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electrically inert process that allows for damage free cleaning while maintaining the device
integrity.
[0004] Controlling the proportions of these gases require considerably complex
instrumentation and high costs which are significant disadvantages of current methods.
Typically, an excess of gas is used which can lead to toxicity and disposal problems with respect
to the unused gases particularly carbon dioxide. As a result, these processes are expensive and

cumbersome.

SUMMARY OF THE INVENTION
{0005] In one aspect, the invention features a system for carbonation of deionized water.
The system includes a deionized water source, a carbon dioxide gas source, a contactor, at least
one sensor, and a feed-forward loop. The contactor can be in fluid communication with the
water source and the gas source. The contactor can generate carbonated deionized (DI-CO2)

water and can have an outlet for outputting the carbonated deionized water. The at least one
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f0009] In various embodiments, the method can include controlling flow rate and amount of
carbon dioxide gas entering the contactor with at least one mass flow controller. In some
embodiments, the method can include controlling the conductivity of the carbonated deionized
water with a feedback loop. The feedback loop can be in communication with the at least one
sensor and the at least one mass flow controller.

[0010] In various embodiments, the method can include adjusting at least four mass flow
controllers. In some embodiments, the method can include sensing with at least three sensors.
In certain embodiments, the method can include adjusting the conductivity of the carbonated

deionized water with a by-pass unit,
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the DI water such that no excess carbon dioxide remains undissolved. This prevents the
formation of bubbles in the DI-CO2 water. “Bubble free” DI water is advantageous for use in
wet cleaning applications of semiconductor devices because it eliminates pockets of higher or
lower acidity typically caused by bubbles. The “Bubble free” DI-CO2 water generated causes
minimum damage to the devices being cleaned.

[0015] The conductivity of the DI-CO2 water is proportional to the concentration of the
dissolved CO2 gas in the DI water. An advantage of the present invention is that it provides DI-
COZ2 water with a highly accurate CO2 concentration control. This is typically obtained due to
the feed-forward loop mechanism in the system. The feed-forward loop mechanism can co-
ordinate the parameters such as conductivity, temperature and flow rate of the DI-CO2 water
exiting the contactor with the amount of carbon dioxide gas entering the contactor. The mass
flow controllers and the feedback loop mechanism can provide additional contro! over the
conductivity of the DI-CO2 water exiting the contactor. The teedback and feed-forward loop
mechanisms also result in significantly reduced response times when the concentration of carbon
dioxide in the DI water needs to be changed. In certain embodiments, the response time can be
reduced to <I minute. The response time is typically measured as the time to swing the
conductivity of the DI-CO2 water from one value to another such as, for example, 2 uS/em to 50

uS/cm and back.
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Figure 5 is a detailed block diagram of another embodiment of the system for generating
DI-CO2 water.

Figure 6 is a detailed block diagram of yet another embodiment of the system for
generating DI-CO2 water.,

Figure 7 is a cross-section of an embodiment of the contactor.



may be better understood by referring to the follow ng description
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Figure 7 is a cross- SeCtDMIQED@ES@mOWT@NM’P@N actor. WO
2008/ 049001 PCT/ US2007/ 081633 - 5- Figure 8 is a 3 h show n

t he sol ubi [W8Y of WS%@VPWI%WWWWS axsfefnéfa@ﬁfnev@ fng DI~ co?
t enper at ur gaten@r ReRFEMM Lo semiconductor devices. In general, the devices, systems, and methods

provide wet cleaning of semiconductor devices while preventing or reducing damage created by
electrostatic charge. In one aspect, the invention provides a device with a high level of control
and consistency over a desired concentration of carbon dioxide in the DI-CO2 water. In another
aspect, the devices, systems and methods can be used to generate DI-CO2 water containing a
large range of different CO2 concentrations. For example, the devices, systems and methods can
generate low CO2 concentration DI-CO2 water (0.154 mg/L CO2) as well as high CO2
concentration DI-CO2 water (1540 mg/L). In general, the devices, systems, and methods of the
present invention eliminate a need for adding excess CO2 gas, nitrogen gas, or any other gasto a
contactor for the DI-CO2 generation, thereby reducing the cost, size and complexity of the
devices, systems, and methods. Most, if not all, of the carbon dioxide gas utilized in the devices,
systems, and methods gets dissolved in the DI water. As a result, disposal and toxicity issues are
reduced over conventional systems which typically use excess CO2 gas.

[0021] Figure 1 shows an embodiment of a system used to carbonate ultra-pure DI water
(i.e., add CO?2 to the DI water). System 101 typically includes a source of electrical power
supply 105, a gas module 110, a contactor 115, and a sensor module 120. System 101 can also
include a control module 125.

[0022] The gas module 110 can be connected to one or more sources of gases such as CO2
and Nitrogen, Gas module 110 can include a plurality of variable valves, filters and mass flow
controllers to monitor and/or control the flow rate and amount of each gas entering and exiting
the gas module 110. The gases can exit the gas module 110 separately or can be pre-mixed
before exiting. Upon exiting the gas module 110, the gases can be delivered to contactor 115,
[0023] Contactor 115 typically includes at least one inlet for the gases, at least one inlet for
DI water, at least one outlet to release excess gas and at least one outlet to release DI-CO2 water,

The gases can be injected, or purged into the contactor 115. The contactor 115 can be
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9023 ot Btk 10 L4584 bl el S
rel ease e*%ﬁ%w trelew apefugtivity gt flovne e RIHED2 vaeragll e@s eerl - 002 wat er .

o 9203 890 D Bl A A O S  ve U
module can directly enter the contactor 115 or can be mixed with the DI water prior to entering
contactor 115. An advantage of this embodiment is that it can reduce the response time required
to go from high conductivity-low flow to low conductivity-high flow of the DI-CO2 water and
vice versa.

[0028] Figure 4 shows an exemplary embodiment of a device used to carbonate ultra-pure DI
water (i.e., add CO2 to the DI water). The device includes a gas module C1 in fluid
communication with a contactor B1. The gas module C1 includes two inlets for gases, variable
valves V51-V54, V58, and V39, and four mass flow controllers MFC 51-MFC54. Gas module

C1 also includes a feedback loop/mechanism where MFC52-MFC54 are mutually connected via
V57.



pressurized or evacuated if desired. The contactor 115 typically

allows for generation of bubble free DI -0O2 water. [0024] The DI - 0Q2
wat er can b¥QWpEHIHEd from contactor 115 and passed t hr oBAGHUSHEHEE33
nodul e 120. Sensor nodul e 120 can include a plurality of sensors to
nonitor and/or control a plurality of paraneters of the DI-0O2 water.
Such par anf0&ts caureeidprck Ma/nfebmwmaaxeallo&vcfnmm'wwnbf/me pa*mpeielabﬂgaeesand

pressure Ou];xu]i agn 0? eXa mQLe Qn%%d ?Jho‘%gql Pb ure I Qgrdm QUL tge
198 to sl oy Pantiey

t he sensor as require
back into M’fiéls wss@fmy ﬁeMG@swmye frC[nomQxS]nSwtﬂ@malmhiuratmm ﬂ“olcmd@:t these

control rrogig{,ig(),}@?fegg\,a@ Bbgcﬁ%%%%'dgﬁﬁh‘?ﬁ‘t }é‘éﬁ hnc?d‘ﬁ[%%ﬂrso %P%%gatéﬁoggggg

gas nodule 1 Contro can I nc a processor
and a di spmaghaniftheoishMESsoertinen be for exanple, a microprocessor of

a conput er o4 Nt I Ble NIBEU.E HE afheﬁziditﬁi@’d ﬁfdﬁﬁﬂ?gﬂ a%to%%{t]!:eﬁ | TROEeS contro] the

nmoni toring of "each val ve, w controf l'er an nsor in syste
101. Each %asifigw,to gk &n pitenithebmest Binpieall of i cabpisdpxifiqentsyisg Bingato lespémd in

al so be Coi?n%'b@%@ﬁam%ﬂﬁ&]elfhe ras%ﬁ%gbﬁcﬂ%@m% iSBEWI: RROL PGS pr%@gﬂ%%%m

of system 101. stem 101 can include a - pass unit 130 in addition
to cont act encerigt OHBWb'a%lethoqwa@awrpmeﬁdthale Biswie 4l ilysirates a gagmpee

and sensor ith RuiRIFCE Qhy AP bf MPOLAR catt BeutRRERRLS LR RooBeW@bAES flow
passing through the unit. The val ves and sensars can be operated

manual |y o?m&faﬁlﬁr% QICPRAGIEAJIOR FSteHBHeVISES Teychs vsedin Blacasier BddiHpmigahedyFCs

by- pass untotcoﬂ@ﬁtncsgagﬁ@&mlgtasﬁ,ba@y@lfor a high volunme of DI water to
by- pass cog}bgﬁt J&5 an th the DI -QO2 wat er. being rel eased
11455

fromconta RAAB{ g‘“&ﬂl e Saries fhe ﬁ%‘g%ct‘ﬁﬂﬁlt‘“al andggagep fpmiggs
cands ho_r t _emom{lecr ﬁﬁ&ﬁfdzs@la tyit RRd VEgIJilght_Qﬁr_'rIeQ I%O- l{lsf ?}‘fbhh@h to prevent gases from
conducti vit ow flo ucti vi ty- hi t

Cor ot s b 1o Br s e 18 e BSolts B sl ok syt e Bf woter
syst em 101until heesgansaﬁo@xoﬂ(torgcohdsmng&s iTmhigted. CRADUCOR olatey isemh@kd frie
cont act or or, can ] W, t h wat er i or, erin
Contactor Sy 2Ry REDILEE Gua et Wt et PR e TRL A bl s
t he respongeotnetred m@qmltelecdﬂlb Dl-go2fonten Mhayis, £omdercdfithei mlycmbwatéd feom the

| d h.,fl f. th
[ 8‘8’2;? E UE% eYa&%oy an 2 tr%ve thrg V)é’g% dlram Fne[t)i'lrﬁ) %dm%e se?sorg cf ‘(/:aévea é/g& \{68 V380.

car _bo nat e Thet seasopmpéllﬂncEMMSeensaérs FEZL arddu Sesot B{Zlhmonﬁbbrsmamtmis)the fldverate
devi ce | ncé'i’écl%ﬁseﬁggﬁl%nlwg%lnﬁ he't pe Hfre %n%%nmﬁptl vcftgt #‘ DWCICB whter. The

cont act or gases,
vari abl e vsthse §1\Veihwyy49, VKﬁBBandé/PS@ tt‘.\@@tpr vaithdvaivesi¥ 4, rfvafésamﬂ IlgiwbmnntIrSdbﬂnea S

M-C 51- M O%W@ﬁ) \Ufﬂg%l%wgf r%{nﬁ }vgﬁl #g?ﬁe gonft%@gnglc%agaoﬂéﬂ%%p%% e th

where MFC5 are mut ua nnec ed Vi
2008/ o4goog_qnmmggg@mytt0®g_@@s}; flo?v.controllers MFC51-MFC54 either directly or via a control

module forming a feed-forward loop/mechanism.

[0032] The feed-forward mechanism allows the parameters of gases to be adjusted (for e.g.,
by changing the flow rate on one or more of the MFC) based upon the measurements taken at the
sensor 1 and the sensor FR21 and a desired CO2 set point. Sensor Q1 typically contains a
metal electrode which can be kept in direct contact with the water flowing through it. The
information gathered in the sensor module is relayed to the control module to adjust the amount
of gases released from gas module CI. The control module can also allow for purging of the
contactor Bl. In certain embodiments, the control module further controls the feedback
mechanism to adjust/correct deviations from initially calibrated values of the parameters set in

gas module C1.



[ 00291A feedback | oop/ nechani smcan allow for correction of the
paranmeters of gases exiting gas nodule C . For exanple, in the
enbodi nent wslomaes/dspoolri gure 4, one or nore of the MFCs mescsUs2gdvosysss
degrade or deviate fromtheir initial fgowrate calibration. To
correct these deviations, a feedback |oop can be included within the

gas nodul ek gso Bie 6Q- AR BedhfNA 6dn cBRENABICOMRofenitdien M%ﬁ‘ém CO2 water
overti ne. t QJ?The MFCs can be either adjusted manual |y

aut omat i caPy PONPHRE RAERREITHTHEh 8] the Epgares %wa{e&ngﬁ?fﬂuﬁwl%xﬁ%ﬁi‘a'ﬁ%ﬁn
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cl eani ng pHRparcbhesratiMid dfE TP if the @1 4vatek ball&'blf Lﬁl‘l:%loﬁogg’i&tﬁmHﬂwwmtehmto

four MFCs -C units, can, he utiljzed. | rtain

erbod rment LEGTHEIT BY g et oot SiGOuB B PHEF S oHBESTPE devi ces
may be usecbnbentrpiicae ef ©2 irthed DI wadetivké mnwem@mmes(sets@comgdsy aid rédok ingas
flowin ga ul e 1 sho ter can.enter
he cont acbETeaE R s Bt A3 sLERE Y Tolohfiblofh e e Behu Rt b,
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t enper at ur gyy ﬂ%oﬁﬁaamaaovm YarQe bR IEY au&%tmsfeﬂmu hhg c%%ﬁ@j}st&l In
val ves V89, together with val ves V4, %/ 61 and

barrier L5vaigrsAmpodigisnisdie nuiss s e penacir Pog H@&Pmm&lﬁ@mﬁw{}w ‘ﬁ%ﬁ gpegior
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modul e for %ﬁé a F@EYS FRARher RS siRhdnent pfouissipertied oaserrate PlaPd
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Ut ormat | vogRiert €8 oriey raSLatiic Vo e s faochletne B adied,
nodul e to ;ad;r Mtwthgtl‘ﬂmﬁﬁImOEa@a}SE’&rmﬁﬂﬁﬁﬁGﬂluﬂd? opugds dfesludseudlas VThe
contr ol [ a I ont Bl. In
Cort e o g A S0 R e e RIS e bisd RSO ARE S ot ot s
mechani sm Moa, bustdllﬁ@r flge sencley¢aatbe osed td maritor midtar adadt:ysl eddndiradueldas flow

val ues of
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involved in purging or venting the system For exanple, during start
up or when the CO2 set point is drastically changed resulting in a
much | ower wopwos/@pooCO2 from C, a purge vent can be operawus200Me1EE3
excess gas (e.g., oxygen/air at start up and excess CO2 at a set

poi nt change). Purging of the contactor Bl can be controlled

aut omat i cajobyst hrrsighe *sﬁws@mherrekenﬁaw @ﬂBodirr[anﬁTaidQﬂSe @edRdhmBRicuIThe

purge of the nt.act or be _contr ed ually by the operator
openi ng a ?J‘U?]égw?f‘érrﬂe a[dg f@&l&a§r)s \IIRE"H‘H%{]‘HE‘F Ex BRI includes two
enbodi nent gsefnlas tenchicee lkl;ﬁd?ﬁbr'tv(ib Genae gdses sl a@@ﬂro\g&{ &K.CON AsBh&wn in Figure

Communt cat PARTR 05 v ahrs EeMEPE Iss Ferupel niredin niem g

two gas fiAteunstedab tamrenfebdthangtehilvia Asiablb oalve VIl 4nid QIG5 15 Thé w0 gaep dnddee
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t he gas t ocanindeaBl thovpdsesr vipWit end Yol. it exldamg ghire caodntragtled backatdithe gas

del i ' | [ I h Vi VI b,
Voa, Vob, "ORbEE G e e s B B sl S 21 S6 1 ol ude &
plurality §p374engeontaciouBhcanshaibaby-pBhynitdiichs BiRgn if Aigusdn Sormssamit Biean
used to ?!:IE:%" se LI N, §9hd Phr RAL &%Bxﬁ%?a%??uoﬁ‘ﬁorlpgr%}%{e]? ﬁch%s flow rate,

pressure o e gases passing through
enmbodi ment Fessyaandliguiddeves aThec#prrsel@toart Yeen galsnwrmat;on Yiith e cmbnodwrto Rigow

It enters fohg ok aGHN odad bl B%u‘&@j‘&hr&lﬁh' %@v@ﬂtaéu Jt‘gfe by 3% WihQ

the contactor. An advantage of wat er prior

to enterineh Y@‘Wfﬁf&‘d?ld’(amss RIS f*@ﬁhqf é@’p@ﬁﬁ@é’fﬁﬁe@é pegs uslh sm@@nfa faym
one conducdon¥dntritioRor £0€ iRhe BPR ek Qéslr&? Xae@ Qﬁolﬂf'd: adm O%cgﬁ 'Ehe%g \bgggtug@ R theS

the accuracy of the concentration of wat ér an
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conduct i Vi stpﬁedd‘F'tht‘?‘}é"hljf‘e @f@é“%{tﬁé‘i’“@x@]ﬁ:ﬁbwﬁtﬁ@a& 8?1 'E*&Bgf‘érfmml']ﬁ‘é VP\P&@e'hlgh
separ at e | @a@stivify th ARh§ammeDEW b dtdtivief AMivele vala.addi tional feedback
mschanlsmtﬁ)gilllow n%ﬁ go troI of_the ﬁararreters of the (%Fs entering
and exitind% TSP PSS UiEh 20 Bigh 09loe 2OV RE Sa TR e Kseied Go &
[ 0036] Fi gugeparfic Eﬁe;pe@slragrtmohgr va@é%ﬂ) Iaacr sen@nbmill mmwm Fautked/ I 108 ISRkt O
carbonate ul tra- E v@ é q the DI, water). In
this enbodf ﬁ?’}xcga%f FP&R} avat rﬁélt‘ﬂﬁl%"i’wt‘ljé%a fenthe pdpHE Y B the
used for temiingepayaéeagdisies. such as nitrogen and CO2. As shown in

connect ot B0 or ot e e A it in B° fraef oY o0 Lt el a

vari abl e vitough evma: thansl-pdsCOailt or THeae favine [gas;emeembnbeenoﬁbxmdmm Iasdesi red

proportion prior eX|t| th ctor B n
outl et that S&R elﬂtél easesy Qr%g‘ed‘é@ég R'\Iﬂeg? @ﬁwgﬁf&awgigb%#@ élllg 3 n ¥ariony
can be r ecgngiodichehiackoutdd e 46 témigaf Dhweated can bé ﬂ&dvmuthneaghdhe fysterel eased

into the ph nt tor B |t B3 as
shown 1 AVORTE" 8hE gl ER DL AR Rles BT oRR e RuBY RE Pitveang
LAL t hat CMHC%@IM wmﬂormbeI@wnm@thpiecklllphmamwmamhmascwﬂ]y(avmtahlbealves,
pressure

Phe-cont r ol coiirareis et Do SaTeR, e e BFHIL BRIy
cont r ol | edhropgh rieks antubige mafle eftvergpjongeggantmitals osmeikiktlops. Folymeriotubing oof
the DI wat \?ﬂ-,o r b it.4S
when a Iow‘ﬁé:egh%ceiéfggftp ?ﬂﬁ Po C%gg Pn\ﬁjtd \k?@nl‘ﬁ%%T?%ré Fgca%%g red.” %Ed

anot her advigrverpessiflet he by-pass unit is the speed with whi ch t he
conducti vij bUcﬂ?f tﬁ&%h@].rn ﬂ%u‘f@’ﬁ &le cSﬁtht(pr'?s &P@QQ% e, cﬁ’é’l\ﬁb\épéhyt"ggn hi gh
conductivity vol une-1 ow conducti vity and Vi ce

[ 0038] Apar"t’lﬂﬁaw‘%@eﬁywpé@én bvnadepither af glasy r weltupren el omme&ahatilevs welnas
al so be di 20t ecdl] Rasd oSRINHA Kich amF@aﬁs%mﬁq»thﬁvegﬁp %E'E@rg@ ete.
sensor FR31 as shown in Fi gure 6. This vat ef can be m xed w th’the
Dl -02 water exiting the contactor to alter the conductivity prior to



[ 0040] The gas nodule is typically nmade of netals such as stainless
steel. The val ves, MFCs, and sensors are known to those skilled in
the art andwanyoswswercially available valves, M-Cs and memssne/081633
regul ators or nonitors can be used. Thggsgases and liquids typically
pass through pipes or tubing nade of corrosion resistant nmetals or

metal al | OMSemEohbdaRAdnes, el Bii@Pls ﬁd@ﬁ@mmqﬁbmgmoﬁ%%r nP}éEa‘%meﬁ’Ea%nans
PVC, PP, PE, ECTFE, C-PVC, etc. can al so be used wherever possi b

[ 0041] As SIRFRRDIYE Fi gure 7, the contactor is typically a vessel or a

chamber t hgbaxgan A(Vbr'fefa:ﬁdbﬁﬂﬁntﬁctt@hs oS @col{n{qn ERITIRE Wit SR wel fabigkg Gfith a
gl ass or 8'85”2 or nmetal or rretal aII %it such as stai nl ess stee

brass or & AFPET RlurpsT ERY T ASe abovpipentiopgs! popimeroary prusediopihe.

etc. WO zta@allﬁemg)ﬂlﬁ@ﬂgb@&@(azéx%a&&&estwratd drnﬁﬂﬂ@of&mwomr@me afd B
contactor is made froma conbinati on of one or nore of the materials

listed abo8 [0042] A preferable contactor is shaped |ike a colum
and fill edow3h ”Ithe\caftroﬂ)ﬁne&imgﬁcuﬁmbluae shcirghdaﬁdl’élfaﬁl@‘g&hﬁi’nﬁﬁ quﬂduamawmm

Fib one use or the to
backi ng. Tieetin s d PP PE SRR e e i e gt

car bon di cshbwheindtighrésl 8-Mht EgureB@M&]tﬂémelubmtytcrfmozriﬁ)ﬁmbveteﬂﬂﬁdlefamu ncl ude
A A X N T
as shown ilpadfp guerg svideGzad Qosagei rgnpee FRusHOvipvishie otluliinl tetweeothe G@udtivitpl
v O, kR SURBEALH s PSR, WA R N
dosage r arige veriy gigrdesieg inphiovd? ﬁmra@(frmeihaﬁatmﬂorbétmmnﬁ tﬁem the temperature,

conduct i vi Jo}{dLQ’EmEy?ﬁm RAL gﬁ’d o?rft v%hg%?gc{rﬁécg% sega?rgmeﬁ{e?etd "l'r{tﬁ The &!Jrﬂro! madule

certain enbodi men the contr can ver|l
i nput Cop ol aagr embodimenit regantie! mpdH @bBStcnreqcaéciuiﬁtmamqf@mhp frgut CO2

t enper at ur@w GRIMERE ¥t Mored l:h@x‘é’lnﬁﬁ‘tzﬁmblﬁéﬁgn %ﬁﬁ thg%tlﬂ eY& rHﬁ%lly sent or
el ectronically sent or entered into the control n ot he

enbodi nent fé‘te“"(dh & ey egbodipgrts, éher>25tr6& Hdele peagy aawteévc@&rw signsl @ztaetmnh@cally

i nput CO2 ddhueigak aloBulé LOMIA BRjodad bR Ghd TS Edlcuifle QR DAL Qb h
t he val ues glectron cally sent or entered. In certain enbodi ment s,

the cont r of? FERR Yseia Frpauakly ading dherngrametessiod ases and DA elsheRt g andjorsatins t
gas nodul ehddemlmorvari ous enbodi nents, the values cal cul ated by the

control 125 can be used ta nuaII adJ ust the paraneters of
gases and @I’g@at i’ll the gmBpqi ‘ﬁ@“téwnd?ﬁ% ferh ?P(j‘ dyoitgpeqswringyy at Q1 are taken in

a bypass line to a drain. In general, the measurements are taken in a bypass line to the drain due
to metal contamination from the electrodes forming the conductivity sensor Q1. In other
embodiments, it is possible to do a contamination free measurement in-line directly at the DI-
CO2 outlet. This may be done with special electrodes or a contact free method.

{6045] In certain embodiments, an additional pressure regulator at the DI water inlet can lead
to additional stability in concentration and thus increase the advantages for usage at a connected
tool. A separation of the CO2 gas injection in two or more lines accordingly can be
advantageous in certain DI-CO2 water generation methods. For example, a small amount of
defined gas used to dilute the CO2 is preferable at low conductivity to avoid conduetivity
fluctuation caused by bubbles at the gas inlet, In various embodiments, DI water flow
measurement can also be done at the water inlet.

[0046] In one embodiment, the gas control is achieved with mass-flow controllers. Due to a

square relationship between the conductivity and concentration as shown in Figure 9, a control



[0044] I n the enbodi ment shown in Figure 4, conductivity measurenents
at QL are taken in a bypass line to a drain. In general, the

measur enment ¥oe30es/@4a%0en in a bypass line to the drai n dueP@UUSMEL7AIS1633
contam nation fromthe el ectrodes formjpg the conductivity sensor Q.
In other enbodinents, it is possible to do a contam nation free
measur enmendleshdit With Quch ciiaptekiyticatvohld @e Plefetd®le0 Ui drdther chiiodintay, a BRcldaizg

w th special, el.ectrodes or a contact free nmethod. [0045]] tain,
erbod: mont G SHEHN SHe oS paEhT s afimiaes “arepReory My BF G Be
can | ead tmodutttioh)coniedlles vaitxslcart e eimployed Genthe adnpomn varydow hotgluttivity,@ase

t he advant ages. for.usage at_.a connecte ool Se ation of the CO2
gas inj ect?‘%ﬂn S {n\]/%ts%gerr@rwg T ?ﬁrne 053%%\9 Ier%cpvﬁ%@h&g’é advant ageous in
certain DI[0MR wdkheDIgEieradrigemeratet byoltspreskatrinventéomplejdeaa saadgk fraapuets
of define 1 i . i ferable at. | ow
conduct | vi Py el el o ke b s BT o oy 602
t he gas i nieduces theregiaivity s the i wdienentievel it pretrdy suf hewhargmgu ftelve a¢idifen
al so be d Ll I ' :
control i SHEDEhatiatkElocid B potc RS e TR R REED brouk e By
rel at i onshifrabiét sseénendugter deyingel cRar vxampleathd Dd-61eratar aani tgrviserstoghyenbre, i n
Figure 9, a;gantplng ééﬂb%%%%rﬂg%ﬁ%/s&%%%gg%%&@%érs: Yrhe DRCEARALer also
w th such characteristics woul e preferable. I'n another enbod nent,
a mechani sHFENE Korsspon o Bdtafs|duiing Ba et deening steRid TeOREFBF el panalss bip escdr
a confi gurathaReMaliP RMIE REcREniNg 68D WA a{s‘a@)mgc?x@ﬁtro(? L el ok Y8Rery
can be enpl oyed. For the range at very |l ow conductivity, one option
is to inje¥fMater which is already controlled enriched with CO2.
[0047] The BbssdC2 VRlaBonsARNRBHA@ESH, Y ofhBInPleRRABons BYRIHE IsQRsPbAMIcHRSwR
damage free process for cleaning sem conductor devices in

d an
el ect ri cal I55U ' ERse fOFephdt e theg ihewskrasipedoy the srigiead fhgscope of the
resi stivitijvétion. heccBlding®i @6 idventRn isnselo e MiafitePERY RMESpredshind ARistrative
char gi ng. At also acidifies the DI water and increases the zeta
pot enti al . “¥HB"PH* 02 water allows to protect the integrity of
fragi |l e sem conductor devices. For exanple, the D -0O2 water can be
used to dissolve, oxidize, etch, and scrub contam nants fromthe
surface of silicon wafers. The DI -0O2 water al so prevents corrosion
of netals during the wet-cleaning steps. The D -0Q2 water can al so be
used in commercially avail abl e wet cl eaning devices or tools as a
conponent or as a separate delivery system [0048]Vari ations,
nodi fications, and other inplenentations of what is described herein

will occur to those of ordinary skill in the art w thout departing
fromthe spirit and the scope of the invention. Accordingly, the

invention is not to be limted only to the preceding illustrative
descri pti ons. ‘



What is clainmed is: 1. A systemfor carbonation of deionized water
conprising: a) a deionized water source; b) a carbon di oxi de gas
source; c¢) a contactor in fluid communication with the water source
and the carbon dioxi de gas source, the gqentactor generating

car bonat ed dei oni zed water and having an outlet for outputting the
carbonat ed dei oni zed water; d) at |east one sensor in fluid

comuni cation with the outlet for neasuring flow rate and tenperature
of the carbonated deionized water; and e) a feed-forward control in
connunicatvﬁ e at | east one sensor and the carbon di oxi de gas
source for f@P “HF g an anount of carbon di oxi de gas the carbon

di oxi de gas source supplies to the contactor such that a specific
conduct i vi { yA 8YStepEor caroppained dgienigrd e GG generated in the
cont act or , Ath&i@iFEdt¥Eer$eYERm nation is based on the neasured flow
rate and tleh%)@%”aﬁﬂﬁ'@XIngaS'Fﬁelcéyst emof claim1 further conprising at

| east one mesenfdctwic Ot comimmidation wilh thecraenmicarndiewaibhn dhaidsarbon
di oxi de gascus@uthececaindot frmecting soboratddateicoret validriand htheg anowiiet fand
flow rate oiftpateinpor cdiboratdédgasizehtvaei;ng t he contactor. 3. The system
of cl ai m 2d¥ atdabesneceongpr irsfluid comnseiesition with fhkwundetdonmeasucag flow rake hind

t he outl et tchperamrastihe BgbeaneedibMiddywnér; bke car bonat ed dei oni zed

vat er; andepa feeethaakd doa@p! ihRoG@MINLLAIISE (R eV tdastidhe seRBSAId BAEhbhE

at | east OBRx B EHs fuRY oM RIihiBE af Bho@fllovsdrbiigdibhiRde 3ROMUBtarBbn kRGN
di oxi de gagastslaﬁlcﬁ‘%‘ﬁmgs @ t9é<b&ﬁa@@%u@r@t‘ﬂﬁ@ﬁsp@&@i\f'cgl%ﬁ:cﬁﬁt}t S8nE ONbSHater
based on t @o:ﬂ% I s%&@&@dl EXont&c@ota@hél@\’ﬁh@dé@ﬁﬁheﬁfoﬁqs based on the
conduct i vi et CaAIhanat, ? Iadleéonlze wat er e systemo

claim2 furt er conprising a east four mass flow controllers. 5.

;I-Eg ?%lz\tlvepz\?{'he sp{%elg olfc{alm r}ﬁlthm c Pyh%{x[ig %Eleegsuonesl% Sk o%\p(!o tn(rol] 2 1”‘?1}?8&” es
ommanication With the carBoR dioxide das source ang?he contactdr Tor contr E} g the

amount and flow rate of carbon dioxide gas entering the contactor.

3. The system of claim 2 further comprising:

a sensor in fluid communication with the outlet for measuring conductivity of the
carbonated deionized water; and

a feedback loop in communication with the sensor and the at least one mass flow
controller for adjusting the amount of carbon dioxide gas the carbon dioxide gas source
provides to the contactor based on the measured conductivity, to achieve a specified
conductivity of the carbonated deionized water.

4. The system of claim 2 further comprising at [east four mass flow controliers.

5. The system of claim | further comprising a first sensor that measures the flow rate and
a second sensor that measures the conductivity.

6. The system of claim | further comprising a processor for receiving the parameters
from the at least one sensor.

7. The system of claim 1 further comprising a by-pass unit in fluid communication with
the deionized water source, the contactor and the at least one sensor,

8. The system of claim 1 wherein substantially no excess carbon dioxide remains
undissolved with the water in the contactor,



6. The systemof claim1 further conprising a processor for receiving
the paraneters fromthe at | east one sensor. 7. The systemof claim1l
further conprising a by-pass unit in fluid communication with the

dei oni zed water source, the contactor -ddd the at |east one sensor. 8.
The system of claim 1l wherein substantially no excess carbon dioxide
remai ns undi ssolved with the water in the contactor. - 13 - 9. The

system of ol BigBydeinWitchan mffﬁe'ucﬁmagmﬁf:@wér e &aNad MERid Borhthbhiation

communi cat iy ¥ éor\ta{cf@)@t&&ma@&é&ésstg@s [iEmaRSEoraeesss gas fromthe
contactor. 10. The systemof claim1l wher ein the contactor conprises

an inlet foy g gt&wascamml %Ye‘?n@be 8&1@0 infef AN EBRing o

del Onl Zed Wtﬁleo ggloﬁz teE‘ gmctﬂé d%ét O\g\%% 1(5 %C%l@%n%ﬂ{gﬁ)& as
di oxi de gaﬁo?‘: albo xi e

conprises a firs i ep rece|V|ng delonlzed mater fromthe
delonlzed r sourc second inlet for rece vin he car.bon
di oxi de ga ‘ﬁ‘BO 5*&5&%!1%%@ @C@%*éctglow Rston %acea\flﬂg

gener ati ng @81?’5 %ﬁ“%ld B ei‘@’dz ot S%‘Frf)?“ ?F‘Q}"“d igjet ‘ﬂﬁﬁ‘[ey‘i‘ﬁ%‘he
dei oni zed GHPYF dipYidg SR RO ORI iFiEA SAYCEar bon di oxi de gas to
the contactor; <c) sensing, with at |east one sensor, flowrate and
t enper at ur 2-df meled oA eesIANEadenEr] deenivast wrcondriANEd i n t he
cont act or ardpelyingideipnided wates ¢t eottetorout [ et ;  d) deternmining an
amount of bhm@ph”@h@ﬂkﬁeﬁgésa@ﬁt@uppbmaﬁgmthe contactor such that a
speci fi ¢ condoobg,withyat dfast dre semohdhat ied additonpazadrewdtlercait®ngreddeiabiect
by the contvaet genevdtéchinahd eetkctorwaediiconit habniattocontEtni cati on with
t he at | ead}dadimisensoimand of babsupipkive gis ©auRHON tdihoxbidect@asich WMaes ei n
t he det er ngeatfic@Bndktibiag 8fkthe Ratbbeutses@ kel vaue ok caRd ByelPesRidisiSiith
e) supplyi Rectirerveled st atcunEatioh wad RO (6HsPXicd8ndo® atd'@e GORSIRGE OF
w th the fegfsf @o¥RAE dal AMEFR the 3BErmination is based on the sensed flow rate and
temperature;
e) supp]ying the determined amount of carbon dioxide to the contactor with the feed-
forward control; and
f) flowing the carbonated deionized water of a specified conductivity from the contactor.

13. The method of claim 12 further comprising controlling flow rate and amount of
carbon dioxide gas entering the contactor with at least one mass flow controller.

4. The method according to claim 13 further comprising: sensing, with a sensor,
conductivity of the carbonated deionized water generated in the contactor and exiting via
a contactor outlet; adjusting the amount of carbon dioxide gas supplied to the contactor
based on the conductivity with a feedback loop in communication with the at least one
sensor and the at least one mass flow controller.

[5. The method of claim 13 further comprising at least four mass flow controllers.

[6. The method of claim 12 further comprising a first sensor that measures the flow rate
and a second sensor that measures the conductivity.

[ 7. The method of claim 12 further comprising adjusting the conductivity of the
carbonated deionized water with a by-pass unit.

[8. The method of claim 12 further comprising adjusting the conductivity of the
carbonated deionized water based on the parameters received by a processor,



0O flow ng the carbonated deioni zed water of a specified conductivity
fromthe contactor. 13. The nethod of claim 12 further conprising
controlling flow rate and anount of carbon di oxide gas entering the
contactor with at |east one mass flow ggntroller. 14. The nethod
according to cIa|n113 further conpri sing: senS|ng, with a sensor,

conducti VI y 15 nI etth aaccr:(g&n% gia*n?' ?ﬂuai%d Zg%i 15in 1?(%{%6&11 %n'dno (Er?m%as with

f
o bant o o Gsohd Wt o SIS HisPibbizey veBTimgsottager o O

conduct i vi with a feedback | oop.in co nication with the at | east
one. sensor 2 iTde oA WEEE A ks STEEGH &swadflaﬁ“ﬂ@rof ﬂi%cat B8 et hod
of cl ai m 1%ipRFadnustecey e tBs sRytagtor|ipidhe ragas ofiibest F-PQUPEtnt rol 1 ers.

16. The nmethod of claim 12 further conprising a first sensor that
neasur es thk Tk swwthagtascadigde sletond wheisgoiesionst tine tistheage rpig one
conduct i vi specified cofhetint thadotber ielesb than 2bduy Stoievtes onpri si ng adj usting
the conductivity of the carbonated deionized water with a by-pass
unit. 18. Th&hawidiad dfclaih &if mikRif tetrbponeampr is $dsnthaadpagtlimigutehe
conductivity of the carbonated dei onized water based on the
paranmeters received by a processor. -14- 19. The nethod according
to claim 12 further conprising m xing carbon dioxide gas with the

dei oni zed water prior to supplying the deionized water to the
contactor. 20. The nethod according to claim 12 wherein the
conductivity of the carbonated dei onized water exiting the contactor
is in the range of about 2-50 uS/cm 21. The nethod according to
claim 12 wherein response tinme to change from one specified
conductivity to another is | ess than about 5 mnutes. 22. The nethod
of claim 21 wherein the response tine is |less than about | mnute.



