WD 03/ 033114 PCT/ US02/ 33453 1 CENTRAL CARBON DI OXI DE PURI FI ER RELATED
APPLI CATI ONS Thi s application clains the benefit of U S. Provisional

Appl i cat iwo oBlo33116 60/ 330, 203, filed on Cctober 17, 2001, PCRAISeRBi46%
teachings of which are incorporated herein by reference. This application
al so clainms the benefit of U S. Provisional Application Nos. 60/330, 150,
filed October 17, 2001, 60/350,688, filed January 22, 2002 and 60/ 358, 065,
filed February 19, 2002, the entire teach*hgs of all these applications
are incorporated herein by reference. 10 BACKGROUND OF THE | NVENTI ON The

manuf acture of integrated circuits general |y i | v nunber of discrete
steps that are perforned onCENWARE /“$§3$éﬂ%X§$%§QRﬁﬁ@%ude depositing or
growing a film patterning the wafer using photolithography, and etching.

These 15 steps are]perforned multiple tinmes to build the desired circuit.
Addi tional prodddATER ABRLIGEVIONS| ude i on i npl antation, chemical or

mechani cal pl anarjzati 8o limht bushostu & pbeSoNanpBhk:ef Nor gani ¢ and
i norganic chem cals are used to conduct or to renobve waste fromthese

appl i cationd. A§edae3 Bieden Qutabant hgOly Sreentireivprlingleidedd sed to
elimnate SO il iledHHlb e BRLIE Ml BIEARIBRL Zaiflhe bORM: AU gener at e

| arge quantities wast e streans that st be treatedlﬁrlor to di scharge
or reclamati ofrovihenahsprlichigon Nesr 63 Huldit filed Ostobér Wat Wl §04356f68&rfiled maj or
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addi tion, the hi ce tensron’of water reduces 1ts e ctiveness in

appl i cati ons r elgpé griphigatioheare ilcemoiamg hefeirf hyrefestneeict ur es, and dryi ng steps

must be inqluded in the process to 25 renove all traces of noisture. In

recent years, supercritical carbon dioxide has been investigated as a

potential repl &aIREROUND GPTEHEINVHENTIONgani ¢ sol vents and aqueous- based

chem stries currenth% in use. S.Percritica car ens have
(‘sn‘lfllﬁl m

C q i dil\(f)taxi %(3 B Stf
been used for deca Eip P ESRIC SPY ggﬁﬁ?ﬁﬁ%?%oﬁ§, gu%ﬁ as the
decaf f ei nati on datre&Qidpethat 30 pdii@mbe birh SHRET Typidal aePs ihdlwdedlepditaparto a fluid
that is above a critical tenperature and r&s ureh%e. : %t. above 31' C
and 1070 pound€'{ere &Hramatiien eyl tFiae P‘g%‘i’ &;0&7@ GBsishing BessrUS02/ 33453
15 steps are performed multiple times to build the desired circuit. Additional process
steps may include ion implantation, chemical or mechanical planarization, and
diffusion. A wide variety of organit and inorganic chemicals are used to conduct or
to remove waste from these applications. Aqueous-based cleaning systems have
been devised to eliminate some of the organic solvent requirements, but they
20  generate large quantities of waste streams that must be treated prior to discharge or
reclamation. The need for large quantities of water is often a major factor in
choosing a location for a semiconductor fabrication facility. In addition, the high
surface tension of water reduces its effectiveness in applications requiring the
cleaning of fine structures, and drying steps must be included in the process to
25  remove all traces of moisture.
In recent years, supercritical carbon dioxide has been investigated as a
potential replacement for some of the organic solvents and aqueous-based
chemistries currently in use. Supercritical carbon dioxide systems have been used
for decades in simple extraction applications, such as the decaffeination of coffee.
30  The term supercritical fluid refers to a fluid that is above a critical temperature and

pressure (e.g., at or above 31 °C and 1070 pounds per square inch absolute (psia)



-2 respectively, for carbon dioxide). Supercritical fluids have both gas-
and liquid- like properties. The density of supercritical fluids can be
vari ed aswa oBwsxtd on of tenperature and pressure. Becaus@®@CIaiSezB34ng
ability is a strong function of density- this also neans that the solvating
properties can be varied. Pure supercritical carbon 5 dioxide has sol vent
capabilities simlar to a non-pol ar organi c solvent such as hexane.

Modi fyi ng agentrsspsaiohlyafr cabaodigadt)s Supemritiad tfhmds havedmth gasedrdtligug- Hgent s can
be added o the, Garbentll el ahd IREAYRd: Lo 61 720 06 ARlddl -
Semi conduct or - appl’i cati ons can g ner al y prodﬁce a range of contam nants
with vapor pressprreueiahdpressalzo\Becorse ipdtaong sthbty i04 stoag fiowtich abdedaty The

|'i ghter, higher,.10 vapor pressure.conponents nmay .b one _conbi natj on of

{1 Sor e, |1 L antf fs R B Ry FuRPRERES iy bret Fef et HRLIOLHA o

ni trogen ang oXygéde haCadltxancaphisikticdaimitan addiepols offanic 3olivaakat a8 t h

non-vol atil e resi st sidue conpoynds and co- solvents, i.ch are difficult
Lot 1 anef er - bedkiith MY ERASI St o0 30N Ay RIeIR g P AP ep S can

conbi nati on W ty8 a¥@AQ6 tHehkaBen Eidkiae t idipae ae cleMiSOabil@ar bon di oxi de 15 purity
requi renents for many sem conductor manufacturing applications exceed

those of current| genavaidhabl-dpAekioNei8 delulily pafbON O famfrhts hemmor e, i f
supercritical carbon dioxide is to be widely used in the sem conductor

i ndustry, the VvaRRiRESstyredthenrhoyprabala thay qf gbon dipride-y bl lighter.déBKbni ¢
viability qf t Qb pHeRROLGRARRentORafisl inRIBRLEAHAST fbaXd, deht ibARldY. @

sem conductor nmanufacturing facility can 20 have a nunber of different
appl i cations wihy#rogrraerisged atmesplicrie gasat sich Futregen ard evgen. Hoatkanedioxigpes not

teach a SyStemcgﬁ ?15783154‘@%% na‘é)ﬁ;\ﬁigl ﬁ&%ﬁtil&@&&%&%e%p&%d? algome. There is

therefore a nee or a netho appar at us or using carbon dioxide in a
seni conduct or elmerftacthighiangdifreot éswansfeabecaisnithrely zesexigrs ebdlidiligatdes t hese

problems. 25 SUNARY, O FHE L NVENTL NI, 600" AEnBEab k@) ates to

nmet hod and a sys or supply Irde to a plurality of
applications. Thetymejuneciens for lveny san@pdridocion molutidesing hgplstiems exafeedi recti ng a

flurd feed, t h%ﬁosg’ggéurr‘r%l'n 40821098 dlf?éeirﬁ’% digHEe) '}%I%el froma first
carbon di oxi de puUrrfying-neans to a prurality of applications including at
| east two di st isiy@icraipglchbdat iorise isAb be WedelWsEBABSskidcorilotduThiRs 33 4153

quantities consumed will likely preclude the economic viability of total dependence

on delivered carbon dioxide. Finally, a semiconductor manufacturing facility can

20 have a number of different applications with distinct requirements.
The prior art, however;-dees not teach a system or method by which these
problems may be overcome. There is therefore a need for a method and apparatus

for using carbon dioxide in a semiconductor manufacturing process that minimizes

or eliminates these problems.

SUMMARY OF THE INVENTION

The invention generally relates to a method and a system for supplying carbon

dioxide to a plurality of applications.

The method of the invention includes the steps of directing a fluid feed, that
30  includes a carbon dioxide component, from a first carbon dioxide purifying means to

a plurality of applications including at least two distinct applications. At the



-3 applications, one or nore contam nants are conbined with the fluid,
thereby formng an effluent at each application, wherein each effluent

i ncl udes wp Wwwaxt4 a portion of the carbon dioxi de conmpone@atr/Enzl3as3 | east a
portion of the contanminants. At |east &- portion of at |east one effluent
is directed to the first purifying means, whereby the 5 carbon dioxide
conponent of the effluent is purified, thereby formng the fluid feed. The
system of the iapplmatiérrsnoﬁerw hwdseamanﬁliam&tarmmbmeddhmxhdﬁn@uhdrélgyifngnirrgans,
which purifies a earbon conponent .of..an. e fluid
feed that incl? u&@e?thaée%cgr B%hcaﬂ?nc)m Gatn gachy ef@'b%ﬁlﬁlfé‘ﬂ?s % ea?tﬁémﬁono f eed.
The first puri ftyd qaghonniixaidz combuttiemdat lehst aportion ef fie ohrgimiahnts. h&tlge[somp
consisting of a cat aI t| c oxidizer, .a 10 distjl |l at]j on col u ase
Coparat or . and PAHCALEER O U i Beri ) e RIBRE I Mt Ry T

directing the fchﬂubﬁidmﬂecérhpmahmtHelemIenﬂqlslpmiﬁednmeﬂaBﬁﬂ@m;r@ tige lidifali ty of
applications conprising at |east two distinct applications. At the
appl i cations, onelRSrSYSIEB S te irertigniarivdes a fisst cashen dieddopirHyipgBeRSyi d,

t hereby form ngyadh ﬁh&aw@wb@tdl&@&mon@&m StahicPhent) €681 H@AcR @t | uent
i ncl udes at | east Fortl on_of the carbon dioxide 15 conponent and at | east

a portion of thcludshihgsrmamtiexidpasatompanebpihs fluidifeede The fipepurdyMEuent from
at | east one appl.jCatil,@R af Radi BRe hibhsd opﬂﬁé lofoib ROnsTRADSE 2 LR 1RANAIMRGES Of

the invention disclosed herein are significant. Practicing the invention
can si gni f ileantdisyillatsasebmnhepkrss teparnidr, codpl womyombedswpwﬁyr@gndwtgh purity

carbon di oxi de i Lhf k1Bl AlHLPELn IRALLSALEE LA b SRTlARAUCt o 20

manuf act uri ng car bon i"oX unt,” and
t herefore the ap;ds‘atlcms cmpmm@dtllqpstwppistlmammcms diothe deplicgiongdmeed. By

purifying bul k nmake rbon id th n he cost
i s reduced because Ccfnﬁagmﬁanl e aT q’me)éw ﬁlotg? edsthere f%anggalt] u?%laﬁlﬁ azgf;(]:t uring

facility can bepgﬂmatmdm%etemtea@h dfﬂmt mpludestayleaslte\pemonBythprcalmlddhnglda central
purifier, onani es C are realized over individual f| cation
Phd det 1 very urpechentsd et Bpoubl 8 hE S “Siset e S cciced.
and the cost offflue@dtdning l¢Reorfabpiicanin tﬁftherﬂtkttphﬁf)&]gaﬂtﬂnk cati ons having

different contanjinant co tions is alsg reduced dditjonally, effluent
stream  combi nat i B 2OUANAEF O fftﬂleolﬁ]veé}nfn? disclee gB?j&‘PéﬁF icen} JriaHF it i pl e

tools of the Smntl&n}bﬁﬁmgﬂlﬁiczfrﬁ@%d‘dbdctin@&%ﬂindtdé fexitP bObHIOmg AighGheittni f or m
effluent stream which is nore 30 readily rified in a centrals purifier.

Anot her key ad%ﬁ%?%@éxlé? toghewhitipls| disyngti apmléﬁﬁqr@ in %@fﬁgeﬂnﬂa%{?rl on of the

anal yti cal »pequiaheaRntss fadifly, #QLHEAnAIMRAURARIE Ohe &G lanakherdibtbinld €r 1S
t hat by using a bypass ci rcw t, the central purifier can be operated
cost 0 externally supphed carbon dioxide is reduced. By purifying bulk make-up

carbon dioxide prior to the applications, the cost is reduced because the bulk carbon
dioxide supplied to the manufacturing facility can be purchased at a lower purity
level. By providing a central purifier, economies of scale are realized over individual
25  purification and delivery units. The cost of serving multiple applications is reduced,
and the cost of treating the effluent of multiple applications having different
contaminant compositions is also reduced. Additionally, effluent stream
combination, either from a time-staggered operation of multiple tools of the same
type, or from different tools, provides a more uniform effluent stream, which is more
30 readily purified in a central purifier. Another key advantage of a central purifier is
consolidation of the analytical requirements. Yet another advantage of a central

purifier is that by using a bypass circuit, the central purifier can be operated

continuously, avoiding stagnant legs that can accumulate contaminants, and



continuously, avoiding stagnant | egs that can accunul ate contam nants, and
WO 03/033114 PCT/ US02/ 33453 -4 allowing the applications to be operated in
a batch mwoe3/08s1iurt her advantage is that by conbi ni ng apcentsoads4pairifier
with distributed local purifiers, effltent streanms that are chemically

i nconpati ble can be pre-purified so that they can be conbined and sent to
the central purifier. 5 The conbi nation of these advantages is expected to
make supercri t iabewing freonplicagipestp Beoreraiedip|adaich mogde e Adhther advaptegess thag

or gani ¢ sol ven g% N g j i i i ower
producti on cosEOEQ?%PEE%%%(%E%%E%t%éer?gl%ghs?lﬁé%k%g@s%}?ﬁ%%e&g@%fﬁg&gﬁzwNGS 10
Fi gure 1 depi ctag chamzphainatropatibleatn bespgpuahtrbei thattheyoshn bheonibawedrand on.
Figure 2 depi Cts?nt%’th@%&ﬁ!af“é&%ﬁie% hat is an alternative enbodi ment of the
invention wth a carbon di oxide source and nultiple sem conductor

manuf act uri Ag apPieicoabinatien ofithdse adMabiagdses ¢xpedtad tomnara sepeRriiegicatbsn an

appar at us t hat ;s. pv?rbtli on, of a Ogl@;ti%rnn%;i ve e]r\T,bc%di ment 1% of . the

i nvention, det gqull ﬁﬁ the rgBrar%e(I)nnegnﬁs of tghegafllcrsgterbﬁp??@uie%ugs VLKLY DETAI LED
DESCRI PTI ON OF appicatidxyEbEul Y iff vevet prod gaion gosan@r ednfiesndodipect s, features, and
advant ages of the invention wll be apparent fromthe follow ng nore
particul ar description of preferred enbodinents of the invention, as

il lustrated i nBRIEF AESCRPEITYNGF THEWRGS INGSWhi ch 20 | i ke reference
characters refer to the sanme parts throughout the different views. The

drawi ngs ang not PEGRSSApidiYar Bpss@b Mat €IPEARIEMENSE BRGhVRRIEGY Pl aced upon
illustrating the principles of the invention. The invention generally is

related to a metheg,antdsysd #Mph R4S HRLL ¥ih NebmaGRE BAPodtheh bfe tieftion
plurality, i.e., two or nore, applications. As used herein, an 25

appl i cati on enplibysagon digkiflefeuser andanuliiple sareondacteripwfclir®gi de conponent .

In a sem condu [t ARG 6L agility, for instance, carbon dioxide can
be enpl oyed dgé@rﬁa ﬁ\gf er cli g@%{ong; phot or esi st deposition, chemcal fluid

deposi tion, _phot or g3t gl R g ANALEL E31S! of STRYAbuv RARLALRS! S

devel opi ng, and ot heF “applica nown e art ere solvents or
aqueous sollat i ofithe arventusedetaibacthe WiniBetr8 3flthe fiRCIUrliEa 83453 -5

DETAILED DESCRIPTION OF THE INVENTION

The foregoing and other objects, features, and advantages of the invention
will be apparent from the following more particular description of preferred
embodiments of the invention, as illustrated in the accompanying drawings in which

20 like reference characters refer to the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis instead being placed upon

illustrating the principles of the invention.

The invention generally is related to a method and system for supplying
carbon dioxide to a plurality, i.e., iwo or more, applications. As used herein, an

25  application employs a fluid feed that includes a carbon dioxide component.

In a semiconductor fabrication facility, for instance, carbon dioxide can be
employed during wafer cleaning, photoresist deposition, chemical fluid deposition,
photoresist developing, photoresist removal, photoresist developing, and other

applications known to the art where solvents or aqueous solutions are used. Each



application can require different operational conditions wth respect to
the carbon dioxide-containing fluid feed. The equi pnent used to perform an
applicatiwoomweiygenerally is referred to as a tool. OtenpPCrhsSoyasss
application is conducted using nultiple-tools, each tool 5 operated
i ndependently of the others. A tool can include one or nore chanbers and
each chanber can i ndependent,ly.fprocess its owmn wafer, or other workpiece.
Appl i cati ons t #aplicarien efingequiedifzrent apasttionaltcpedisonshvath rgippétae the sarken | east one
paraneter of thg, fluid.{gednhging delivered to the application, or the
effluent | eaving the application. Paraneters can be chem cal or physical
conditions or can b .M I flyid feed
that includes a car ggﬁg@%’ﬁ%éégggﬁﬁ%%ewhgg aﬂ?ﬂgggt%lﬁ%g%gggg Ygt}hfeégg%glaisgati on.
Exanpl es of paresieDérs, thowimgdeplidatem i atrepcttd eungoyeltiple (edntichueuls or bat ch
mode), cycl S tIoneerategrirrp(fénetnd?nqp.ol%lthrzedotlg)efrs. az‘g%lot Ia\ﬂ(?r?clddg.o%h rm r%cﬁglxlqbe?soanﬁonenF ’
tenperature,” pros&if & Rohtam Nams, and ot et VHEri’ables; KSR her ei n,
tool s or chanbesch ahainhérrvat elepemdéntiapencelis St owa twadppdriot®t workpiecd. t hey 15
enpl oy feed streans or produce effluents that differ in at |east one
paranmeter. Figure 1AppiasiodparatdigindQrodpptibiohdwendiffann ambdscéhecan al so be
used to conduct the hQd. of the invention. The systemipcludes. a first
carbon di oxi de PAEEHF §1 tﬁa@%méafﬁf‘é beng dghyeesd R apRHGERgR Rt § Sﬁ’qufivﬁ‘%i de
conponent of aRrneadphlitt@Bh., Parhii&EEodh BedhBhiedl ot phisidatcd@R@nsSth@bditengeda car bon
di oxi de conponent. The fluid feed 20 can be directed fromthe first
puri fying ande Yalume adiipige gt weiRbia flyid fedihat aepidey agareap digpdeLgpIPPRAt i ons,
including at | eashpibysa a@ih@%ﬁl%ﬁcﬁm@@_xbﬁ?{%é SparakfbtdNflcihBe AKY ehenall y.  first
purifying means 11 includes pressurization neans such that the pressure in
supply condui t cyge (coniguent erbaicharpdeheydn &8s ameuntand kind ohaddiiauinto0. As
di scussed aboyg.,2RRhjdehd RRSehAl pREGrdbHdnNfintS T erValiniksk ads t hat
differ in at |east one 25 paraneter, e.g. tenperature, pressure, flow rate,
timng of deli wegdyhersdin,tdeds drichimdberewdhin thgrenl ate dastinkg apgli@fionsdélibey ves present
inthe flui,d f : i L . ¢ [ m nant s,
e.g. from égwag glgloggléeﬁgsn@fnésgﬁgﬁéd g?é %@%&ggﬁg;@eﬁﬁeﬁé%s I ﬁgéﬁ %Q{teﬁ the fluid,
thereby form ng an gfflueqt Q%p e Qlé%Plh:@C%tel'n?%; Bﬁ{}%rn“alc%%%é&mzo. can
direct at |least a portion a 2ast Cone” efftuen ack ‘10" the purifying means
to purify the 36ndvarthomedibdxf tleinvonpan&hd sysfemtihauds hifine aarbonoidé 033114
Zlc-sréugngjgggSf Bur-ig/in@nge%{lse 112, w%ri]c?lvc\gn 8@%2%&%& (%gxigt]; ccgnrllpeonlenq\é?grgé Qént,\l\'hl ¢h can
thereby forming a fluid feed containing a carbon dioxide component. The fluid feed

20 can be directed from the first purifying means 11 via supply conduit 12 to a plurality
of applications, including at least two distinct applications 14 and 16. Preferably,
first purifying means 11 includes pressurization means such that the pressure in
supply conduit 12 is greater than the pressure in return conduit 20. As discussed

above, applications that are distinct employ fluid feeds that differ in at least one
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parameter, e.g. temperature, pressure, flow rate, timing of delivery of the fluid feed,
amount or kind of additives present in the fluid feed, etc. At the applications, one or
more contaminants, e.g. from a wafer being cleaned or processed, are combined with
the fluid, thereby forming an effluent at each application. Return conduit 20 can
direct at least a portion at least one effluent back to the purifying means to purify the

30  carbon dioxide component of the effluent.



conduct the nmethod of the invention. Carbon dioxide from source 24 can be
added to the systemvia conduit 25 to nmake up for | osses in nornal

processi rgo@s/08x114 i ncrease t he anmount of carbon di oxi de i PCrhsoyyEsEm as
addi tional applications are 5 brought ®n |ine. Exanples of carbon dioxide
sources are a liquid carbon dioxide tank, a carbon dioxide generating
plant, a railroad tank car, and a truck trailer. The carbon dioxide that

i s added can be pur Figue? fipwe agpacitus2@\of thelinvertaers wheherealsd be usehiohes t he
appl i cati o TheL £ PAT DR oPAE ANTLER" RO x| % B LRGN | NI uded
in source 24, FClf CoAtalns at 'feast a distiflation coram, a cat al ytic 10
oxi di zer, or ano &dsgstgh varvotxdk. 25\ evakd dpefoc ksdse m whnoxl decefsigmrtdie source i s

sufficiently pre-purified in_.thjs nner .. it can be.added 1.0 .an oint in
the system Pﬁléqrgaf%h‘ﬁﬁfnoﬁlg\%%aéb?n ‘gg??’%eolﬁ i RGeS f“fddtﬁ‘?nfiﬁaé’pé%aﬂf”&%ar?s added
to a point isn thagughSysiRMExSHSIBs @Xaibed dioride esudtss tre2(diqaid dattos diogidei f yi ng
means 11, that allows the _gxi sting first Rur%f&nﬂg ans é t.o be used,

t hus obvi ati ng ®#¥e? FEReN FIdegeneratig Ry - railrogdtapk 38, andia gk freifeE o {ion uni t .
As before, fir shbbybiokiefg: FRANS cAdbdlpurERl 5y and dfbekr{l @eEns@fd@itni ng a
carbon di oxi de conmponent, to a T,?l ural ity of applications, As used herein, a

purifier can iTPRsherdRe FpmEcaiPn mbhege ea3hE 3riesend cepehdigedpraEng Bisasat or s,

distillation coldifiedin sdubdeL@l WhicREBRNMRIGE REst RadBlatalaluthl £cif@ft O S,
scrubbers, and ot her conmponents known 20 to the art. The resulting carbon

di oxi de fl|uidd foaisiresanaweisomiion beds SVhendbe cegon digxids figat the goursiivn (ppny) of
any inpurity. Ty féﬂg% r;-ptupﬁenﬁﬁ[tﬁgmamehlit &RBE 2hdRdkSay ot dOsyRpm. of any

impurity, and prefer ess an 1 ppmof any inpurity. Another
i nportant el erfegftrably, revemey, depbdnglickidsufram the sembeyiz edded mmapgintan gef or  hi gh

purity gases inglude p : . - ri Ki ot her
detectors that ° Srtéglq’vxsélfl@%%%@lmc‘%g %{lwg&%ﬁgﬁfﬂ%aneggigéHﬁgé{?iwggr% are
commer ci al | y a\aistigbfirst famidyicamedne 1 itmbegedttag obnttngthy ngh fort dnaddyistadns or

met hods deslcri bed hﬁr Pri qr to the applications, custom zing units 26,

> ein, ..
28, and 30 ‘Modity"¥ %urld%ﬁtilosniu@él properties of the fluid feed of supply

conduit 12. The custom zin ni ts.can ve heat, .exchanger, a,pressure
controller, or bot hASE%f%[?sgﬁ P& %lp%fne%{]sﬂzgfre%ﬁa ﬁ&lgﬁ%leﬁég?a glgﬁr‘f?rbgrelvi ce that
can raise or | @widetdo@pbiperagiuilay of applifaienk. Alushd Raeiaf pueifiecdani ¢ heat er,
a refrigeration unit, a heat ‘gurrp, a water bath, ang. olih.er evices know to
the art. As usélflyf§8s ff mare SPTaRUGRIE SYYAF PSP EPATBLES: BEUAHIPN GRYINBE t hat
changes WO 03/ G334 LisRpdéMRa2 /3B ESreactdrs, scrubbers, and other components known

20  tothe art. The resulting carbon dioxide fluid feed can contain less than 100 parts per
million (ppm) of any impurity. Typically, the stream will contain less than 10 ppm
of any impurity, and preferably, less than 1 ppm of any impurity. Another important
element of means 12 is a purity analyzer. Analyzers for high purity gases include
mass spectrometers of various kinds, and other detectors that are well-known to the

art. Many such devices are commercially available and can be integrated into any of

[R]
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the systems or methods described herein.

Prior to the applications, customizing units 26, 28, and 30 modify the
physical properties of the fluid feed of supply conduit 12. The customizing units can
have a heat exchanger, a pressure controller, or both. As used herein, a heat

30 exchanger is any device that can raise or lower the temperature of a feed, such as an
electric heater, a refrigeration unit, a heat pump, a water bath, and other devices

know to the art. As used herein, a pressure controller can be any device that changes



the pressure of a feed, including a punp, a conpressor, a pressure reducing
val ve, and other devices known to the art. The tenperature and pressure
can then we o3mwsziiidi ed to val ues that are appropriate for eaglusappdsszati on.
Preferably, the fluid feed will be a hrrgh pressure liquid or supercritical
fluid, wwth pressure in the range of 5 between about 650 to about 5000
pounds per square inch gauge (psig), nore preferably in the range of

bet ween about 8@@?@@111@@%9@6950@1@% gprurah @ cppBtessopragiressabkaduding vahee, r ange of
bet ween about i,0. [ t, the
custom zation %ﬁ?to b %(?e?é&g% ]ﬁg)qglg(r) or?gdingfeg‘Q%glffr%%ﬁ}g?ss%E@ ?hddéém% uid feed
into a super cr inadefzdd t6 valiseh, thdt ar. appropngse faaeenheppiiceaorerPrefemblyathe itid31 C and
10 pressure greater..than. i Tk ustom zation units n al so
i ncorporate a %ngegﬁilllibgggﬁggé%%%g%gd 8?:%‘%%8?1%%{ ﬁ%‘é"?%eprlg 1SUicd” e & ef %f? each
appl i cationS whetweet hi®us€iondbaon 3peeohds er @uere nwh gangedpsig); sotevent s,

surfactants, chelatgrs, .or other addifi t hat nce the perfornmance of
the fluid feed THORAER hEFnER At hepeen f’?“igﬁ%@ia@%‘ft;?&@?ﬁé‘é’éfly W8te of the 15
heat exchanger prdftreblpteths tange 608w dzh laBsut 960 totabeut IFe@NSsid. Onagekféfed second
conponent rmay be i.ncorporated. directly into an | j cation or. tool.

Fol | owi ng t he GHGPUED M Sk QiRiziion Wit s dhedertie Al CPRRETIBIR B o Shown,
32, 34,.and 3Guidfesd Lusd@bercrimfapiiiie atel, npdfinGo PlestePBamabtai BF Cehganer t hat
uses carbon_ dioxide snow to clean the wafer surface, application 32 could

be a phot orldsi $Fesse Faye] BHaLounY/ApEi cati on 34 coul d be a photoresi st
stripper. Applications 32 and 34 as shown have nmultiple tools, with four
tools a, b, c, and &h§@Etoapstipe BRIfSEAD 880 ingerporae iongapploqdd a sesand  f or

application 34;00&9&16@1%ttﬂe%i§@e& aﬁ)rém\r’]mlflﬁ%ﬁé}ll, Wﬂg% tl@"s%cc;ng(}bmpﬁi%nt iQ%ﬁé)r €, one

or nore contam nants are conbined wt uid feed at eac application,

form ng an ef f longwte coosplvertssutfadints, peelatersror athpradduivbothatginbaticelde one or 25
nmore contami na i M olo) aldioh At t from
applications wilil)tglﬁro rruql‘%iog:{jﬁe/e ﬁ%&gggan%%%coﬁg{l ngg?ﬁqg@egﬁ%\%ﬁmpﬁg é%?gor kept
separate, las dbaswrchiinger,34e pressurg cpntedfller, pethe ewbodd pédths seanhcosfpoherént can be
sent to athir r I OXd. i.fyi - 8, 40, or 42, which by
reduci ng the p%leaggsﬁEngQ?@%gegﬁrgglﬁg{oég%hﬁg? 302?&0%1 nto a plurality of

phases. Each third i fication nmeans 38, ,40,..or 42 ..can be hase

separat or such as ap é{o%lf%ﬁ%lf%séoﬁﬂéaélgﬂﬁﬂ‘?s’ g‘l":ﬁr‘flu‘S%BCtr‘FBPlﬁag%’lSa?beeS%O‘gB’?@act or, or
ot her devi ces RaGn 36.NFirferaraplt, applidationsd donld3d,a vidler ddandkZhat ases bab¥iD

03/ 033114 PCT/ Us02/ 33453

10x1de snow to clean the wafer surface, application 32 could be a photoresist

20  developer and application 34 could be a photoresist stripper. Applications 32 and 34
as shown have multiple tools, with four tools a, b, ¢, and d for application 32, and
two tools e and f for application 34. Application 36 is shown with only one tool. As
before, one or more contaminants are combined with the fluid feed at each
application, forming an effluent for each tool that contains carbon dioxide, one or

25  more contaminants, and any second component that was added. Effluent from
applications with multiple tools can be combined, as shown for 32, or kept separate,

as shown for 34.

In a preferred embodiment, each effluent can be sent to a third carbon
dioxide purifying means 38, 40, or 42, which by reducing the pressure separates
30  each effluent into a plurality of phases. Each third purification means 38, 40, or 42
can be a phase separator such as a simple disengagement drum, a multi-stage

contactor, or other devices known in the art. Optionally 38, 40, or 42 can be



-8 conbined with a heat exchanger to vaporize carbon dioxide in the
effluent as a liquid and/or to heat the gas to counteract the cooling it
experi ence® ysfiei ng depressurized during phase separati ®cT/USor/esmatively,
the third purifying means can include & distillation colum, a catalytic
oxi di zer, or an adsorption bed. 5 Usually there will be a liquid phase
enriched in, for, exanple, co-solvents and contanm nants fromthe

appl i cati on, arrdmbmeéithadea sxehapge ntanpriasaatben diedide frethe efflepvgs 2i on of the

second conpone ot 1L.aui | o dependin
mpon rfltquld alﬂglrogtor@yt tpﬁgaggc; Eouh A8 AP Eodlih %{ieg%%ﬁ@tﬁz%?by béol\ll P 9

on the contam nants and secon nponent conpos ere ca be a solid
phase, or a soldeprephuzd dvusperdestpamnticn. [Algmatvedhdlsethirdpirdhing agatsean enoved

10 directly at .each third. ificat]j .;TB? s waste streanms 44, 46, and
48 by neans sd%%uc{a%sa gétlﬁlg%cgt%h{njmp%%%tgpt 0 a@%%aodragﬁ e stlogh?fﬂparti cles to
settle out Ry gravity. .. Optionall further .phase .separation devjces, such
as coal esce?’s and fHéilaéll)?er%gﬂ%eyliﬂédé’&aﬁow&egé’ér'{?ro XagPgr SRifY Y devi ce to
perform a nor e agdo@ltahieanhage tisepaliation and MpendiipGaBe cafantifditsaint tigar bon

di oxi de, but generally the phase nost enriche 15 in carbon di oxi de wil|l
be a gas st rear‘?‘PmB‘f’S“&%‘i(’éﬂ“e&f‘t@an ﬁ%’fqp‘ﬁ’ebtoﬁl{“ied’??yiq’§ I’?‘}ﬁ%wa‘&lf”?eelﬂuéjcp%f‘i?'the first
purifyi ng nmeansiidldepbringednthdcon@indblints 220 secbh®cdiGohédt @ompdsitihehdreean or how
much of the effluent can be directed to first purifying mans 11 or_to

wast e stream $02delbpies. ghe b @nase syspendsd & a liqyed phass Whish 671 BEfEm8Yednhi ch

are pressung angectUIBRE ititdQi i tfoh WRBks dsRvak® biddamhs@aniibia Al hdahs t ypi cal I'y
operate at el evated pressure 20 conpared to first purlfyl ng neans 11. |f

the effluent strdankRedeurRtLRe BiAvadroplgl ppdpatiglesap ptilcat PHETaVEY- above t hat

of the combi nedhgbhdiNefitindphi Rt e BANL, 2 asNBale CONRERRIORPEe the
effluent is required.” However, if the effluent pressure is below that in

return conduit usg dopmstgam die gvoits denestto perfant 4 ere omplatephase isengragipn.
application to send the effluent to the waste stream 50. The decision to
direct a portion of Adfrhisgeern cRBlaingaihas tiexgle.rhabgang@lly thr phdss ondseenaiched

conposi i or) sbaged, dach SlNyel XM Cr i, & 18k pohERY iy §oR140) nat ed
cycle of a Cleaning application®an be directe 0 ‘waste stream , While
subsequent cyclledirstgorifigngdincaac bdiatraumkenduitr2dt Theidécisyanrog wiretarsorlliow The

conmposition of th ﬁ{hfl ent directed return conduiL 20 to fjrst
our Ty ng meandth oGt FREN 6h E/aI<aga PR AR AD b o 0 a9 sl B
di oxi de. 30 Pr b agmblisjon selealdvasragie @osrposdrtahtat whiidhlaremeguieraed er abl y be in
excess of about 80%t. cag%))n di oxi de, (%ng m)@e grﬁf er abl Y 1 n excess of about
90% car bon di ofPBRCSIRD G581 14V BEISS M Bigally operate dt elevated pressire
20  compared to first purifying means 11. If the effluent stream pressure from a
~particular application is above that of the combined effluent in return conduit 20, no
compression of the effluent is required. However, if the effluent pressure is below
that in return conduit 20, it can be more cost effective for a particular application to
send the effluent to the waste stream 50. The decision to direct a portion of effluent
25  to waste stream 50 can also be a composition based decision. For example, the first

heavily contaminated cycle of a cleaning application can be directed to waste stream

50, while subsequent cycles can be directed to the first purifying means 11.

The composition of the effluent directed by return conduit 20 to first
purifying means 11 will be on average greater than about 50% carbon dioxide.
30  Preferably, the average composition will more preferably be in excess of about 80%

carbon dioxide, and more preferably in excess of about 90% carbon dioxide.



-9 The pressure of the conbined effluent streamin return conduit 20 in
this invention can be based on an optim zation between the anount of

car bon diwwiodes3inecovered and the purification costs. |n gemarsat/33sshe | ower
the pressure in return conduit 20, thé-greater the proportion of the

ef fl uent and carbon di oxi de enriched 5 phases that return conduit 20 can
accept. The operating pressure for conduit 20 is preferably in the range
of between about 9Mepresaiboelitho@mbpsdgiflugnttrepn af whabtondiin 2@ hahisr ange of

bet ween about i}‘g\%ntign %g%g%as%ggn &?b&imﬁ?ﬂio%%&ve% &k ﬁ%lglg\%%é%{}}?gngﬁo{i@ge of

bet ween about out psia. I'n another e
pr essur e- r educiregvirypaskthy pinfeatidn aetinnbcgesersh i llgwer 1@ messdwiit reti2n and ret urn

conduit 20. This_al.l contipuous operatiqp, of the first .purifying nmeans
and its supply Sndric Rt e Rk BBRBoARRo e Bl s Srreb S eyl ® 20
third puri fiscatgheses eamrsincamdbe2paraateptd The dperhtidp predere forcoadidi 20iion, t he

out for the. pur ALY Ok gee, et ot o REabuP she: P aetns g a5

suppl y. Hol d- upaigs of B@weat ot 100 Bdibotit 408 MsialaBOmMSEPEIErabl0 PMS kdngOBf
fluctuations. \\ste streflms 44, 4? and 48 can be directed to appropriate
di sposal means PeByeeR aquf 10 ta @bqug 390 psigy recycl e conponents for reuse. Figure
3 shows apparatus 52 of the invention, which can al so_be used to conduct
the method of the i KvaRthicbembagimst.fgressyprsdusipg Brrasseiveny cganegissurlhpl i ed

20 with a fioui doh&fd 2fh@BuiRRekHul 282 Thif BBovrd dbhfinfo86herAfin BEE BEdther
custom zed by pressurization and heating, for exanple, in custom zation

units 26 and 28viifyingameans el itseupidy eRdosyTT epdiifseyhilcothe Baoys aphcatiodt i on. | n

Figure 3, the sgeand %{?H&%@%%s%ﬁbe%@a%h iHipk€ftlbYe t 0 the applications via
27 and 29, rather théﬁ In 26 and 28. Each application discharges a carbon

di oxi del second 25_companeptde oLl Bt &L HlaRhnl & hOkbA.AYS higat i on

means 38 and 40. The portion o di oxi de enr phases

produced by 38 camthit4Qarttudfer the paifeation dystemproms widedluripatiass ur denmodhdui t 20 i s

directed to1 condui.t 0l Gasgou exhadjstt tao | ower ressures can be vented to
. ?g-élp M ‘conduit can dlso smooth composition flu

u 11 (e 1€ atlons, .
wast e strear% 56, pp&{ nati vely, Can De conpressed an aﬁ S0 conbi ned

with the effluent i return conduit, 20. Liqui nd soli ste streans 30
o a6 can po. somiEstisianin b Aun bk a0 SRt R ek reons
38 and 40 can dpéachigiad @k chd redydley onpchertafobesasadi oxi de contained in a liquid
phase to i nprove WD 03/033114 PCT/ US02/ 33453

Figure 3 shows apparatus 52 of the invention, which can also be used to
conduct the method of the invention. Distinct applications 32 and 34 are supplied
20  with a fluid feed from conduit 12. The fluid feed can be further customized by
pressurization and heating, for example, in customization units 26 and 28 to meet the
conditions required for each application. In Figure 3, the second components are

added directly to the applications via 27 and 29, rather than in 26 and 28.

Each application discharges a carbon dioxide/second
25  component/contaminant effluent to third purification means 38 and 40. The portion
of the carbon dioxide enriched phases produced by 38 and 40 that is above the
pressuie in return conduit 20 is directed to conduit 20. Gaseous exhaust to lower
pressures can be vented to waste stream 50, or alternatively, can be compressed and
also combined with the effluent in return conduit 20. Liquid and solid waste streams
30 44 and 46 can be sent to disposal or reclamation. Third purification means 38 and

40 can be heated to drive off carbon dioxide contained in a liquid phase to improve



-t U carbon dioxide recovery. Preferably, the performance of third
purification neans 38 and 40 is sufficient to avoid requiring return
condui t 2®otos/okm14ebl e to pass a nmultiphase m xture. Agai RCTIUSVE3MbAt third
purification means 38 and 40 are repréSented schematically and can in
principle consist of one or nore phase 5 separators, distillation colums,
adsorption beds and other purification devices tailored to the

appl i cation. PreadspdwxidsneqontrydBiafeels dhepgyfomeangseldhirdpyrificatiparmeaagid&e or

i ncrease pressupg 40 4 subfient & RO Bl et bohGlitd koGRS pR0a The stream
can be partially heated or cooled inexchanger 56. It then passes to phase
separ ati on devimdtiggse mixtergpheainmpteltbatphird pugsificationsnasns Hfrangld8er t hat may be

present as a r i: I.ag.: i b qu;] due to

i nefficienci esq?ﬁg%eﬁég{jéa%ﬁ”ﬁl%%%gd %aglgiﬁgﬁ%ghgcnoﬁﬁg. gglrmgrgrpg%ssn is then

di rected vi & 60epanitorshd stillatigroertamisy adsorptiemiada kndiotberiputiitatiomdevadesrm  62.

Li qui d col | ect etd. in epara ior§8 can be sent to waste stream 59. A portion

S
of the high pufalllotr%/dtgarebacg’ﬁ oXi de can be taken via side stream 13 and

directed through 15 _control valve into t op of colum 62. In

addi ti on, carbon di ggqsggetfqngﬁfnie&fpggmag eB%?H?%%’ﬁerbréd‘icﬁPFﬁﬁﬁﬁﬁsgt?r%ffur%n upper
| ocati on of coldffiie carbon Gloeke isiehRABTndSR LY.cTHerefALih qnttialpGedi@ed st ream
and to absorb heavy.confam n ntIs The carhbon di oxide fr 24 can be
required to ovePESHR PERBEY 38r IhFHRSea I UPPEFS PRSI S0 BYE B  bot h
at the appliocatjafizuite oiirbpletstitit APYE PreSdnt Sarfesulid@Viedliglg bh&oRs inf | cation
system 20 Waste containing heavy.inpuritjes |eaves the bottom of colum 62
and can be di reSEtBE&T 8 CRdYs tginediciristes sthird ByTEaE Mmeansmsiaed 461 Theavy

contam nants t hatant ARhdWdireb@APMSY ihi6 hevRtohtahibdAR émSal 8N fafon SIhehn as

acet one, hexane and water, anong nman others. A reboiler 65 provides

stri ppi ng vapor62i hiqubcadlgttedin separatprdedn b §ent togeasie sHpay S A PPIEOR 8hper at ur e

of the gas 5”%@6‘3@%&&%’ gﬂb&p&ime&%bt&&m ﬁﬁsid@éne%h%@aa}m@ﬁe&é@m&gﬁum 62

can then be substanti al condensed in exchanger 70 along wth vapor

over head friém |coghdl velymbaintm@atopradiveivain 6di 5tddditiani crbog dloyra frorpsoulthe car bon
di oxi de |1 quid StLeam Mﬁ%&u*asd zﬁ%ﬂqg}%ﬁ ?Jc?t{idn%%omhg%g%&%%&s seivk Gt

contam nants include nethane, nitro uorine, oxygen, anbng nany
ot hers. The | i dlath coolthafred strdas: ad do gdopddnivyabridminantshéhecpon dowedehead

| eaving the 30 Syst st r 4 can.he. a yessel, f] d wth
sui able packi ot Epay s Pl ool Y o GrGRAUAR T UEREE e Slqe?
Exchanger 76 prbothiatlés applicatiqi ang withpde impulRr sorelarod lebvingithel poéfidaton QYisexi de can
be taken T rZ%m %Asyemngignir%qgeag}p %ﬁlgagsqgavteso theagottom of column 62 and can be

directed to a liquid waste stream 59. Examples of-heavy contaminants that can be

fic‘é’ﬁE

removed here are organic solvents, such as acetone, hexane and water, among many
others. A reboiler 65 provides stripping vapor in the column, if necessary,

depending on the temperature of the gas stream entering column 62 from 58.

25 Stream 68 from column 62 can then be substantially condensed in exchanger
70 along with vapor overhead from light contaminant removal distillation column
72. The carbon dioxide liquid stream from the condenser flows into column 72.
Light contaminants include methane, nitrogen, fluorine, and oxygen, among many
others. The light contaminants are concentrated in the vapor overhead leaving the

30  system as stream 74. Column 72 can be a vessel filled with suitable packing or trays
to facilitate liquid and vapor contact. Exchanger 76 provides stripping vapor.

Product liquid carbon dioxide can be taken from column 72 and compressed to an



WO 03/ 033114 PCT/ US02/ 33453 -11 elevated pressure in punp 78 for conduits
13 and 12. The tenperature of the fluid in conduit 12 can be adjusted by
passage twoamsgbsiexchanger 56. Refrigeration system 80 can Poa/usezsBssd
performthe condensing duty for colum-1172. Optionally, the refrigeration
system can be further heat integrated into the 5 purification system by
cooling the high-pressure refrigerant while providing the energy required
in the reboil ereeveBd arsesusin pRop 78 Xerrrphduits | 2y 12. ébbe icmmyeatur€ 6f i fluidgnovi de

sub-cool i ng dUthm&th o) Clajl gyg(g%%ﬁg}&g%ﬁ%?@kﬁ g,@cm%gr gystem 80. Additionally,

exchanger 56 may serve to r as wel1l as cool the feed gas.

The operating pre re of ifihcatiQn frain,li ferably in the range
of 10 between abéﬁe 15f 10{1t(s)yhsgebng%’({ ‘E%’&T}Eegg? g?rfonr%lﬁ}ée (is)orn §§n§1rn§§lu§' f¥rnco?lhnénrange
of between abour. Zpfotadly abetfrigat@iopsSystem eancbefixser livae fntagedddyinionhd he r ange of

bet ween aboyt 25Q_. to about, 350..psi.a,. The pressure dowstream of the punp
b condur ts 313 TRRGesSn PR pcahBe b ek HerRins BTt SO HOSEatL 775 1o
about 5000 psi a&ner@PEQuipédeih @icabbaoilets 65 ahd@6.r Bor@GRardile, RedoRREhaa e Wb 390 t o
about 4000 psi a, a(pd Eost, pr ef er alf_l V. ir}r,t he range 15 of between about 800
to about 3000 FE7VAdC S¥REOHMELRYI0 R DAY SFTiEHRN SEFBLR SUT'TR PleAdHHOM Y di ct at ed

by each appli cakimnge 56 @AYisERERNES0il ORI asRkéllial Yool @RUtddeRENt S are
expected to be si m'%ar to those for ingredient-grade, bulk [iquid carbon

di oxi de but Wi th KB bFeride RESHRE of @6PIARABSH Said RlprdtW61Y APOE rREESHUT €
contam nants. These- cap otenti al(l)g%: | eave a residue on the wafer surface.

For exanpl €0 ndRtwren ahor BGte she d0Mpsippmeremrefarebly irstharange ghbetegeny about 10
ppm for bul k l'aﬂ&ﬂt@SO’%%@oﬁt@O@?m,%g %%@éferam?wfh@%lggbpgnwé@;&%b&wz'séy
an be el ow

requirements for sem conductor applications _ w about 1 ppm The
preferred puri fi¢ azuf B psgutlbe prpsurs dovingtecani ofithe fuatpiiomoainds phaslel 2separ at i on
to acconplish Ll cat | i t.am . h Vv essures
that are 25 cPigguiibe Bl MEHER sl o B B b e ae
can be provi dedhe iExgmpbeweaf abooriOany mzmt 4000 pait, dndinosi preferablyiis theateegor y

i ncl ude so h rbon . g. ne) , ~0x nat ed drocar.bons, hal ogens
and hal ogegt eégh%fg%]c%? Stogr(%é?o %?Hgogggfl%'i Qhea‘?/‘gg R ?%tg FoRh lcé)ﬁ(sie énelrla]y
i ncl ude cat al yte dicexdddatehdrppliction's squitdaizntsg Typica patityGegirenibts mg and

ber no- appl | ed HEBHET SPORAL Mo e BT OErSFof. PUBCAF BCraYEORegr e, ~such
as the ener gi ngvithingdrélsteifigent requirements for low vapor pressure contaminants. These can
potentially leave a residue on the wafer surface. For example, non-volatile residue
20  specifications are typically about 10 ppm for bulk liquid used in semiconductor
manufacturing. The purity requirements for semiconductor applications can be

below about 1 ppm.

The preferred purification route can utilize distillation and phase separation to
accomplish purification. However, if contaminants have vapor pressures that are
25 close to carbon dioxide, then additional purification means can be provided.
Examples of contaminants that fall into this category include some hydrocarbons
(e.g. ethane), oxygenated hydrocarbons, halogens and halogenated hydrocarbons.
The additional purification means may include catalytic oxidation, water scrubbing,

caustic scrubbing and dryers.

30 The techniques used in semiconductor manufacturing are also being applied

to other arenas where precision features are desired, such as the emerging field of



WO 03/ 033114 PCT/ US02/ 33453 -1Z micro el ectronechani cal systens and mcro
fluidic systens, where a supercritical carbon dioxide process would al so
be usefulwowsioBa1t4 hi s i nvention has been particul arly showetarsd2/esssri bed
with references to preferred enbodi nemt’s thereof, it will be understood by
those skilled 5 in the art that various changes in formand details my be
made therein wthout departing fromthe scope of the invention enconpassed
by the appendednielogesyompghapsdl §3gamvanparrodysficgarms, wheze CrunplvEtisAhat | s

clained is: 51 carb%ﬁ)d]jo%dg I&QSS%VOugﬁdlébbe%Qefél A method for supplying carbon
dioxide to a Plurality o? applications, conprising the steps of a.

directing a fluid f I nt, froma
first carbon dioxidgﬁgﬁf$Fﬂk@hnﬁé%ﬂg%Fgmgagﬁﬁpgﬂk?éhgﬁwdggﬁﬁﬁgt|ons

i ncluding at | ea“s:tend:aamo piﬁﬁtned\@mbtablpbntcmtﬂeoﬁw wiuhenmi@ystmdéaymhoserdﬂéed

cont am nant ar e Hgfeaqggrl us C ant Qsemf I%l ad etaﬁs 6 l‘g Ae tgt Ilgr\}vs ! her eby
formng an flue SRS &4 ap |ca i°0n. > e Aeadh é@ﬁ ef fl uent

i ncl udes at | easparéngdfosrh tl@rscafe df e iﬁ\wnbmlﬁomyasﬁhel tyahpapended aladnat | east a
portion of said contam nants; b. directing at |east a portion of at |east
one said effluent to said first purifying neans; and



un C. purl -ying the carbon dioxide conponent of said effluent at the
first purif~ ing nmeans, thereby formng said fluid feed. C The nethod of
Claim| vieriossisai d first purifying means produces at | e®€T/USONB349mSt €
stream The nethod of Claim2, further-i3ncluding the step of adding a
second conponent to at |east one nenber of the group consisting of the
fluid feed © and at |east one said apg i cation, wherein said second
conponent is selected fromthe group MSt i ng of co-sol vents,
surfactants, and chel ators. The nethod of Claim3, further including the
step of changing at | east one physical property of the fluid feed, said
property sel ectWbhtisadamedhs: group consisting of tenperature and pressure.
The nethod of Cl aim4, whereby at |east a portion of the carbon dioxide
conmponent of the fluid feed is forned into a supercritical fluid. WO

03/ 033114 PGT/ US02/ 3348Bod fot upBlyinprerboe tieede of a @haility of apflicatidney i ncl udi ng
the step of adding carq%ﬂlqheélde froma carbon dioxide source by a step
selected fromthe gr ou% Ctn s ng of a. conbining the carbon dioxide from
t he source with at heasdlreotm@ asﬂmdi feefl ftha]mmdeymmﬂﬁhh}di@adehﬁmpdhmifdﬁlef romthe
source is purified by s yi ng nmeans; car bon

di oxi de fromthe sourc ft Caé’ﬁf‘&‘o{qutﬁé’g“é'ﬂ}glnﬁ?ﬁ%@ SRR °\fm?ﬁp|%éa“%ﬂ?| fying said
carbon di oxi de conponerihci@ding &ilehsefwlol disginét appllcamrd wﬁdrétﬁ/toneuﬂnf)w ng means,
wher eby carbon di oxi de fromthe source is. purjf d first purlfylng
means; and 0 c. pre- pUerRIRgSE W1 b fi%%ﬁt&aﬁdﬁaplmgorgﬂéﬁfg %f 15 i)

pur|fy|ng carbon dlOXIQEnﬁﬁQHﬁéMMmﬁQuﬁéﬁmﬁ&q?h&ﬁQQﬂdwﬁﬁﬁQ@Hsm@bﬂ%k&ﬁ
purifying nmeans, thereby creatlgg W@ urified feed wherein said second
aB on

purifyi ng neans i ncl udeBclades pelg Apearbanrdigpde (PaReNE BKAt &eFtng of
distillation, adsorpti Qhhori}@¥8aid contaminants;

b.  directing at least a portion of at least one said effluent to said first
15 purifying means; and
c.  purifying the carbon dioxide component of said effluent at the first

purifying means, thereby forming said fluid feed.

[\

The method of Claim 1 wherein said first purifying means produces at least
20 one waste stream.

3. The method of Claim 2, further including the step of adding a second
component to at least one member of the group consisting of the fluid feed
and at least one said application, wherein said second component is selected

25 from the group consisting of co-solvents, surfactants, and chelators.

4, The method of Claim 3, further including the step of changing at least one
physical property of the fluid feed, said property selected from the group
consisting of temperature and pressure.

30
5. The method of Claim 4, whereby at least a portion of the carbon dioxide

component of the fluid feed is formed into a supercritical fluid.



separation, and catalytic oxidation; and ii) adding said pre-purified feed
to at | east one nenber of the group consisting of the fluid feed, at |east
one sai d wppBiosats on, at |east one said effluent, and saipdTiuSO®B34p8iri fyi ng
means. 20 7. The method of O aim6, whdfein the carbon di oxi de conponent of
the 25 effluent is purified at said first purifying neans by a. renoving at
| east a portion of conponents that have vapor pressures different fromthe
vapor pressure ©f cdhbowthedekClaan pyfurkdr igluding teessiep ofeddingrearbardiofide he gr oup
consisting of means dof £AbRNid QBN B Mllep sclllebirlol] B0 RPBSSIAAAT at ! on.
and adsorbing; and b. directing the porti ol o conponents soO re ed to at

| east one waste st reamon®inifihie pabénodonde Braithnsdurahwitkanleshenesridnore third
carbon di oxide purifyin ti.al ifies at l.east a.portion of
the carbon dioxi de corrp%frlllée%@ &ﬁ%gigﬁggne*@%%fﬁ@g%? SR léc?ﬁrclfgend;bytsﬁléi pressure
of the effldent by an aimtuntifgnd heasent to separate the effluent into a
plurality of phasesb ina{:dldﬂmdi n% at. I.gagt g}rl]e car gon.dvg t03/' 33114 15-

PCT/ US02/ 33453 di oxi'de Ehreched” élﬁ)é’ AR AP R S ONE BYFRE%E B P ched i n
conponents ot her than whtdyanfydigssidtaibob diodlide @cipf@nidf shi@@agluemness@r bon

di oxi de enriched phase to sai.d first uri fying negns; and 5 c, directing
at | east one phase enrifi‘:rﬁtéﬁ“lifﬂn%lﬂ?f‘ﬂ%ﬁgﬁfeéyB%h@%dlt”ﬁ‘a‘hg&’a UrCtiiSoxi de to at
| east one waste streampuified BesdeliROfri®findhadnd) Sdwher ei n sai d applications
are selected fromthe group. consisting of chem cal fluid deposition,

phot or esi st!Vdeposi t Fon, PrEREEEINESHEPN digXidemslrding thefePpRbL or esi st

devel opment. 10. The mg§ hogu@f?mgc%m BofibE EBRthCRIRE irsd R8orddNarbahep of
directing a portion of said fluid feed back to said first purifying neans,
t her eby bypassing said apﬁ}%@appmgaﬁ@%ﬁi@&byﬁﬁe#@gmrwym%g frasans,
uhereby the first purifyingndSi/EaRohspdROHE HathAfeifednki0pRLS Process.

11. A nethod for supplying carbon dioxide to a plurality of applications in
a member of the group consisting of distillation, adsorption, phase

15 separation, and catalytic oxidation; and
i1)  adding said pre-purified feed to at least one member of the group
consisting of the fluid feed, at least one said application, at least

one said effluent, and said first purifying means.

20 7. The method of Claim 6, wherein the carbon dioxide component of the
effluent is purified at said first purifying means by
a. removing at least a portion of components that have vapor pressures
different from the vapor pressure of carbon dioxide by using at least
one member of the group consisting of means of catalytic oxidizing,
25 distilling, phase separation, and adsorbing; and
b.  directing the portion of components so removed to at least one waste

stream.

8. The method of Claim 7 wherein one or more third carbon dioxide purifying
30 means partially purifies at least a portion of the carbon dioxide component of
said effluent by
a.  reducing the pressure of the effluent by an amount sufficient to separate

the effluent into a plurality of phases, including at least one carbon



sem conduct or manufacturing process, conprising the steps of a. directing
a fluid feed, that includes a carbon dioxide conponent, froma 20 first
carbon diwwiod®esyuws i fyi ng neans to a pl ulral ity of applicatipemassoz/ssabzidi ng at
| east two distinct applications, whereby one or nore contanminants are
combined with the fluid feed at said applications, thereby formng an
effluent at each said applicati e each ef fl.uent includes at
|l east a portion of the GAFASATS B%@(ﬁ’}& %‘gﬁbﬁﬁéﬂ?eaﬁﬁfi?@"]&f’t‘l i GRRONENS o ¢ on
of said contam nants; bothadﬂdnrtgrb@nagﬁmad corrponent to at | east one menber .
of the group consisti n(gl of the fluid feed and at | east one said

appl i cation, wherei 8 Fegtingedtdengt W6 ApoMefex s ehed e P syf{iEtshe group
consi sting of co- sol veplrFying WehRcimnt s, and chel ators; 30 c. changing at

| east one physi cal propert%/ of the fluid feed prior to at | east one said
appl i cation,’ sai d propefitsfiiaeitdeaseaic phasaritrdcdsappewsnsofher fign cgpon
tenperature and pressur g MOOMA3ILd Gaste GreafCT/ US02/ 33453 d. partially
purifying at |east a portion of the carbon dioxide conponent of at |east
one said effluent by one or nore third carbon di oxide purifying neans

i ncluding the S} eps T‘Bg {ezhoﬁggéﬁﬁrﬂ'@ v&thgx%nﬁr ?Fﬁ&tlggs a&@&}e%feﬁlfx!d%mle ?r)éuﬁ
amount sufficient to 5 separate Into a ural as

i ncluding at | east cmmauugohdMWMmb&mdéq&mnmmmhdmpmw&EpQHMXapmmﬂasﬁ one

phase enriched in comne ngtlds Eore - ﬂevepOPCfélrrltbon di oxide; ii) directing gt
| east one carbon di OXi d’e Enr P CHER Hhase Said first purifying neans; and
10 iii) directing at | east one phase enriched in corrponents ot her than

carbon di oxi de to at. | east tream ne or nore
nmenbers of the 18roug-1 ﬁ’f)g Fﬁﬁ"%? tﬁfrwgr%oé‘}pﬁﬁwgq&? g%?l é“’f%ﬁ%ﬂ% 8? sai d
ef fl uent and said C@Jnﬂ)ﬁ[ilddk@l)d:ladletoaai’dlfﬁh@drlfyiﬂgaﬁ&ns alierebaibglpdssingtaipuri f yi ng
means, thereby produm said fluid, feed, ving.at |east a

portion of conponenf®l¥ ﬁ Sﬁ%@ﬁ%ﬁ%i’“”%‘r"éé‘?ﬁ? éhg%l?)ftgggff{p H¥REt he vapor

pressure ofjscarbon giegnsi iflepdddted as a continuous process.

11. A method for supplying carbon dioxide to a plurality of applications in a
semiconductor manufacturing process, comprising the steps of

a. * directing a fluid feed, that includes a carbon dioxide component, from a

20 first carbon dioxide purifying means to a plurality of applications
including at least two distinct applications, whereby one or more
contaminants are combined with the fluid feed at said applications,
thereby forming an effluent at each said application, wherein each said
effluent includes at least a portion of the carbon dioxide component and

25 at least a portion of said contaminants;

b.  adding a second component to at least one member of the group
consisting of the fluid feed and at least one said application, wherein
said second component is selected from the group consisting of co-
solvents, surfactants, and chelators;

30 c.  changing at least one physical property of the fluid feed prior to at least
one said application, said property selected from the group consisting

of temperature and pressure;



enpl oying at |east one step fromthe group consisting of catalytic
oxidizing, distilling, phase separation, and adsorbing; and 20 ii)

di rect i ngwols/opaind i on of conponents so renoved to at | eastPCarieso233438 wast e
stream and f addi ng carbon di oxi de frdfii a carbon dioxide source by a

met hod selected fromthe group consisting of i) conbining carbon dioxide
fromthe source with at | east one said eff|luent, whereby carbon dioxide
fromthe source is PuriBFEdypyriiving aflepst p 9priign ef thy cargomdigkide cqmpong @f ng

carbon di oxi de from t he, %AWRE sdi®@eBabM b bhsdr ML it BB on ABRIAS pitid Ing
purifying said carbon di oxi de conponent of said effluent in said first

purifying neans, wherebyeadaimsbdingithneiapect from the source is purified by
said first purifying mg ns;edaag%ﬂielgwssuw&twghaa{ﬁBgargaﬁmpﬁﬂﬁa&t@@

including the steps of (1) puri carbon dioxide fromthe source in a
second carbdn di oxi de pur séppiategtherefiinent intheplitpitycofehsen gncdudorgst frasti f i ed WO

03/ 033114 PCT/ US02/ 33453 -0337%9%%%0)(%%3&{%?9459 aéf&?&gﬁog??ﬁ%ei ncl udes at

| east one step selected fromthe group consisting o ati on,
adsor pti on, phase separ at i emjchedul comparieytsiotheoshan edrbandioxade] (2) addi ng sai d

pre-purified feed to at..| east .one nepber of the. 5 0 consi.sting of the
fluid feed, at |east ond sglir%fun%f)tdﬁsg(gnteic%rﬁ?n g]tOX]Idg3‘%‘?&8‘#@“%%50&&1@##%nt, and
said first purifying meangurifgind nganslandecti ng a portion of said fluid feed

back to sai.d first puri.fyi nean t her eby bypassi ng sai d | i cations
and said trjﬂgrd puri fyi ﬁﬁymgg?%l?gi é%‘gﬂe«?h?eteﬂré%?gfns‘io a??nf%ﬂﬂ%g ans is
operated as a continuous pefabasdioxideto allesy shemstctrestippliyi ng car bon di oxi de
to a plurality of sem conductor manufacturi n}g applications, conprising a.

a first carbon di oxfde PTFMMSANEGT MOLReMRRE AHAS PR soagstpe ol S SATPAM oxi de

dioxide component of said effluent and said carbon dioxide enriched
phase, at said first purifying means, thereby producing said fluid feed,
15 by
1)  removing at least a portion of components that have vapor
pressures different from the vapor pressure of carbon dioxide by
employing at least one step from the group consisting of catalytic
oxidizing, distilling, phase separation, and adsorbing; and
20 ii)  directing the portion of components so removed to at least one
waste stream; and
f.  adding carbon dioxide from a carbon dioxide source by a method
selected from the group consisting of

i)  combining carbon dioxide from the source with at least one said

3%
W

effluent, whereby carbon dioxide from the source is purified by
said first purifying means;

ii)  adding carbon dioxide from the source to said first purifying
means while purifying said carbon dioxide component of said
effluent in said first purifying means, whereby carbon dioxide

30 from the source is purified by said first purifying means; and

i) pre-purifying carbon dioxide including the steps of
(1) punfying carbon dioxide from the source in a second carbon

dioxide purifying means, thereby creating a pre-purified



15 conponent of an effluent to forma fluid feed that includes the carbon
di oxi de as a conponent of said fluid feed, wherein said first purifying
means i ncwode®3ati4 | east one nenber of the group consi sti ngcafusa2sasal ytic
oxidizer, a distillation colum, a phaslé'separ ator, and an adsorption bed;
20 b. a supply conduit for directing said fluid feed fromthe first
purifying means to a plurality of applications conprising at |east two
distinct applications, wherebifedndesin stidrsecandmeans Helndes aplesst exmiiiPned wi t h

the fluid, thereby form ng ansgffehyentmaofRethsitihrplibGal | on, wherein
each said effluent includes at |east a portion of the carbon dioxide 25

conponent and at | east a port i @igomfions ahage sapatation. aatheatalytienakidations ap@t ur n
conduit for directing saidff t..fron n i ication to
® 1 B%cfd%% sail pper%lﬁlxtﬁe{j ?%? téc; 2% 1%5 1 e Ghen®BPL

said first purifying means. e systemo wherern said first
purifying ndans further includgsup @Bsisters thedlugd feed; tat magpond sagin  conponent s

of the effluent other than carhgo L OX| at. least one.wasife stream WO
03/ 033114 PCT/ US02/ 33453 - 18 %RHC%@%%&%% S&%de&ﬁ‘é‘?“ma%?al urrst her incl udi ng
nmeans to add a second conponenpurifying meads; dndast one nenber of the group

consi sting of the supply conduit .and at . | t. one said a ication. 5 15.
The system of d ai n1g14,&{feﬁ?rfgnae‘?°r?%cqqﬁ%}é rql&ldgﬁgezlnbsagg%’ls(%@tlgﬁ pBB K& RE Yr oup
consi sting of a heat exwahrahgempasig seidppLBstione andaid @il pirifyiMaefeans) sai d
means is glto a location selec efcéllr from.t he grou cogsi sti ng}Pof t he supply
conduit and? at |east oWX¥TLXile WSHYDARS BFANS ’RPPIRled 1A CYPTPUSPEICCH ai m 15,
further including 15 a. a carbon di oxi de source; and b. neans to purify and

add car bon di oxi7de fromsaid squrce, said neans selected fromthe group
consi sting of i} medn¥SER fof HeRlying strpsrdienidsio adp et HaUCHHEY to at | east

one nenber of the ghRuRctEONSIpplidaRensOontgiginki rst purifying neans, an
effluent, and the return_conduit, whereby carbon dioxide fromthe
a.  afirst carbon dioxide purifying means, which purifies a carbon dioxide

15 component of an effluent to form a fluid feed that includes the carbon
dioxide as a component of said fluid feed, wherein said first purifying
means includes at least one member of the group consisting of a
catalytic oxidizer, a distillation column, a phase separator, and an
adsorption bed,

20 b.  asupply conduit for directing said fluid feed from the first purifying
means to a plurality of applications comprising at least two distinct
applications, whereby one or more contaminants are combined with the
fluid, thereby forming an effluent at each said application, wherein
each said effluent includes at least a portion of the carbon dioxide

25 component and at least a portion of said contaminants; and

c.  areturn conduit for directing said effluent from at least one said

application to said first purifying means.

13.  The system of Claim 12, wherein said first purifying means further includes
30 means to direct a portion components of the effluent other than carbon

dioxide to at least one waste stream.



source is purified by said first purifying neans before being directed to
said applications; and ii) nmeans to purify and add carbon dioxide fromthe
sour ce i nwlouwdioagy120 (1) nmeans to direct carbon di oxide fr eorasmog3sesrce to
a second carbon dioxide purifying nean$: (2) a second carbon di oxide
purifying neans, thereby producing a purified feed, wherein said second
purifying neans includes at |east one nenber of the group consisting of a
25 distillatior4col dhmsystem efdderptd, Suthbaidsludingmases te edsir sstand compergnt

catal ytic oxidi zer; ; JEARS, rif 1 A t one
menber of the gr ouf)rﬁ(g%r%é%)sct)l ng ofe} ?%tgggrﬁg%%ls%%%iﬂ{’e?&g?l&I%%lgltg%t agﬁ% sai d
application, the retaastoneendepriicatnd said first purifying 30 neans. WO

03/ 033114 PCT/ US02/ 33453 -19 17. The system of Claim 16, wherein said
first purifying nmeans renoves at |east a portion of conponents that have
vapor pressuaredsdi f Tee gistenf sf@haitrhie, fnatharinclpdiesseamns sdéctabfrdmrmedrayi de. 5 18.

The systemof Claim1l7. wherei.n said firs urifyin a i.ncl.udes a
plurality of distil F%ﬁslsﬁ{gr:g %fgal }lfﬁ%ﬁeé(?h%eéragiﬁPiBgfsufée/‘%f’gﬁc’lg%’ewieé‘?‘ﬂSaé(gfnﬁ‘?ﬂﬁ r enoves
at | east a portionisafa eapmeRtsd ftatthd@ve coagaingdf @RSUFRS cdhidgierd t han
carbon dioxide and gt | east. one.said colum renoves at |east a portion of
conponents that ha@tgeVEWrsa‘Bﬁgg P¥ | ower than carbon dioxide. 10 19. The
systemof Claim 18 further including one or nore third carbon di oxide

puri fying ans that partially purifies at | east a portion of the carbon

di oxi de cdofrponént %?g%i’tstef“e‘gg{a‘%nlé’ é‘&?‘ﬁl’é‘fl?ql%nt by a. reducing the
pressure of the effhuentcalynanxadRuite sk ficient to separate 15 the
effluent into a plurality of phases, including at |east one carbon dioxide
enri ched phase and Bt ["8%8¢ togwelardedd enbanchierady frore saifhenvese: wid Beasr t han

carbon dioxide; b. direellidnh thEBslp QnEstRlpon di oxi de enriched phase to
said first
1)  means to direct carbon dioxide from the source to at least one

15 member of the group consisting of the first purifying means, an
effluent, and the return conduit, whereby carbon dioxide from the
source is purified by said first purifying means before being
directed to said applications; and

il)  means to purify and add carbon dioxide from the source including
20 (1) means to direct carbon dioxide from said source to a second
carbon dioxide purifying means;
(2) asecond carbon dioxide purifying means, thereby producing
a purified feed, wherein said second purifying means
includes at least one member of the group consisting of a
25 distillation column, an adsorption bed, a phase separator,
and a catalytic oxidizer; and
(3) means to add a purified feed to at least one member of the
group consisting of the supply conduit, at least one said
application, the return conduit, and said first purifying

30 means.



purifying neans; and 20 c. directing at | east one phase enriched in
conponents other than carbon dioxide to at |east one waste stream 20. The
system ofwOlmios311® further neans to direct a portion of sacd/ddordzkss eed
back to said first purifying means, theleby bypassing said applications and
25 said third purifying neans, V\,hereby the first purifying neans is
operated as a continuous process. 21. A system for supplying carbon

di oxi de to a pluir al iThy sptenseffleon i eherin spdrinstastifingcaappirioves 4t dnst,

comprising 30 2. a SRRl of finkad B bf Blsetrkluthelal 886 dgama [t

purifyi ng nmeans ura app I cations conprisin

di stinct applicati pressurevbicrdioy d(meieor nore contam nants are conbined with
the fluid, thereby formng an effluent at each said application, wherein
WO 03/ 033114 PCT/ US02/ 33453 -20 each said effluent includes at |east a
portion of tshe 1&ar bdhe slgrscmi dieClaicolTpwhesih sea'd]ﬂrsapurifﬁagine&nsp'ﬁld‘hhde@l of said

contam nants; b. nea e fromthe group, consistin a

exchanger and a pr@guéﬂﬁ% ﬁﬁlgo?rl um%‘gger'fl B ]3?580%%‘613%}“?naff’mqus&at| on
selected from 5 theeagrammcmmﬂsmpmags tat hdve vapop pleysued mebihet thanehriai | east
one said applicati ns to add a second C%ﬁ onent, wherein said

means is at a | ocati B’t’i‘deég‘iqrgﬁ?aéhmﬁsﬁl RN 5PRNE 4 SALAPOTHOg O PO pp) y

conduit and said amﬂkh@@tthQﬂ?,resMesd@W@t}ﬁaatcuﬂbena@ﬁﬂglt for directing said
effluent fromat |east one said application to at | east one nenber of the

group consilé)ting of said first purifying nmeans and a third purifying

means; C. one Qb NOMRe bRichoMRtkihf 1 MEhTBRAMIHAL opﬁalteltﬁtd Shrhldidxigs at
| east a portion of the carbon di oxi de conmponent of at | east one said

ef fluent by 15 i) PedlyEEAerhBaiaely pyifiss atlgest epotioept thegarken derddnt

suf ficient to separabgdibf fthi kUEBLe LfAtPrAnPUral ity of phases, including
at | east one carbon dioxide enriched phase and at | east one phase

enriched in conmponeft s Tedusing thtwiassermobs cffluskt kyesn amount sufficient to separate
15 the effluent into a plurality of phases, including at least one carbon

dioxide enriched phase and at least one phase enriched in components
other than carbon dioxide;
b.  directing at least one carbon dioxide enriched phase to said first
purifying means; and
20 c.  directing at least one phase enriched in components other than carbon

dioxide to at least one waste stream.

20.  The system of Claim 19 further means to direct a portion of said fluid feed
back to said first purifying means, thereby bypassing said applications and
25 said third purifying means, whereby the first purifying means is operated as a

continuous process.

21. A system for supplying carbon dioxide to a plurality of semiconductor
manufacturing applications, comprising
30 a.  asupply conduit for directing a fluid feed from a first purifying means
to a plurality of applications comprising at least two distinct
applications, whereby one or more contaminants are combined with the

fluid, thereby forming an effluent at each said application, wherein



ii) directing at |east one carbon dioxide enriched phase to said first 20
purifying neans; and iii) directing at | east one phase enriched in
conmponentwoaBhsas1id han carbon di oxide to at | east one wastreTatozassss3 and f.
a first carbon dioxide purifying neans;20whi ch purifies at |east one nenber
of the group consisting of a carbon di oxi de conponent of an 25 effluent
and a carbon di oxi de enriched phase, thereby formng a fluid 30 feed that

i ncl udes carbon di oxi deeash said edirporehtdendt lsal apdrtian of theemhon diomleudi ng i) at

| east one distillation goqxllﬂé%tw@&tléa?tﬁv?t?onaotfsﬁﬁ%ﬁﬁ% -nglﬁgtl on of

conponents that have vapor pressures carbon di oxi de;
and ii) at |east oné. d|mt:anlsIseltqt@hfr@mt}mrgrmltphamsmtmgnf/eheaatxchmsxtand aportion of

conponents that have v ﬁg&u%f% %r“, ower . t han thgg of . carban, . di oxi de; WO

03/ 033114 PCT/ US02/ 3345 IS a2 Igeolage e B8P i on of

conponent s tshat have Vagthelgroupbﬁsstm@ﬁthb $upplyenhdufitrandat Ieat oefsaidar bon di oxi de
to at | east one waste st.e% . Cr. means to direct a portion of said fluid
feed back to said firstqﬁhﬁ1$§ing 5 means, thereby bypassing said
applications and saicd tfikdnd tPaddiafsyiong corﬂ@ﬁx@ﬁt; whérein 6y nieass i bt=Sibedtidhi f yi ng

nmeans is operated as a ¢ uou r ocess; a carbon leXIde source; and
i. means to purify and %?geateagfamt?%ﬁgvp REsERe Qﬂ%aua@ywrm e ¥dource, 10

sai d neans sel ected froabh&gogfoup consi sting of 15 i) neans to direct
carbon di oxide from.a carbon dioxide source tg at |east one nenber of the
group consil$ting of At he? T eongwif for girerging sd pldluentdiom aiilsagt 996531 yi ng neans,

and the return condui t, ;ppRekiBRY at %a5RAO M8 denel JrAIp dohGsiHBYE &84 fise Puri fi ed
by said first purifying

purifying means and a third purifying means;
e.  one or more third purifying means that partially purifies at least a
portion of the carbon dioxide component of at least one said effluent by
15 i)  reducing the pressure of the effluent by an amount sufficient to
separate the effluent into a plurality of phases, including at least
one carbon dioxide enriched phase and at least one phase
enriched in components other than carbon dioxide;
ii)  directing at least one carbon dioxide enriched phase to said first
20 purifying means; and
111)  directing at least one phase enriched in components other than
carbon dioxide to at least one waste stream; and
f.  afirst carbon dioxide purifying means, which purifies at least one
member of the group consisting of a carbon dioxide component of an
25 effluent and a carbon dioxide enriched phase, thereby forming a fluid
feed that includes carbon dioxide as a component of said fluid feed,
including
1) atleast one distillation column that removes at least a portion of
components that have vapor pressures higher than that of carbon
30 dioxide; and
i1)  at least one distillation column that removes at least a portion of
components that have vapor pressures lower than that of carbon

dioxide;



means before being directed to said applications; and ii) neans to add
purified carbon dioxide froma carbon dioxide source including (1) neans
to directwoashssiidi oxi de from said source to a second carbarusdi/aasile
purifying means; 20 (2) a second carbor?ldi oxi de purifying means, thereby
producing a purified feed, wherein said second purifying neans includes
at | east one nenber of the group consisting of a distillation colum, an
adsorption bed, a phaselidepagaas ©rdirectghlgash a pertiah 9f ¢anponénty thatrhaveayego5 (3)

means to add a purified fegﬁeéhﬂesa&lffér%flsf}onpﬂﬂ% o@“éﬂ%&( dx%dé eat]?Jt%HQ

consisting of the supply c urt east one said
return conduit, and said fiwast speani;f yi ng neans.

g.  means to direct a portion of said fluid feed back to said first purifying
5 means, thereby bypassing said applications and said third purifying
means, whereby the first purifying means is operated as a continuous
process;
h. a éarbon dioxide source; and
1. means to purify and add additional carbon dioxide from said source,
10 said means selected from the group consisting of
1)  means to direct carbon dioxide from a carbon dioxide source to at
least one member of the group consisting of the first purifying
means, the third purifying means, and the return conduit, whereby
carbon dioxide from the source is purified by said first purifying
15 means before being directed to said applications; and
i1)  means to add purified carbon dioxide from a carbon dioxide
source including
(1) means to direct carbon dioxide from said source to a second
carbon dioxide purifying means;
20 (2) asecond carbon dioxide purifying means, thereby producing
a purified feed, wherein said second purifying means
includes at least one member of the group consisting of a
distillation column, an adsorption bed, a phase separator,
and a catalytic oxidizer; and
25 (3) means to add a purified feed to at least one member of the
group consisting of the supply conduit, at least one said
application, the return conduit, and said first purifying

means.



