozone gas-water contactor element and a liquid back
pressure regulator is typically placed in the ozonated outlet line of the ozone-gas water
contactor element. In the preferred embodiment for spin processing or semiconductor wafers
and the like, the apparatus is designed to apply the ozone gas-water solution to the material to
be oxidized 38 in a material processing module operated at one atmosphere pressure. In one
embodiment the liquid back pressure regulator may be positioned between the outlet of the
ozonated water suppl); 22 and the inlet of the two three-way valve 24. Alternatively, the
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29 where the.sqlution t rature,is.jncreased tp about, 50,.degreeg..C,
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inlet 48, ,through di spense nozzle 36 .wh t he-heated ozpone- water sol ution
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and at a flow rate of 2.7 Liter/min through three way purge valve 24, through heat exchanger

28 or point-of-use heater 29 where the solution temperature is increased to about 50 degree C,
through chemical injector/mixer 40, through three-way purge valve 32, through three-way
etch/rinse valve 46, through materials-processing-module inlet 48, through dispense nozzle 36
where the heated ozone-water solution is applied to the center of a semiconductor wafer 38
spinning at about 3500 to 4,000 rpm. Under these conditions the inventors have shown that
the dissolved ozone concentration downstream of the point-of-use heater is approximately 75
mg/L, more than 80 percent of the concentration at the inlet of the point-of-use heater. The
ozone-water solution traverses the surface to the wafer from the point of application to the
edge of the wafer and enters the process fluid outlet of the materials-processing—m'odule where

the ozone-water solution and other liquid effluents from the process are carried through a trap
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Exanpl e proces %xgg qg b;dcgsg %qug{ions for Photoresist Removal And Post Etch Residue

Removal. A typical wafer spin processing sequence my include spin etch or cleaning or

oxidation cycle, a spin rinse cycle, and a spin dry cycle. Example process conditions for
photoresist removal and post etch residue removal with 150 mm diameter wafers in a single

wafer spin processing configuration are summarized in Table 11 below.
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phot oresi st renoval and post etch residue renoval wth 150 mm di anet er
wafers in a single wafer spin processing configuration are summarized in
Tabl e 11 bel owo dizsdd 01/ 28950 PCT/ USOQ 29167 Table 11 Exa Ie Pr ocess
Condi tions for Photoresist Renpval And Post Etch Residue ¢ 67Si ngl e
Waf er Processing Configuration -150 mm D aneter Wafers - ETCH CLEAN

Di ssol ved Ozone EshicHfixample Srposes Copditions fasEhqtoresisi BempyatAngd PospEtelyResiduer ) (1. 5

to 4.5 m || iReHoes! $igléWafed RivkesEagCotiguratan a 5@ fim HiambesWheys -Bi car bonat e,
Phosphate, Acetate Hydroxy Radical Scavenger Concentration 5 to 10 X

di ssol ved ozon&EIEHGIEANr ation (millinoles/liter) pH6.5to 7.5
Oz - Wat Sattd = 0510 rt—of Hcat C
Spin Etch SpodPieRmOBeouReao ' C, LRt T RO el

(L/min) 1.0 tg (B/0)/ (vittiistolesAliten)t | on (min) O ($5tt‘l)46nlﬂlunl§216MBE D Rinse
Tenperat ure ((Lﬁmmggﬁg};peed—(—w “A 101 » (X B ow
Rate (L/mn) ( gt se Duration (mn l to 0 RY Spln Dry
Speed (RPM 2,(000 to 4, 000 Dry Duratlon (#ﬁer&)e 0. 33 to 1.0 These progess
conditions arg : Vet Coli: ] B Vo centialid 3
P ; tadi e cen

condi tions outlside the range of values pr- e can
al so provide é‘ﬁ’(uif%‘f‘?@{“ﬂ)ry performance for this and other applicatiops and

waf er processi BH con’rrguratrons For ex
configurations htwo to four casse S are—processed at

one time typig¢ 921’%?"3?}%? S 43,%69 ower etch flow rate P Ly
wafer. The RFP%uﬁﬁfaﬂ:hbﬁioﬁkP@pl nner If tYp::il D:Lli t he La‘rzgen(r)fp?\f)g to
Cypi cal ly in | ROPERASEAN 1o 20’11 tor J/APRREN0 o oo e S

Ozone-Water Solution Flow Rate (L/min) | 1.0t0 3.0

Btch Duration (min) 0.5t0 6.0

RINSE |

DI Rinse Temperature (°C) 20

Spin Rinse Speed (RPM) 2,000 to 4,000

DI Rinse Flow Rate (L/min) 0510 1.0

DI Rinse Duration (min) 03310 1.0

DRY

Spin Dry Speed (RPM) 2,000 to 4,000

Dry Duration (min) 0.33t0 1.0

These process conditions are typical for this type of application. However, process
conditions outside the range of values presented in the Table 11 above can also provide
satisfactory performance for this and other applications and wafer processing configurations.
For example, batch wafer spinning configurations in which two to four cassettes of wafers are
processed at one time typically operate at a lower RPM and lower etch flow rate per wafer.
The RPM for a batch spinner is typically in the range of 500 to 1500 RPM. The total etch
chemistry flow rate for a batch wafer spinner is typically in the range of 10 to 20 liters/minute.
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usi ng 0. 351000 Aﬂgshaakmwwthb etqh kdtd i gEREdlSllowddt dt AfSwdrliRlgel The MapoHtes at 50
degree C. ;I'Fe |nve§tors hav r;gqg rate the a &lt}é‘{ to_renmove both post
met al et c/fPSUFSAre Upss megdreq atf Bqte oid 1 Liginyy pdissolved gzqne 1 g pm
t echnol ogy:omeitti‘m&hMathesu‘thng/n, alsﬁmpéehana&um 000 REM Sand terpRRratigbee C. It is

useful to conmpar e t of thl new ozone-wat er post _etch cl eani ng
process W PrH” ’t“ﬁ'@lycﬁr‘ﬁéﬁ? gEirg %é"‘é’@d GpwheEcarsrraten pfA70ute sol vent

resi due r enithveles/Litld. Theé mvermmlmé dereshsiratedthb biilith Zo feflod¥\both fost¥RedllétaB 950
PCT/ US001291

LE 12 ost Met al..Etgch Cl ean at 50, d 5 C. Conparison
wi th Conv&Ht® ?M&Fs‘%"&@&%gﬂ @Rﬁ%ﬁr‘-‘?&% SWRIER PROCESS
| -1ine DU‘téchndlﬁgyemeU\lmeﬁ'&%t ﬁttlesﬁﬁ'ﬁhSTS nhifigtesSdt 50 asgréelc Smemvaatars%@ss Tinme Tinme

(P:noﬁ)e SS Tlderrr%on-ls-trar{ed the gpty to %’:movfﬁﬂh gostsgn% ehqre 15t an&] resist rgSJdue ﬁ'ognmtegt) (min)

structures using 0.18 pum technology with DUV resist in less than 3.0 minutes at 50 degree C.
It is useful to compare to cycle times of this new ozone-water post etch cleaning process with
the current process based upon plasma ashing and solvent residue removal. This is
summarized in Table 12 below.
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This new ozone-water process has demonstrated the potential to replace the
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conventional plasma ashing and solvent cleaning process used for post-metal-etch clean. The

process can be readily integrated into a single wafer cluster tool at a low cost. A single ozone-

water spin etch module would replace the plasma ashing module and hot DI rinse/spin dry

module. The process has demonstrated the ability to remove the post metal etch resist and
resist residue from the test structures using 0.35 um technology with OCG 897-12 positive I~

line resist in 1.5 minutes. The process has demonstrated the ability to remove the post metal

etch resist and resist residue from the test structures using 0.18 pm technology with Shipley
UV6 positive DUV resist in 3.0 minutes.
The process has demonstrated the ability to remove the post oxide etch resist and resist

residue from the test structures using 0.35 pm technology with OCG 897-12 positive I-line
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Materials Processing Method Wth Spray Processor Description - Fig. 6
There are a nunber of applications in which one may w sh to process
materials syplyysdse Medi cal instruments, bio-materials, {,11' devi ces
for the purpose of surface treatnent, cleaning, disi nf ec ’gﬁ’q}ﬁ’?l’

sterilization. In these types of appllcatlons al ternative processing
conf i gur akepighin 1 daminwfes. Theprocesp basiemarstrgier theiability onemovscthepashoxidretdpr ay

processory, %Eiq’rotnbﬁae 1 éi'rucﬁf]eg Gbin ?2? 8 Efﬁ‘}%%lﬂgf with sﬁg 2 oﬁﬁnbﬁDggM

processor does not spint e proces

mat er i al sresigt i 8.Opniowtes bbwewhﬂmmtbehammeyqt demsmp@mthatablhtygh cétRpletelyc ause

of their SS h Ln_this |nstr nments or
mat eri al Sﬁ?xov%th%b%?-g:é@é-ggg carlllegg ﬁa%ge} trgiures ysin &ggs“%rt °r’r%g>yh Support and
t he heat eﬂnplzpws\pasmvelbﬁmrembmhamyde tima of:iimnhmw]ppbplﬁﬂtwm using I-tin¢ eri al s
fromnmulti ections_us Qne, or, Nore .spra terlals may
b ount cteeensy By e Rt rorfs o iar fibiecp B e s | o
t he sprayasamg ahmalmmlenmngmmmsmedaﬂar pdseaxidadiclseleant i on ny be applied with
one or . . ra heads may be fixed in position, nounted
on rotati 8RSl ating spray arns. The rack or
structureDedoapmmum ts t he materl als to be processed may be fixed in

posi tion, e sl ow r may . be slowy . translated. A
materials pr oc’@l aﬁea]ﬁé‘@ﬁf %?8@?“%8%5(}“?”6‘}‘:%@}‘%%?” {9 BRCH? “ﬁéf'@lf ?‘é“l?@sor

devi ces omedlcalatstrmnems, bxonmstenaﬂamd mediex dévmdﬂirtﬂi@wﬂosebﬁmé&éamqnt event

m cr obi al

ont am .nat i. on_of n The additional
el ement s (r’%%af"ﬁé i g % 85 séerb' tfoé‘fnzx?ﬁl eﬁglé—:f Fca%@ sqaf’{gr‘émEYeé?fg‘fffﬂ 92, 24,
26, 28, ZQmﬁgﬁtatchﬁ car3uk, us&b Th8 Prinofifa] dlﬁgqendbﬁbetvﬂ&n tHeQprap i}rcﬁéssox&ﬁd tiedpinb4, 66,
68, 70, ned ear rocessin
motul o ooy e B B8 S0 i B REdoes by P e oo
supply. AsthighdREM| The miterials todhe pwpqsé@lmiyfkgn belabletote spmnaex;]ghatl’tfm bécgmses not
required. way, .V Ive nect e t hs of .t ubi ng
t h?ough t %%H%ﬁg?:se’ss f %T’e?h scfai%'ggfngnfrﬂf}’%?ﬂ cals a8l y 36T and
bottom s ppmgessedsszebﬂtplgcea 6Ba rawk @t wite adesh/smpporthndehedwated szmﬁmdter&hémieilu re 76.

A drain | 3 atedbt t he rocess f|UId outlet 52
and the térogh%ogggf% éﬁé"veﬂz“ bac?<rfa1|| oW B'u{t’ﬁg dﬁ%@gg usin. %ne\Rbn'f?ﬁ

PCT/ US00 112@&6 The moeitillemay Be memited omnerackh@ciipportingstri@iuteshdt paratie @odiﬂat ween t he
off-gas o 2 and t ata t|c ne.d ruct i unj.t, 64 to prevent
backf | ow #tcésts?]er%ers & ssgﬁnlgg' zﬂne' ?tﬁreqﬁgléca&oi‘m‘)f' eiﬁpPié"rd‘ﬁ’é’?‘? °Pocat ed
bet ween tinerespty beadof Thmpramamqsmag@egaed ingpbsition/ thoanted binfot4ting Gpragasasi nl et

72. Oper apl,0f 1 on q—agslatﬁ'n& SPWX'[%"%’ el?ﬁéacg ﬁru%ture that sugpo?tg(t:hreantlelttgrpalsq]; bg he spray

processor 1S sim
processed may be fixed in position, may be slowly rotated at low rpm, or may be slowly

translated. A materials processing module designed for sterilization of materials or devices or
instruments must have several additional elements to prevent microbial contamination of the
materials processing module. The additional elements may be understood by referring to Fig.
6. The elements 22, 24, 26, 28, 29, 30, 32, 34, 36, 38, 40, 42, 44, 48, 50, 52 54, 56, 62, 64, 66,
68, 70, and 72 are the same as defined earlier. A materials processing module designed for
sterilization does not require a separate rinse supply. Accordingly, the rinse supply 74 and
etch rinse valve 46 is not required. Three-way valve 32 is connected by short lengths of tubing
through the process fluid inlet 48T and 48B to top spray assembly 36T and bottom spray
assembly 36B located above and below a support structure 76. A drain line check valve 78 is
located between the process-fluid outlet 52 and the trap 54 to pfevent backflow to the process
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processor. The ozone gas-water solution is formed at a relatively | ow
tenperature and heated at the point-of-use as described earlier.

Addi tional cupe@ses can be injected at the point-of- usectiQiieRs Or nore .
chem cal suppl i es as descr| bed earlier. The heat ed ozone-water sol ution

flows fromt outl e t hr vaI e32 t .uid
inlets 48‘I"’f‘3‘ﬁ’ie AspEnt jne. ‘é“?&eﬁ@%? 'twéfl? g #%%@G%?%g%cfﬁ £0-S to
the top angkohedds@iBtioR nﬁy sms,ﬁmhu taskfbiTio tirprocaGmnobate. MRjuege gab sterile be
processed or sterili e) ‘ﬁ@ éloned on_an Oﬁeg support stru ture 76.
The supporfltes 2 i§de F‘é F%"cﬁ‘e&‘Fﬁ oftyoNAY PREG 8% BN 7A AT @ P‘f"%%%"r"h“ﬁ. ngi ng on
the surfages of the material to be processed or sterilized. The heated

ozone gas-wat er sgl uEion is sprayed onto all surfaces of the materials or
I nstrument O s wth the top and bottom spray assenblies 36T and

36B. |f thg kfehéetoBIR 6, dwgﬁrahmwﬂimdpraymnbasmhmmoﬁhe spﬁreri i zed,
then the heated o one as -water sol ?t e@ ga?/ attl ol Ikmpte &’ h t hose
i nternal  PTASESIOE ap-watep Slutiop isJormied gk relatively o a zero re5| due
sterilant. atlﬂca/pam-rof-usefas dekdiibed eardibr. Acdkiﬂmatlahsmsah:&anzbs muteﬁacthap@mt-qff e
injected and .m xed w t n..t LS soi |

r enoval du‘l’*’r‘i}@mt%g 05?"8% gfrﬂ'ﬁﬁ W&xg@a@ cgﬁeh earhteﬁe%sel uezgx\%%t&}[;&lsug&gdded
chemi cal s ﬂmmmemldnefmeawvﬂmm thivegls e process floid inlkts 48T andst8Buitent s or
mat eri al s subseqguent ster.i Iy se

met hod not W?\‘Ej‘atg' ag? %rf’?elssm%mﬁ ﬁtoqgﬁoga?ﬁgﬁgér {J Ja?ﬁgé@éﬁiee? ??f] rinse
has been |mdlaéBeTtteerht¢r;al pds&row?smmretenhzeﬂd&gﬁpoamgﬂe! ortian PPAR SUPROFL | e filter.
This type .%ruft I 'JG %‘I(hn gmcﬁl ﬁgg&%ﬁ%ﬁ %mowgcﬁﬂ@s?mﬁonpﬁn “ﬁ%“e gkt at

regular in presen I ment can use heat ed ozone
gas- wat er swofaces loﬁthe aatmakm éc prioeessed 19 sferdlized;t thea%@mﬂ% gasoates SOIiRR ibe used

Wi th no addi aé"e(?&% all seo(éthggxﬁ'@rﬁlg oPin ﬁémpsmﬁ: th ottébm DENI gn
buf fer and’®§ avenger can

date fe is a phosp ate buf fer nade
by m xi ngspmymbacscﬂm Iftbmwmen@alﬂtﬂlaf&@é %F‘F@r that gwgidiei ¢ aci d and

sodi um bor gl.g;eq mﬁ_fl%hﬁ%@%ﬁe Bis Q&a%ﬁum JnLy 64 A el hréifzh@nd3y MEsdY |

radi cal scaven ozone di ssolved 1h water to form.a suﬁgl y of

ozonat ed wehaawe ?-wsmellq Qzenad}ssqxlwdl in pater isggeroresidue sterlant. Soyeygrdfaddiuppd 15p

sterili zat san;idaisHRc KsuielBnfiRflinjfedéd a?xﬁiliﬁed\/\ﬁihﬂfzoﬁ@ﬁ'ﬂ& solufiaodiiproseich as
G ardia and Cryptosporidiumat a dissolved ozon cen rati g of only 60

my/L is O. wemmmsegrma@em'&sytﬂ&nweﬂhe ‘E)Teé‘ 0§ of thase 49ded ence ti ne

of a typi CalenRaRa g%éd%%ﬁﬁsed‘ﬂmﬁd@dﬂ@s@%&%%ﬁ%bﬁﬁﬂr&%ﬁi cont act or
used in an ozonate ter supply is much | onger than 12 seconds. The

resi dence subpegpent atedlle ripgs G¥EI6| at i ng cont actor can be higher. Accordingly,

the ozone-wat erg aeﬁluwaeanndéI@aaadeg{mgg}ats&mmmam&pmentﬂeupﬁley at a
concentration_of about 60 / [l be_st {1

rinse has been implemented by passmg water through a 562‘ micron sterile filter. This type of
filter becomes clogged with use and must be replaced at regular intervals. In the present
embodiment, one can use the heated ozone gas-water solution as a sterile rinse solution. The
solution may be used with no additional injected chemicals except perhaps a chemically
benign buffer and scavenger. One good candidate buffer is a phosphate buffer made by
mixing KH2PO4 and Na2HPO4. Another candidate buffer is boric acid and sodium borate.
The phosphate or borate will also serve as a hydroxyl radical scavenger. The ozone gas
dissolved in water to form a supply of ozonated water will quickly kill the most resistant
organisms. The 12D sterilization time for the most resistant water-bome organisms such as
Giardia and Cryptosporidium at a dissolved ozone concentration of only 60 mg/L is 0.2

minutes (12 seconds) as shown in Table 13. The residence time of a typical ozone gas-water
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wat er. When the ozone-water solution is passed through the point-of-use
heater 28 or 29 and heated to a higher tenperature (50 degree C for
exanple), tiwoewmsssentration will decay to a |ow.value Lﬁlﬂ?@)ﬂexponent i al
decay tine constant estimated by the inventors to be abo ¥conds. The
materi al s processi chanber may be continuous gl)urged with sterile

ni trogen ?ta%t?réﬁs?‘{lg an pzongfed WG SUPRIY ést'%‘lcpll‘?“g%ftmé‘r! agconds. The msgidesge t he wast e
ozone of f +jy&sin b keririlitiag CHRITRR can be\M@ﬂ tK&oﬂdﬂ@t ﬂi%iﬁn%—uﬁfergﬁﬂﬁ&nes are

renoved f:qomthcg i nst runment charrbe{ér he en he sterjilization and
optional rFREBS %’f’g‘ pppatEg;wate fupR a&%‘b‘ﬂ"@"‘”&‘éﬁ‘ﬂf’é’ﬁ?‘i’% PO meli Vil be gigelegecayed
to a ?/e(rj ywatepWhie theozofcaapl soluiow s pased hrualph the ﬁ&nﬁf-&rusé’fﬁe%lte@at ot mﬁa ument and
nedi ca v izatio e S Tahle 14. Ta 3: The

l et hal it y%o?te‘?m&ﬁ'ég%af RTINS ??Oﬁ‘{eﬁﬁf g%%l"a @pg'f CPRcERfratign, g’n‘i HPEn agai nst
m croor garims nElu¢ witlaguexporenidal ﬂm}n tilne poristanteestithatéd 19Cthé M@t to bEABo: R§TE

required t t|on I n anismat two

di fferent Cgﬁ%%'rll‘ﬁé/ﬁ%t@na}épm&s ggy o 'P‘f?@sg ﬁ’érﬁg‘t\ygtﬂmﬁ%aﬂuﬂ%ﬁndat a. The
D val ue i 9r Blhleletalrdmngatp.nméldattoo cycédtocsweaphhe Wastdhzbneafff gas&'hhethe cliagder. ST by a
factor of Ager at i r,0or m D 12CD
12D not e "i‘é’%‘?"‘e flseRiEfs bt ichd L {’3@8&1 S bl me“)(‘) e o 0.03
0.06 0.00 fteahzasw arpltqvtmatwemlheshssolmmaleao@@nmioﬁmlahavweaamao erl um

0.15 0.3 Q/eﬁ%w%luéf @:Qﬁﬁ;ﬁygg oﬁﬁﬁlk}gs o fblfcal mggm% é&fgxbe(&%% (Endamoeba

Hi stol ytica gat ores) G ardi a
Lanii a, GS§F’H¥a&1°Ba’£2hWn2@@'a‘ée 14uris (Cysts) Cryptosporidium6 12 0.200 a

48 WO 01/ 28950 PCT/ USOO/ 29167 Note a: Block, 1978; Sobsey, 1989: D val ues
measur ed g | ved concentration of 1-2. /1, pH 7, and tenperature
of 15C Ta aBlei H)‘Fyé’ prase dissolved inimateion 8 spegified poncentiationagaingtrent  and

Medi cal Denitré6rganién®yih hduéadsis@dpension in a stirred reactor. The time required to achieve a 12

log reduction in the specified organism at two different concentrations is calculated from the

measured D value data. The D value is the time required to reduce the number of viable

organisms by a factor of 10 at a specified sterilant concentration C

Microorganism D 12CD 12D note
secs mg.min/l minutes
C=10 mg/l C=60 mg/1
Eschrichia Coli 0.03 0.06 0001 |a
Striptococcus Fecalis . 0.045 0.09 0.002 | a
Mycobacterium I 0.15 ' 0.3 0.005 ] a
Tuberculosum
Polio Virus 0.06 0.12 0.002}a
Endamoeba Histolytica 1 2 0033 |a
Bacillus Megatherium 3 6 0100 |a
(Spores)
Giardia Lamlia, Giardia 6 12 0200 | a
Muris (Cysts)
Cryptosporidium 6 12 0.200 | a
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STERI LI ZE Di ssol ved Ozone Concentration 70 to 210 ng/L
(my(L)/(mllinoles/liter) (1.5 to 4.5 mllinoles/Liter) Hydroxyl Radical
Scavenger ExawpbmsssoCar bonat e, Bi carbonat e, Phosphat e, Acfé*l%s%mﬁ%(gr oxyl
Radi cal Scavenger Concentration 5 to 10 x di ssol ved ozone concentration

(mllinoleg/lit H Buyf fer \npl es: Phosphate, Borate PH Buffer

Concent r at %ﬁ’a-’ ?B)c’ﬁﬂpllgi’g%R%’/ @?iﬁ"aﬁﬁs Breagueg ava glssggr,efl sQnceiation %ﬁﬁ' onal

Non-i oni c aipd, p¥ni7 Gt €endyerabisé 6F 1588 quest eri ng Agent - optional Exanples:

Sodi um Tri pol yphosphate (STTP) Sequestering Agent Concentration 10
mllinmoles/Liter Ozone-Water Solution (Sterilant) 30 to 50 Tenperature at
the point qhblapp! Efaaipletodeds ¢diitiohs fof WediGal Yiir@er®@hd Medital Betide Rat e (L/ min)
5to 10.0 _Sterilization Cycle Duration (mn) Sto 10.0 RINSE - optional
DRY - opt i SHE[2a8PBcess Performance Measured by the Inventors: The inventors
have cal cul ated the steriliant efficacy of an ozone-water solution at

di fferent SW n of 60
ng/ L based #factivation rates, neasured by the inventors undef

equi |'i bri umoissefied D26t Conbdntr@idhC POI CET [a7oto PEIWNEY] I Nders and ADAC Dacron
pol yester (49 01/2895Q PCT/ USOQO 29167 suture._] o carriers inocyl ated
with 1E6 Ba(,(ﬂgx&mé(‘fﬂ?]?ﬂ!fﬁr)spores accorcfilﬁé"ﬂ'a“!"&@°%%l€“5prot ocol .

| nacti vat i QrHydrdkgFRAicl Sdabdnganced Not  OrExémBlés:Chrbonste, Bigibonkte) I al €| but
al so by thg dissolved concentration. They are al so confounded by the
statisticalj nature of the carrier inadtpﬁ’\?sa‘?‘ﬁiﬁg‘fﬂaﬁfcess, W conputed the
average 12(ﬁMxyﬁk{mal SdatétigbrContédtia®in [09t0 11D RIdEssélved261t cofidentrdtndi T | er ent
equi libriumt er at.ur.es and di ssol ved |concentrations. The use of the
concentrati éﬁ'ﬁﬁ%ﬂ{?‘%‘r‘*@duct effectively [normalized the results by the
concent r at i | Buffee Examples: Phosphate, Borate

pH Buffer Concentration ~10 millimoles/Liter

pH 6.5t 7.5

Surfactant - optional Non-ionic and Anionic Mixture

Sequestering Agent - optional Examples: Sodium Tripolyphosphate
(STTP)

Sequestering Agent Concentration 10 millimoles/Liter

Ozone-Water Solution (Sterilant) 30 to 50

Temperature at the point of application to -

the (°C)

Ozone-Water Solution Flow Rate (L/min) 5 10 10.0

Sterilization Cycle Duration (min) S5to 10.0

RINSE - optional

DRY - optional

Process Performance Measured by the Inventors: The inventors have calculated the
steriliant efficacy of an ozone-water solution at different solution temperatures for a dissolved
ozone concentration of 60 mg/L based upon inactivation rates, measured by the inventors

under equilibrium conditions, for AOAC porcelain penicylinders and AOAC Dacron polyester
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results showed there is a very strong tenperature dependence of

I nactivation rate. The analysis denonstrated that the inactivation at 20
deg. C is nokobissset ransport limted, but surface reaction rate
(temperature) limted. The results for penicylinders ar @ PrENMNEY in Tabl e
15. The paraneter 12CD is the concentration-tinme product for inactivation
of a nill |SB‘?‘Fes1B‘éPr‘@"@FFdP<P°éh§é wightlE6 Baeilug Subtilug spores accordingite thead0AQvel . W see
that an ingétesse in the tenperature from20 deg. Cto 30 deg. C (10 deg. C
I ncrease), causes the 12CD val ue to decrease by nore than a factor of 4
from 14 to 2. gnactivgtionetimescae dnfluenced not gyly bysurfaps deactiom mate fut e baathge of 12

CD at 10, dkSolvéDcondénttaidd. OBy ofe alks esaf&daaemaaiersea%smi Hﬁmetofaﬁe geGer C The

conput atiqn i.s based UB?(F,)n the follow ng pot hesis: 1) the surface

reaction recHVaHgR propess. ¢ comppisd ﬂ}ggggggeog?c “T“B‘E {5 inagtivagion pfcagiggsayemhgeg. C
i ncrease iof the nﬁﬁéx@ﬁt&fq&xh{:ﬁmm térierdt@red Bd d@é%ﬁ/@ﬂ \éeﬂbeﬁ@dnohdqe TR skabf @@ of

pol ymer filns ver al | e.is dom nated by the
surface r@g'&cte%'%ﬂmflgf"@ QW%V‘ f’ﬁ %’frﬂ@?‘é’?ﬁ"r"leg’ by the conceutration.i dheseens to
be v a: i d ugsultoshd@edithere 1s@veb§&h’6@/ﬁmpér§tﬁreﬁﬁﬁﬁhﬂérﬁdoﬂﬂ@h%tﬁﬂ rdtd, QHe/ o
sterilizatj a ne.concentration see tabl e
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The resul oyt measpzed ¥alug at 20, deg: €. Theprmputationsis basedupan thefollowing 16. W see
that pol yaghsHesis: 1) the surface reaction rate coefficient S increases by a factor of 2 for every 5 deg.

C increase in temperature (similar to that observed for the oxidation of polymer films), and 2)
the overall reaction rate is dominated by the surface reaction rate over the temperature range.
This assumption seems to be valid up to 30 deg. C. We have also computed the predicted
12D sterilization time at a dissolved ozone concentration of 60 mg/L (see table column 7).
Further measurements will be required to determine the point at which the reaction becomes
mass transport limited.
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The results for polyester suture loops are presented in Table 16. We see that polyester

suture loops are more resistant to inactivation than penicylinders, and hence the FDA

approved cycle time is generally determined by suture loop inactivation time. We see that an
increase in the temperature from 10 deg. C to 20 deg. C to 30 deg. C ( 10 deg. steps), causes
the 12CD value to decrease by nearly a factor of 4 for each step from 285 to 71 to 26. In next
column(col. 6) we have again computed the value of 12 CD at 10, 30, 40, and 50 deg. C from
the measured value at 20 deg. C based upon the assumption stated above. Again, the results

are remarkably consistent with the model. However, there is only one replicate at 30 deg. C.

More data is required to prove the hypothesis.
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way valve 32 is connected by a short length of tubing to the process fluid inlet 48 of an

immersion type materials processing module S0-I to a fill nozzle 36-F. The drain outlet 52B

is connected by a short length of tubing to drain check valve 86. The outlet of check valve 86

is connected by a length of tubing to a drain line trap 54B. The drain line trap 54B is

connected by a length of tubing to facility drain/reclaim 56. Purge gas supply 68 is connected

by a short length of tubing to the inlet of two-way valve 70. The outlet of two-way valve 70 is

connected to the inlet of sterile filter 82. The outlet of sterile filter 82 is connected to the

module purge gas inlet 72. The overflow/waste gas vent outlet 52T is connected through a

length of tubing to the inlet of a check valve 84. The outlet of the check valve 84 is connected
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to Fig. 8, ulf Theslinelsed q&amongeamoy obthe haated gzqneryaisy solution wﬂl decay with

time with a temperature dependent decay rate as discussed earlier. The residence time of the

solution in the immersion module can be set at a predetermined value to insure that the
dissolved concentration does not fall below a predetermined value for the duration of the
cleaning or sterilization or oxidation process cycle. Once the clcaning cycle is complete the
flow of the heated ozone-water solution to the process module may be stopped by setting the
thee-way valve 32 to direct the flow to the facility drain/reclaim 34 for the heated ozone-water
solution. The module may be drained by opening the drain valve 78 and opening the two-way
purge 70 to admit nitrogen, air, or some other purge gas into the module to replace the liquid
that is drained from the module through check valve 86, through trap 54B to facility
drain/reclaim 56. If the module is designed for sterile processing, then the filter 82 may be
0.2 micron filter to remove microbes from the purge gas. If the module is designed for ultra-
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The three-way valves are labeled 24A, 24B, 24B, 24C, 24D, 24E, 24F. Three-way valve 24A

is connected through a length of tubing to the cold process fluid inlet of a heat exchanger 28A.

The other outlet of the three-way valve 24A is connected through a length of tubing to the

facility drain-reclaim 26. The recirculating heating unit 30 which serves each of the heat

exchangers is not shown. The heated process fluid outlet of heat exchanger 28A is connected

through a short length of tubing to the inlet of a chemical injector/mixer 40A. The outlet of

the injected chemical supply 42A is connected by a length of tubing to the inlet of a two-way

valve 44A. The outlet of two-way valve 44A is connected by a length of tubing to the

injection port of chemical injector/mixer 40A. The outlet of chemical injector/mixer 40A is
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one embodiment, a heat exchanger 28 may be used to increase the temperature of the ozone-

water solution at the point-of-use. In another embodiment, a point-of-use water heater 29

may be used in lieu of a heat exchanger.

High Throughput Materials Processing Method With Multiple Single-Wafer Spin Processors -
Muitiple Heat Exchangers
Operation - Fig. 8

The operation of each wafer spin processing module and associated elements is the
same as described earlier under Fig. 5. The modules can be operated by a process controller
(not shown) to achieve high throughput while sharing the most expensive resource, the

ozonated water supply. A typical process sequence for such a tool is shown in Table 13. A
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in 56 WO 01/ 2 PCTI US?0/29167 about 2 _seconds or less, as the flowrate
was i ncr erftRb{clran Fyplesis 4,33 liters pepminufest a giyen digsolved grone soncenfyation, thendhe r enent ed
in steps aahuﬁehﬂ,s@f\stmocmdaﬁ:ﬁges Suppliéd b Taaém &Bnatéaowtatsu wfth Ghgwt er Tool

with Six Processd\/bdul es - 'e Mod 20 20 20 .20 20 .20 20 20 20
20 20 20 Z@pastyo eht%‘él’%fémg‘ée cexample 9@’%‘@%@“&@%@ §7es wste se se ¢ ¢

ccccec d]‘aeﬁtuﬁh diriag @teﬁiy@taf‘e Wheii thed procebs miodulds ate dtdhlrlé énelprdsedd mddule iJE E R U

UU #BDL EEER DL/ EE EERD
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EEERD cluster are loaded in succession for the first time at the beginning of a run of wafer, first only

one processor is in the etch mode, then two processors are in the etch mode, then three
processors are in the etch mode. There is a analogous transient period when each of the
modules of the cluster are unloaded in succession at the end of a run of wafers. At the end of
a run of wafers, three processors are in the etch mode, then two processors are in the etch
mode, then one processor is in the etch mode. During the period in which only one module or
only two modules are in the etch mode, only 3.33 L/min or only 6.66L/min of ozonated water
is being used for etching for this example. In one embodiment the total ozonated flow can be
held constant (~10.0 L/min for this example) either by setting the three-way valves 24, or by
setting the three-way valves 32 to direct to the facility waste/reclaim 34 the ozonated water
not needed for etching. This approach maintains a steady state water flow through the ozone-
gas-water contactor and provides a simple method to maintaining a stable dissolved ozone
concentration. This approach is simple. An alternative method is to reduce the flow rate of
ozonated water supplied by the ozonated water supply 22 while maintaining the same supplied
dissolved ozone concentration. This requires that the ozonated water supply include a
controller for maintaining the same dissolved ozone concentration at different flow rates less
than the maximum flow rate for that concentration. This approach is more challenging

because it would require that the controller be able to quickly stabilize the concentration in

56



UUE33333333333333333 R1111111111111111
1 p11111111111111111 LIU1T111111111111111

1 E - Etchivgd®assiycle R- DI Water Rinse Cycle D Spi npd¥ufsobsike L/ U -
Load/ Unl oad Wafer w Robot C uster Throughput for Exanple: 30

waf er s/ hour /.spi nner .x 6 iiners=180 waf ey g4 hour Hi hroughput Materials
P oces s PTPRSE DR SrASt AR TR el o Jrelesed i e al P B LG By, () ¢

Shar ed Hias tanddechemeged ideesat the emdofa procgsstin.l N reference to Fig 9, an ’
al ternat] mhodi pent a.si.ngl e pojnt-of ~use,heater (heater
exchang é#‘ggée}g?)pﬁ'&‘?ﬂ qféﬂ‘?ﬁ g%ﬁlevélfhe#’"‘ 3 %E@%’Fﬁ gPEmle i cal

40 to servEMod/ 26930 |2CT/205Q0 20 | owl 20120 {0 200

modul es. S| nce the|lfl pw fatd of zong- wat el _sql utfi on| t hf
poi nt - of - us®€hepi®e| 59 §5hi| §hqr5® ¥iepl® | Wplit® 4 8Yyi°F dF°t P°Ci
tenperature fromT De T2¢ | .| dhec heat [exdlanger
t he vol unefof—t Latk-ged f-e5

dara

o [ha do

heater and|#nngkt e%t p)ﬁo Fmettél yL/th%
I a

volume is 5 the fll oy r dtie. Inth#Fe;anﬁle
shown in fot-hr-bughh—tHe Uv{;h?;p. aﬁand
I njector/m R Hi Eang t Pﬁe W pJF‘ rgqti red
will be up [ ! . |9 The lopefat | onfof {t he
enbodi nent .shown | g j th | s lad_t 9—t-Hat-—desEr-bed—upder
Fig. 8 and|#¢g.|®B. ' ' Be & (& d he? F c1§ng§r, t he
fl ow of hpated| oz ' gr ecteéd tlo tihe threg spim
processi ng : hasetof-i-hd cyicl el —_Durihgfhe
peri od whehRac Lf | & fKer| BriR | Bafita| En
successi on| f or gy lof |a rjun jof Whaf g of are
| oaded in Lsucc ' L helend off arunligflwaf )
fewer than|{¥hre Dnplié | & [dhe Bi pB &P déé(ri bed
under Fig.|8. | onated fjl oW cah be heé¢d
constant (10 O ] | bet ting ralyes 32
to direct|¥0 t ' Rneé Doz dhdtfed| Sat Br | o Pheeded
for etchinp. Thi s U U

E 3 (3 {3 |3 |3 |3 {3 113 }3 (3|3 {3 |3 (3 |3 |3 3

R 1 {1 (1 j1 J1 v {1 ¢1 41 1 1 (1 J1 {1 {1 |1 |1

D v (1 {1 {1 1 v v 1 (1 |1 1 (1 |1 |1t |1 |1 |1

Lyu |t |1 1 {1t {1 {1 |1 |1 |1 (1 |1 1 |1 |1 |1 |1 |1

E - Etch/Clean Cycle

R- DI Water Rinse Cycle

D- Spin Dry Cycle

L/U - Load/Unload Wafer w/ Robot

Cluster Throughput for Example: 30 wafers/hour/spinner x 6 spinners=180 wafers/hour

High Throughput Materials Processing Method With Multiple Single-Wafer Spin Processors -
Single Shared Heat Exchanger
Description - Fig. 9

In reference to Fig 9, an alternative embodiment may use a single point-of-use heater

(heater exchanger 28 or point-of-use heater 29) and single chemical injector/mixer 40 to serve
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casset t ethe otgh mide §2"%F‘E‘° %%ﬁ@fd Updes Fign 8-dp ope,emabadiment fhedptelmzonatads \af er

casset t enébstbedld c%nstﬁﬁ (Lrlwlgﬂmbﬁér hisshathpley iy seiting thdIBRELWVay QalGesI0itd NOL OF
60. The spin nptor set to a particular acceleration rate, spin RPM

spi n dur $#fschia th"dfﬁ‘éih’dé’l’?éleéﬁcé%@@ﬁ theqzanaigduater nef peeded for esling: Thisnt r ol .
Oper at i Ofhproabh Mainthéhs/a aﬁﬁfyﬁﬁﬁﬁ%’c&a@y §thte waikP flot Mok bioRs gl water ON- axi s

bat ch spi'n processor, eslq praocess two_to _four cassettes of wafers
or subst seRtastor gad pspnddssiaHimp §m§¥hﬁﬁ‘ Foammtﬁmwgtsmbké%ﬁie'eﬁsoaoee £REeTBELL | on of

a singl eas"&ﬁ&ibe&ﬁ}id@rﬂéopeﬁﬁ% nih§taihd AR st H6tv rite Shrowph the dhaic@ Best Pi N
processor typically operates at a |lower RPM and |ower flow rate per wafer

than a sP%shingesgfrand mantgips m@e@wpensmémw dhisds 223N seplE nner i s
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the ozonated water supply 22 while maintaining the same supplied dissolved ozone

concentration and same dispense temperature. This embodiment requires that the ozonated
water supply include a controller for maintaining the same dissolved ozone concentration at
different flow rates as discussed under Fig. 8. This also requires the use of a point-of-use
heater 29 with the means to maintain a constant dispense temperature at different dispense

flow rates.

High throughput materials processing method with an on-axis wafer-batch spin processor
Description - Fig. 10 '

The spin processing method can be implemented in a high thronghput configuration
for processing semiconductor wafers and the like. A batch wafer processing tool can designed

using an on-axis batch spin processor designed to process two to four cassettes of wafers or
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contacts the surfaces of the wafers held in the wafer cassettes which are spinning on-axis.

High throu, t materials processing method with an off-axis wafer-batch spin processor
Description - Fig. 11

The spin processing method can be implemented in a high throughput configuration
for processing semiconductor wafers and the like. A batch wafer processing tool can designed
using an off-axis batch spin processor designed to process two to four cassettes of wafers or
substrates at one time. In reference to Fig. 11, a batch spin module 50-B2 for pracessing two
cassettes of wafers in an off-axis spin configuration may be served by a source of ozonated

water, rinse water, purge gas, drain, and vent connections using the same configuration as that

59



will be |ower since the nmass transport rate is | ower as discussed earlier.
In the etch node a heated ozone water solution flows fromthe outlet of
t_hree-V\/ayC_F\';éllpzﬁ,9 hrough an inlet 48 in the nodule, to tﬂ?’?ﬁ%ﬁ& spray
tower 36 e heated ozone- water solution is dispense romnultiple

positions al ong the |l ength of the spray tower and contacts the surfaces of
t he waf erdgsqribpdjundsr FigeS F@Pglééb@f%ﬂ‘é?‘\%ﬁs‘é‘h In the casgiof he@ff-axis walkts.  The

ozone- Watb‘afch%ﬁih%éce&oi& hﬁtouﬁa\b?ﬁxem@ﬁay LbRrin vakve 46f%tcﬁﬁﬂeﬂﬁd 8y a@lﬁbrﬁdge near
the spray tower and exitin og at an edge far fromthe spray to . The

di ssol vedergtbaftubiag theongh am Hleﬂ'&Ftl‘@t%"“"k‘%@@bﬂ)‘ﬁ%@f%@\@% 23WAlsEs t he wafer
surface b&%ﬂ%@otaﬂﬁ 993&%@@&9&%&%@& eiaRk 66. eﬁlehyaferrcﬁﬁsﬁltté SMackwé 3 the

material on t fer surface. In a standard off-axis batch Processor

conf i gur seoneastedby @ shafhonyather means tp & ik mptar PO Thg-spin metor mexbeset totfe waf er

| eadi ng ggﬂﬁ:uﬁpgcc@lera'h@ﬁ ftd, }’ﬁﬁ RPWW»RH%&:@B& Rkelldfonfale®hddr’ @i | i ng edge. A
preferre mbodi nent for Off-axis wafer processing not only rotates the
waf er casmistaprasesptoaiolan axi s sone distance formthe wafer center, but
also slowy rotates the wafer cassettes on axis so that all edges of t he
wafers are placed in the |eading edge position for approximately the sane

time durlgnfﬂlm:sfﬁ-_él processi ng cycle. This can be acconplished by a
drive gear or rméi@rem%yrigenf%osém.%faﬁgrfaa&isrwmﬁbﬁnma&goméa ¢6'S about
the center of the wafers as fer cassettes are rotated axi s.

WD 01/ 28%@%0@5@ STIALES oi‘zwar&rmbstraﬁvéat ongimNe i simalar WH@)SFGFRFP“@
Applicati ﬂ@oﬁ&étﬂm of g sﬁlglé QAR sfih Erocéséc)r dBsc?BELR e BE P A bfth QX pHoddsen

mat eri al s at spee a solution of ozone gas _dissaolved in water
conpri si n'glP'F‘Hb' ‘E’F@fﬁ? aby 10&1'%%13‘14\??"?15’“?? Bow rate,paryvafer §1am @ singlevafelsPiBn) ozone

gas in Wab&ksoRlTHe RPA fra bRkl spiftiér T §pRAIR/ il iHeGehde QFBET B1190ERPM. tThef Or m an
ozone-wat'er sol ution with arelatively high dissol ved ozone

concent r aefabefyh chegistyy; fiay retedoradiatrhgvaierspinperas typisalinin ghe rangg of 20 tp Wat eri al s

whi | e heajidRninae drm&vﬁ‘ér'@h@mﬁ%’weﬁlo@ 12O WAL %ﬁovﬁé?'n%é Rdhspirt falkQn@Oi Nt Of
application to quickly increase said materi a nperature and _sai d sol ution

t enper at ulowe gichpraten The tompergtuseat ik the et@bﬁtﬁéﬂﬁt"&‘?@%ﬂ“‘%ﬂ%ﬁt imgedsf errabl y
T2-Tl > 5 J8q6wér smtbﬁlem@mspd@ﬁmﬂowasmszd flierBterials at high speed

may additi onal l'y includes a neans for injecting and mxing additional
chenical s intd® ande afigated 0zons wetersohytign flowp femdhepuet efflegwant  of
appl i cat i QfiveGhrobharPBRIS “ﬁh@ﬁo&ﬁé%m&'&eﬂt&sﬁ: tWRr 860, SThE Redtél Spohali zed. A

nunber of preferred enbodinments are illustrated in Fig. 12 to Fig. 16.
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ozone-water solution that moves across the wafer, entering at an edge near the spray tower
and exiting at an edge far from the spray tower. The dissolved ozone concentration falls as
the solution moves across the wafer surface because the ozone in solution is depleted by
reactioﬁ with the material on the wafer surface. In a standard off-axis batch processor
configuration this can yields a relatively high etch rate at the wafer leading edge and a
relatively low etch rate at the wafer trailing edge. A preferred embodiment for off-axis wafer
processing not only rotates the wafer cassettes around an axis some distance form the wafer
center, but also slowly rotates the wafer cassettes on axis so that all edges of the wafers are
placed in the leading edge position for approximately the same time during the wafer
processing cycle. This can be accomplished by a drive gear or other device for slowly
rotating the wafer cassettes about the center of the wafers as the wafer cassettes are rotated off

axis.

60



This enbodinment is very simlar to the enbodi mrent shown in Fig. 5 except
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t ubi ng to the ppserdmethpd fog oxidizing meterials @hhighspepdipsing yolution ef 0zg0e g8Fhe ot her
outlet of giséb'iv%ﬁ 1Meﬁ/&ln$ﬁs£€tﬁe§t SFRsSIGg Er@faﬁ%ﬂﬁ?x@h bédet gxf) 8%611% to the

faC|I|ty rain- reclaim?2 eozone wat er sol uti1 on. of an
i nj ect ed BHeEaerahs relatively Jow prefejermingd temperagure 51 tqfemme@onemtwm val ve 44.

The outl ef w:ﬁ;aﬁéﬁhVé?yéighhﬁscﬂ%%&{e‘%gn&Mﬂﬁ) aghRg ﬁ)@'(:olh %&EW& saaﬁ&. Of

chem cal 1 njector/m . The outlet of ¢hem cal injector/ mxer S
connect edtdspidimatesigiswhils hgating seid magsrialy andssaidnzorgyyatersofution at thepaintof thr ee- way

val ve 32., pﬂ?ﬁmﬁ'ﬂ? )} ﬁEreﬁge SLIH ‘hﬁ?erﬂ%mﬁ/@%\.ﬁ% aﬁ@s&@so@ﬂﬁﬂ?&ﬁﬁﬂm&rgw gh a

short Iength to o hree-way val ve etch/rinse valve 46. The

common ouPtedgtergined Ilﬂgé@' tW@P@WPFh wherg aretférahbr T2sT1>odpseetCe dhe secondgh a
short le nﬂ.fetno@for biibi naa(eerianeat RigR Sfeed mby hud@hdnahﬁclﬂ&sfaqnenptos Rfeasy nozzl e

36 located In a as | ht materials processing . The  materials
processi ngldrm'wge djtionakc emlqaiseeomqw@-water sahurlwl ﬂsmstrqamgqﬁthes@mt ofsith a

quartz w ti%ﬁ of the bitfhe vhathr %lﬁﬁbxﬁ@ ﬁg ﬁa@rfaﬁ 1&8e Sdditd. AhaBS? preferred

PCT/ US001 transm ssi on. The nodul e purge gas connection 72, the

nodul e dranbpdammnll@mmgwdlzmm vent connections 62 are the same as
described previously. A high power radiant heat source 100 such as a
quartz hal ogentla D arra |s p05|t|oned_to |IIum nate the surface of the

cal cul at esﬁﬁcgm%mah@f t he mexi num armunt of povver reqw red toheat t he
and i

mat eri al e ozone water solution by assum ng that we nust increase
t he t enpelgactptionsFig 32 || flow of ozone water solution as it passes over

the wafer and mamb%aud%ﬁﬁfsv&rbemilmtom@émumm%tﬁmwnwaﬁi@rsebelﬁtmmer required
i ncrease the water te erat‘urtpﬁ%e dlp%@ en _anmount for given flow rate has

been pr es®ANe Lo Watergofution isjjo a8 of B pointatuse; Igst@ thematesialia

required pdprbdtsse AfcPthé BLNE-WARS 5GlitihSs Khated Bt th@&&mf‘ﬂ@[;lﬂiﬁtl&p |A¢koraimglyl OW ng at
2.7 L/mn_by 50 degree Cis_ approximtely A small anpbunt of

addi t i onathe Eﬂé‘i"ngPSWP‘I“ bratey mlv@oﬂné B°‘P‘rﬂ,ftaw§ét1‘twa\ﬁh‘ﬁéﬂd°9e%@r ature by the

same anbURferentdd FgTPY) i3k omnaeawaevs@m 20 €5 dofifiddted YhrbaghCa IbRELESK thbiRgliot he Mass
and beat capacity of the wafer or substrate. If in practice the only the

surface othe g¢amoginpyt of a theeg-tyayyvalye 2y, T]‘%l‘}/‘@ﬂuﬂ?t @H@%‘Z@h‘é“l‘(ﬁéﬂé‘? cogpgetpdi on at
the waf ermapphih 169@1 loPEuBInE 36 Be ipfockks AAGnlet dFERentib? i mixérAQUTHIMRAL S Wi | |

be | ower. AlSso, the ozone-water_solution flow rate is reduced, the power
outlet of three-way valve 24 is connected through a length of tubing to the facility drain-
reclaim 26 for the ozone-water solution. The outlet of an injected chemical supply 42 is
connected to the inlet of two-way valve 44. The outlet of valve 44 is connected to the
chemical injection port of chemical injector/mixer 40. The outlet of chemical injector/mixer
40 is connected by a short length of tubing to the common inlet port of three-way valve 32,
The one outlet of three-way valve 32 is connected through a short length to one inlet of a
three-way valve etch/rinse valve 46. The common outlet of three-way etch/rinse valve 46 is
connected through a short length of tubing to the process fluid inlet 48 to a dispense nozzle 36
located in a gas tight materials processing module 50. The materials processing module 50 is

fitted with a 1id with a gas tight seal with a quartz window 98 in the lid with good infrared
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requirenment will be lower. The nethods of heating of wafers and substrates
with quartz halogen lanp arrays are well developed and well known to those
skilled i in the area of single wafer rapid t cessing
(RTP) . ?‘{}’%’. Saf§ (%TP | anp array for 200 nm dianeter wa e?’ﬁg‘*?azg{('g power

I nput of about 50 Kwatts. Typically about 40 percent of the | anp |nput
‘pover ( 2transmission) Thegnqduls purgedds capneotign 43, tham qrain Rommegti 28 ons.  The
RTP | ango8@uént E&m\éﬁiohs 624rk B shite Me&dﬁeﬂ"p@ﬁ%dlfﬁ high poﬁergﬂiléjlt r&et ed
infrared reflective surface 102 is place above the radiant heat source 100
to refl eequrqeﬁéowobuam guastadaloger lamp grrayig pagitionad B)az&!kmmm therraeanftheat e. A

gol d Coaaﬁ ﬁa&f&snﬂ{l&ﬁgmome@bﬁéﬁmef ShuBlk 04 Wetian LhIBuIR b BGiRaR] the

spi nner ¢ toto reflect the visi and 1nfrared radiation that my
pass thr oﬁghmﬁmunmmmfmewmqmteﬁmt theymatetipland sthecozprayssier sellion nf r ar ed
reflecti a&%tg‘flﬁt W fmsﬂgéedseﬂgwn&im& Ui%galu' wbmoﬁ@w&a@mﬁkﬁp@me

nozzle 3 I nsu and protected an infrared reflective
surface theﬂﬁwwhﬁ wafsr andowe mpﬁéeqt thsi fnlé;vdme Gf hpwatee The power requised

over heat jjafaceine RRE; ERR AT by IARh Adiut R ﬂ%%te%apeéehweaﬁéb ihO read
the tenperature o t he” subst at e. measur enent of the tenperature of

spi nni ng TSWP f ebthe diseussion yrndenBig| 1. KFhe\paweirequitsd ¢o inpteasedly temperatiee ofgr i n t he
area of I 28950

nor usoof 58T s teml'g‘i;? Rt muef TR B 36 T b imalty Mk oA

t enper at am@ll almomgofawsémpw enesgya Wﬂhb@eﬂﬁtedﬁ%lnb@aqﬁﬁhfc‘éﬁfsﬁempm@ﬁ% mat eri al
to be pr %ﬁéa%?d%n@ %e?ﬂ%uﬂ%?%r%ﬁ be RAIH da&'ﬂla{ea onPhE thalLanl GBRETr at ure

T2>T1 at the point o I'1 catTon usma@t lant heating fromthe top
sur f ace. canacipief theavaferpr ﬁ‘ﬂ?ﬁtmt? h¥ inpraetice figronly thosuifareef the wafesronlyed onto t he

wafer su ﬁf:@ﬁ?er‘@'f EHE oZorfe St oluﬁbéﬂmf&%ﬁhﬁn %&rﬁbéﬁ ‘ﬁ%&té‘rﬂ tlﬁﬂ el fowetNAET

Figure 5. The cold ozone-water solution that flows radially outward to the
edge of rqqelrgmnﬁsrmﬁéemaérmm nf the erenc-patsr w&ﬂ@n figiante iswsdycsd thapowse at

source i eqiifriment GATPEY 18WE PheRBROHs o%ﬂémhg ofWHHES GAP bR Ribft£T  (not

shown) wni ch adjusts the heat output t he radi ant heat source 100 to

mai nt ai nhelogandayen arrayppre el deeelqrsd antbyelblonown te ﬂIOSfe%kd’fPé listhe arfigsthg ggsa of
feedback oggrdiL Qlafef- ﬁpiﬁ%& rpras‘esssmn EH REPAURmYBEE/ for St her

substrates heated wth t z halogen’ radi ant heat sources is also well

known t o diamstsewafsrsibas eaowqﬁ mpmeofaabwusﬂ Km@s aFypically abQﬂﬁgﬂ) perognt afthe 5pj d
thermal  pRAGRSS pOWer(BY) E%vatts‘}\‘iked%p&li@? In &B}; td R Hﬁé&ﬁoﬁss'rﬁéﬁ'ﬁfd on to

qui ckly 1 ncrease the tenperature o e su strat e substrate will be

heat ed biamppowicpisiwsH swedrt@mlw v@anagyn #B@ldeeasmnﬁmeéref@m‘msu@wet hat
passes a%%ﬁglaw@oovétﬁsfr&ﬁﬁt Rdat LJa.?ce\qfab reﬁéct ﬁ#%ﬁlﬁ@é}:ﬁ ,tyatﬂaﬂoa ghier Wil

not onl y a sone radi ant energ convection as

t he wat efo hasubsisate Megold epated dnfrased rellestive &F@Gﬁlﬁ nlae%@gﬁte $l§fa°Q ofthesported from
the heat gehni Bitfck # 8 réfRect BEvisiBlel dn@ ShriRfeaRdiRh ¥at f3Y Phds oughithie € bot h

vel ocit
Y substrate back though the substrate toward the infrared reflective surface 102. The length of

tubing leading to the dispense nozzle 36 may be insulated and protected with an infrared

reflective surface like gold to prevent the tubing and dispense nozzle from overheating. A
non-contact temperature sensor 106 is positioned to read the temperature of the substrate. The
measurement of the temperature of spinning silicon wafers is well known to those skilled in

the art in the area of single wafer rapid thermal processing (RTP).
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and thickness of the water that noves radially outward varies wth radius,
both the rate of energy |oss by water cooling and the rate of energy gain
by radi ant h@@tgipgs@nd absorption may have a radial dep 529167

Accordi ngly, the radiant heat source may be designed to eposit a

di fferent anount %f. ergy into different radial zones to achieve

appr oxi naté?—?—ﬂlg%b-‘%—ige- tenmperature over the entire substrate surface. The
;Js e of tCO_ncent rA 601? eﬂftiaervaf& adlﬁt{dﬁaﬁfeinﬂ&atu‘{dh'rhis a%ﬂlie'u B @rgﬁt?ﬁﬂ?& '961!&6&?@6“5 ors
o maintain a consta enper at.ure _over e entire substrate surface is
agai n wel IW‘PiFdaﬁmP@“aﬂﬁé"eprgéﬁqs?epéﬂ‘f thf oFqng-vater sp Ht‘?“h‘éls“ﬁ‘lt"éé° IFMPERREE e waf er
rapi d thermeiri thepemsof@phddioh usingadian GeRmP/ oY théRh wirk:ee Iilohd nOt be
heated until the Oﬁlgne-vvater olutiogn is appljed _to the surface of the

subst r at e. SmRodinent ths ogone water ?‘?%“‘E’“d% spPnisd V#{Er sufaceamiien Gepter ¢ epper at ur e

of the 0ZofisyeniinRE218 8 difcusibd adtlier ufider Rigiatd 3: Ahe @B1ddkordehPatsi @blutibrOMat wshe
surface of the material to be processed wi |l be essentially zero, the rate

at which t1adially eyward e the edgr.of theispinning water Wil eaol the aaler yhen the padigbhgati not

di ffer si ogufce & M¥mbératitelsBiRof 26€is connebtedtd doholfet vt $halv) Wiich Aisteat ed
but is at the sane tgrrperature as the ozone-water solution. _This a/pe of

enbodi ment thegat oyput of theradian heat soeee 19, fo mayntainaquesst terperatire (30 drgeeedt ved

0zone CconcRpéaiple). The Mise FTRABAKRMtFO] to boibl T tHelemRRinira Ui wieR GAE SthEY
tenperature i s higher because the gc¢oncentration, dgg%s i n sh%er tinme at

hi gher t enfyBytegtes heatedwithquarty halegen gadianf heatingisaygnes fsiatsa WsH kngymtp)thase 5o
PCT/ USO0/ 2&iifed in t Bt irCthé hrei of BRipIeSwalkY rapid 8ebhA pedtesding (RIS WSS fhe rddidi® POT t

coefficient Mhas.a hi gher i.mum opti mum pr ocessl t enper at ur e,

Mat eri al ﬁ&ab‘@“‘igf’ b‘cﬂé@%‘gﬁf‘ Q%@Wé@% & fempgTatpre wﬁ&e& 'g?s"tbﬁ‘éat?’mlht of
Ap}ol i cati Cl:b heaFt_wa Sh¥orptiod SXaadidie dhedgdt THe dkdrd AR S6lhtid thitassedzictbss hd | N
reference to, Fi

.. 13, the structure.of thjs enbodi nt is.simlar, to that
descri bed st‘}Ffa‘é"r&f? W*’é?{@éb'{b%?“t‘ﬁ@%%mw°§§B§P@P@°F@%W@db‘8n an
teggeb d { It vemm:aqaaatmi% @m:a-tﬁbmane w&mq:lasl i s_eél&&r ﬂﬁmtdatéd?bmt?hgiteﬁe@efat teﬁ fro ][n

e bottom radi.an eat ,sqQuy ce Ll l.um nat es e m, 0 e waf er
e onoh o CATaers Bl Pealsd PSS oL At BPoTerste splttien SHise P velaiy
infrared rabkigckiness®df tigrwatet thal Mdves sadidligGatwagdvarids whieradind; bt thérfadd ofSour ce and
a second infraﬁed refl ect.ive surfaéf 102 is 'gllrg&ed above H)g di.spense

e

nozzl e 36.CE58¥ 195t Pyoyater gaofing and the rate of enerzy gain gt hgaging o ion of to

t hi s enbodhiytiave 4 fadiah@epehdehéerAckardingly] the efltint heatisouits dry bd desipnedpt t hat the
wafer or s bstraar[.'ﬁ is heated with a r@ﬁi ant,. heat sour.ce 100 .V\hieﬂ;
¢ i3 the

i |1 uni nat SEPesHE qifSsrenl Amornt Phencigrntp di PGUPAPTEYT ApRrpximat

conveni entsain® temperature over the entire substrate surface. The use of concentric zone radiant heating

with multiple temperature sensors to maintain a constant temperature over the entire substrate
surface is again well known to those skilled in the art in the area of single wafer rapid thermal
processing (RTP).

The ozone-water solution will not be heated until the ozone-water solution is applied
to the surface of the substrate. Accordingly, the time delay between the increase in
temperature of the ozone-water solution and the application of the solution to the surface of
the material to be processed will be essentially zero, the rate at which the ozone gas leaves the
solution at the substrate should not differ significantly from the case in which the substrate is
not heated but is at the same temperature as the ozone-water solution. This type of
embodiment wiil be particularly helpful in preserving a high dissolved ozone concentration in
embodiments in which the optimum processing temperature is higher because the

concentration decays in shorter time at higher temperatures as discussed earlier. A solution
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I npl ement in sonme applications. Material to be Processed and Ozone- Wt er
Sol ution Heated at the Point of Application - Bottom Surface Convection
Heating Dewwoipsdsen - Fig. 14 In reference to Fig. 14, thers ﬁﬁt.,ure of
this enbodinent is simlar to that described under 13 except that wafer is
heated fro the botto vectivel The substragte is nounted on an
edge-dri ﬁ“%ﬂ'@ﬁﬁg h‘&‘?%ﬁ’ﬁ‘“l%”%?ﬁ%ﬁ@éﬂffm%@% fluid 112 is
di spensedmaimmoﬁnnﬁﬁiﬁfa&s&:ﬂéteﬁ@mmmsfer heat to the bottom of the wafer.
The heated fluid nmay be a liquid such as hot water or a hot gas such as
nitrogen. The heated fluid may be produced by passing the fluid through a
poi nt - of Masegiahte &k Eroc il O2dfe-Waler Solufidh Hehtédot HeFRER of Rpdlichtionk4. a col d
ozone-water sql t| on .at tenperature Tl 1s applied to a wafer or substrate
38 to belHiYR el Radiant Bealing o 114 while the material to be processed and
t he 0zoDescriptic - Iﬁgll gtion is heated to tenperature T2>T1 at the point of
applicatjion_throu 3{11 H use of a heated fluid at a tenperature greater
than T2 HFEEPEYodie-fcthpefichin ofthis rabediment ispmilanip that desoribed peder 12 The

rate at wttepthdt iR wafirr &wseatsmn&atebeah@édgem Sfehibafsh thnﬁe?-%hﬁt‘fct rate 64
WO 01/ 28i@? PCT/ US Olé’t% of energy gain. The net energy gain is the
energy t har 2p&the W e ey thehottopas A radiang heat spurcer 8@ illuninatasitee st r eam

i nci dent bmwbﬂtﬁewhetmﬂﬁgpi qtdaevﬁﬁtiawgsaﬁﬁlemoﬂbtﬁ of 18 sﬁﬂﬁ‘errmbdblgs from the

wafer to, | ed ozone treaminci dent upon t
subst rat’éll ‘gﬁf’%‘fesf’é Ogﬁﬁﬁaégi’%*aﬂdaﬁam@aah@amw angh m@ﬁnma@ ed at the
Poi nt ofreﬂpaiveemfacemoz1s$mbém&méaﬁ@n@t&ﬂetss.0n and Convection Heating

Descri pt j.on i Fi.g. .15 The structure i1s simlar to that described under Fig.
14 excep{h?lﬁ-é%wﬁlLo v is mounted on a heated spinning wafer chuck 116 which

i s dri velnrbfereaps 0. lB;Qh@ﬁpeﬁﬁon bf td BisRBodithehtds e imifhPto that dWRFiBEd OF
substrated§8g'3 gq?'ﬂ}ai d olrt] ﬂlSat ed spi nning waf er chuck 116. Anon-cont act
t enper at tt 11N 8’56‘?"5% Sfrateys peated Wikiba radispidheatsantse B0 whigh t op surf ace
of the sillnaiinates the botiba of iFPIR! TS cGfiphRtion A8y bemeRRBBhR b0 a control ler.
The controll er adjusts .the amount of “energy transferred to the wafer by

the heat SP'EPTLIRSBPEAPPUGEYINSy t he tenperature of the chuck surface.
Qperation - Fig. 1_5 A cold ozone-water solution at tenperature Ti is

applied {0 a ro&sed whi | e the rrat erial to be processed
and t he OZome i Fre eI s Ol 8
Bottom Surface Convection Heating
Description - Fig. 14

In reference to Fig. 14, the structure of this embodiment is similar to that described under 13

AL

except that wafer is heated from the bottom convectively. The substrate is mounted on an
edge-driven open-bottom spinner-chuck 108. A source of heated fluid 112 is dispensed from
anozzle 114 to transfer heat to the bottom of the wafer. The heated fluid may be a liquid such
as hot water or a hot gas such as nitrogen. The heated fluid may be produced by passing the
fluid through a point-of-use heater.

Operation - Fig. 14

In reference to Fig. 14, a cold ozone-water solution at temperature T1 is applied to a wafer or
substrate 38 to be processed with nozzle 114 while the material to be processed and the
ozone-water solution is heated to temperature T2>T1 at the point of application through the
use of a heated fluid at a temperature greater than T2 directed at the bottom of the substrate
with a nozzle 114. The rate at which the substrate can be heated is determined by the net rate
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t he point of application using a heated chuck in contact with or close
proximty to the bottom side of the wafer to beat the wafer. The

enbodi ments shwomiagesoFi 9. 12 and Fig. 13 are usually pref %Ersﬁ,&g over those
shown in Fig. 14 and Fig. 15 because they are based upon P¥2192v el oped
t echnol ogy and because they can _transfer the nost power to the wafer or

substrate anfeperay gan, Ehemetepersy iy istheanengy thet is Hansferred to therwaferfrasn e ment

shown i n Fi Opeatb® f1Hd ¥irékeh ih@WEE ipoh B botthiR WRHE SubsthbEmAIP@E bAdRsY 1odt frofaitte 15
may not be abl etggltrﬂgdsfer sufficient, ener%y to the substrate to overcone

the energy |aferto e cpgied ozang waley soanpimciient wpondhe top ofshe substrale. heat i ng
enbodi nent may be capable of providing sufficient energy transfer when
used in an application for which fkw_r egf L.chilled .ozone- wat er
sol ution to YREL srasa s Heroqpliqu aegted ating) SoERlCcAton

Ozone- WAt er Béimin Supthed CondudieniddConvectibeHEingit of Application - Top Surface
Radi ant Heat.in .‘[lhi sFenBodi ment differs fromall the enbodi nents presented
in Fig. 1 toéﬁﬁa&’.—%%ﬁ—an i mportant respect. In this enbodinent a chilled
ozone-wat er TheStruchat istsintifar toithze deseotibed uadeo Rig. 14gaspi the wifpt is enbuiited ériechestad f ace

of a spinning.wafer . .or rat.e. .Thi odi ment, has i he WO, 01/ 28950
PCT/ US00/ 20 LRAnE Sah bhudk PR yRleFs affEny 5%%%%5@% Tieterfodta ElE bgr:’)iaor art

noi st o0zone vgater onwibistoats38 i¥ mountetl onsdicatedispinmingovafaromekil iGit A oon-comtache chil | ed

ozone-wat er ent. | t @Mi an be
produced at )i é‘l”ﬁ!ﬁgﬁ%’“}'&? %%?ﬁdﬁ }eesa{i&gge%fpg}aglgee‘g%er%g&é E%r?p oyg t|%'n pri or
art noi st oZbhederaperatyresensny 406 iy honneciedso dicontretlernde ¢natroligr adjusis the Mrheuntof

rel atively hingly of RRRNEl hla t7lthd Hited SWCH'BY Afusfit e feftib Gttt el duck
associated wtR prior art noist ozone gas organic renoval net hoocfs.

Descri ption Surffgeh 16 In reference to Fig. 16, a ozonated water mnist/ozone
gas supply I3Rrkidet Biglisdescribed in Fig. 19) connected by a short large

di anet er (a%grom mat e 20 cmlong, 10_cmdi aHEter) I,eng{;h of tubing to a
gate val ve ¥2%lf gzoge-yatspsolution pteraperatyre {1 ssagplie 1¢ 3/materigl 49 beprocessed whiles i g
modul e 50- @A mdtal @2RPRoceRed Md BitaizEit-Wilkdr 86lufionSé heatéd keefempPetatafe T2BE] st eri al s

processi ng dul.e s .cannected b short ‘length (-10cm|.on -10 cm

G oot or ) ofthS A PRUAOR{AGte Shert FuFlo conpast Wik . ost PraBim G0 e oot

el i m nat or itk of the dafentiesidhet veaf@zone catal yti c destruction unit 64. The
outl et of the ozone catalytic destruction unit 64 is connected to facility

exhaust vent inlet 66. The liquid drain outlet 52 of the process nodul e
50- OM i s cor¥he embellitogntseshbwempptHig. A2 andifig.ng aretvanaliy grefeared pegy thede shown InFig.aci l ity

connoct o by TaEEHS el e RERa% fibh A VB v ERE O o AR o °

i nl et 72 i n ttahsfer the most power to the wafer or substrate and thereby achieve very fast heating rates.

w WA

The embodiment shown in Fig. 15 may be lowest cost. However, the embodiment in Fig. 15
may not be able to transfer sufficient energy to the substrate to overcome the energy loss to
the chilled ozone-water solution. This heating embodiment may be capable of providing
sufficient energy transfer when used in an application for which the flow rate of the chilled

ozone-water solution to the substrate is very low.

Material to be Processed and Qzone-Water Mist Solution Heated at the Point of Application -
Top Surface Radiant Heating
This embodiment differs from all the embodiments presented in Fig. 1 to Fig. 15 inan

important respect. In this embodiment a chilled ozone-water mist solution mixed with ozone

gas is applied to the surface of a spinning wafer or substrate. This embodiment has the
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process nodule. A wafer or substrate is nounted on a wafer chuck 104. The
waf er chuck is attached to a spinner notor 60. The wafer chuck 104 has an
infrared refwoGihbys surface to prevent heating of the chuck IX t he radi ant
heat source. The process module 50-OMis fitted with a BGHPE2%Whdow 98. A
radi ant heat source 100 and Infrared reflective surface 102 IS positioned
to illum regtetielie achisve higherrémeval ratss thempriar e ghoiph ozene Fisguethiods. Phenon- cont act

t enper at Urﬁss@ﬁ&?&foné%cén&a@&x% e QRAEH §Bnd-GaEr m«%ts A {Seﬁﬁmoeoe%gg e Waf er

as descri bed under g rinse water supply connect

| ength of #g"htl?'i'r“% radqcodaatwlgmt tgmperatmes, 50 iy Fidpsree Keemploysd i uwat er
inlet 128 d]hribr Enli'ﬁlol%f SYoRS Sas TREHE Th e?nbﬁﬂl ﬁ(?tb%rabﬂk§&ﬁﬂ§@reﬁﬂzair ﬁiﬁ?
t he wa 28950

posi ti one ense_rinse water on er surface
PCTI US001 2’9‘:'{18 &t e foyywaterd]oy rategusually asyasiated st prorriynoistazons gay| d
ozone- wat eargmﬁtamsmlmetheak at tenperature Tl mxed with ozone gas, is

applied tg a maIeriaI %o be processed while the material to be processed
and the o upt st solution is heated to tenperature T2>Tl at the
poi nt of alppéferendeit®RigliF, Bgzdn@tﬁd witkr mhmbmrgs buppIy 1t19mewr<fe§zﬁeedﬁ[hﬁg radi ant
heati ng sy emhsbeé\gﬁ&rlb e? er ﬁ the sfpln etch
cl ean cycl &’ ‘P& égefi%?‘ §a(‘,’P‘i9§ el o, n$’ Sm 4 "\5"@ length ofs opened
to spin rimmg tohegawa;rahze 122% atpk‘nbessrmhdiﬁletm {15 thé fhatekisls prodessih@moliles0-i Nnse
Gonat ed vRtortediill il S Sl e et e el precssmp Bogtip s
Enbodi ment eomiected by i?hqrﬁpmgfrlpcrglontsalommmﬁmﬂ) afftub:imgmladmstghmnﬁmppl y of an
ozone- wat efz45ﬂle%h&%f}i\¢sk Elhrﬁip{tﬁl 13h s c%l.%c{éh Whzo G Qsm&%ﬂ%nﬁggﬁ@“t ration
0 y

conprising the st Oare "ow™ pr &r ni ned
t enrper at ur@tietiaf &moﬁ@}letch@mhﬂqsmomeﬂ lamlmtntgiho &yﬂMaat vephinkez6he gas

through i nf'tﬁli@]{?idmp@utﬂ?ﬁ' Me%oc%%oﬁﬁlteg is cgﬁr[gcf'éﬁ] %féﬂgzp%%gso' ution,

flow ng the undissolved ozoné gas out ? Fl)e cont ac

ozone- wat ehrough 3R tpthe fasility ﬁem/rmardﬁtéﬁ f?f@rﬁceﬁmﬁhlesuéwhsge ghs smzpiyl at ed
wat er. Th easqeéunas&éarbyu&gd,eo?hmﬂ@dmb&gh&wx W?vﬁve Foftb ?tphfrgé‘ s ihigd BGn fd" T ace

area to provi de for tgh rate of mass transfer o e ozone gas In

wat er sol (R moduley IAa‘f’ e substigiejis mayptedien # wafer ek d04e Bhe wateneherk iss uf f | ci ent
tinme for aattached todiVpinnEadton B0l ThOWafed chlb}e102 2V iflded &ﬂ&%vé GRfsgrted into

sol ution. Pref red nts are illustrated in 17 and Fig. 18. By
reduci ng t‘ﬁ%"eﬁl @?‘Egég‘ﬁgﬁéﬂffﬁhﬁnﬂﬁﬂ%m&e&%@@s ’FQ?P“!F WelMdsefitted: he

sat ur at i orwitorquan wiklow 98 a m«mr 1RB65R6cd YO ant d¥tandd reflectiVsurfice Yo R0d Of

provi ding a olution with a relatively high

di ssol ved pgilg?fgeglé%wg% cr@@%ﬁ &Jﬁﬂ‘t"ﬁi@@f%‘gsuof“ R PPacty water to a

r el ati vel yterhpemture sensor 106 is posmoned to read the temperature of the wafer as described under
Fig. 12. A rinse water supply 74 is connected by a length of tubing through a two-way valve
120, through the rinse water inlet 128 in the process module to a rinse water dispense nozzle

36 positioned to dispense rinse water on the wafer surface.
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predeterm ned tenperature, flowing the chilled water m st through an |iquid
atom zer to form a chilled water mst, flowng the chilled water m'st and

hi gh concent r@bisigeg@zone gas through a contacting vol une o) %MBH
ozone-water solution m xed with ozone gas at the outl et o? /P Snt act or

vol une. The_chi] | eg, }ﬁg{er mst with very small droplet size provides a
relatively 0 5 e area to provide for a high rate of mass transfer
of | the ozona rga»andema Elfgf 1624 €61d E£0nkHwiateR misl Biutidn aﬁd];ﬂpérmeieyr 1 ﬁﬁ&?wﬁ?éﬁoﬁ&t i ng

vol une can | u |C|e t tine ni fi cant portion t he ozone
gas to be t wﬁlféﬁ?ﬁ’ﬂﬁf‘ Eﬂ'iﬁpfﬁﬁ?sse‘i\w&?eéﬁ%‘?'PtéﬂFlummq € 030¢rst r at ed
in F: g. 19. wzﬁ&tM@s&ﬁﬁ&ﬁQﬁﬁtdﬂ@fehﬁ%d t2OTHT1 aFﬁ@p%iﬁofﬁ?ﬂi&lﬁhdﬁﬁisﬁg radihtit i on
Supply Usi ent urj Downstrea e, Colu tion -
B 171 n Weiatiop pities. gBe malan SeoNne e T P e BOE WAl t br ough
a | engt h ofendl gbthe gpin éteh élm cfyd:lé |the gakeetalvall22islclosRiBmd@e rinse vavel38 is opbedout | et
of three-way val.ve 132|sc nnect t hr.ough a_l engt h of. tubin o the
inlet of pl}%ﬁplggase t’ﬁen‘%af?fuﬁt ¢ ‘?"%g?ﬁ?“i%'lfe yele, Hﬁﬁég"t ‘@’(’J"et’%"b%eﬂégdp'&‘%c ess
fluid inl etwatér iwpah dgxchanger 136. A recirculating cooling unit is
connected to the working fluid inlet and outlet of the heat exchanger 136.
The process fluid outlet of the heat exchanger 136 is connected to the
motive fl og™ GREUPOH] d’etfmnanc @nited WhttOSu ©Olidelie Comjinction it ghie i nj ect or
140 is con ed bu um, .0l 142 in bubble colum 144. The
punp is a Pegtiea puibim Ps i ﬁq ,1}’* s ble of delivering the pressure to
overcone the pAes&thnd@f;hwmntmarsomﬂy ofan ozorchveatey soluti@dBwitinarelatimtlyihigh | nj ect or
140. The s 1: 11S;: cted by a
engt n of *gpiYesebicopceteth chifinib 8% os SPUIIAL Pher SRS BRIBET PG, °Y,

l i qui d bac Pprqﬂpbsmmdaemmauwﬂnwmﬁﬁe plsllm@néhiglbgonaenmﬁgt ¢zond gasubi ng to
two-way valgyg, %1 QngaIBE‘onQ L ikterUbn L&&t&‘f‘&m ¥z0 @'&é&r%ﬁﬂndnsﬂ&%gg%gt ed t° the
process to vide a pr ssurlze source o ozonat ed wat ér

pressuri zedmdaxspgsd ozonp pas\outl @f4hg contaoton Slowing theozonetwatensplution outof thy to a

t wo- way VQ:BIYthtJrqgfonyl%SﬁJﬁf &&tzo&ftedtmrwe aeﬂéaytsr lﬁﬁ&gné fpoaa£d by a

| ength of tubing to nas ow control out et” of mass flow
control | er ral@yelydargesiiaeq asep tp provide f@a}g&hfatgagmassrt@nsfmofﬂmogwem@nt ration

ozone genenaikoldtidh: Adelafively ﬁ&k%&ﬂd&ngwhrh@&n%ﬁivide]s@icieﬁt &Rdfegted to cool
t he ozone generator cells ozone gener at or The ozone gas outl et of

ozone geneSignificant portion of % ﬁmes@ﬂopsﬂe%eorwﬁ lingte sq#itweh%efer%m@dmts The

outlet of %ﬁ&tﬂt’éhﬁﬁh&ﬁ‘}ah&F@Ome?Tréﬂqcnnéﬂieﬂi'%a%P&Qm&aﬁonhﬁﬂ‘etgre@t venturi
i njector 140. The wasté ozone gas vent outlet 176 o contactor 146 is

connect ed t®3 W%%SW%WF@WPQ}E‘FWWW&fP"t&"ﬂftwcfhe outl et of ozone

A method of providing a supply of an ozone-water-mist solution with a relatively high

dissofved ozone concentration comprising the steps of chilling water to a relatively low
predetermined temperature, flowing the chilled water mist through an liquid atomizer to form
a chilled water mist, flowing the chilled water mist and high concentration ozone gas through
a contacting volume to supply an ozone-water solution mixed with ozone gas at the outlet of
the contactor volume. The chilled water mist with very small droplet size provides a
relatively large surface area to provide for a high rate of mass transfer of the ozone gas into
water solution. The a relatively large contacting volume can provide sufficient time for a
significant portion of the ozone gas to be transported into solution. A preferred embodiment
is illustrated in Fig. 19.
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catal ytic destruction unit 178 is connected to the inlet of off-gas _
back- pressure regulator 180. The outlet of back pressure regulator 180 is
connect ed twotdiesesinl et to the facility vent 182 for corgcal[r,&s% 9ﬁg,’]‘-gas. The
recircul ate-outlet 154 of contactor 146 is connected by ale d% of tubing
to the regirc ate\"vnle of thr wa 132. An |level sensor 148 is
posi ti onettP& grVate Bpply Hsing u Injector And DowmstreamBubble det ect t he
posi tion @bluinhe m nimumliquid level in the contactor. An |evel sensor 150

is positiQned a short_distance (1- 2 inches) above |evel sensor 148 to
det ect th@—‘iﬁm:&ﬁg'-él the maxi num liquid Icvel in the contactor. The |evel
Sensors are canrdated té Bigal7 i DI waRYS) pl‘]QB@fs%ﬁ:féﬁteé-ﬁ@ougﬁla%n%ihldfﬂbﬁ'}gm

Y

t th il ve 132, a solenoid valve, to control
tC ﬁgtH): : ie?r?g}ﬁ%ﬁ?f“ifégg% Oeﬁ’d”fagr" I§l%@a;{@t‘°P%°tP%%G'é’GYfVF’(YPrﬂ33clﬁé°@6ﬁf‘bct or at the
suppl y poihrﬁugﬁﬁ&ngﬂilwmbﬁig?@ﬁlbiirﬂétofﬁl_ﬁi_ﬁﬂ m.e'rnlis;@jguém exﬁzptl%ueﬁg?gnﬁgﬁt&%«g :Ofo\r/liOéefSB
/ 29 . s enmbodinen{ is,d
For i 55l PIRG SBAHIELRL b Sehonie Lo, 4 TecP B GOl SR as e 1 o
i ncrease tinkingiffi 'hteeﬁdmnﬂmfmemeataidhg.{cgeﬂmsasrhﬁpflaldésghgﬁlobuet oi‘n%_egﬁa'tt& |t ﬁ\é\/-
Si th ta r_and nnectin ubj s chille Qw anbi ,
eln'? ?(rae g?%ﬁ%%fn 'lclég i'sncsf’ﬂﬁ‘eﬁ?egd‘? teilF ngﬂe éﬁ“f @Pegﬁ#‘fe\‘}@“é%ﬁﬂ'i llr?gn'{'h,e oytletiofned to
Fegul at or 358, Mo be Pl Aat e o ha e DL S Ul et or | 178 i s
| at .be m nated an e S

moved © 3%%*?1;%?%?‘%‘%% ‘@?iaiw é %ﬁ:ﬁd@bﬁzﬁﬁrgﬁzﬁﬁg mﬁFﬁ;:ﬁzg‘;éq; rea
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PL?ZS;{ ?ezdrzs;fei mgg . %ang'gt% i:églg%a Euﬁlr ei S pot. Frgé?gur iuzed.1 Acc?)rdi ngly,
a punp (not shcovvn‘jg rrus#sngt?)’e SIeacL v‘\’/ge “’Eﬁ%a g, %fitpﬁefs%igﬁ;?"‘but | et 356

8vdhe ofdiquiddai Iator i1 5% commectedbyi 1 B tovat er a

igg tlhﬁ ;/bﬂ st,gq;‘a@: lmpldma;frr?sol I nQi c. val ve i Ieﬁgtsal vesgare
under st ootgdof 0 beﬁeégﬁgﬁgﬁ%éﬁ%eg ki (0h ﬁ’ﬁ?kgg °P@FF‘§§§’O‘LW°%°Sf Bree way
sol enoi d RraYidea pmssurized sourye ofiozénated avatenarl6l | y open out | elt I connlect 3y atI :
I th of tubi t r 14 nd. t m cl osed outle
cgzgect Ce)d ;é‘((li 1%%’ i r:]@ teégixs’ gco%@fgdg%tigﬁwt?ﬁ%ybﬁglf?%iggﬁ%% t‘h’:c:j‘ﬁaybe o
reci r cul atab 166.5The quet afeweway valv swnneettibya ntivp)to rassdiap t he
concent r agniier 164, Mfhelol ﬁ'&oﬁm&&ldow&s Pdsdl & ¢cté3d”c? tﬁe%gg%egﬁﬁﬁfﬁd to the
process by actuating the three-way di spense valve  (not : _
el ect r oni kigheoppentratiqnaazane generator s A’@Zl@pphnggqobnglﬁmal?17ﬁmnc::etbrdpgf?![ gl S may
be Tefl
oxcl Ude o2t SnerbRiicOlh o pidnc BRiitde316. 13 dobiEkaPbudEbzal e BRt
Oper at i ont79 issjognected to the inletaf eheglevalve ¥ g The qutletnf checkomiva i 744 aonnectedn

tenper at up ehefsheith ghd RS vehtlf 1:&&?& 146%Xﬁmfh§§e o%i}% eg‘ﬁ@%n?oﬁtfet [FyePe cooled to
a lower tenperature (5 degree or exanple). T

contactor 146 is connected to an ozone catalytic destruction unit 178. The outlet of ozone

catalytic destruction unit 178 is connected to the inlet of off-gas back-pressure regulator 180.

The outlet of back pressure regulator 180 is connected to the inlet to the facility vent 182 for

contactor off-gas. The recirculate-outlet 154 of contactor 146 is connected by a length of

tubing to the recirculate inlet of three-way valve 132. An level sensor 148 is positioned

several inches from the top of the contactor 146 to detect the position of the minimum liquid
level in the contactor. An level sensor 150 is positioned a short distance (1- 2 inches) above
level sensor 148 to detect the position of the maximum liquid lcvel in the contactor. The level
sensors are connected to a fill level controller 152. The fill level controller connected to the
fill valve 132, a solenoid valve, to control the filling of the contactor as water is removed from

the contactor at the supply point 162. The connection from the controller to the valve is not
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chilled DI water enters the venturi injector 140 where ozone gas is

I njected. Oxygen gas under pressure is regulated to a delivery pressure
(40 psig. fowewaswbe) and supplied to the inlet of nas (f.ll ,qup,trol | er
168. The mass flow controller controls the mass flow to the of the

ozone gener tor, 17 rat or, such as the ASTEX AX8 100 can
del i ver Zﬁi 5‘“8@93}75 ‘%flg‘beﬂ%%?mgﬂﬁf?fﬁ ?g‘ﬁqﬁﬁﬁe%??'%w’?tlﬁcﬂﬁfrat e of 1.5
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t hrough t he co;:{“&‘? ?ma 56@%3%3#%’%95%%%38?%@ aﬁfg"os chngﬂﬁe’surface
area of t henerligaid badqirbssﬂn'u bighlator pS8ovayde elifninated ahd thia gasciack m‘kssmsgulamnsf er

f h h d by, diff d
0128050 Fth by pulb o Ppbsh Bnpior F18%a i BF erbl- B rrinus B e
concent r at iogone géretatardor elfficient pénesation effozoregae rid thos alteum&vepanlmdbﬁmwg h the

: f
the. cont aeeciy NIRER SRRl AcchRiy2R buth iSPuntfn v Bl Plckrecfle' *\
openi ng andomicts supplyodutlet 136 afid the valed 160 td BrRvidd: hﬂressenzdd sodrcgwitogenated t he
contact or. \hiePAEs LAY oS RS ol Stk BUGRYATE ol Gu AL BfibAlagdlo k02 A"

e des a atc

ozonat ed wat er to oper er as a
recircul at saigpmdjvab@s)ﬂmama@dpphWW@Wdmvt:a(ngﬂsrhgw@ vithgbe cont i nuous

flow di ssof, % L?é&ﬂcenétd?&lnléct b§3é§én§{ﬁ'of't:’b%§d@ bﬁékstB%{éﬁ;?H@é’tS’r 16 thdthe n&\%‘}l’ﬁ

generati ng atl on-0zo mean cool'ing a
wat er, and clasqd:@aﬂg conpectef] 19 62In His qon ntheyegongted water capberecircpipgedy ey

design el em&ém%@m;cmm%ﬁm& SMW&@;) thd @(P’Jcéhtljaﬁon #4ie 1 @%%'fan El ement s:

Bat ch Recircul ating Conpare I nuou Ozonat ed Supply Design
El ement Batensertgien, andthen dipnsnwed kmtbsmpw%\bmtuamm@ew@wmvw Qzone

Mass Fl ow (rpgRwif helfduomic Rbas ittty pldcssia %x&%wﬂw&ku& Mhaed8l Ray be
intermttent contl nuous ozone gener at or ow vari abl e const ant req d ozone

gas mass f TefpnPEpy qTefonBTHE ‘BW‘F%%‘@ lign °f|'.91?3‘§ mafezials g expiuds the introductiop gk 4t j ng
t enper at ur ghefal edatainimition’intoefle process0 C or >_ 20 C

In reference to Fig. 17, DI water at near room temperature flows through the heat
exhanger 134 where it may be cooled to a lower temperature (5 degree C for example). The
chilled DI water enters the venturi injector 140 where ozone gas is injected. Oxygen gas
under pressure is regulated to a delivery pressure (40 psig. for example) and supplied to the
inlet of mass flow controller 168. The mass flow controller controls the mass flow to the inlet
of the ozone generator 170. An ozone generator such as the ASTEX AX8100 can deliver
ozone at a concentration of about 240 g/NM3 at a flow rate of 1.5 L/min. An ASTEX AX
8200 can deliver ozone at a concentration of about 240 g/NM3 at a flow rate of 4.5 L/min.
The ozone gas enters the suction inlet of venturi injector 140 where the high shear forces
produce many very small bubbles of ozone gas which move to the bubble contactor with the
water flow. The chilled DI water, mixed with ozone gas bubbles, moves through the contactor
as shown by the arrows on Fig. 17. The large surface area of the many small bubbles provide
for a high rate of mass transfer from the gas to the liquid by diffusion. The residence time of
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req'd DI water cooling proportional to average DI O proportional to peak DI O
Fl ow capacity Flow operating pressure P=1 bar or P> 1 bar P=1 bar or P> |
bar  gas- lyygbieggont act or venturi injector or packed vepdpiideohdikeCt Or oOr
packed elenment colum columm gas-liquid contact vol unme bubble colum or
packed bubbl e col um or packed col um col unm_  ozone |nject|on R ssure <1

bar or dbmhtépé%rn the eantagtos detprines the opgRNIAQE,thas carshe achievedat 03 Cout =
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system cos Iovve her 70 WO 01128950 PCT/ U50Q/ 29167 es us descri be

t he operthe ¢astactor afs‘hﬁ? lebh"tﬁc'ﬁhftlﬁﬁé coroler 154 confspls theopeni clospg of y pe

enpl oyedui il Ge 112 b Rvel deARE f BE Yontabto? IdohtrdIRA s vhtet RidRndonathd bubbl e
colum cont act i ngz system for dissolving ozone gas at one atnospheric
h

pressur é%ﬁﬁpbﬁﬂ igh pressure punp 134 feeding a small venturi injector
140 (Mazzei Gbhdéd M&%ﬁpﬁﬁvﬂl Hé"dEﬂgtfeﬁ'tA opethtd LithePdsQbafth recirciRiidgve f | ow

rate of 35Lmn (See F The water enters the inlet 142 1n the
center oilssol:vn@m&on@ aupply syﬁemm@sw&!masa_mﬁn!%ﬂoymsmlgeW@e TRRY parti tion
to the AT N {i6n 43€a med8 o2l wal |
of the cont ac?gm%%%mg%dﬁrqgcurnsyﬁ&aglmlgp&dﬁ%hﬁemﬁaﬁ%gfromthe out | et
154. Accselingwyalume pfwaterngnd pIucaphior mﬁwé\a%a 916 erqng gasipdhe Watete  Thekey ¢l osed
l'oop frogasioh Gleheit els@mAftid id PAwdIo) the venturi injector 140 at a flow
rate of about 3.5 L/mn, and back to contactor bubble colum 144.. Once
refilled with fresh wat_er the concentration can be restored to saturatlon
i n abouttgQ 80 I&Qﬂ&l@likfe&eﬁef BAHRQRBuibdiR W onlafed % a ContfiRodsTbw at a gas
phase ozone concéntration of 240 g/NM3 and a contactor volune of 12
liters. QPzoppted Swpplyof about 40 psig is required to pass a motive flow of

3.5 L/ mpGivnTIEhent L NE VENBdtkn 1 N @ SYSLEM W | Qostihubidl €SSUr 1 zed cpnt act or
(p=I bar—M__%‘s@_MLg%s_um_m&anga&delwsw_em_ fed to
the suctjon inlet port of }@zongMpsaFlowfuty | pQengtMassFlow Gut= j ¢ er E/ m n. The
pressuref at the suction pofhzdk MddgriseNt uri i om%asQFﬁ,vJﬁlsgbl‘%dba (apr ox.
10 to 1P psia). The injeckion conditions are{sumarized in Table L9 bel ow
In a recjrcul ating system pPissahyed type, t he dj ssol ved ozone concentration
in the c s anmd—TTSES ralty o a maki num
L’s’ﬁbﬂg dﬁlg cgﬁe‘ Htefrhittent FEantimanis

saturatijon Lch is Hetermned by Henry aw given the ozope gas
concent r pezonsgeaesatopflow s ur f amieblehe wat er tenppeess@anle. | n an unpres$uri zed

req'd ozone gas mass flow | < DIO3 mass flow rate 2 DIO3 mass flow rate

rate

operating temperature <20Cor220C <20Corz220C

req'd DI water cooling proportional to average DIO | proportional to peak DIO Flow
capacity Flow

operating pressure P=1 bar or P> 1 bar P=1 bar or P> 1 bar

gas-liquid contactor venturi injector or packed venturi injector or packed
element column column

gas-liquid contact volume | bubble column or packed bubble column or packed

column column

ozone injection pressure <1bar or contactor pressure | <lbar or contactor pressure

maximum DIO3 Cout = saturation Cout < saturation
concentration concentration concentration
system cost © | lowest higher
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system the ozone gas is dissolved at | bar-- 14.5 pisa. For the flow rates
and concentrations specified, the exponential tine constant with which the
di ssol ved ozwoeygsscentration approaches saturation is aRaisofzdid 7

m nutes. Accordingly, one can produce a 12 liter batch of ozonated water
at a concentration of about 95% of saturation is 20 m nutes (about three
time constants). The key design paraneters for this small capacity batch

system are suiDgis desdibe ﬂxez&hﬁ:nl&smmbitcﬂ @p@&ronamgplw siens 6ﬁnﬁ8type th

hi gher mass flo es can, be usi.n approach. (1 WO
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109 ny/L |di<¥sﬁ@lboﬂ'ﬁ8§1tﬁéﬂiﬁ¢abﬁflfM&?fh{ddgﬁtﬂﬁmmﬁnﬁrge&d’iﬁl%Etlaeﬂ‘dvﬂiatdc&‘a![adiﬁ?(sased by
i ncreasin he 0zon as ow. rate a ven concentration

then the \g/[dF‘Eﬂ’ré“‘g‘fac Pta%"“?“\ga{? Wﬁ'&‘ﬂ“g g*“ﬁ ﬁ‘?fﬁ ﬁhgﬁgé’ﬁfﬁ"t ¢ tinme. For
exanpl e, tdaficehirhtin cAnbSrtitred TNafiralivN i Aol 200880 fikitds Yor 2LZOMNEN1GMW rate of

pover oot ¥l Tin &g stk wbntsoumseraten S 2an e O B acoraav e e o ¢ he.
power set i mes the
capacity dgfteran AX8100 and can supply ozone at a concentration of about 240
g/NnB at a flow rate of m.n ener at or we tting of 90% The
mass transfer a%%‘eﬁs%rﬂf%?é‘t@d;éslﬁ‘ﬁr"tqﬁ’éeqtgaﬂqs&“i“g“’eg°‘?’8ﬁ§$ﬁ6tﬂmdgr°’t‘ﬂ’e surface
aL ea and tﬂﬂsexamﬁmﬁatsysﬁm @hhdiﬁﬁpﬁsﬁﬂﬁedhmtm(pﬂm—llﬁﬁ)sﬁ}]?%oﬂ’gds frbmqui dI .
phase. Accprdin : ate.gradu al s _as the_.dissol ve
concent r at ??OP?%%sd.eﬁ |'? %ﬁéucb'gté "\% ‘é‘?‘@hﬁ%&'g‘ﬂ ﬂg’ % of %ybe
encl osed |mtefs/1ﬁﬁﬂhaphs@mutmmtnonpanbfﬁqueqmeﬂabdmb7ao OGIMMCBptbx(]lOtsyst em

and a s af tZ%)sfaP tl‘% m?eccgons é/omtﬂ%o ear;g) sun}/margecP mol%gle 18 %lélow In a recirculating

system of this type, the dissolved ozone concentration in the contactor starts from zero and

rises exponentially fo a maximum saturation value which is determined by Henry's law given
the ozone gas concentration and pressure and the water temperature. In an unpressurized
system, the ozone gas is dissolved at 1 bar=14.5 pisa. For the flow rates and concentrations
specified, the exponential time constant with which the dissolved ozone concentration
approaches saturation is about 6 to 7 minutes. Accordingly, one can produce a 12 liter batch
of ozonated water at a concentration of about 95% of saturation is 20 minutes (about three
time constants). The key design parameters for this small capacity batch system are
summarized in Table 19. Much larger capacity systems with higher mass flow rates can be

designed using the same approach.
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detection sensors. In a system designed for use in sem conductor
applications all the wetted parts can be Teflon or PVDF to elimnate iron
.cont am naty,@pyAeHOCi ated with stainless steel conponenisrushhygpbigont act or
can be either pressurized or unpressurized. If the contactor is designed
to V\nthstand pressures above one, here, then.t ozone as can be

_di ssol vekroientSnElows: Pé«fssurgq,grygy f‘l’@ g@ﬁ foraye tﬂﬁrbéﬁ@ ORISR atgr hi gher

di ssol ve&nﬁm{gesystaﬁ@&rmgsam grazafe gas Aa\pRdisur® 2 Barar@aslgWiAS f OB Igiin. at i on and
wat er tenperature than can be achieved at one at her e 72 WD 01/ 28950

PCTI USOoFecresticted-sapuration qpficentration jith @ yratep temperalise Ol idesree (oqnd0ZoRe 89S oy (58

psi a) I%&,pén&amzn@mmpam;gw\qes boost pressure above the contactor
pressure and venturi_is selected to -achieve Q.rlnnll:\f_n ucti on at

desired ozone ?ﬁtMMEa'ﬁ& In Tabl e 20 bel oy MiEchEResiB ¥alwsst bd t he paraneters
for a high prESR s hﬁlétbr ﬁm@;@ne Jgfapat er contactj ng systemfor

di ssol vi ng ozpne gas_al ssure bar and a flowrate of 1.5
L/min or 4.5 Lvmmouu#mmeapwénsm t he f4f55g(81%8) from the|l contactor nust
exit fromthe Ot ouyiTy cR—pressurge regul ator set
to the desi realh'l ?g’zf"f"?“ﬁ?%s‘%‘ﬁre af%}ﬂp 811[03 stream thit is dispensed
to the proces Vemmihﬂal?sass\meapsxgromthe cqrﬂ)actor through a back pressure
regul at or set o —PHESSEH e oS sfown— n Fig. 17. Table
20 Flows, Prep %P‘éescwagﬁcﬂ"\yejft PFﬁP&QtO & gs)f or a ventufi-based ozone
gas-wat er CO’l]?tﬁﬁﬁPtlﬁ@u&}EioﬂfRefqﬁlli'edilp‘itgol VI I‘Q-OOZOI’le gas at a| pressure 3, or 4

bar and a f| oprate—so FA—A—OFf .c preeief ed saturation
concent r at i on| WFRRH! §‘zﬁﬂ\a%§z°’t@h‘iféﬂﬁﬁﬁ?% @A 4?’36% ee C.and pzone gas
concentration %d,msmcsnmoﬁhom AbgMigfitR | nj ectof Design Val ues
venturi outl et/fcontactor pressure (bar) 3lbar 4 bar-3 bar M bar venturi

outlet pressure -pisa (psig) 43.5 58 (43.3) 43.5 58 (43.3) (28.8) (28.8)
I nj ect or (0zof¥fYe thds®Yow rhtk bEhS 650n8 td hé %J@fo} 1s]m§eafs§d@m3re§xﬂg?th33zoﬁe 5 (9.6)

4.5 (9.6) Venturi Inlet Pressure - psig 120 _Motive (vvater) fl ow
- 1t er sEasiflow(ratea) 2 gixersgas phasy cangentratian, 5*)3112@ wlw tsf)wases vl pgprogch” punp

Pr essur esgean ifs Siéirteine. FBS&HAnmple, the ABteX A%08190 680né geéitbriah sigiphe (Mazzei
Model Nunber) Model l\/bdel Mbdel ~ Nbdel 484 484 584 584 Predicted Saturation

Concent r 8zong at aeﬁoncpngatg)gp MZMN@ ft a flow %?fi_l 3 B/min at a generator power
setting 0of 90%. An Astex AX8200 ozone generator has three times the capacity of an

AX8100 and can supply ozone at a concentration of about 240 g/Nm3 at a flow rate of 4.5

L/min at a generator power setting of 90%. The mass transfer rate from the gas to the liquid is
a function of the surface area and the concentration difference between the gas phase and
liquid phase. Accordingly, the mass transfer rate gradually falls as the dissolved
concentration rises. '

The entire ozone gas-water contacting system may be enclosed in a 19 inch equipment
rack equipped with a ventilation system and a safety interlock system employing ozone leak
detection sensors. In a system designed for use in semiconductor applications all the wetted
parts can be Teflon or PVDF to eliminate iron contamination associated with stainless steel
components.

The contactor can be either pressurized or unpressurized. If the contactor is designed
to withstand pressures above one atmosphere, then the ozone gas can be dissolved in water at
elevated pressures and thereby produce a higher dissolved ozone concentration at a given

ozone gas phase concentration and water temperature than can be achieved at one atmosphere.
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Deg C W ozone gas at 240 g/NnB ng/L If one can use a concentration that is
| ess than the saturation concentration, then one can achieve that
concentrati ago bipsssoshorter tine. This is the basis of a SichfjsyBRSS 0zone
gas- water contacting system 73 WO 01/28950 PCT/ USOQ 29167 Dyni cal

Oz Wat - .18 |
re?g(raenceen{o )%fné?e’gnfl ﬁ@’%dégslﬁﬁﬁgfwag %&ﬁﬁ@lﬁgf‘féﬁle Rci)dg}pé’rmvlé ply "
dt prkssued above ths cattator prefiuee andithd vedtuvids selected ppi hde
(ol orent s 1307 s 5[36 "‘ns ]1323' 5. LIS B RS, EScLLban nder Fig,
17 except Uiy 8l e one ol s, JR TS 20 boiSn, W B e B e BEapPER AR on. The

desi ![ ﬁn of mgh@mmaee@vﬁﬁgaamgme gmv(raié;&mmtmg iystem Ma‘sﬁﬁﬂg ?z}oﬂu?@s aamg 17t2)
is the sane_as desct, bed, upder e 0 subsyst em
i th gas. RS ool e e iEpag ol 3 Ui A e oot £ @ S e o
d els cri bted froneie cordtdcgpr niugt exitfoncithe p@ﬁsuﬁiedtcbﬁamﬂ thioigh £baek presduke ﬁgulatfi;s y :s|_ L em
el ement s esc

Gos: on of SFiia e JBiey Saestaereste ol ths BT R Mt B hopoise B R mrpeemit | <t pe
same as detsolekipfromulcontatiogthroligh a Backpeesfuné mgﬂytst seta the dsiedonfactor a Si ngl e
pass there |s not I‘ECII‘ ull?tion of the ozonated water back through the

cont act or PREFREC &FIPERIR Bigcl/e "on1'y in the type of contactor used. In
reference to Fig. 18, the ozone gas fromgenerator 170 is connected by a

I th of bi th k, v.gl. 14 the .jnlet of

i stri but APORPR § e, el S o Vs ot A ctde Foetiard B act o
filled wi tchntad?lﬁgsymkfongnssowm DAk ga3gt 4 fredsyiei 3@k # parcdndutflod/rit®sf 1.5 he col umm
di ter. .Th I d
i qui 11 R 43 T Bttt e wReBiperiin s 070 20
out | et of dbga&Cend:bmnggscﬂ:ﬁd&nmqopbfwglﬁmsmldolshmﬂ water to the packed

colum contactor 146 at a point near the top of the contactor. Qperation -
Fig. 18 Ilnreference to Fig 18 the operation of the subsystens which are

the sane |[FARAMEEERshown |n Fig. 17 ale the saimisclesDesigreYalimsd under Fi g.
L1 Vhe! enllTeuleibiEdior HeskicThan) U7 O[3Gar e[ WpaT T | BYROTES TR DYl de a
| arge surjfface area NBsSS ranster tooccurlinea d )

col um as \&emuwmmmmfplﬁa@ﬂgll t hp4%®l urm| phERBhg | A3.6vi des S8 H8.3) Il ar ge
a single

surface grea for nass transfer in the @ggﬁd col um d«E?sg?. I
pass desilgn the volunme of the colummli’s delrelatively I"arge (greater

than 20 | |Inmter®mnehﬂq,wstlt§rs{mie£mﬂmd | bS ()odité (B2onpAd R Wwalar(9.6) |a

£ 1.0

concentr IVlejinlefFEss‘ﬁre - poig at—a—t oth d 4P at 100~ FooT T aMfiag
Motive (water) flow - liters/min (gpm) 145(3.8) |17.2(4.5) {29.5(7.8) [35.6

9.9)
Pump Pressure Boost Required - psig 41.2 56.7 46.5 76.7
Venturi Size (Mazzei Model Number) Model Model Model Model
484 434 584 584
Predicted Saturation Concentration at T=5 | 327mg/L | 436 mg/L | 327 mg/L | 436
Deg C w/ ozone gas at 240 g/Nm3 mg/L

If one can use a concentration that is less than the saturation concentration, then one
can achieve that concentration in a shorter time. This is the basis of a single pass ozone gas-

water contacting system.
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a water tenperature of 20 degree C. One cannot sinply decrease the water
tenperature to produce a higher dissolved ozone concentration in a single
_pass cont aghQises EJ one decreases the DI water tenperat H{:’F/UI‘»JOBW 20 degree C
to 5 degree C, then one doubles the capacity for the wa |ssol ve a
gi ven mass of ozone. In order to realize a benefit fromthis increased 74
WO 01128950 PCTI USOQ 29167 capacity one nust double the mass flow rate
‘supplied by the ozone generator by using a |larger generator capable of
suppl yi ng a concentratlon.of 240 rrg/L at a flowrate of 12 L/mn as

ynicad Ozone Water Solution Sugpl g aacked Columi 1 ease the col umm size to
accom"mdﬁg&?bm f}}égber flow rate We have presented a nmethod of producing
an ozone-solvent solution with a very gh dissolved ozone concentration
for use in i nageference to Figpls, él&tqeﬁﬁ%OW?quﬁW#éd water SIRPR gsingfeps:  a)
cool i ng QAb HinPls sRWn ebe chiliad wef»ﬂua;?w SRy RSt PétgentOl30! 1320134, M362

tenperature below roomtenperature b above the freezing glm nt of the
sol vent , a@@S) lﬁah%ﬂambéﬂmmbeiuﬂ@ghgclaﬁlﬂcep&‘@l‘(fe‘éz iz twe)waYValy§lind ng ozone

gas in sgide ﬁt s U5 r@&uﬁ&'ﬁﬁflfem Gﬂhesioﬁyg&%qbsgstaﬁmaaea&mgl@lsvone

gas- wat er means to rorman_ ozone-solvent sol ution ¢) di spensing

the | ow 1¥hped hmrségwmqes despritedundes |Fig | 7o (The designpfthefEesitubyefempher eby t he
0ZOone- SOk ¥k Bhs 5k plek s% @amgﬁmanmlm qﬁtﬂszqéafé@w@a RIGiBEd GRREENt T at i on

t han can an ozone- SO vent solution for ITEd at he sanme pressure at room

t enper at Bigel7- he designref thesalummders! erafroksubesten; (s'émmtﬁ 148, 450, pnd &219% Il be
able to dafd éé%e&hﬂ&l rldeatip. l7b?H@3és§ forfm@s%]pwamevto%e Frode8d

1kt
concentration col ozone Water sol ution I's new cl ass % ozonat ed wat er

supply s¥36d8% lﬁ@)\léthF semensidsseribed under Bignl 7e Bincy thiggystem igdesigndor vit®ised in

concent rEAsk Biri0 AREE G uth fodBrieRS oz@ﬁéteM&lb\écléﬂ&ﬁugﬁf&eQm&&ﬂ ng at 20 degree
C. This new class of ozonated water supplies has a nunber of advantages:

thi s appr oachThsrsystemediffer opbsindhe g ?fépetagter ysprd Inyredesencs tFigolSc BB OFRE on to
levels a isaffaf&gexﬁfatortlwlsf&bﬂn@&d b8 eng@Ibf RBinRTRATLEA R ViHR174 GOk

terrperature a cold ozone water” sol ution terrperature reduces_the rate of

t her mal idetafa gts diswdbuter plate 174 locatsd i the hotéara pf 4 pagk colima comfackr dillsd with
sol uti OnPFA?aQQA Tﬂaﬁaﬁn%tt%wa@lausmno@m ceﬁnﬁld@ﬁﬁetéremtaiﬁeg of thong

di st ances i Sul i nSul at ed [i nes,; a sup p ozone vvat er
sol ut i onpagking apd P@eme for@maﬁmawagmhw%gw (At el ﬂfeowremb@ﬁﬁklafq i8n

transpor % oft. 9i ven ozone mass flow using half the water as a conventi onal

The process outlet of heat exchanger 136 supplies the chilled DI water to the packed column
contactor 146 at a point near the top of the contactor.
Operation - Fig. 18

In reference to Fig. 18, the operation of the subsystems which are the same as those
shown in Fig. 17 are the same as described under Fig. 17. Whereas the venturi injector
produces many small bubbles to provide a large surface area for mass transfer to occur in a
downstream bubble column as described under Fig. 17, the column packing provides the
large surface area for mass transfer in the packed column design. In a single pass design the
volume of the column is made relatively large (greater than 20 liters for a system designed to
produce ozononated water at a concentration of 70 mg/L at a liquid flow rate of 10 L/min and
a water temperature of 20 degree C. One cannot simply decrease the water temperature to
produce a higher dissolved ozone concentration in a single pass contactor. If one decreases
the DI water temperature from 20 degree C to 5 degree C, then one doubles the capacity for

the water to dissolve a given mass of ozone. In order to realize a benefit from this increased
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supply; a factor of two high dissolved ozone concentration will enable a
new cl ass of applications to achieve a factor of two increase in etch rate

over that wWwebyss be achieved currently; appl i cati ongcosboBfs7abl € to
consune | ess water to process a wafer or substrate or other nmaterial than

t he same application supplied froma supply. system which runs, at near room
75 WO 011788P5HY pRemssap{bEe hy tass, ok pate syiied %%aewe&er&rwmzmlms fl ow
can be cargehéstobdapdblé SfaRpplyiaE & EorckMiti6Réf240 mg/IL e fibvsaf) of 22 LAKIARS '

concentration is higher; Since_the ter flowrate can be reduced by a
factor of @ ?feffweélgwsf‘eh?‘émaﬁo&nae% °’(“ﬁ’§as°\3{6ﬁ unyt sizeda agrammopate the ¢
exchanger mgheffidwefate. heater) is reduced by about a factor of 4. In the
current configuration thia neans ghe pr.esssure a} the oqutlet of the

di ssol ved ozon'ehayg,presente amedipd prodysineAg saenesglveat sgiution with ¢ vergbight ¢ of
3.3 L/ nin digolodiszone’obnBentiBtidnror wse if in@Wtriadippliodtios &mphisiNg the folldwig €l | ni nat es
the need to boost the pressure at the exchanger inlet wth a punp or other
neans. An S¥P¥ne-water contactor pressure of about 2.5 bar or nore is
adequat e ta) coelitiglayoluiieSof 86106t atticwiaby inaqueddslsdhitRif to DRABEHture elREE t he
water flow rate can be reduced by a factor of two the power requirenent of
the poi ntfoQR ETPERRELYL Abgve thﬂefaqséapwozi the golsht, 6. WHiEF bREveeh b e CrPotie
table 21 hslgeyvc,At a flowrate of 1.65 L/min the required power input to
t he wat er Str_ee}mto i ncrease .t he tFnEerature 50 éie ree C.is 5.7 kW At a
f1 ow rat e brdissoleing pzAng sRs{B said yetume gt $oiRRY undFs slgvated BIOFIYE YRNEER 94 am t o

i ncrease lghewhierqntadting eandtodBaM Sfozond-Solveht sl Tabl e 21: Exanpl e Heater
Power Requ'irements Di S\Bense Fl ow | nl e]t Water Desired tl.et Required Power
| nput  Rat°® SFRFASINS g QY topaRepture azgpe-solyent %‘E’“Iﬁéai’@c?sﬁ%ﬂ“"(etl mn) (deg. O
(deg. C) (wiegby fbk odoreolvert3okifiornicad haveks irhhigher disofved ozohe 6énclntRBiof0 6. 85
1.65 575 70 7.95 1.65 5 85.80.9.1. 1655 95 90 10.25 3.3 5 45 40 9.1
3 3 5§ 55 dhpnfFanan ozgr_m\gscgvegtss on formed at the same pressure at room temperature.

The preferred embodiments described in Fig. 1 to 15 will be able to derive significant

benefit from a supply of a very high concentration cold ozone water solution. This new class
of ozonated water supply systems have the potential to achieve a factor of two increased in
concentration compared to prior art supply systems operating at 20 degree C.

This new class of ozonated water supplies has a number of advantages:

o this approach provides a means to increase the dissolved concentration to levels a factor of
two higher than can be produced at near room temperature;

¢ acold ozone water solution temperature reduces the rate of thermal decay of the ozone in
solution over that in a 20 degree C solution;

¢ acold ozone water solution can be piped relatively long distances in suitably insulated
lines;

s asupply of cold ozone water solution with a factor of two higher dissolved ozone
concentration transports a given ozone mass flow using half the water as a conventional
supply;

¢ afactor of two high dissolved ozone concentration will enable a new class of applications
to achieve a factor of two increase in etch rate over that which can be achieved currently;

e applications will be able to consume less water to process a wafer or substrate or other

material than the same application supplied from a supply system which runs at near room
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3.3 575 70 15.9 3.358580 18.2 3.3 509590 20.5 76 WO 01/28950

PCT/ US00/ 29167 since the water flow rate can be reduced by a factor of
.two, the Ry@gHssf drop across the DI water cooling heatp@prgdiaides S
reduced by about a factor of 4; this elimnates  the need for punp or other
means to boost the DI water pressure at the s #emlnl et ver that

“avai |l abl e iTBRRRECOICHSE piBisN B?‘m\ﬁ/&{aésrﬂ%‘ﬁ?ﬁlbﬁ cartigq padoverwalerdlow Biedty r ate can

be reducedtne\issolic¥zbre hcdniRtidnIShigheper requirement of the DI water
cooling unit is reduced by a factor of two as shown in the tabl e bel ow. At
a flow ¢t aBiacethe wagsipw satp canhe reduged byafasson el twov theRresses dron a5mst 8 wat er

streamto deatSaREhdaRe (héa?éﬂéﬁin%&ﬂﬂr@nré&h&@&)’ﬁ?edﬁ‘cécﬁay]aqutiﬁ\ﬁstoﬁf 4amf | ow rate
of 1.65 L/mn the required power w thdrawal fromithe water streamto

decrease t He cpEens eonfiguration tisyagpn the presssurg aythg pptlet of thy digselyediogoner eedi ng
three pr ocmlm@dh&aﬁohf%owﬂimg% PP fatd drav Mmﬁ Reave M 36igTord S 5. 0
L/'mn. The coolin ower is show in the table bel ow. Tabl'e 22 Exanpl e
Heat er PowSpwmrteof }-ehbimin. ¢Tdhjs ebmmﬁesmwﬁatbegstme PRRSSWE al the SXChimgeer Desired
Qutlet Req 'iﬂlét%ﬂthpcb?ﬁfp or Eihgl"‘fngﬁts CALl §0ne-whkr %nt resgiﬁ‘rérgf abbNCX. $Be @r Renoval
(I./mn) (deg &heg O Req' d (kW 65 20 515 1.7 3.3 20 5
15 3.4 5 pOrLisa qsatqtosmplz ispressurgqvith noradgitionall beast: a buffer or hydr oxyl
radi cal 50@%6@&\9@%&#‘&60:%4@%% r&ﬂgé?ﬁ)g §fact a&&%fw fok poQ@xfle‘ﬁﬁreinEnt'oT 00! ed,

then the freezing point may reduc low 0"d qree . Accor di ngly,

i n gener al peinteofrse ¢at¢weweébba@&twefwomswnabm¢éab?%bb#lwg A nt of the
aqueous SoluihiraB o 1 BLHRR e B Sk S Suth & Mk e || €0 Vit o

M st To From Qzone- WA Sol ut'ton M xed th Ozone Gas Description
- Fig. 19 rempemtuse Shdagraed isiSf kWoAt a finw ratexif §3 Igmimthe agpired Repver WPRY ed
ozone- wat ko @L%temesmtm&asaﬂ%paeﬁres% Baveis Therphi | ed water supply
subsystem (el enents 130, 132, 134, 136, an 138) is the sanme as descri bed
under Fig. 17 except valve 132 is a two way valve in a single pass

conf i gur a4Hosy. EXifpIc k& PWor RGuRARRE 0as subsystem (el enents 164, 166,
168, 170, _and.

Dlspense Flow | Inlet Water Desired Qutlet | Required Power Input
Rate Temp. Water Temp. Temp. Increase | Req'd (kW)
(L/min) (deg. C) (deg. C) (deg. C) .

1.65 5 45 40 4.55

1.65 5 55 50 5.7

1.65 5 65 60 6.85

1.65 5 75 70 7.95

1.65 5 85 80 9.1

1.65 5 95 90 10.25

33 5 45 40 9.1

33 5 55 50 114

33 5 65 60 13.7

3.3 5 75 70 159

33 5 85 BED 182

33 5 95 - 90 20.5
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172) is the sane as described under Fig 17. In reference to Fig. 19, the
ozone gas from 77 WO 01/ 28950 PCT/ US00/ 29167 generator 170 is connected by
a length of Jyphimesd 0 the inlet of a check valve 174. The,/ f check
valve 174 is connected through the inlet 194 of the ozongpég;‘léﬁsg-o%me_’? m st
contactor 192 to gas distributor plate 196 | ocated inside of ozone

gas-wat er mi 8t sispthgaratar flowirete pandeaeducedint 4 faetonsf thedhe prrsshegidoPracoss i s
connect ed t hr oughnf Heied Qofile HbGxRllankd%s hudeld By ARANERGRS: lifl
contactor, 192 to tLe wat er %o /r’ﬁa;satngnozz?%&lg%%gca{ag#?ﬁg?lggeel(l)jgﬂlagézsone
gas-wat er ni st theraed fripgmp omefherauransie boest the D wvatay pressureay thei system indetct ed by a
| ength of tubi L4 QVaian an s} |lity drain 56. The outl et
198 of the ozoﬁeggs-wgt e?ﬂ&@eéoln#a% orgrlsggﬁ*s connected by a short
Itartgﬁ di anet sincqtgpatsxﬂmmd pr@redmmg,ﬁ;;@wmmapg%r@q;glm?uhflité tubi Pg
o0 the proce : - ign o
a supply of g’?iwgzoﬁé@\%\g%iﬁs% Hslgedsl%l ut |%’Ir??vm(¥%ns§§wé§l a‘%iaP/‘& ybﬁi %ﬁaglgg'sol ved
ozone concentateoefi 1665 L/misthe vaquirefipowet witkdrasyal from thi watert steamytocdedreasgi the
additional ip ' S 7Sy Chi | rfgﬁi(i Eﬁ% 6 to a
relatively | g&vﬁg}ﬁﬁg%g?%ér&r##el W(@ﬁp’érAattautfogv %ﬁectf}@g etger(% .g(igméerschi 'l ed
wat er i s fl owibdrawaldiaghthesmater strehmde décsaasatbe temperaBibe 15odegree € in34kW.| ed- wat er

byt he "subsy SBL sy SR Al etk boct bRt ol of wAE 108 e BitRaph 17 PP
inl et of theSgdémibi Jiheiconlingpowdras shown b theotable?d belowi de of the ozone

gas-water m st contactor 192. The chilled water m st and hi gh

concentration ozone gas flow through the contacting volunme to supply a

chill ed oZtable2RaExampi¢ HeateriPower Reiquineroentsfor bewer Klow Ratesout | et 198 of the
cont act or } e TGt el Wt BRadles Byl | YoqS e T} Fet—Sji ze
provi des a Pglwgttéltvel y LJ[rﬂzgtr‘gagvgtéléurf ;Iggs‘ﬁ’gggg to pr){rgi\gl?ege for lg{vﬁl gh rate of

mass transi ElowdRate he JZkemw- gas i nf WateaTemp. sqlTempdncresphe| Resiayel velly | ar ge

contacting 3 can <le sufficleqt tine r si gnjigd pgorti on of
t he ozone wbe trgﬁg%g?t ed j E%égl ut i or}.(ée%' (r:gl at| ve]lié\,gcda(sggvl)L portion
of the mis{l6fill cont|la the wal|% of the cgdbactor and L& draindd from

t he contac by the g e yg T Tstamdes in the
above desciiption of tlhne preferred enbodi nentjs”any el engnts that |are
bet ween "t h¢Sinl et of t|i# heater 2B5Sor 29 and|tlhe di spensgeb.hozzle 36 are
said to be 1 onrrectedhy—a—short- -5-;|1gf r—of—tgqhrrg—The th.o‘r' cat—rgqui r enent
is actuall ?he vol u of the tuping not th¢ Fenqth beclause, at gi ven
flowrate, the tine delay between the tinme the ozone-water solution is
heated, transported thropgh the connecting tubjn Q t ol nt _of
application of ?{%sé’ij%%ﬁé’}‘#%|°ri‘%£w?5%%°aﬁ sf%"%flge\‘/'\ﬁbiéeﬂ%&%’ 1%5{;1‘3%%04’? wf‘tgﬁgt h of

t ubi ng we tefaee it éssdobled, then the freezing point may be reduced to below 0 degree C. Accordingly,

in general the water may be cooled to a point above freezing point of the aqueous solution.

Method Of Dissolving Ozone Gas Into Water Chilled Water Mist To From An Ozone-Water
Mist Solution Mixed With Ozone Gas

Description - Fig. 19
In reference to Fig. 19, the design of a supply of chilled ozone-water mist mixed with

ozone gas is shown. The chilled water supply subsystem {elements 130, 132, 134, 136, and
138) is the same as described under Fig. 17 except valve 132 is a two way valve in a single
pass configuration. The design of the ozone gas subsystem (elements 164, 166, 168, 170, and
172) is the same as described under Fig 17. In reference to Fig. 19, the ozone gas from
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saying small volunme | ength of tubing. The tubing | ength and internal
di ameter is chosen such that the total tinme is such that the dissol ved

ozone CcoNC&y §1dkésgn does not fall by nore that a, 78 V\O&fﬁ&g@gg,,
PCT/ US00/ 29167 predeterm ned anount at a chosen process tenper $ure. In

many early enbogdinments cqnstructed hy the jpveptors the tubing was Teflon
with an ig%gqrggr i?é?r‘éot“@?a%%yt?elﬁéléﬂﬂi@gg tq thealet of apbeqltaiyerkTAo he quflt t b, ng
C(ﬁnnecti lngchétk. C\j/aflaé LS cétinedted lﬂhmh ughithebﬂét\/ﬁgﬂf the bfond Gad-NatBORist édgt_ﬂﬂto? uch ][hat
the tota si denc | | e heater _.and interconnecting tubing was |ess
than 5 5132 g%%ﬁs? smebuéoiﬁﬁfa @_ﬁi‘t"a&sgﬂbﬂd{ﬂi"m"aﬁ B35 WFT B Contastgn; Jhe pregess

poi nt - of -outlet dfaedt exchaner FB6ds SiMEGE] thiAEIPME Ai1st1188 of tho B HEBER. ghs-Whter

I nventors estimate t the dissolved ozone concentration would decrease

th
to about B¢ %B?@@’hfgz&? evater fog/mist nogzle | 0 located iaside,pfzong gastiates smistt - of - use

heater. IcBntathl. 1heoridstdirdi® Biktfet 3¢D54BorinBetéd By o l8ath bEMbiRg ﬂIrE\th‘ﬁ%E%ﬁ may be

gas operated or.electricall oper ated sol enoid val ves so_that the val ves
can be c&ﬂﬁﬁ"(ﬁqﬂé‘@ﬂ d(ﬁi"l#'g[?’eéﬁ’#‘dl%%%ﬁ?%‘?qe@ﬁ'wﬂﬁr st congastor d%bisdi nents , one

or nore cofecel by s ShotFlirgh Giamdtet (#HdxinatlP P8 érRlonk O dnt ABmetddi@int. and
ot her prOﬁssstPQﬁrarreters during each phase of the material s processing

cycle. MIRM&P BRI Hhodi nents include a three-way val ve 24 to direct the
chill ed @xemtionaFirigol ution to waste reclaimand a three-way valve 32 to
direct the heﬁt egfozon vva} er solution to waste reclaim In sone

enbodi nents o enfo o191 the dwiapof \AeupRiv f anozeng-Waterymist splytiogtwithia ¢ he
ﬁnb;)di rTe:iéISti\l&llymgh di@soh?&bzcﬁ! eflgsmioatﬁsié&tvrﬁ h?ﬂbl%er{&@)fl%é}tnﬁﬁéd{ U er 29
eat er. n.al,,...cases | sSNno €. Nnote al a polnt-or-use ea eat er
oy b B SR Foested ghrmatie.ds RIAHRYAbeER: xp g b6 S RNENIEY ( y i oo
val uest f redetenninedstempératifls@tbasd gtk \C2 The bRillIEPWM G ARed Mfough WAMEES S

par anet er,

S,y be out si de the range of paraneters |isted. For exanple,
if the MWEY B uﬁégﬁ%ﬁﬁ“?ﬁ’@“ﬁ&ﬁﬁ&‘t@dt iRdhecrzonsagtatsn miss cenfectandPar can
provi de &hbiogineigasi sippliéd BIEORIbkysteM Somfrisind GRmiehS 164186188 170, @h 1#4i ch the
etch rate %“1 bga}%rre éras tralmszort 'imted wll be higher also. In sone
cases we "‘HEY& LT 8as ’ﬁﬁg‘gm'cﬂ ate L9 lopated jpside ofthr pranegasrivatar mist contagier (f or
exanpl e 462.tThe Ghille@steemis) andigh doliRh&atonloRsHRGLANGW &ra{gﬁ&theqoa&'bm of

eatin de%ay time

applicati o&. lhl S i Sﬂé@ﬂ@ﬁm nal val ye for a particul ar zgﬁ

and mass YPPHGSQPPY P79 water migf anixedaith gzgne;aas at the aytiet 4 9%efdheyr e
i Mpr oved coritixdr violignet TR cliBédw BMIEwitH WerPavdiropltisive drdvitlel R llatva" €ase in
t enper at e.wl'tg sonme confj qurations, the etch rate may not beco nmass

;
t ranspor ?arﬁ BT Providg dor terofj mass teansfax ofithe ozopg gasdato watene such as 90
to 95 degolufion. he rétativeR e QIntdRBAENOISRE Snlprévidetatieieabtnl &rQ%i_ngﬁf%Lrﬁr red

or

enbodi ment s. are, shown in sone draw ngs and not others, tfn_s I'S _
conveni eRg °5ﬂ$'§)e a?§°%§/t°fsb§é’faﬂ?98§eq'r’é solutien ) relatiyelyismell partipn of themyistof  t he

ot her f eaillicamsact fiawail Cof th cofBBlor S8 HeUraiRAEr At the ©5tHididr 89 ShdWekih §h@i NY tO
processi ng sem conduct or

GENERAL COMMENTS

In many instances in the above description of the preferred embodiments ‘any elements
that are between the inlet of the heater 28 or 29 and the dispense nozzle 36 are said to be
connected by a short length of tubing. The critical requirement is actually the volume of the
tubing not the length because, at a given flow rate, the time delay between the time the
ozone-water solution is heated, transported through the connecting tubing to the point of
application of the material to be oxidized. When we say short length of tubing we are really
saying small volume length of tubing, The tubing length and internal diameter is chosen such

that the total time is such that the dissolved ozone concentration does not fall by more that a
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waf ers, especially the renoval of photoresist, post etch residue, and other
organic materials from sem conductor wafers. Particular nmention is made of
condi tions p@bloaeddsg to sterilizing or disinfecting medi&absobgks UMents,
nmedi cal devi ces. However, aspects of the present invention my be
practiced in,ot herda plications. The contents_of the prec&gdi ng di scussi on

79 rr: D BEASHEMY Wb Fhogerprocesy temparaiung, Inmany-cary gmbediments + 1 55
exanpl es opdngtretisd byiELincenesaé the Cubinpdesk Tefatwiidad inflde&igttter dfibiweat 1251S upon

t he scope of the present invention. so WO Q1/28950 PCT/US00/29167 .C ai ns:
1 ot oty 5 1 B EE et ThE e P iectg S parigrs Amepis s REE S BNA0st vt
sol ution afong@sich kit the etilaésidenétim@indhd Raet dndGntbroenneZpRubing Walbss 8ahyt i on

with the materjal at second tenperatyre;. whereip the first tenperature
is less t h%{-‘ﬁm{‘%g"@é‘ﬂﬁﬁﬁl"‘t”@ﬂ%“%f 7 ratg ﬁ@ugwpa?mveﬁﬁe gRtery Af  digpense
t enper at ur gmparaiutd JfE0IdBEreA0 thdIfveARE Ut ABE M thédikdve® bzond icsiicehtiien 0zone i n

the solvent, the relatively higher, second, tenperat ur facilitating an
i ncr eased weﬁeg?ca??%? t0rabow B0 perssat OF s iniak Nalue g e inlet 98 the ppighotpeg heatgrin

material . au_hafaabmhmheﬁmqﬁai:maiagurumwalﬂsmwegmra&%vaeém&%ut ion is
formed at said firs tenperature di ssol vi n% an ozone gas . n solvent at

t,
sai d firstOReEHRdsPIenRjA valves s 147t gk pap be eanipplisdrvith i eemirploptrnlles da ail
t enper at ur e embaliméRe Sdne or FOEY RfGolleR!nidybe incliidedioonirflake AME didafisd, and
tenperature, 4. The nethod, of cl SIpH%B’ wherein the first tenperature is

bet ween 1 HAY PRFeHPgrmetsrs duging pach phase ofithe maferiplg proggssipg sydls- Manypdhsi n ¢ he

first tenpahkiditéts ificliRia/BRE-way Fa1de 10 dREdt BRThillel bEdndwatd? solltivh toRadt®d Of
claim3, wherein the secon and 95 degrees

t erature i s. between 3
Cel si us. 7rechimandathrserway vgr'%m%&m ated paoRe-waten spiuton o Wasty ‘Gg'é‘“}-s
bet ween 35mable GabsiREERESne oeBbthiol theseRalvid1bay B disitledd fIn@losi Pele.  Wher'ei n t he

reacti ng st conprjses: .rapidl h i sai ozpone-sol vent solution from
said fi ? sty ﬁxéqn S ?vgx,laéxegtgfcgnzger gﬂss (gvnhas epogat-of-use heater. In all cases it

should be noted that a point-of-use heat heater 29 may be used in lieu of a heat exchanger 28.

In many embodiments, typical values for process parameters are given. In many cases the
process parameters may be set outside the range of parameters listed. For example, if the
means of applying the ozonated water solution to the wafer can provide a higher mass
transport rate M, then the temperature at which the etch rate will become mass transport
limited will be higher also. In some cases we have shown a range of temperatures around a
nominal value (for example 40 to 60 degree C) as a typical temperature at the point of
application. This is a nominal value for a particular heating delay time and mass transport
condition. If the mass transport conditions are improvéd, then the etch rate may be increased
with a further increase in temperature. In some configurations, the etch rate may not become
mass transport limited until the temperature is set to a higher value such as 90 to 95 deg. C for
example. Although specific features of the preferred embodiments are shown in some
drawings and not others, this is for convenience only as many features may be combined with
any or all of the other features.

Particular mention is made of conditions pertaining to processing semiconductor
wafers, especially the remaval of photoresist, post etch residue, and other organic materials
from semiconductor wafers. Particular mention is made of conditions pertaining to sterilizing
or disinfecting medical instruments, medical devices. However, aspects of the present

invention may be practiced in other applications. The contents of the preceeding discussion
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second tenperature to forma heated ozone-sol vent sol ution; and applying
sai d heated ozone-solvent solution to the material at approximately said
second temweo eissse. 9. The nethod of Caim8, wherein sgiqnGaide,
ozone-sol vent solution is applled to the naterlal within a tine period

after heat i r.st d 0 on vent solutiqQn for heatin

sai d ozor?@dgbcﬁ‘{/ Pgssﬁg%frtsﬁaﬁ °<§|°Byf “& é"r‘éﬁdﬁﬁ@ & FREs@h segond
t enper at urrmtahmmpbnthezseop&od&elpfaaaemvenmncent ration of the dissolved ozone
in the ozone-solvent solution resulting fromheating the ozone-sol vent
solution. 10. The nmethod of claim9, wherein the tine period is set to a
predeterm ned val ue such that the concentration of the ozone-sol vent
solution applied to the material at said 81 11112121 [1ELEL F0REil @112 11
liii CL MW 01/28950 PCT/ USOQO 29167 second tenperature is greater than
if said ozone-sol vent solution had been fornmed at said second tenperature.
11. The nmethod of Caim9, wherein the tinme period corresponds to no nore
than a 20 percent decrease in the concentration of the.dissolved ozone in
t he ozone-solvent solution fromthe concentration at the first

tenperature. 12. The nethod of Claim1, wherein reacting said ozone-sol vent
solution with material conprises applying the ozone-solvent solution to
the material using at |least one nozzle. 13. The nmethod of Caim1l, wherein
reacting the ozone-solvent solution with the material conprises imersing
the material within the ozone-sol vent solution. 14. The nethod of C aim 8,
wherein said step of applying said ozone-solvent solution to said materi al
has at | east one point of application, and wherein the step of rapidly
heati ng conprises using a liquid-to-liquid heat exchanger placed just
upstream of the |east one point of application of said ozone-sol vent
solution to said material. 15. The nethod of Caim8, wherein said step of
appl yi ng said ozone-solvent solution to said material has at |east one
poi nt of application, and wherein the ozone-solvent solution is heated
using an in-line heater placed just upstreamof the at |east one point of
application of said ozone-solvent solution to said material. 16. The nethod
of Claim8, wherein the ozone-solvent solution is heated during the step

of applying said ozone-solvent solution to said material .
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17. The method of Caim1l, further conprising: injecting and m xing a
chem cal into said ozone-solvent solution prior to reacting said
ozone-sol ventweedagésoon wWith said material. 18 The net hodl,é)lf s%/?svilﬁ 1,
further conprising: injecting a chemcal into said ozone- ol vent ‘Yol ut | on;
I medi ately prior to reacting said ozone-solvent solution with said
material. 19. The nethod of Caim1l7, wherein the chem cal conprises a
hydr oxyl raclhie®l scavenger. 20. The nethod of Claim 17, wherein the
chem cal conprises an el enent sel ected from the group consisting of a pH
buffer, an laci dA mgthedforfzrating pmaterigl LOMBEHRY of C aim 17, wherein the

chemi cal conprises afofifihg fbdz8he-sdNEhNolutibn at adfst t dvabhad of Caim17,
wherein the chem cal conprises a surfactant, 23. The nmethod of Claiml1,

wherei n the reacti ngedtia® e gagreselvent soluan with themaferial gt asecand temaperatue;| ut i on
to said material while trheRinthe firsGempdritie icleds thadke s*eebnatte:ﬁgﬁﬁhaire,%e of said
g2 I il 1121122 VLE 11212 10 1t CL.MS WO 01/,28950 PCT/ US00/ 29167
material and sai d oZ5HHvelLioWerfirstdemReratyR faciiitating ap ingrypsed GonsFRIration Ofent
solution with said di®bRéd édonein tRiolvent] dietebitiyel§ Bighersesond tnipeiies at ure. 24.
The nmethod of Claim ' | ses substrate, and

L.Wher e, id mat I
wherein the step ofé?gﬁﬁ‘leﬁrﬁbp%%?‘ld‘ %g’g?fg{aggiee’%%ﬂnﬁé(?ﬁﬁﬁ enfSQtion and

substrate conpri ses:thémateriding sai d substrate to achieve a rotational speed

bout i's; d di ' i.d -sol Sol yti t h
pi nni g sdbat r ApemelrE e T o e St oS o AR o m 24,
wherei n sai d at tempaaturedsyalissolzing an b2onp @i ifi salventiateaid fisst cbrpefatire. 26. The

t hod of i 4 ' | ur.a),it I it d |
o o G TR prRES Sl e aplchBEh S B OB Bl

wher ei n sai d nagreatercthancherfinsi temperatueubst rat e, said nethod further
conpri sing ,t he e | N8I _ [ . I Is treated
with said 4bzon§-lesx§ft8£edn{ €6 g’%?’%’?le% %Bg&r@&,g@@%gg%@@% l:#ﬁ?? d %ﬁegr ein the

mat eri al conpri€dsiua pl anar substrate selected fromthe group consisting

of s conguct Oimy Gkl For Jifs, RAREh ol AN Rrar S HIRARE Y andioHefroesUDSL T L €5

for use in"an el'ectroni c devi te.
Celsius.

6. The method of claim 3, wherein the second temperature is between 30 and 95 degrees
Celsius.

7. The method of claim 3, wherein the second temperature is between 35 and 65 degrees
Celstus.

8. The method of claim 1, wherein the reacting step comprises:

rapidly heating said ozone-solvent solution from said first temperature to said
second temperature to form a heated ozone-sélvent solution; and

applying said heated ozone-solvent solution to the material at approximately
said second temperature,

9. The method of Claim 8, wherein said heated ozone-solvent solution is applied to the
material within a time period after heat is first applied to said ozone-solvent solution
for heating said ozone-solvent solution from said first temperature to the said second
temperature to minimize a decrease in concentration of the dissolved ozone in the
ozone-solvent solution resulting from heating the ozone-solvent solution.

10.  The method of claim 9, wherein the time period is set to a predetermined value such

that the concentration of the ozone-solvent solution applied to the material at said
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29. The nethod of Caim1, wherein the material is selected fromthe group
consisting of photoresist, post etch resist residue, post etch residue,
anti-refl ectwoy/ggegt i ng, organic contam nation. 30. The_pethod of Caiml,
wherein the nat ér!i%gl conprises one or more mcroorgani snECYUSY9167 et hog
for oxidizing a material, conprising: dissolving an ozone gas in solvent at
a first tenper SRepRAemperptyre s grgatertbanat saidnzoramsolvent solution hadfegn fommed dte
ozone-sol vent s#d sbordethpdsMnlehe first tenperature to a second tenperature;
and reacting the ozone-solvent solution with the material at approxinmtely

the secord- t efPromsthert of Gleimad el thefimeperiad perrespenda fogioimare hewa ¥d ng t he

ozone gas in spérve@nlecitasd ih theBfdehiratioh bBihe dis@IRA L E R lbLaSolv@lt @ hi gher
concentration of dissolved ozone in th sol vent, and the warner second

, e
tenperature al FOYODAESM e FngrRSftional dhei ftt tempemturpet ween t he ozone- sol vent
sol ution and t ifRe ABh&T bfAlaim3R whitdf riREkOHidQzotd- divEhBsblutibhl bith BateGANPY | Si Ng

rinsing the material. 33, The nethod of C aim 31, wherein the second

t enper at ur e i sCHRPrSESAPPLYINg JhagraRassobyentsplytion torthematerial paing etleastane st
tenperature. 8gozkle) /it/ /11111 till/ 1 N 11111, it, | i". W 01/28950
PCT/ US00/ 29167, 34. . The thod of Claim 31, wherein the first tenperature
i s bet vveeﬁgl amtf %ﬁhﬁ‘gﬁr@gg‘ 1, wherein feactingshe qzone-glyens splusion yithiths materiakher ei n
thehsgc 0 Pd terrmmpﬁsesriﬁudessirtgahmaeﬂaQ,itaﬁdh&&onaﬁwefae@m‘@h.s: us. 36. TEe ]
net hod o aim 31 i.n yeactjng.the pzone-solvent solution with the
mat eri al lgb rrpﬁ’es%%th‘\ﬁp Icg‘?‘ﬁ‘gd; f”ﬁ‘é’e’afgﬂét-e% Bﬁoﬁl’égﬂngsgé‘ﬂlﬁ’?‘i"l?r?qv&“ttsﬂé“??@eri al .
37. The et hodsaid méikidl rhad 6t leasbiiebint dfaPplitateis arkD Wherein tBidpldredpidly heat ed
prior to appl Kﬁiaﬁ%the .ozon.e-sgil v.;nt .so(u;lt i onhto trie material. 38. The
met hod of O ai , CORREPE Uing A dauidaarliquid hepbechangen placed justupsieeamend theni | e
appl ying the lpasboe it vesplisaion bf @il dzone dotvetitioRtivato saildInateFag met hod of
G aim 31, lfs.ur t'Pﬁerm&QorHDJfICﬁirrr]\%, wherein said step of applying said ozone-solvent solution to

said material has at least one point of application, and wherein the ozone-solvent
solution is heated using an in-line heater placed just upstream of the at least one point
of application of said ozone-solvent solution to said material.
16.  The method of Claim 8, wherein the ozone-solvent solution is heated during the step
of applying said ozone-solvent solution to said material. |
17.  The method of Claim 1, further comprising:
injecting and mixing a chemical into said ozone-solvent solution
prior to reacting said ozone-solvent solution with said material.
18 The method of Claim 1, further comprising:
injecting a chemical into said ozone-solvent solution;
immediately prior to reacting said ozone-solvent solution with said material.
19.  The method of Claim 17, wherein the chemical comprises a hydroxyl radical
scavenger.
20.  The method of Claim 17, wherein the chemical comprises an element selected from
the group consisting of a pH buffer, an acid, and a base.
21.  The method of Claim 17, wherein the chemical comprises a corrosion inhibitor.
22.  The method of Claim 17, wherein the chemical comprises a surfactant.
23.  The method of Claim 1, wherein the reacting step comprises applying said ozone-

solvent solution to said material while transferring sufficient heat to at least one of said
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i njecting a chemcal into the ozone-solvent solution prior to applying the
ozone-sol vent solution to the material. 40. A device for treating a

mat eri al, conpwosi/sgse neans for form ng an ozone-sol vent solution at a
first tenperature; and means for reacting the ozone-sol vERTUSS2UET on with
the material at a second tenperature greater than the first tenperature to
oxi di ze at | east reatsighandsaid gzone-palventhapiution toreactyaidrozpne-solyent solwiéon ithrsaid

tenperature faci |M§{aﬁ§aﬂﬂoﬂnﬁ&5@§ﬁ@§c&{aqm}&@p on of dissolved ozone in
the sol vent, and _the g er second erature facilitates an increased

reaction rat & bettheanthefef Q)‘Z‘BhleY@?{F‘%}éﬂ@ maigrig] commprisasasubstiatepapd whergin theg 1. The

device of Caim 4&pomﬁﬁgEhxdmnm:aﬁtsmﬁmmmamu&&atemﬂﬁmaol vent sol ution
at a first tenperature ¢o a squrce of solvent at a first

tenperature; a sour cPBfIES 'Sﬁ s@“&%magﬂevﬁfé?f%’“’ﬂéﬁp%e PRaYhin &5rdct or f or
di ssol ving ozone gas digjensisgdaid ogée\s6ént dlution obériifel spinRiap Sibattd wingat f or m an
ozone-sol vent sol uttl on; 4§. The device of O aim40, wherein the means for
reacting conpri sé%a AP ry nmeans for delivering the ozone-sol vent
solution to 2he rTht ewihad of Gaime4, wmmat&atmbhmﬂahpnﬁﬁomdbmsaathlsy t he

ozone- sol venje Solgy %{ngﬂo& S’t‘él% +Elﬁ;gﬁtogﬁ%ﬂg?%gﬁosh%néﬁﬁlr'apgl%a‘myeoft he

reacti on between the ozone- teria
approxmatelyth@Oi}mQ!)@ntbrﬂ@rQW#wure 4 111 rrerrr rrig b vererr il

CL S W 0V 27395%5’%(11&&39!&121%316%&&3 stﬁﬁeﬁﬁ&rﬁ&s&f a sQos%’ai?E‘ A?d méidgt her

conprising an open vessel for the materi al treate 44. The
device of Claim Ihzthefmpﬁspg%ﬁﬁwfgnﬂgg@eél}baw%@wbsvwsmwﬂ%& t he
material to be tsﬁ@@idﬁd-sol%tsomﬁndew ce of Claim42, wherein the heatl ng

TS OTD B SplS bt o RS e BEPURER o b Ve ERLRERT, " e
material to be t mﬁthdgrou}fconsﬂ'm ofsemivenduttofvafers) flabpanetfiisplays) aﬁchﬁenhﬁy’it i ng
means conpri ses %l%csl QubLtllrart]ees fct]re ge 1 'an electronic device.

29.  The method of Claim 1, wherein the material is selected from the group consisting of
photoresist, post etch resist residue, post etch residue, anti-reflective coating, organic
contamination.

30.  The method of Claim 1, wherein the material comprises one Or more microorganisms.

31. A method for oxidizing a material, comprising:

dissolving an ozone gas in solvent at a first temperature to form an ozone-
solvent solution;

heating the ozone-solvent solution from the first temperature to a second
temperature; and

reacting the ozone-solvent solution with the material at approximately the
second temperature to oxidize the material,

wherein dissolving the ozone gas in solvent at the cooler first

temperature allows for a higher concentration of dissolved ozone in the

solvent, and the warmer second temperature allows for a higher reaction rate

between the ozone-solvent solution and the material.

32,  The method of Claim 31, further comprising rinsing the material.

33,  The method of Claim 31, wherein the second temperature is at least 5 degrees Celsius
greater than the first temperature.
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47. The device of Caim45, wherein the heating neans conprises a
liquid-to-liquid beat exchanger. 48. The device of Caim42, wherein the
heat i ng meanaweeimgssoses a heater configured to heat at | east one of the
ozone-sol vent sol ution and the material to be treated, WAFFESUZNE <ol ution
is being applied to the material. 49. The device of (O aim48, wherein the
heater co rrp%l sedhemethed efisim 3 ovhszainte firshiemperatureds betiween 984 3Q dogrgent a
radi ant heat er, ggsmgnducti on heater and a convection heater. 50. The device
of Claim48 whergi n {l}h(ﬁo hciat er «conpri ses a convectiqn heater which

Pepdof

provi des a Peat 48¢ B ey the ssepnd femperature 1sbgtiser 4udPSsubst rat e
having two oppasgreg Ceisfies, and wherein the heated fluid is applied to a

side of the, subgtrat ophasite to.that. tg which the heated,ozone-sol vent
ol ut ton 1 ppitie et PR Sulesit epiink fhe g oL sion S0 Gr

form ng an o0zoneempiseeapplyidgithetozane-salverst slutianito the maeriall ur e havi ng a di ssol ved
ozone concepfrathon: .r I.ng.Ssal d.ozone-sol.vent . sol utign. wth the materi al
at a second 't e?rﬂpkg{r}’g?]ﬂfgﬁvl\#ﬁn%ﬁ’ ‘lghseg%nll gﬁg"on? ﬁe{‘r’lengsé)llu % fstrhse%{e‘% "r?f)gor ature. 52.
The met hod of clepplymgths ozenesayent sohution wethe msteriabt ep conprises: heating at

| east one ofg sail AEARFRALMSR Rl BlbnB0Slv ol £10EBh BeBd whilpBiihe C2USI N0
sai d ozone-sol vent solution to have a hi gher I S0l ved ozone CBntration
whi | e reacting Wietogonetelver selption|to tha materifl. saj d ozone- sol vent sol uti on had

been fornmed@at @i dhehbEH HailnST IR Uofprisihig: The nethod of claim52, wherein
said reacting step conpri ses heati ng sai d qQzone- solvent solution quickly

fromsaid first tenpBiectingashemyenl g g pgene-golvant solption prior 4o Mplyingdhs vent

sol ution w th saishesblivént sokition fo thé Meteridl0 mai ntai n a hi gher di ssol ved ozone
concentrati tm i f sgi qigozone-.aol vent. solution had been forned at said
second t enper attfe¥ice BETRAUNE YT ROBBESBET) USO 29167 54. The nethod of
cl ai m 53 wher ei n saideanefoc fanning ah ene-sdivent obtionaal st tanmeahde;agdne- sol vent
solution to the matef] . th f .clai erein said applying
step conprises di speﬁéﬁﬁlﬁlg’r%g?n&g(t)}gé’%@'sggfn\?é‘hl’tmogoql&t%?eowl?r}ag%aaffmp ast one
sol i d st eam noz #dmpeaturegredter then theifirst temp@tureTta oxidize htdehstd porticmiofi 4 wher ei n
sai d appl yi ng stnﬁgﬁglgrrpri ses noving either ofsaid at

wherein the lower first temperature facilitates an increased concentration of
dissolved ozone in the solvent, and the higher second temperature facilitates an
increased reaction rate between the ozone-solvent solution and the material.
41,  The device of Claim 40, wherein the means for forming an ozone-solvent solution at a
first temperature comprises:
a source of solvent at a first temperature;
a source of ozone gas;
an ozone gas-solvent contactor for dissolving ozone gas into said solvent at a
first temperature to form an ozone-solvent solution;
42.  The device of Claim 40, wherein the means for reacting comprises:
delivery means for delivering the ozone-solvent solution to the material to be
treated;
application means to apply the ozone-solvent solution to the material;
heating means to facilitate the reaction between the ozone-solvent solution and

the material at approximately the second temperature.
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| east one nozzle and the material relative to the other to inprove
uniformty of treatnent. 57. The nethod of claim54 wherein the materi al

conpri ses a Ry¢didgospur face, and wherein said applying Sﬁé"ﬂufo%ﬂ&) ses
rotating said planar surface about an axis normal to said planar surface

while contacting said nmaterial with said ozone-sol vent sol ution. 58. The

met hod of @Bai eyiee PEGIAIMS42, @nagﬁprypw@pepevc\wﬁ'rﬁos’@édmgﬁ#ﬁwé?eﬁﬂ Q4 d

material in sapdpeane-sol vent solution in an inmmrersion proce55| ng modul e.
59. The nethod of claim58 wherein the nmateria anar. surface,
and wher ei #4 safke d&ﬁ‘}ﬁ??ﬁ%“b@eﬁ‘“@ﬁr?ﬁ?‘?%% Yeﬁi‘frg’é}'ég’ﬂgﬁﬁ%’“e glr?ace
about an axi s ngdedtedt 0 said pI anar surface while contacti ng said materi al
with said ozone sol vent _sol u 88 The net hod of, C|€ Q{ eL(glrther
conpri si ng:43pr | Eheqe&w?e%@elmq @‘”B featog meansCompiises # Bt EOPPR S at er i al |
injecting a chepdtwedn the dahabrssﬁnbﬁsmﬂedquahmeaa@iotmatm@sﬂa-som met hod of
cl aim 60, wherein said chem.ca [ises | ement selected from the
group consi sti nﬂ’lwneﬁ?rﬁﬁﬁéfl’é%gth%ﬂg@%g} 5?8&8‘?car bonat es, carboxylic acids,
phosphoni ¢ 4@CI d$hed‘eﬁicé$f@5mf4§t bberyihﬂmhemmgmemabmprmﬁarphdmph@tﬁc aci ds. 62.
The met hod erain, sai hem radi cal
scavenger . #ﬁ eﬁ‘@?ﬂ% i Cfvger%ngﬁ%ea\%ﬂérglmﬁ s@%egﬁﬁ M cal ﬂ%%)r%%l ses an

el ement sel ect eekchangen t he group consisting of borates, boric acid, salts

of boric aCI ds uﬂl el ev1c£ gisClaIR'le&t %R&Elﬁh%%eatmg%ﬁ%eﬁg 5¢3&F ({l{ou m

pent aborate armoni am sul rate m 60
wherein said chhest axé&astcmnpfﬂlswnaswfsehmlﬁ@d mmat?ﬁ?@wchﬁt@!“e‘b I‘”&Pl?ﬁaﬁb

wherein said ch lﬁﬁﬁﬁeﬁ&%a@s' on inhibitor. 66. The nethod of
cl ai m 60, wher elg\dri?hggl c}feﬂ%ﬁf{g conprises a surfactant. 67. The nethod of

cl ai m 60, Wher eThe dezicelokFlaim %Wh€@W|h%§ cgmppise¥ onej efepnepk selepied rom fhe

sel ected from tEx%u;%o%i&m%%ﬂaaiahmat@:f a@onhﬂdé:b@héﬁkeraﬁdk Gabvecigrhearger, a
buffer, a <corrosion inhibitor, and a surfactant. ngl nmet.hqd of claim

53, wher ei 90 heThedsHise S%(F gigHs WF"'&R the, heates cqpSEsF "ﬂg‘f“ﬁ@“ epteriel -1 quid
heat exchanger . n36idésla Hehted fhhill,|ahdl whérkld baid nhietiallcbmpriises a ¥bsteatd a8 Bvo

SP ng {J tJ ?82/ |22 1ﬁZ\ aP}g:gslﬁg srhl rret h ﬁrqnftlﬂsghegtgghvg Ffta\ll’\@éegt 0,3 8 s1ae 5t 16 0bsvrate© I vent
opposite to that to whxch the heated ozone-solvent solution is applied.

51. A method of treating a material, comprising:

forming an ozone-solvent solution at a first temperature haviﬁg a dissolved
ozone concentration;

reacting said ozone-solvent solution with the material at a second

temperature which is higher than said first temperature. .

52.  The method of claim 51, wherein the reacting step comprises:

heating at least one of said ozone-solvent solution and the material;

thereby causing said ozone-solvent solution to have a higher dissolved ozone
concentration while reacting with the material than if said ozone-solvent solution had
been formed at said second temperature.

53. The method of claim 52, wherein said reacting step comprises heating said ozone-
solvent solution quickly from said first temperature and quickly reacting said ozone-
solvent solution with said material in order to maintain a higher dissolved ozone
concentration than if said ozone-solvent solution had been formed at said second

temperature.
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70. The nethod of claim 52, wherein the reacting step conprises heating the
material. 71. The nethod of claimb51l, wherein the step of formng said
ozone-sol verio i@keshi on conprises: providing solvent at said first
tenperature; and dissol ving ozone gas in said solvent. YOUUSHR6Et hod of
claim71, wherein said first tenperature is bel ow anbient tenperature, and
the step of- pr&he methed ef slaims A3 whereinsnid reacting stapsomwprises applyingsaid 6208& cool i ng

said solvent {gvesddoihtiohfcthe mgldRgar ature. 73. The nethod of claim 52,
wherein the step of formng said ozone-solvent solution conprises:

provi di ng 330l vER methodseficlaim 54 whereiaspid pprlving stepenmpriggssiisprasinggsaidremane-gas i n
sai d sol vent. gdivenﬂbﬁlti'&'ﬁmﬂ%ﬂﬁstﬁﬁ@éoﬂh?ﬁam?&%&%‘nﬁ ficnftefidll St tenperature is

bel ow ambi ent tenperature, and the step of providing solvent at said first
t enper at uP8 cofpfmethed ofslum Ady wherpiy said gpRIving stemcompitigesimoving cithennbszidatr e, 75.

The nmethod of ghabfe mbsle WEhEmatetidl SelhRRAGS 18 Gimef B AmpOVPhdifthkity feat i ng the

material to a higher tenperature than said first tenperature;, applying
sai d ozone-sol ¥&¥o| ution to said heated material thereby causing the

heat ed natseri athd Methéd dfRfih SAwhtrkil tRAhalerd BaMRrReY &/fitar SRfabd hdwhdreig 2l d

second tenperature, 76. The nethod of claim51l, wherein the reacting step
conprises appf lyingstep S9mprases potafing said plenar swsface abouhan axignermalite sajther ei n
mp eSOV L

t he tenper at ur glagir sirfbRe WRlldohfbtingSaidintidial Lideiddbk-{dveat solfidRer at ure. 77,

A system for treati dd? éubgér ﬁt e W th an ozone-sol vent solutjon

conprising®™ a IE'EFp‘B?‘E‘? C3H0 O% BT 5tid aPRLYisgieR SoBPriFS immgTsing said matesiel

t enper at ur e WhinGhid ogélelsuives scluGiiie adirhiferSioN profudEmsaR! y of said ,

ozone- sol \r;)?nt f@' U%Lod:ﬂfa{a' t ?g irst t eugg(fr ature; a heater having an inlet

and an outfet, “SAP 94 &R PO SsUTAEY! turRTisesa RIRRaE diriace, aadikerain| vent

sol ution at sadail dpplysig step Gpraprivesfotating £:3d lanad sEEAROIBout &tkixth HoRAMI €S said _

configured to heat LHom ﬁigl d tfa' (st tenperature, said ozone- fo,l vent sol ution
received at s lf“ﬁ“ PYffest While goptagiing sy mafesip ‘H‘lﬂ'fﬁ‘ Zg%&a%*fvmsy Wigkt i nuous |
suppl y of é6beat But mathwiofshainy 82)furtheddantpriging: and 87 i l1j 113 11T EEL TEEEL JIILY

LT prior to reacting the ozone-solvent solution to the material, injecting a chemical
into said ozone-solvent solution.

61.  The method of claim 60, wherein said chemical comprises an element selected from
the group consisting of carbonates, phosphates, bicarbonates, carboxylic acids,
phosphonic acids, salts of carboxylic acids, salts of phosphonic acids.

62.  The method of claim 60, wherein said chemical comprises a hydroxyl radical
scavenger.

63.  The method of claim 60, wherein said chemical comprises an element selected from
the group consisting of borates, boric acid, salts of boric acid, biborates, pentaborates,
ammonium biborate, ammonium pentaborate, sulfates, ammonium sulfate.

64. The method of claim 60, wherein said chemical comprises a buffer.

65.  The method of claim 60, wherein said chemical comprises a corrosion inhibitor.

66.  The method of claim 60, wherein said chemical comprises a surfactant,

67. The method of claim 60, wherein said chemical comprises a plurality of chemicals
selected from the group consisting of a hydroxyl radical scavenger, a buffer, a
corrosion inhibitor, and a surfactant.

68.  The method of claim 53, wherein the ozone-solvent solution is heated using a liquid-

to-liquid heat exchanger.
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L s s WD 01/ 28950 PCTIUSOQ 29167 an applicator fluidly coupled to the
outlet of said heater to receive said generally continuous supply of said
heat ed ozone- swb¥HRRbspsol uti on, said applicator having an outlet configured
to direct said heated ozone-sol vent solution at a second PF@HE@W%F%re '
greater than said first tenperature toward said substrate. 78. The system
of cl ai m 77, 6%herlsE methad of claip 38, whsteinthe ozone-solvent/sotition is| hgatedysingan irelincat a
first tenperaturg,eaiRétesesS: an ozone-sol vent contactor, said contactor
having a fluid inlet, a gas inlet, a gas outlet, and an ozone-sol vent
outlet; a suffblyThe n@@de@frﬁaﬂatSZew}srwgm@mg stgp pomprispsheatingthranateriabe f| ui dly
coupled to jihe findh@thbdbfRiaiffs1 SMetbiPRORGs T saQRbRERent sduiidaPP! y Of
ozone gas fluidly coupled to the gas inlet of sald ozone-sol vent

contactor; and a“gBRSF¥ceiving vent fluidly coupled to the gas outlet of
sai d ozone-sol vent CﬂﬁﬁaﬁgQﬂwmgﬁsﬁahﬂnﬁu@&ﬂﬁkgﬁmclain178, wherein the
supply of solvent at ﬁgﬁ{oxinatel sald first tenperature conprises: a
source of solvent; a VIE PEIeIERLR P SAIPY coupl ed to said source of

sol vent, ds ai 1. geahemémbd of chiim 7¢,GaHefeil daiidl‘tﬂsﬂtdm)gfafﬁﬂ@ﬁ balowabizht tefipetatiie) veﬂt
to provide said so|yent appr oxj mat sai I rst tenperature. 80. The
sysltoem of claim ?‘7‘! s\ﬂ%"r‘g‘itpﬁ‘w?‘ﬁ%gsé’b’%ﬁgsa{deffﬁ}g?ﬁqemef‘gnp&s 9§°08E 584 ooy ees C
greater than t heolfént ®isaitlfirgp etrperatuee. 81. The system of claim 77, wherein
the first t er re.is dn.t r.an of t. [ ut 15
degree C. B%Thgi’ésj% %%’fg %?giw%eﬁ%hemgﬁg?%"?%gg ?%@%ﬁﬁol{g&&rtr%gﬁtg ure is in
t he range of abowemptB8uegree C to about 65 degree C. 83. The system of
claim77, wherein sai | Q) 58S a dispense nozzle. 84,
The system of clain1f%?ﬁaﬁé$%?%e§g?ﬁﬁ%g%?ﬁcat8f§gonprises: an inj ected
cheni cal s supply; an disspluing oronmigasdn saidslvedt- an i nj ection port which is
fluidly coupjsed tfe Hath oﬂcm,ﬁe?,%e&hﬁmd@gét ger@ga&ke/is 8616w aBibieht tbdnleralitt,C N

provi des sai d ozone-sol vent solution dm xture of 1njected

an
chemical s from saidthe sigrRfperyidingselvent|atsaig fiss tapmpegpie comprises cooling said

solvent to said first temperature.

75.  The method of claim 51, wherein the reacting step comprises:
heating the material to a higher temperature than said first temperature;
applying said ozone-solvent solution to said heated material thereby causing
the heated material to be reacted with said ozone-solvent solution at said second
temperature.
76.  The method of claim 51, wherein the reacting step comprises
applying said ozone-solvent solution to the material;
wherein the temperature of the material is higher than said first temperature.
77. A system for treating a substrate with an ozone-solvent solution comprising:

a supply of an ozone-solvent solution formed at a first temperature which
delivers a generally continnous supply of said ozone-solvent solution at the first
temperature;

a heater having an inlet and an outlet, said inlet fluidly coupled to receive said
ozone-solvent solution at said first temperature from said supply, said heater
configured to heat from said first temperature said ozone-solvent solution received at
said inlet, said outlet providing a generally continuous supply of heated ozone-solvent

solution; and

87

I



wherein said outlet of said applicator conprises a dispense nozzle fluidly
coupled to the outlet of said injector-mxer. 88 AN 11111111112111111111111
L MS W 01/ 3PaRsdeT/ USO0/ 29167 85. The system of claim 77, further
conprising: a materials processing module with a'least ohSV/FY?%% niet and
one fluid drain; and wherein said applicator further conprises: an

i nj ected chenical s <ugpligatonfipidly papled fo the qutlet of 58t Reptar o repgivedailon port whi ch

is fluidly couphggraiipcontidicils ppl9 ek @ ichRAbAAL-SolvePilMioRdid applioattd €t whi ch
provi des said ozone-solvent _solutjon and an adm xture of a Eredet erm ned
quantity of inj bevinganonistpengisured fodifgstsaid Beatedjozencsglvent solptionata ssgond| v and

wherein said OUfdnfperaite §MMMidﬁﬂi%p&mndmsﬂsﬁlbﬁtﬁ&nse nozzle fluidly
coupled to the outl et

of, saifd ipjectqor-mxer. 86. The system of. claim 77,
wher ei n sai @ suifi paf 0561ﬁ‘ﬂ‘rﬁs‘é£4r8ﬁéa“g)§“pﬂl§l° lias ?&f”ﬁﬁ?&“%ﬁ%"r%?n sai d
appl i cat or conpkissRmperatuitRbmpiisds:s processi ng nodule with a | east one fluid
inlet and one fluid drain; . an injected chemcal.s s Ly: an_ inj or-m xer
havi ng an injection aﬂ(???“\'/?ﬂ]iv%‘ﬁ°?K@c?ﬁr’lff‘glcvq%%oﬁ%?vel%?%%I]H&s)g'ly a Shﬁn{ey&? gés
chem cal s suppl gutiehdndan czotd-wtvesstoutddy, provi des sai d ozone-sol vent sol ution

and an adm xture of fuBOSIRLRLITNGHANARR L Bl LBEAEhaheELEls (1 om

said injected chemca I erern said ‘ou appl i cat or
conpri ses one othefipidinidi of said gzonersalydnteontagtoyi dl y coupl ed to the outl et of

sai d injector-m xer @éﬂﬂ;gl?%&hﬁé’é&?ﬂuihﬁ cHipPRGD &R g hRt 534 0zdRBSolfdnt TOT €
surfaces of the substrate at approximately salg second tenperature said

ozone-sol vent s6PMA®8nd sai d admi xture. 87. The system of claim 77,

wherein said substr af gs fRemihg 66 flaidR caupled 16 the bardtletf shid Wagd-Qivens ai d
applicator conprises. a substrate spinner configured to spin said substrate

about an axis n6MM¥f°t o said planar surface; and wherein said outlet of
sai d appl i cBX or ThesypteinoF slaiin T8, SPeEif ehersopply ¢ sploait hi appeddintately said first

temperature comprises:

a source of solvent;

a heater/chiller fluidly coupled to said source of solvent, said heater/chiller
controlling the temperature of said solvent to provide said solvent at approximately
said first temperature.

80.  The system of claim 77, wherein the second temperature is at least 5 degrees C greater -
than the first temperature.

81.  The system of claim 77, wherein the first temperature is in the range of about 1degree
C to about 15 degree C.

82,  The system of claim 77, wherein the second temperature is in the range of about
35degree C to about 65 degree C.

83.  The system of claim 77, wherein said applicator outlet comprises a dispense nozzle.

84.  The system of claim 77, wherein said applicator comprises:

an injected chemicals supply;

an injector-mixer having an injection port which is fluidly coupled to said
injected chemicals supply and an outlet which prov.ides ‘said ozone-solvent solution
and an admixture of injected chemicals from said injected chemicals supply; and

wherein said outlet of said applicator comprises a dispense nozzle fluidly
coupled to the outlet of said injector-mixer.
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di spense onto said planar surface the ozone-solvent solution at said second
tenperature. 88. The systemof claim 77, wherein said substrate conprises a

pl anar surfawe.uessh Wwherein said applicator conprises: apS&ygbsate SPi nner
configured to spin said substrate about an axis normal to saio{ pl anar

surface; 8 lllﬁéll llt:CL:l[lIJI1 L 0Lttt MStio.. W 01/28950

PCTI USOQ 2867 THGAYSiom QLSRR T0hBRPeLFOWPESDES| - an i nj ect or- mi xer havi ng an

i njection-port whi ch maserialsipratkssingombduiravitha 1643t 6he fluf ikt 4 onb Adidadis; suppl y
and an outlet which provides said ozone-solvent solution and an adm xture
of a predeter mAdd gquantity of injected chemcals fromsaid injected

chem cal s supply; anderetnsaidiapplicatot! fupthiéd winpfifessai d appl i cator conprises a

di spense nozzl e positioned §o q{saﬁqg‘%se nto said planar surface the

ozone- sol vent sol ution aidnestedic SUPRY:at  approxi mately sai d second
tlerrperatur]tce. 89. Tge SySérﬁﬂjeaf:r-@bai‘Iiﬂvl'Yn_Q,an\M]&!tiehﬁoﬁﬁhﬂhﬁﬂhﬁdlﬁﬁé@lldawpri ses a
pl anar surface, and _wherei.n said applicator conprises,, majerials

processi ng nodul e; éa‘émﬁllﬁfeflét“ﬂmg"g? ﬂ’ﬁ&y aP@ﬁ'a?‘E'at ﬁgl} Pravides sid pzpng-golyeat
processing nodul e, sdlitibn a8 bl Adix QA i Prode@miifeddhaitity of #ljeoted Shdniibss about an
axis normal to said_plangr surface; ~an injected chem cals supply; an

i nj ect or- mi xer havi HPSACIHFRE ‘i?‘SWiGB]SF‘Ep P’&‘ﬁ is fluidly coupled to said

i nj ected chem cal s s#ginysaidRdtieadf uid dpplicatdticoipiies ¥ Hidpenssivzale @afne - sol vent
solution and an q%{n turq off a g{iﬁedet erm ned quantity of injected

chemical s from®%® tPéHeé’é‘f%tc? sgid IgCIonMIXe b v and wherein said outlet of
sai d appl i g6t OIThe eysednt SRtaim 7d) WIS Said Qubdtkate diprisés@AL Or tore sitifscps;asd ont o
sai d planar surface the ozone-solvent solution and said adm xture at
approxi mately %eff’%%tdgﬁa EETSYPERSEFe. 90. A device for treating a

mat eri al, conpri si ngmatfiala pR3éssing modile &ithfadeastona Muldznierand ohe it deadd; Ut | on at

a first tenperatur eanaﬂjdected chemicals supply;

an injcctor-mixer having an injection port which is fluidly coupled to said
injected chemicals supply and an outlet which provides said ozone-solvent solution
and an admixture of a predetermined quantity of injected chemicals from said injected
chemicals supply; and
wherein said outlet of said applicator comprises one or more dispense nozzles
fluidly coupled to the ouflet of said injector-mixer and positioned to dispense onto said
one or more surfaces of the substrate at approximately said second temperature said
ozone-solvent solution and said admixture.
87.  The system of claim 77, wherein said substrate comprises a planar surface, and
wherein said applicator comprises:
a substrate spinner configured to spin said substrate about an axis normal to
said planar surface; and
wherein said outlet of said applicator comprises a dispense nozzle positioned to
dispense onto said planar surface the ozone-solvent solution at said second
temperature.
88.  The system of claim 77, wherein said substrate comprises a planar surface, and
wherein said applicator comprises:
a substrate spinner configured to spin said substrate about an axis normal to

said planar surface;
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whi ch conprises an outlet that delivers a supply of said ozone-sol vent
solution at substantially the first tenperature; an applicator fluidly
.coupled to et of said apparatus to receive said |y of said
ozone- sol ve#taﬁ)slgﬁ(t ion at substantially said first terrngilﬁg“:B@;Xl%ai d
applicator having an outlet configured to direct said ozone-sol vent

‘sol ution onto sai danini¢stedichemicalssupplit er configured to heat said material to
a second temper at Uyg il gl hixd: hafing ifthorioh bk vhEARSHAIY Eplllkd G al d
ozone-sol vent solution_1's being lglgl rect eg_ nto said subs?r ate. 91.
devi ce of cl ai ¥ieoied chorigals suppvangd ap opiles which piovidsespidozergiiolyent st
configured to afdiah Q&thixRirE&Ka RERGARRS uhﬁ%& atihjetted hemicHls SRkaiXBAjBdddl . 90
prrrerrerrer o o rrerrrrrrrr e WD 01/ 28950 PCT/ US00I"'29167 92.
The device of ¢iEBicaissepply: amd her conprising a hol der configured to hold said
material in proxi RyHepeirPdaidsontiet oR Buid ép?ﬁéaﬁﬁ‘ coflptises'd\@speRie o2zl OpostioAdd T 92
further conprising a processing nodule that contains said, applicator

outl et and Sai GiREBtecEld saig plangs Rarfage the qzongrsopyentispiugon andisaid BRBIR Y hol der
conprises a chigploxirhadly sfid sosdd tehigepurt.0 hold a flat substrate. 95. The
device of glaim 92 wherein Id material conpri.ses sem condyct or waf er,
and V\/nel’é?h s l?eosyffﬁ'f'ﬂéam %Wﬁ?&‘gs"é&ﬁf@e%&‘ffﬁag nargefacg A8 e of claim
95 further conwhérsihsgd applicdtarcomptigeb:ed to spin said wafer chuck. 97. The
device of claim91l fuarth?r conpr ingidg&g, an wi ndow | ocat ed between said
radiant heater and ZHFHREPIE™MO%E The device of claim90 further
conpri sing a tenperastubstratespingep tocstbdiinsife @id rd@erialsprodessingoaddulznsagt t he

t enper at ure of i {al,. devi ' t conprising
a tenperature %Pz‘ﬁ‘t"‘?% ‘r%drtgs? 13%53? flu-é&?a(t)e ési’é+t§ﬁ a‘?‘%‘r}%ﬁe’%@tﬁgg p{sa*e*%ssgr?&g’nd coupl ed
to control the tenpainicatadecherhicainsuwplrat eri al . 100. An ozone-sol vent sol ution

supply conpri sing: anedtrWRertBHthE Sy infietiR I Which ¥fifly coupled to said

injected chemicals supply and an outlet which provides said ozone-solvent solution

The

and an admixture of a predetermined quantity of injected chemicals from said injected
chemicals supply; and

wherein said outlet of said applicator comprises a dispense nozzle positioned to
dispense onto said planar surface the ozone-solvent solution and said admixture at
approximatqu said second temperature.

90. A device for treating a material, comprising:

an apparatus which forms an ozone-solvent solution at a first temperature and
which comprises an outlet that delivers a supply of said ozone-solvent solution at
substantially the first temperature;

an applicator fluidly coupled to the outlet of said apparatus to receive said
supply of said ozone-solvent solution at substantially said first temperature, said
applicator having an outlet configured to direct said ozone-solvent solution onto said
substrate;

a heater configured to heat said material to a second temperature higher than
said first temperature while said ozone-solvent solution is being directed onto said
substrate.

91.  The device of claim 90, wherein said heater comprises a radiant heater configured to

direct electromagnetic radiation toward said material.
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an ozone-sol vent contactor having an inlet coupled to receive solvent from
said solvent source, an inlet coupled to receive ozone fromsaid ozone
source, and speakdset for ozone-sol vent solution forned W’rlﬁ?ﬂoﬂym
ozone-sol vent contactor; and an ozone-sol vent sol ution heater coupred to
recei ve said ozgne-sol vent, solution frqomsaid outlet, said heater, .
confi gured 9?‘0 hihg deyice 8?9?6‘(19& FSRmPEPNE 3 ?‘Hgﬁ' canfizyredd beld saidmaterg) in
heater outlet fgoxis#QREYdidspplieasred ozone-sol vent solution. 101. An
ozone-sol vent sol u ipnﬁggﬂtg\é conpri si n%g a source of  an ozone-so] vent

1

sol ution i APti alRsQevis Justher cMRpTiSHgAPEQcGISIng module thatgeniping$9id| enent

coupled to I’eceépfpﬁcmicﬂﬂaéﬁd]ﬁi@ﬁdmggnt solution, wherein said heating
el enent is _capabl e of heating said oz&ge-sol vent so) ui(i on fromsaid first
t enper at ur 84 o Hhede¥ish of izip ey Whetein sajfl bolder comprises a ghue éhaﬁ@éf"é@“&%dﬂe-
sol vent sol uti ogpi§ s ek sibsitesal d heat ed ozone-sol vent sol ution has a higher
di ssol ved ozone_concentration than if, sai d_ozone-solvent solution had been

initially Pormelbefevise phrlaimd2 herein3id material comprisesa semigongyotqr waffgry god | v | | |

S WO 01/ 28950 REdrs#padid BEd& Compiises a drafey sti@kD fOr treatnment of an article for
the purpose of sterilization, disinfection, or surface nodification

t hereof , c8%pr i Therfgvics ol glaimyFa further pamapyising ampqtey coupled tg spin spid wafes chuckt o,

sai d chanbgy, hapietvide ofdMaM Furktit eSmpHiRthgian Wido@ lodattdieREn sald MakAce of an
ozone-sol vent solution jnitially forned at a first tenperature; a heating

el ement, coupl e}éFafeba‘}de‘é’éiWr?_bi d ozone-sol vent solution fromsaid source,
anere! n safpsl hemddgqifc;ebﬂmmwmfmmmﬁﬂrsmgfatémﬁngesmxdm;mmegm vent
solution fromgsaid, first tenperature to a second tenperature at rate to
create a heat edngf‘?ﬂ?é-°f§'ﬁlt’\5‘é°2?a"’§6?ﬂ’laldd??t%’l%h that sai d heated ozone-sol vent

sol ution hgg a Thedleeice 6f kiim|98 EetthePZddiRising A Cilieratire Odhtiollertedpbnsivi t6l said
ozone-sol vent sol ution had 2%ﬁen injtially fornmed at _sajd seaiond
temperat ure; sdFUPEMUIFTERSOT é’f’“ﬂ!ﬂ{fﬁl" the teneragure efsai material.

ozone-sol vesy, SAxh bioneolidndsBlutioaisthpheédnpiiging enent ; a nozzl e di sposed to
apply said heated ozone-solvent solution to said article and the interior
surfaces of said chihBE™ ¥ anber drain which is disposed to drain the

ozone- sol vent sol ut ia@Blvérdt estrédae
an ozone-solvent contactor having an inlet coupled to receive solvent from said ‘
solvent source, an inlet coupled to receive ozone from said ozone source, and an outlet
for ozone-solvent solution formed by said ozone-solvent .contactor; and
an ozone-solvent solution heater coupled to receive said ozone-solvent solution
from said outlet, said heater configured to heat said ozone-solvent solution, said heater
having a heater outlet for supplying heated ozone-solvent solution.
101. An ozone-solvent solution supply comprising:
a source of an ozone-solvent solution initially formed at a first temperature;
and
a heating element coupled to receive said ozone-solvent solution, wherein said
heating element is capable of heating said ozone-solvent solution from said
first temperature to a second temperature at rate to create a heated ozone-
solvent solution such that said heated ozone-solvent solution has a higher
dissolved ozone concentration than if said ozone-solvent solution had been

initially formed at said second temperature.
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chanber, said drain conprising a backflow preventer which prohibits the

I ntroduction of unsterile fluids. into the chanber; said chanber further
conprising avehiasdzer sterile air inlet configured to adnj terile air
into the chanber through a sterile filter; said chanber n*mﬁ’gl?gl%rrpri si ng
a chanber vent that i s configured to vent gases fromthe chanber, said
chanber véefit hAsTiEm forysatmentnf ap artigle fordhe Rusmose of stasilization, ¢isinfection; ort he

i ntroducti on OEurﬁB§{neai'ﬁLﬁoﬁLﬂé}edﬁcbxﬁﬁrgiﬁghe chanber.. 103. The systemof claim
110/ 102 further conpri sLng a plurali t% of nozzl es di sposed to apply said
heat ed ozone- sol ut i%‘r‘i"“& ergdaptedita hold gai prticlevtaitreated, saide bavingd cle. 104. A

system for treghanbgr iglebatashterddr8uifdckd) an ozone sol vent sol uti on conprising;
a substrate | oadi ngﬁ@mt; a first treatnent npdule for treating substrates

with a heated ozond 8ic6 afan ozeng-solveptsolulian initialy formed at afisettereperalresher

conprising: a sour Geheafingilenttaf Bupiddl ty RisivealdbzbmsoNenfsolutios fromQRRE! at ur e;
and neans for reacti e, ozqgne-sol vent solution with the substrate at a

.h . ¢

second t enper SRUFV R $a1d heafing clerment js;capable;of heting said ezong-saluend sriutione at nent
nmodul e for trefrbmBgd fife teripbatutefor sedohdl tempSratifd £ PREordhte d KeBRY BRAL- Pr ocess;
92 1 WO 01/28950 PCT/ LtJSOO/ glag?. gqar bot for transferring substrates from
the | oadi ng pofqYerhsolfiiop sueh thaf said hrated gzqpe-splvent polution hag 2 Bigherdisselvedent
nodul es. 105. déeony sdneentatiqnthali if gaid badhersolibht sWRRIoR hhd'bees M TSHeakyy ProCess
is a plasm basaecgs o:qgani c .renoval process. 106. A system according claim
104 where the Conpr et Br ocess is a pl asma-based dielectric or
conduct or et ch proceshanil®y inlehcoupiededieasi eesatii Hegted banesdlP¢ht YRR fiohe
conpl enentary pe S a. sol vent based wet process. 108. A system
according cl ai %I%EE'\%%? 9 he conpl ementary process is an aqueous based
wet process. 109. A myzl¢ dispoaaito apbly spidheatetodddd-solvait eoltitich t6 ST kedioRNt ar y
process is ar itl?etinéﬂngshﬁ%e%gf‘s . P OCEeSS. 110. The nethod of clains 1-40,
claim51-76, erein sai g Sotvent Conpri ses water.

a chamber drain which is disposed to drain the ozone-solvent solution from the

chamber, said drain comprising a backflow preventer which prohibits the introduction
of unsterile fluids into the chamber; |
said chamber further comprising a chamber sterile air inlet configured to admit
sterile air into the chamber through a sterile filter;
said chamber further comprising a chamber vent that is configured to vent
gases from the chamber, said chamber vent having a backflow preventer configured to
prohibit the introduction of unsterile fluids into the chamber.
103. ‘The system of claim 110/102 further comprising a plurality of nozzles disposed to
apply said heated ozone-solution at a plurality of locations onto said article.
104. A system for treating a substrate with an ozone solvent solution comprising;
a substrate loading port;
a first treatment module for treating substrates with a heated ozone solvent
solution, said treatment module further comprising:
a source of an ozone-solvent solution at a first temperature; and
means for reacting the ozone-solvent solution with the substrate at a second
temperature greater than the first temperature;

a second treatment module for treating the substrate with a complementary
treatment process;
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111. The nethod of clainms 1-40, claimb51-76, wherein the pH of said
ozone-sol vent solution is pH adjusted to between about 5 and about 10 with

an acid, a bageoympspa buffer. 112. The device of d ai mAﬁ'Emﬁ’ '197 t he
heater conprises a convection heater which provides a heate urd, and

wherein said material _ comprises a sybstrate haying two opposing. si.des, and
wher ei n the heat ed f’fﬁ@%’s@fﬁ?’?ﬁﬁ‘#‘ﬁ“ﬁa}lmgeang‘?'ﬁgméf?ﬁéfégséf’%e Sffosite to
t]tlaz:1 to whi ch t lfiest ebdcehd azathentadduiefit sol ution is applied. 113. The device
o] ai m 48 erein the heater i ses a radi ant heater, .and wherein
said materi® ¢ %}F‘E@?%%?F‘rc@?gﬁlﬁﬁ&eﬁamﬁﬂe%ﬁ%&q°ﬁ§j %3 plasna h&??g wher ei n
the radi ant heaiganic renovpiprocess. t 0 a si de of the substrate opposite to that
to which t hegt ed ozone:. soql.v olution js lied. .114. The devi ce of
G aim 48 wiDPo: A SHenAGRrRE DS ubge e Rfplehe Rl arbfss ichiliamdbety ai o
mat eri al conpri giekcticstibmitiicadretchpmwicesy. t wo opposi ng sides, and wherein the
bzone- ol vae- Seir PR ReoRhng i b WhuRtne o Rty Bress B AP ERF s o, n ¢ he
heat er conpri sewetptbeeas. ed chuck, and wherein said material conprises a
substrate ing t 0sl Ng .Si and the h ed chuck is applied to a
i'de of ¢ habundyAPn BRETL i BF nerd B shitflefie okt BussEBestf | o
solution is appegmoceisl6. The nmet hod of C aim 24, further conprising the
step of noyinRY ' > . 2t ' [ «: 93 11112.111111
TR %%Pge‘ﬂg‘zc"%t&ﬁr%‘%bﬁ}’éig%%Wigﬁ&”%%éf a’i‘}%%p“]l%%mr‘r‘et hod
of claim54 whepweess.sai d appl ying step conpri ses di spensing said ozone

sol vent solyih! Ofnd hOGorAER Ea0, it IS Vet AR sobbn SmfidpTRLE and L he

material relative ot her "t o | hprdve uni ) treatnent. 118. An
ozone- sol vdidl. sEhemethed eficinirns/1-4¢ glaim §1-76) whergin the pid of saisl peone-selvend| vent
source; a vent Ugdidodli : JEE&%H&W St $Snd 10°Wi8 an a4 r ds¥ Q7 § | ow
outlet, a gas su%toﬁéﬁﬁ?%%t , ergﬁnrrimsdetusgns%) ‘\(/&erg%soal?r an%)% S?’?’G%‘m y

coupl ed to sai dbufri ve-flow inlet, wherein said ozone source is fluidly

coupl ed to 98 drRAG&vRY 6f CRik 4§ Whdrein #7 hehtéfRbinksel h Odivection heater which
provides a heated fluid, and wherein said material comprises a substrate having two
opposing sides, and wherein the heated fluid is applied to a side of the substrate
opposite to that to which the heated ozone-solvent solution is applied.

113. The device of Claim 48 wherein the heater comprises a radiant heater , and wherein
said material comprises a substrate having two opposing sides, and wherein the radiant
heat a is applied to a side of the substrate opposite to that to which the heated ozone-
solvent solution is applied.

114. The device of Claim 48 wherein the heater comprises a radiant heater , and wherein
said material comprises a substrate having two opposing sides, and wherein the radiant
heat a is applied to a side of the substrate to which the hcated ozone-solvent solution is
applied. '

115. The device of Claim 48 wherein the heater comprises a heated chuck, and wherein said
material comprises a substrate having two opposing sides, and the heated chuck is
applied to a side of the substrate opposite to that to which the heated ozone-solvent
solution is applied.

116. The method of Claim 24, further comprising the step of moving said nozzle relative to
said substrate.
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outl et providing an ozone-solvent m xture; an ozone-solvent contactor
having an inlet coupled to receive said ozone- solvent mxture fromsaid

notive-fl owveowisgwie and an outlet for ozone-sol vent sol u{,',P rm_ed by
sai d ozone-sol vent contactor. 119. The ozone-sol vent supp#fﬂ%of’jzglfél m 118

further conprising an ozone-solvent solution heater coupled to receive
sai d ozonblsol ThermethodiofielaiaS4 whatein atid aprlyingstepfompaises dispontigaishozosi d

heater conf i gubRentlsBuRfos 3842 EmSAhYEbkr b LY aitBthdmigalier  havi ng
i i

a heater outlet for supplying heated ozone-sol vent solution.
1111111111111 Felptivetp thejoher tofimprove uniformity of treatment.

118.  An ozone-solvent solution supply comprising:

an ozone source;

a solvent source;

a venturi injector having a motive-flow inlet, a motive-flow outlet, a gas
suction inlet, wherein said solvent source is fluidly coupled to said motive-flow inlet,
wherein said ozone source is fluidly coupled to said gas suction inlet, said motive-flow
outlet providing an ozone-solvent mixture; '

an ozone-solvent contactor having an inlet coupled to receive said ozone-
solvent mixture from said motive-flow outlet, and an outlet for ozone-solvent solution
formed by said ozone-solvent contactor.

119.  The ozone-solvent supply of claim 118 further comprising an ozone-solvent solution
heater coupled to receive said ozone-solvent solution from said outlet of said ,
contactor, said heater configured to heat said ozone-solvent solution, said heater

having a heater outlet for supplying heated ozonc-solvent solution.
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