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tenperature into a bulk carrier fluid at near-critical and
supercritical conditions. The invention finds application in such
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fluids have been proposed for next-generation processing of

sem conductor, wafer, and/or chip substrates given their val uable
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difficult or slow to achieve. Accordingly, new systens and devices

are needed permtting full hﬁﬁé?@dﬁSF% WI L Xi ng of fluids

that address these critical manutacturing an Cation
requi renents applicable for next-generation processing of

sem conduct ofpooppf er, Véwﬁea?-lahlﬁbaf%éﬁp@&ﬁcal fluids have been proposed for
next-generation processing of semiconductor, wafer, and/or chip substrates
given their valuable chemical properties. However, a current challenge in the
implementation of such fluids is the need for (i) rapid mixing within a short
distance or low volume of the mixing device, (i) minimization of dead space

volumes, and (iii) trace contaminant level rinsing for ultra-clean substrates.
Conventional mixing devices and systems including static (bead) beds, impeller-
based systems/devices, and saddle mixing systems/devices, or the like suffer
from large surface areas and/or large dead space volumes that retain
constituents and/or fluids whereby low contaminant ievels are difficult or slow to
achieve. Accordingly, new systems and devices are needed permitting fully
streamlined and rapid mixing of fluids that address these critical manufaciuring
and fabrication requirements applicable for next-generation processing of
semiconductor, wafer, andfor chip substrates.



SUMVARY OF THE | NVENTI ON [0003] I n one aspect, the invention is a
method for rapidly mxing a fluid or a plurality of fluids,

conpri si NgwidWRosis8m10f i ntroducing a fluid or a plurali EMTfﬁfszJok/bﬁzg(?/
into a near-critical or super-critical carrier fluid formng a fluid

stream wherein the carrier fluid is a gas at standard tenperature
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R B T
T e LAl ok o i LY
o anbol S E ek 5P PSSR el SRR e,
e B 5 Al AR L -
te(r)rbz)g?rrgln'[ ecgdeﬂg‘t Sgebcc{\)levtg ritlgé]eﬁ(j%fté 'fczeﬂr lij-lfgl:c?qr%q{a L,ug aIH wherem a den31ty
gradient is generated upon introduction of the fluid or plurality of fluids, the
density gradient inducing a convective velocity in the fluid stream, rapidly mixing
the fluid or plurality of fiuids in the fluid stream thereby forming the substantially
homogenous mixed fluid.
[0004)] In an embodiment, the carrier fluid comprises carbon dioxide.
[0005] In another embodiment, a density gradient is directionally opposed
to the direction of flow of the carrier fluid.
[0006] In another embodiment, a convective velocity is directionally
oriented parallel to the direction of flow of the carrier fluid.
[0007] In another embodiment, a convective velocity is directionally
opposed to the direction of flow of the carrier fluid.
[c008] In another embodiment, a density gradient is generated in
conjunction with a concentration difference between fluid(s) in the fluid stream.
[0009] in another embodiment, a density gradient is generated in
conjunction with a temperature difference between fluid(s) in the fiuid stream.
[0010] in yet another embodiment, at least one of a plurality of fluids in a

fluid stream comprises a solute, e.g., a surfactant andfor a co-surfactant,

introduced in a substantially liquefied form.



opposed to the direction of flow of the carrier fluid. [0008]In
anot her enbodinent, a density gradient is generated in conjunction

with a conw%?ﬁtgf.&g di fference between fluid(s) in thePE#M'gglIOﬁ,B{zg@,m

[0009] I n another enbodi ment, a density gradient is generate
conjunction with a terrperature di fference between fluid(s) in the
fluid stream Pb??lo ]I'n yet another enbodi nent, at | east one of a
plurality of S i nlnaaqthﬁr PPerdhs @?M@ﬁ?‘i’%é%adméfmu@@ar@u@ for gapid

surfactant and/ pr\ﬁ%ﬂco surfactant, introduced in a_ substanti al I Y.

i quefied forRPNARHISEREPDRESEY RidBRstPHe dnleiiotipiroducing a fiuid or a plurality of

fluids into a near-critical or super-critical carrier fluid forming a fluid stream,
wherein the carrier fluid is a gas at standard temperature and pressure having a
density above the critical density for the carrier fluid; an outlet for retrieving a
substantially homogeneous mixed fluid; a mixing section operably disposed
between the at least one inlet and the outlet having an inner bore of substantially
uniform dimension generating a density gradient upon introduction of a fluid or a
plurality of fluids, the density gradient inducing a convective velocity in the
stream that rapidly mixes the fluid or the plurality of fluids forming the
substantially homogenous mixed fluid.

[0012] fn an embodiment of the invention, the mixing apparatus comprises
a mixing section having a plurality of substantially vertically disposed mixing

segments operatively coupled together.

[0013] In yet another embodiment, the mixing section is configured in a
coil.

[0014] In yet another embodiment, the mixing section has an angular
shape.

[0015] In yet another embodiment, the mixing section has a rectangular
shape,

[0016] In yet another embodiment, the mixing section comprises a single

mixing segment substantially vertically disposed generating a density gradient in

either an upward or a downward direction. ‘



[0011] I'n another aspect, the invention is a mxing apparatus for
rapid mxing of fluids conprising at |east one inlet for introducing
a fluid prwaz@k,wsadll ty of fluids into a near-criti cal p@fus2006/022507
super-critical carrier fluid formng a fluid stream wherein tﬁe
carrier fluid is a gas at standard tenperature and pressure having a
density above the critical density for the carrier fluid; an outlet
for retrieving a substanBRIEF DERERIFEANQISTHE REAVINGSy; a mxing
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m xing section having a plurality of substantially verticall
di sposed mi xi #Y"eEFnent s operatively coupl ed toget her. [0013]yl n yet
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invention.

[c019] FIG. 2a illustrates a mixing apparatus (section) configured in the
form of a coil for mixing of fluids, according to an embodiment of the invention.

" [0020] FIG. 2b illustrates a mixing apparatus configured in the form of a
coil for mixing of fluids, according to yet another embodiment of the invention.
[0021] FIG. 3 illustrates a mixing section for mixing of fluids having a
substantially sinusoidal shape, according to yet another embodiment of the
invention.

[0022] FIG. 4 illustrates a mixing section for mixing of fluids having a
substantially angular shape, according fo stilt yet another embodiment of the
invention.

[0023] FIG. 5 illustrates a mixing member for mixing of fluids having a
rectangular shape, according to still yet another embodiment of the invention.
[0024] FIG. 6 illustrates a complete mixing system, according toan

embodiment of the invention.



shape. [0016] I n yet another enbodiment, the m xing section conprises
a single mxing segnent substantially vert i cally di sposed generating
a density Qiadh@nkekn either an upward or a downward di f,@p,hgﬁﬂﬁmzy(p
2006/ 135761PCT/ US2006/ 022507 BRI EF DESCRI PTI ON OF THE DRAW

[ 0017] A nore conpl ete appreciation of the invention wll be read| ly
obt ai ned by reference to the follow ng description of the

acconpanyi ng drawings in which l[ike nunerals in different figures

represent the same strugtures of &l IERLS OF THE INVENTION

[0025] The term “laminar flow” as used herein refers to streamlined flow
paths characterized by flow lines that are smooth, parallel, or collinear with
essentially no mixing or turbulence. The term “turbulent flow” as used herein
refers to non-streamlined flow paths characterized by flow lines that include a
radial component, or are other than smooth, parallel, or collinear, As will be
appreciated by those of skill in the art, mixing achieved in conjunction with the
present invention is equally applicable to conditions of both laminar and well as
turbulent flow. Thus, no limitations are hereby intended.

[0026] The term “gradient” as used herein refers to the difference or
change in a measured or calculated parameter (e.g., density, velocity,
temperature, concentration) between fluids as a function of a second measured
or calculated parameter (e.g., time, position, or a derivative of density with
respect to temperature at a constant concentration). In one illustrative example,
a density gradient can be defined as the difference or change in density “p” (a
first parameter) between two fluids as a function of the change in distance “x” or
“L" (a second parameter), expressed mathematically as dp/dx or dp/oL. In
another example, a concentration gradient can be defined as the difference in
concentration of a specified solute between two fluids as a function of the
change in distance, i.e., 8C/éx or 8C/dL..

[0027] The carrier fluid (or bulk fluid} of the invention is a gas at standard
temperature and pressure (STP) having a density above the critical density of

the carrier fluid, encompassing both “near-critical” and “supercritical” fiuids, as



[0018]FIG 1 illustrates density gradient and convective velocity
parameters for achieving mxing of fluids in accordance with the
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another emboqOEft effankNECHe), ethylene (CoHa), propane (CaHs), butane (CaH1o),
sulfurhexafluoride (SFe), Freon®, nitrogen (N2}, ammonia (NHs), substituted
derivatives thereof (e.g., chlorotriflucroethane) and combinations thereof.
Carbon dioxide (COj) is an exemplary fluid given its low surface tension (1.2
dynes/cm at 20 °C, “Encyclopedie Des Gaz*, Elsevier Scientific Publishing, 1976,
pg. 361) and usefu! critical conditions (Tc= 31 °C, P. = 72.9 atm (or 1,071 psi),
CRC Handbook, 71% ed., 1990, pg. 6-49) applicable to a host of manufacturing
concerns,
[0028] ‘l:he fluids of the invention also encompass liquids having reduced
temperatures (T, = T/T;) of greater than about 0.75, where T is the measured
temperature and T, is the critical temperature for the carrier fluid. The near-
critical and supercritical fluids of the invention can further incorporate various
reagents and solutes therein. Solutes, including, but not limited to, e.g.,
surfactants, co-surfactants, chemical agents, and/or other reactive reagents as
described, e.g., in co-pending application (U.S. Application No. 10/783,249) are
suitable for use in conjunction with the invention, incorporated herein by
reference in its entirety. Other compounds, e.g., as disclosed by Francis (J.
Phys. Chem., 58, 1099-1114, 1954), may also find application as constituents of
the fluids of the present invention. No limitations are intended.
[0029] Surfactants and co-surfactants include, but are not limited to, CO»-
philic, anionic, cationic, non-ionic, zwitterionic, reverse-micelle-forming, and

combinations thereof. Anionic surfactants include, but are not limited to, e.g.,



invention. [0022]FIG 4 illustrates a mxing section for mxing of
fluids having a substantially angular shape, according to still vyet
anot her enmefo@nk7sef the invention. [0023]FIG 5 ill uspeaiy@findozzser
m xi ng menber for mxing of fluids having a rectangul ar shape,
according to still yet another enbodi ment of the invention.

[0024] FI G 6 dblitkstbd FhyAttcArboREP EbfhaBd¢ D9y ss e Mbn-AGS %urtfgctgrﬂs,

enbodi nent of the 1 nvéntion.
per-fluoro-poly-ether (PFPE) surfactants, PFPE carboxylates, PFPE ammonium
carboxylates, PFPE phosphate aclds, PFPE phosphates, fluorocarbon
carboxylates, PFPE fluorocarbon carboxylates, PFPE sulfonates, PFPE
ammonium sulfonates, fluorocarbon sulfonates, fluorocarbon phosphates, alkyl
sulfonates, sodium bis-(2-ethyl-hexyl) sulfosuccinates, ammonium bis-(2-ethyl-
hexyl) sulfosuccinates, and combinations thereof. Cationic surfactants include,
but are not limited to, tetra-octyl-ammonium fluoride compounds. Non-ionic
reverse micelle forming surfactants include, but are not limited to, e.g., the poly-
ethylene-oxide-dodecyl-ether class of compounds, substituted derivatives
thereof, and functional equivalents thereof. Zwitterionic reverse micelle forming
surfactants include, but are not limited to, e.g., alpha-phosphatidyl-choline class
of compounds, substituted derivatives thereof, and functional equivalents
thereof. Reverse-micelle-forming co-surfactants include, but are not limited to,
e.g., alkyl acid phosphates, alkyl acid sulfonates, alkyl alcohols, perfluoroalkyl
alcohols, dialkyl sulfosuccinate surfactants, derivatives, salts, and functional
equivalents thereof. Reverse-micelle-forming co-surfactants include, but are not
limited to, e.g., sodium bis-(2-ethyl-hexyl) sulfosuccinates, ammonium bis-(2-
ethyl-hexyl) sulfosuccinates, and equivalents thereof. Chemical agents include,
but are not limited to, e.g., ethanolamine (HOCH2CH,NH,), hydroxylamine (HO-
NH,), peroxides, organic peroxides (R-0-0-R’), hydrogen peroxide (H202),
alcohols, water, and/or other reactive constituents.
[0030] Surfactants and/or other solutes can be pre-mixed for on-demand

injection in a liquid form with various co-solvents including, but not limited to,
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m xi ng or turbulence. The term"turbulent flow' as used herein refers
to non-stream ined flow paths characterized by flow |lines that
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introduced thereto. The Grashof number is a dimensioniess number from fluid

dynamics which approximates the ratio of the buoyant force to the viscous force

acting on a fiuid, as defined by equation [1]:

[

r ﬂz

G =(Dap2g§(C:"CO)J
where "g” is the gravitational constant; “C" (psi) is the volumetric expansion

coefficient with concentration (having units 1/concentration) given by the
8



[0028] The fluids of the invention al so enconpass |iquids having
reduced tenperatures (Tr "a' T/ Tc) of greater than about 0.75, where
T is the reasusedrdienperature and T8 is the critical deanpedabirse for
the carrier fluid. The near-critical and supercritical fluids of the
invention can further incorporate various reagents and sol utes
therein. Solutes, including, but not limted to, e.g., surfactants,
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pre-m xed for on-demand injection in a liquid formw th various

co-sol vent s i Righstcthagfor kbtventidnal fiquidsedsiven the low viscosity of near-critical and
supercritical fiuids of the invention, and the large volumetric expansion coefficient

(psi), Grashof values for these fluids are about 3 orders of magnitude greater

than for conventional liquids. Thus, at a minimum, rates of mixing for the



di chl oro- pent af | uor o- propane (al so known as HCFGC 2250,
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force actingeussp f!UiFlg, 23 INRILBED Mbang UBb4Mis! 23 (seiion) For mixing of
| D3P28. 41C;, -C)) dIl2 [1]
fluids, according to an embodiment of the invention. Mixing section 22 comprises
any number of substantially vertically disposed mixing segments 24 coupled
together, e.g., in a coil. Mixing section 22 has a total length (L), aspect ratio
(AR}, and/or volumetric flow rate (Q) providing a residence time (RT) sufficient

for rapid streamline mixing. The aspect ratio of mixing section 22 is given by

equation [2];
Aspect Ratio = &) 2]
(D)

where L Is the length and D is the inner bore diameter, respectively. Aspect
ratios are selected having values greater than about 100. More particularly,
aspect ratios are selected having values greater than about 500. Average

Residence Time is determined from equation [3]:

Residence Time = ). 3]
()

where V is the total volume (mL) and Q is the volumetric flow rate (mLfmin) of
mixing section 22, respectively. Residence time is selected in the range from

10



where "g" is the gravitational constant; T (psi) is the volunetric
expansion coefficient wth concentration (having units

1/ concent r §ig RhrsFteyen by the WO 2006/ 135761Pc T/ USZOO@(;({@@&@J,OZZ
expression [-1/p*(813/8C)D is the diameter of the m xing device;

is the concentration of the solute in fluid 16 introduced into

carrier (bul kghofd biod n% nQOtSC%c? hS abdlf 1C£PH1 ”Mogé P%QIC& I? 3’;&1 ??Qﬁeotuﬂgl;s

(normally 0, but not her et o) carr

aoni Fi cant 2*%&%‘%8?"?2?32*3 B e P'g?'e'ﬂ@éé ) 48 BIEOE T 1 et

bulk fluid 1‘bcﬁi@9|np r#l@p']i)ﬁn%ﬁf‘m&ﬁam' al ve! ocCi ty gr adi ents and/ or
n particu

vectors are generafe density dlfferences (4. (C -

f fl ui I t
el ected i n (Rg Mange Tr 58, GpShagbbamel, o Ak bl M8 s dios 26 s
More parti CU|p%§f'hb!mecp|f‘c:n§;l=.=ﬁé!raﬁaI ﬁé\ﬁrﬁ%cﬁr%tr%f@ctﬁ) S@C#eﬂowﬂbtalqgca]tq?%g dnleom

about 10 percent to abdut 50 percent he "su itira

(vel ocity grﬂklﬁﬁ%é%méﬁl%g%o r?b??B Igg r%‘ceci?dw ﬁ’]rgjsegééﬂ dlrgétlob e{%%l up).

fluids of the invention prow m X1 ng,

her ei naf t er . p[somggf}ayggu,eumerﬁﬁf nﬂgauc%np{@&g{?h}]%? ﬁﬂ.qffe“gﬁ?ﬁ f@ﬁg;} 2

defined, e.g by Bird et a ranspo onena

S New Y

cnown 1o cor Polres, 2 SRAkL GRLenl rﬁ?@ﬁ"g koS (THR A 3T U Ay
I I nd , : o g t d

B urd Fl ow 10 g%gtg} (D oribiiey SUE iy Jetica, jlfikmo hineEHio

2403) . For exaddl &) 12RribRRY s%étéhtf‘aﬂ* vé\ﬂgal&%WnC "itdchiah of 11[[6% glsl?ullélﬂuig

viscosities are from5 to times 1ower han for convention

I'n addi tion, 14h@aM@ds! FBrpaRRes Sgrﬁéht%emqé.%be%c{??wo”ﬁﬁ{hecééﬁshfﬁbaa’f‘&ﬂ

supercrltlcal fluids is from5 to 20 tinmes” highe

convent i onal ohérﬂé”sd&taﬁﬂa‘ﬂﬁ@eﬁ?&ly’ &i%nv'wﬁa‘ff&ﬁﬂgﬁn&{v Vafesth t{/l%&t&l ?ﬁ‘lonéﬂgd

supercritical fluids of e I nvention, and unetrt

about 5 or dere T Rl A B P @E@%Qﬁ?@%é i aﬁ.‘nﬁgam
Thus, at a noahfiguration,ahBdngPsedib i22thds0d 1dndfh (L) of about 24 inches, an inner
diameter of about 0.060 inches, and an inner volume of about 1.11 mL, yielding
an aspect ratio of 400 and a residence time of about 2.6 seconds, but is not
limited thereto‘. As wilt be readily understood by those of skill in the art,
dimensions are variable to achieve rapid mixing as described herein. No
limitations are intended. For example, mixing segments 24 may be coupled in
series without limitation, yielding additional coils for mixing that vield a
substantially homogeneous mixed fiuid. In an alternate configuration (not
shown), mixing section 22 may comprise a single vertical mixing segment 24
positioned fo generate fiow in either an upward or a downward direction, again

not being limited thereto.
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i nvention are magni fied by at |east a factor of 3 when conpared to

rates of mixing in conventional |iquids. [0033]In general, as will be
under st oodwly20bfR5%10f skill in the art, density gradi eppg, %6/02@507
velocities are a function of other fluid paranmeters, including, but

not limted to, e.g., solute concentration, tenperature. Thus, no

o : : i - L 6o eference to
Speci 11 ¢ denortethnds or e pareraed 3 i bERas 2 s fﬁifg?gfgzngo of
. . . i he _ _
Ee 2a ana. MUK SusGeh thither BMRRNERP 3f (B8 ?%ﬁ%ﬁﬁ@gﬁ'ﬁg 2
(section) foreomiptisBg aﬁ{t (l;lfhﬂ'ngspﬁf s@d\s‘fé?ﬁigﬂwge&igalﬁbr}jéﬁgggg Jni¥iog éﬁgrpgptpym

I nvention. M Xxing sect conpri ses “any nu

' ' L4 NG - ! Lo .., 1N
oy LT S o
U1 i ont T or G et 28 chcr iR aechlent a8 iR AR ol ey Sy

section 22 i yefichB BWakfliHbbiIh. [iflrod eiOF (niRBbhL of dutd 16Pdntd Fuid 14

generates a density gradient directionally opposed to the flow of fluid with a
vector (p) 10 oriented substantially vertically down, inducing a new velocity
vector (v) 12 oriented substantially vertically down. Direction of fluid flow
changes in mixing segment 28 whersby vector 10 of the density gradient orients
substantially vertically up, inducing a new velocity vector 12 oriented
substantially vertically down, but is not limited thereto. Mixing segments 24 may
be coupled in series without limitation, yielding additional coils for mixing that
yield a substantially homogeneous mixed fluid. No limitations are intended. For
example, in an alternate configuration (not shown), mixing section 22 can
comprise a single substantially vertical mixing segment 24 positioned to generate
flow in either an upward or a downward direction, again not being limited the[gto.
[0037] FIG. 3 illustrates a mixing section 22 for mixing fluids in conjunc;ti_on
with a mixing device or system, according to yet another embodiment of the
invention. Mixing section 22 is of a sinusoidal form comprising any number of
substantially vertically disposed mixing segments 24 coupled together, but is not
limited thereto. At least one mixing segment 26 is positioned to generate fluid
flow in a first direction {e.g., up or down) and at least one mixing segment 28 is

positioned to generate fluid flow in a second direction thereby achieving thorough

12



where L is the length and Dis the inner bore dianeter, respectively.
Aspect ratios are selected having val ues greater than about 100. More

particul ar{yy0cRSkL rati os are sel ected having val ues 9&?}%‘5% ,5 ah
about 500. Average Residence Tinme is determ ned from equation :

Resi dence Tllrre = (7)[3] where Vis the total volune (nL) and Qlls t he
I f

Ezsfgt‘éﬁig‘;t. f"%i) K, e P & wg?dfrf@&nf&’?ﬂ gg@fﬂ; f%éfiet&éne@ 5

sec o abou r ar res

in the range g[%m mo"@u?é&gﬁ%éaﬁlﬁv@gg 4Le L{pgaactamc ﬁnigeqﬁrﬂt?r(glﬁ dSeBﬁ' y
hi 035

et ong. BRI Kt ) BTRRAR 10 BB R o™

f d 2

o+ S0 0. PR 7 el 0 B T PR EREE s

[

fluid 14 genderiafy dog Dirok AT SENAQ O] crbeRCh R bo st 2p herby”

Leos o Py syebth 0. AUV BiokPGids Dludeh r&%%%%ﬂfoﬁe”ﬁﬁ%@ﬁ*g 2hel

Shenges e 630 S %@ﬁ@@gfeﬁwﬁ bR Lt b

Seroe ty vecrat ifakAdnal o (bt i byﬂ@%eara%%%m@feq Lot

0 Tength (b Hef uldley é@ﬁ*ﬂhi&%"ée 5%E@%ﬁﬁ@ﬂ»@ﬁ‘@%‘d”&egﬁﬁ% Bferdhes 3

i1 of 400 SneBRERt W Blont bheded 1y Hsundtafidll HerhRaR oeen

limted ther ﬁ\tdﬁmnﬁ‘sa Wely vQSc;lrgeféEt(%rh é’%ﬂgﬁt% 984, %ébétglﬁfaﬁéo\jgghscg@ lgPYVB od

the art, dinensio are varl 0 acni eve rapl

herein. No | ddi@hi ms%ﬁmuﬁﬁj%@gﬁﬁ% F?ﬁ r%é?rg)é féguﬁ?eé'uagﬁ?srfe%ng, Sut >

rraybecoupledlnserlesvmt ron,”yieldrng a

o L Y ey e b U ARl OISR 5

TR e e

limted thergf@d forming a substantially homogeneous mixed fluid. No limitations are
hereby intended.
[0038] FIG. 4 illustrates a mixing apparatus 22 (section) for mixing fluids in
conjunction with a mixing device or system, according to yet another
embodiment of the invention. Mixing section 22 Is of an angular shape
comprising any number of substantially vertically disposed mixing segments 24
coupled together. At least one mixing segment 26 is positioned fo generate fluid
flow in a first direction with another mixing segment 28 positioned to generate

flow in a second direction, mixing segments 26 and 28 disposed at an angle “9"

with respect to one another whereby thorough mixing is achieved. Acute values
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[0036]FIG 2b illustrates a m xing apparatus 22 (section) for m xing
of fluids, according to another enbodinent of the invention. M Xxing

section 22wePiEhdissRs any nunber of substantially verticabiissiepassd
m Xi ng segnments 24 - coupled together, e.g., inacoil. In the

i nstant enbodi nent, fluids introduced to m xing section 22 enter
m xi ng segm&*r};tr p.wth a flui tiall j cal l

upwar d direct o‘ﬁ: aqenqrp@g&gtquh%ezx%oﬂiv@hgq &i‘?js'et%g'fs Eq:a hGiinpta et\g'?e*{"tg"??']}i fﬁﬂdm
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soqrete 3 obFes Sanfulifodh il o i
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si ngl e subst é(ﬁ?'gﬁ’fﬂavp \}'éq”h"@a? MRY it¥é’§ﬁ€’ﬂt&2‘2ﬁeﬁg%q By na@bggﬁically
e g | 1 m t odobefinis oy B dhetRl. Biad it Fobudta i RS Bihs2
for 10 LB PO B RS SS LU
vort sl SRS AL e e
generat 11 uRGHHPSUIEY P0G, T VABIPOR YOG=PR B oot sisrs
e R Aol G Vi fidy e
e soomlEEE Uy MV e e
\C/)reirteintcgljl }s/ugown by:]?rec'pl 8n°a_n§ ?mﬂ&@%}’?& g #ré%tfggg’gﬁﬂ:@i l%t?%?l Ssl?”bfé
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a downward ' gdigr, ]_]Jf.,é)cp generating a density gradient with vector 10

oriented in a substantially vertically up direction inducing a new

e on rlfed] o WPR MG T A ST e
et (8 00819 o PN AR ol b b
i o R o W AR e e
(o oo, (TOVAE et e X ey B dore
\ZIgriing}‘ I v %%glﬁ:ar St e comr s![ it %ﬁ nﬂ?%%ér'i E?zgﬁgtg,ﬁfﬁﬁzﬁﬁu{one
v cal |1 g Pt SOOI e RO B Sk

direction with another m xi ng segnent 28 positioned to generate flow
in a second direction, mxing segnents 26 and 28 disposed at an angle




for "8" are preferred but are not linmted thereto. In the instant
enbodi nent, fluids entering m xing section 22 enter m xing segnent 26

flow ng i nw@iémgﬂ;ldl rection, generating a density graijtf/gﬁzoﬁﬁlﬁzg‘(ﬁ a
vector (p) 10 oriented in a substantlally vertically do Irection

and inducing a new velocity vector (v) 12 oriented substantl ally

wher eby. 'VZc?%%%@c#‘fotq%ge@i“%@ﬁ%‘@%ﬁia%‘sﬁc?nd‘o Rt e dpereny
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o Lanted | n S CURET BRARD] Bulg Romér 285 e BRI bRl o
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Subst ant i a1 ERrPREEPy %E@%?*fﬁ@%“&*s@‘f“ﬁ%gﬁ%&ﬁ% ERanblinBer ardqne

substantially verTi ca tron and i

vector 12 orj eqbe@niidl ah@lﬁg Iti"ter‘x)éfjvﬁu'& GRhly gl%vmr {Hh?ecé%%%)'?em

i's not Ilmtedthere econflgra

M XI NG apDargHirgd huGart gwrﬁphawawaac i (N NN

22 flow first 1n a |reC|on generalnga

having a Ve%tré’rmtéﬁd&f | ey Gh | din O%:Hﬁgﬁr%%ﬁsal*%lﬂg}eé’ecéﬁrfé’éyh# g length,

direction and inducing a new ve vect or ori

substant i al 'a)é{:c\ééieruBa'ﬂB\{g Al R0, s SERTLE S AIGH P oo

m xi ng segnents 24 may e coupled 1n series w u

ext endi ng thﬁsé%ﬁa a r r g.for re

density gradient an ve O}él ?@ﬂ@gwﬁ%@suﬁ@{?& ﬁ)ﬁ ﬂ{)ﬂ %é %s'tcﬂg?cg ﬁ?y
m xed provi %ﬂéﬁbréewfﬂﬁé gntially honogeneous mixed fluid. Qher
configurations as w be envi sioned by those of skill in the art are

enconpassed he4i N- ! Brﬂlﬁﬁraie%né c%ﬁle’t{hﬁﬂﬁjﬁgy A% N o! rlég%c}r 'ngftPcﬂN

configurations, "m xi ng section has™a 1 engt

rate, and r%ﬁuggm%ttdf e descri bed
herein. A conplete ni xﬁﬁ%qrﬁsue@%'gﬁm \r/}vlﬁlt Qfg '@b%'gmgl |%§h1§ﬁt°ﬁm}p§l§8§ &nce
to FIG 6. [0040]FIG 6 illustrates a conplete m xing system 100,
according to an enbodi ment of the invepdion. In the figure, mxing



WO 2006/ 135761PCT/ US2006/ 022507 m xi ng section 22 havi ng any nunber
of substantially vertical mxing segnents 24 coupled together in the
shape of av@aiobasshdixi ng section 22 was operatively copptestods22307
optional view cell 36 for viewing m xing efficiency. Mxing was
assessed in conjunction with refractive index neasurenments. In
particular, viewcell 36 was configured with two 1/4-inch opti ca%l

Wi ndows t hr opglhgbictibn B2 Xiatitg @hy Somber ofresibeteuiialy Nerioal sowiag PreMeN's
transm ssi on 1 mage using a near-point | i_?ht source 50_coupl ed t't% a
vi deo caner azh2ogsied fizethenirt the shepeaatiacal. midbing siclipl 22 WaSHPETUERY,
and to a standard video display 54 positioned ,a_d'bagtent toMzi.rg%vW%?II
36. Refracti weuplewlixan ppfopakviewsell 36UANYIRWHIFMigNE CHICEREY- e "A'SUAFTy
observed as fluctuating distortions in the transm ttt egn éé]?&ﬁ’ar view
Refracti ve i messssetl infasnignelies withdeladive BdEX MegeBmEr S adh&'ty gr adi ent s

in an unmxed fluid. Wen conplete mxing is. j j rdsl ons
in the transeel B&wap SAHEUBIMHYEGUIE! %ﬁﬁ?é?‘"“?é% gﬁﬁ%hn\@gﬂghﬁ)@assess
adequacy of m xing may, be ysed without |.ini i i 4 Mt Méht
section 22 wasluies sRfd g%d’b?"ﬁﬁ! Y'8 aa?rﬁp%r%lé%%i}%égi}gysrlﬁég% @%agjggl 3%]

containing a surfactant fl uid .40 ri : ekt bt ®dndafdOmacro or
on-demand i njs8LEeP olf "a"r‘r‘ﬂ‘eﬂi@i%ﬂée(ﬁ/lg%ﬁﬁé %%%gf@%’dzzl was Turt her coupl ed

t 42 (e.g. d 4 1Bl e ot ' iaBBCEit 36 0B
pump. Bl dex. LeiseR R nd o santa ] ey R e i

40 to mxing SeGki LAt a8 r |d8s ihBnmhRed fuill spwerbostially biosebved
nLimn, but 2 Ok, PrBGnBlndbx difieridds I BnfRBg fulpAEROR (P -0. 89
Vo) vas del | yef RelafifPLEARA; FbRN4AI6e age. cRbanties ndedifpreneas
section 22 vi® teed punp 47 (e.g., a mcroprocessor-controlled
syringe punp, L SOQredt Mesult dii deasityngrabiBntsaih an umnigedfluids WhemicAmalifer a
pressure of 25’500 psi and a tenperature of 25 C through a conbipation
"T" fitting %ixinptigpaéﬂiéﬂbﬂm&ﬁﬁtbﬁbns Rothatrdnsmitted imask ave ppsenged. \PREHg

of fluid 40 and tfluid 44 was ascertained in conjunction Wt&ﬁ{b
refractive i nggxbiemaaus prmstss adsysacyof THILBRpMUseENVTRAYAMNEIRed vi a
standard 1/16-inch O D. stainless steel tubing

58. Waste flujids re
col l ected in pooaty | ectMisng vesion|22607s IO ZPHACH e B&@ﬁ?ﬂea’r"if or Yoot
s
Chgm' cal Conplaisgtionvandsgiicge Migpo 5@%‘83;2?('%33%“‘?%{%8@?%%{8@”@{& &{;(leé 171 ed
di chl or apent aFPET SRR G- PR g P BRERS. Bl A RERgTeR: 0% o
appr oxi i ¢ 1531 GaRTCPARY ey B TAPE; i LA R e PP E 0

ourt ot ot oo BopC o AR uf HRSRbA il Mot A PLiRSIdPked C0, 44 (¢

sur f act ant : sol™@ be tsed wthout imtation. In addition, other

surfactants and/qr i rcBei6Cc@ i dyridier)eto gnixingisection
described in a@-?%@é%?ﬁ’%g%'ﬁ’ﬁfe?i’??@?%? S Apegcnﬁ@i@gadt?i ptlivadiry 7&%@ 249)
and used in cgpjunedd ' e PrREGHcIsBorehiraiad i sydhaed purgp. 8CE,,
PFPE- phosphat g?A ?elte'rq%a}m)({:ﬁo??cg%\a/ent conpri sing _

pol ychl orotri fluqraeifWEsne al mtdhal 26 ailimin wider a PRREuehY AFRE RS} AMTA| n
a co-solvent conprising trifluoro-trichloro ethane (CFC- 1130). O her
surfactants apgiratlRA6II5WE thidag Btcombinatiore” T3 fiting ¥dnto mMiking §¢41aB 122
co-solvent for on-demand injection, including e.g., PFPE-ampDni um
car boxyl at e/ hydrigeyViewidee 360 NEEQy 22 50id PFmdaﬂH%MuW?%ﬁsme t '8/
hydr oxyl am ne in polychl orotrifl uoroethyl ene (hal ocarbon oil). No
limtations are hereby intended. [0043] Wile the present invention
has been described herein with referencéto particul ar and/ or
preferred enbodinents, it should be understood that the invention is




interm xing of various fluids and reactive conponents as currently
practiced and descri bed herein nmay be effected in nunmerous and

ef fecti vel woembds8tegnt ways. For exanple, application obci€00E6R88S
descri bed herein on a comercial scale may conprise high-pressure

punps and punpi ng systems, and/or transfer systenms for noving,

del { ver  ng s BRRTIHH eARR Bles rERS; 588 T Eraaris e,
component o 1 APRedye, iRl e3fch Ou ahert B Ul B AR E e
be fur e OBl A Ll uRgd g1, 4 L1 computer cont o}l ed systers
Gescr | bed henaidlrel adh dne RelbRLY Suetdl g 5 S & pasaShpiner
Che art. i lsﬂéﬁ%?%#&ﬁ%%%%?ﬁa%@%%ﬁ@e%é%?c%ﬁi?ﬁ%éﬂé@gdf@@%%ré”
i tat i ong. APA Re: SR Rl QAR ERrebbnt 2L S o B ERy, Olape
"t roduci ng ST ParE SRESkas wi, sson) sy BE Bt Bk v avers
cupe BB 18 il S ThR AL oSSR 28
fonSl o ooy RaEhS 25k (Aeh ERlLLY ERAMGR! Nef Ur'diflr L cefertht! "

for retrievi a honbgeneous m xe 4 i nl et. and. sai
. : e e
section oper gg_l,é/ntﬂhé&m@% Qﬁé]r}f}ﬁ%gzs"i‘?'l siHactRSval soid;ﬁpp);ogqrglb Bty

. =]
outlet, said m Xxing seCtion having one or nore verti

m xing segnegicy) GaHR! G BRALAGE UL Lidtnd | e B 8e BES e hnt-Bordent
and 1 r ORI H" a

first direction"in one m Xl ng segnmen a second dire

further m xi pg, SRONEH g/litﬁéﬂtqirﬁﬂa)ﬁbﬁ.g I eafghgeg,e B‘r’f‘ﬂé'{ 39&5&%@ %E@gg%gcti%

uni for m di mension capabl e of generatin nsi gradi e

i ntroducti on QoS fay bHidanﬁﬁne%i?%I%é,g%%g@ééﬁbgd H ccf)-ltogh&iﬁ taﬁ@léc%’#lgrg{(\g;% y

gradi ent inducing a convective Vv I'n said strea

m xes sai d fhghitafdn RBI 9o/Pbs b2y 4nd Qdedf thWolRin nrnWﬁlgI}%abr%s TRERIQN'S
e aJ Ej ¢

m xed fluid, and wherein t pect ratio o e mxing section'i

greater t tflgﬁinéfa@tna,nd d.8¢ fbppA.hdyhmieROTeSifenge EoBvaTt OcBmpf&Rgds

polychlorotrifluorcethylene in halocarbon oil, PFPE-phosphate/AOT in a co-
salvent comprising trifluoro-trichloro ethane (CFC-113®). Other surfactants
and/or reactive reagents may be premixed in a suitable co-solvent for on-
demand injection, including e.g., PFPE-ammonium carboxylate/ hydroxylamine
in  HCFC-225®, PFPE-ammonium  carboxylate/ hydroxylamine in
polychlorotrifluoroethylene (halocarbon oil). No limitations are hereby intended.

[0043] While the present invention has been described herein with

reference to particular and/or preferred embodiments, it should be understood

that the invention is not limited thereto. Various aiternatives in form and detail
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2. Anethod for mxing a fluid or a plurality of fluids, conprising:
provi di ng an apparatus of claim1; introducing a fluid or a

plurality @fgdohdHsdg i nto a near-critical or super-pri ti gélfmgﬁgg,bﬁ_gm
fluid formng a fluid stream into the m xing section, wherein said

carrier fluid is a gas at standard tenperature and pressure having a

[ b h itical. d ity f i d rier fluid, wherein a
densi 1) or adiBRY bp Sy EtenatioptaereRinad i e And apeperdf eiryenion

id pl it f fluid i d densit radi ent i nduci ng a caonvective
vel ocity suf fTURRMAE, GHISEBEIRPa FLARE o MEOGESSMENER 24 4 Peraf ar o
id st i thi.n 0. 5 ds to 1 mpute residency tine in the
mixi ng sect i GRCUGTAG, Bt gk JAEG 6. Al Ryl SAHETelRCaRgHETe diFTaser,
fluid i nb elected fromthe group consisting of carbon
di oxi do, 6t hAIRRSOBPhG! SHEr TARpE sbaps, (IcHAnd i ates daremd | de,
F , nit , i a bstj tuted derivatives thereof, or
con vt on PRERy et e o iy ans
carrier fluid js a liquid having a reduced tenperature (T1 = Ti TO) o
greater than' t_evgl_xmgé] Vﬁ%usa'%%%@aﬁtfvecﬁ%%” ?fs\/ﬂ?giuéieﬁ?évﬁffﬂﬁf‘é’n@sai dFd( y

_ : . . I d to.the di ti ,
I i e

vel ociLy has QL LRt ol e Mottt G 0R6d neftin b9 ol damminria adaly”
may comprise high-pressure pumps and pumping systems, andfor transfer
systems for moving, transporting, transferring, combining, intermixing, as well as
delivering and applying various mixed fluids for various fabrication applications,
e.g., cleaning and rinsing. In addition, commercial components for mixing and/or
delivery of fluids described herein may be further controlled in conjunction with
computer-controlled systems and/or devices.
[0045] Further, associated application and/or processing techniques for
utilizing mixed fluids of the invention described herein relative to substrate
surface processing, e.g., cleaning, will include those aspects envisioned by those
of skill in the art. In general, many changes and modifications may be made

without departing from the invention in its broader aspects. No limitations are

hereby intended.
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7. The apparatus of Claim1l, wherein said convective velocity is
directionally opposed to the direction of flow of said carrier fluid.
8. The apparatus of Claim1l, wherein said density gradient is
directionally opposed to said convective velocity in said fluid
stream 9. The apparatus of Claim1l, wherein said density gradient is
generated in conjunction with a concentration difference(s) between
at least a first and a second fluid in said fluid stream 10. The
apparatus of Claim1, wherein said density gradient is generated in
conjunction with a tenperature differefed between at |east a first
and a second fluid in said fluid streamor said plurality of fluids.

11. The net hod; of C a2 | Nisdedyidd Wi .or .said plurality of
fluids have a residenég%tFﬁépﬁﬁﬁgﬂ?ﬁﬁ%ﬁ%%%ghgggﬁ'on in the range from
2 seconds to 10 secHifds!one figt ioriRigodyeingmicr a@juglivhobluidgfinie @ neprsaticel or
fluid or said pberailidat gar@f fdid oindsg @fiutd stream otheeictaldcarkibavidnad gzsian t he

range from 10 gddgbA tén@pe%rymo"bressﬁrgra\;rﬂea dﬁéﬁglgggo ﬁheggﬁéa[%eﬁsl%y%%gigi n

said fluid or sajd_plurality of f S are 1 ntroduced a l'ow rate

in the range f¥BM 28" m./nin to 1 L/ nmin.
an outlet for retrieving a homogeneous mixed fluid; and,

a mixing section operably disposed between said at least one inlet and said
outlet, said mixing section having one or more vertically disposed mixing segments
coupled together such that flow is generated in a first direction in one mixing segment
and in a second direction in a further mixing segment, said mixing section having an
inner bore of uniform dimension capable of generating a density gradient upon
introduction of said fluid or said plurality of fluids, said density gradient inducing a
convective velocity in said stream that rapidly mixes said fluid or said plurality of fluids
forming said homogenous mixed fiuid, and wherein the aspect ratio of the mixing section
is greater than 100 and the fluid having a residence fime of 0.5 seconds to 1 minute.

2, A method for mixing a fluid or a plurality of fluids, comprising;

providing an apparatus of claim 1;

introducing a fluid or a plurality of fluids into a near-critical or super-critical
carrier fluid forming a fluid stream, into the mixing section, wherein said carrier fluid is a
gas at standard temperature and pressure having a density above the critical density for
said carrier fluid, wherein a density gradient is generated upon introduction of said fiuid or
a said pluraiity of fluids, said density gradient inducing a convective velocity sufficient to
mix said fluid or said plurality of fluids in said stream within 0.5 seconds to 1 minute
residency time in the mixing section.

3. The apparatus of Claim 1, wherein said carrier fluid comprises a member
selected from the group consisting of carbon dioxide, ethane, ethylene, propane, butane,
sulfurhexafluoride, Freon®, nitrogen, ammonia, substituted derivatives thereof, or
combinations thereof.

4. The apparatus of Claim 1, wherein said carrier fluid is a liquid having a reduced
temperature (T, = T/T.) of greater than 0.75.
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14. The apparatus of Claim1, wherein said mxing section has an
aspect ratio greater than 500. 15. The nmethod of Caim2, wherein
said fluid or said plurality of fluids are introduced into said
streamin a m xing device having an aspect ratio of greater than 100.
16. The method of Caim2, wherein said fluid or said plurality of
fluids are introduced into said streamin a m xing device having an
aspect ratio of greater than 500. 17. The net hoddof (Cj:lai m 2, wherein
said fluid or ald | ur al i fluids are jntroduced into a mxin
devi ce conpri SI ng a Eﬁgaritﬂ%%fgﬁ'?i"a"?"'le{ﬁ"\/séfdt‘{eﬁsﬂ P'S'i‘d‘antésp%@%tt?”?”éﬂr"ppc’se"g
generating a flodhe dirgctien etflow ofsaiddserisaitid. al |y upward or a substantially
downward direction. 18. The nethod of Caim2, wherein said fluid or

sai d pIuraIity of flui X ensity diffe ared to
said carrier fluid Jrhlé g %ﬂgus thyéa"?r‘o%efqusaéecf’?;v@m"ef’ o%‘bﬁi?g@éﬂ["”a' 19.
The net hod of Gc@f?ﬁeﬁ'wdﬁﬁé’iﬁé‘ior‘i“%@imﬂ pliflod obseidgrairigr fyidur al i ty of fluids
exhibit a density difference conpared to said carrier fluid in the

range from1 pegr Cenfhetagpa?&lﬁsoqlb%%'tl ‘whefel saTh:gnva i?e v%gc"fvggﬁc %rla'l

wherein said mxin es a ura
di sposed ni xi ntPPetE At %‘reé%roéf"?“(/‘élsﬁdéi‘ﬁﬁﬂ'@@i haV| ng a shape sel ected
fromthe group consisting of coil, sinusoidal, rectangular, angul ar,

or combi nationg thefgafsaratys of Claim 1, wherein said density gradient is directionally opposed
to said convective velocity in said fiuid stream.

g, The apparatus of Claim 1, wherein said density gradient is generated in
conjunction with a concentration difference(s) between at least a first and a second fluid
in said fiuid stream.

10. The apparatus of Claim 1, wherein said density gradient is generated in
conjunction with a temperature difference(s) between at least a first and a second fluid in
said fluid stream or said plurality of fluids.

11. The method of Claim 2, wherein said fluid or said plurality of fluids have a
residence time in said mixing section in the range from 2 seconds to 10 seconds.

12. The method of Claim 2, wherein said fluid or said plurality of fluids are infroduced
at flow rate in the range from 10 mbL/min to 10 L/min.

13. The method of Claim 2, wherein said fluid or said plurality of fluids are introduced
at a flow rate in the range from 25 mL/min to 1 L/min.

14. The apparatus of Claim 1, wherein said mixing section has an aspect ratio
greater than 500,

15. The method of Claim 2, wherein said fluid or said plurality of fluids are introduced
into said stream in a mixing device having an aspect ratio of greater than 100.



21. The apparatus of Claim1l, wherein said mXxing section conprises a
single m xing segnent vertically di sposed whereby said gradient is
generated in either an upward or a downward direction. 22. The

met hod of Claim2, wherein at |east one of said plurality of fluids
conprises at |east one solute dissolved in a co-solvent for

I ntroducing said solute in a liquefied form 23. The nmethod of Caim
22 wherein the ratio of said solute to said co- solvent is sel ected

in the range f ‘fBO m Ol'h\]-z n’pethEQ ofjé?fal% lzeé}eln %_J-Eeﬂufﬁeog hgd %Iﬁrfg lg?o@llugé 88 iniro V\Iclzlpu%rﬁ

the ratio of said solute to sai
from1:1 to 5:1Hsaidgreampa F‘Pﬁ‘t”ﬁ&ﬂ""&ﬁ“a@ﬂ%t?WﬁSE@* ’%éfrgéﬁﬁ*ﬁfﬁ'ﬁﬁéo%o sol vent

Is selected fromthe group consisting of

di chl t afl - IC S ;
plolcycﬁlr gr ESPI 1%'7“3?33? Ej{%ﬁgﬁgﬁlalﬂ I \Pltegérlrg_a%efﬂfdaoﬁ lséi'@ﬁl@r?lhpgf% 305 introduced

di hydr odecaf | J8? 8 Fiiioaityce (pmetsia %‘tl?f‘eﬁubsfwai&dﬁwﬁ#éﬁ'ﬁ%gd forhgsneigiing a26.
The net hod of fiGa sth&2 suintadialynpsat dr adubbteaisly dowewsobitdconconpri ses a
surfactant or co-surfactant selected fromthe group consi sting of

Cx2-philic, oni onic, zwtterionj

rever se- ni cel Inl fo(r}Pr‘? Wﬁﬁ’g‘ﬁ&fs}@? gn“t’ reé{}ﬁ'dc,fﬁ‘d§ﬁ?al‘da@‘ﬂr%w%fﬂ“‘g“hﬂ‘h'b'ta

conbi nat i ons tdaesitedifference compared to said carrier fluid in the range from 0.5 percent to 50
percent.

18. The method of Claim 2, wherein said fluid or said plurality of fluids exhibit a
density difference compared to said carrier fluid in the range from 1 percent to 20
percent.

20. The apparatus of Claim 1, wherein said mixing section comprises a plurality of
vertically disposed mixing segments operatively coupled having a shape selected from
ihe group consisting of coil, sinusoidal, rectangular, angular, or combinations thereof.

21. The apparatus of Claim 1, wherein said mixing section comprises a single mixing
segment vertically disposed whereby said gradient is generated in either an upward or a
downward direction.

22. The method of Claim 2, wherein at least one of said plurality of fluids comprises
al least one solute dissolved in a co-solvent for introducing said solute in a liguefied form.

23. The method of Claim 22, wherein the ratio of said solute to said co- solvent is
selected in the range fram 0.1:1 to 10:1.

24, The method of Claim 23, wherein the ratio of said solute 1o said co-solvent is
selected in the range from 1:1 to 5:1.

25, The method of Claim 22, wherein said co-solvent is selected from the group
consisting of dichloro-pentafluore-propane, dichloro-pentafluoro- pentane,
polychlorotrifluoroethylene, trifiuoro-trichloro ethane, dihydrodecafiuoropentane,
diethylether, or combinations thereof.
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27. The nethod of C aim 26, wherein said solute is an anionic
surfactant selected fromthe group consisting of fluorinated
hydr ocar bons, fluorinated surfactants, non-fluorinated surfactants,
PFPE surfactants, PFPE carboxyl ates, PFPE ammoni um car boxyl ates, PFPE
phosphat e aci ds, PFPE phosphates, fluorocarbon carboxyl ates, PFPE
fl uorocarbon carboxyl ates, PFPE sul fonates, PFPE anmoni um sul f onat es,
fl uorocarbon sul fonates, fluorocarbon phosphates, al kyl sulfonates,
sodi um bi s- (2- et hyl hexyl) sul fosucci nates, ammoni um
bi s- (2-ethyl -hexyl) sul fosucci nates, and conbi nati ons thereof. 28.
The net hod of 4 ai nifgeénethod of @him 28 aviebrerodaint a leb st ope sittd @mipdses wrshidastaant
ZSI e% ed f[ﬁm brlaesGtamnt sgfgctb%dnamegwﬁ g:ogam bf{%zf-ﬂh\*ﬁerajnﬁﬁic,f\c@mﬁﬂyms-

: e netho alm 26, erein sai olyte I's a _non-ionic
reverse m cel ﬁ%‘ﬁ%‘ (%‘Pc'?trﬁ3 il mcsrﬁ‘FefrsaeéT'(éeﬁ?'?oérg'f'%ﬁlf'%ﬁa'ﬁ?%?ﬁgﬁaﬁﬁ‘%‘s&" f
pol y- et hyl ene-@mPetioasdew®pl - et her conpounds, their substituted
derivatives, and functional equivalents thereof. 30. The nethod of
el e, S3b el i L Oy SR S AL
al pha- phosphatfeayihe ¢Re foREstEe pifEeiTasd hydiedarbors, fuprinates sufackmis, ot i ves,
and functi onalfluetaied aliesniasts t HFPEROFactanB 1P FPENRrbaRIdRIPIHE 4phiddrlm2 6,
wherein said S -.m - ' - f act
el cot od 1 om Eaviess ot MEEHAR oG Pk P bt R I AR Aes
aci d sul fonat é¢TEJ ?{9?8"%91"e'a‘wa?EesrgJeFPﬁswéﬂnata%- R PE amperien sulfogrtes kyi
sul f osucci nat dugosdtmotsafinstes, denrdcadbn plesphasa| 4] sudorcics gt @Rab-ethyl-

- equi val ent st hggBQlifosuShated REMTELAS -(Q-Tath@h@jqflpsglﬁusucgm €iahy ﬁd@lb%a%%gm e

is a reverse- m celfl e-formng co-surfactant selecte rom-t group
consi sting of 6 um bi s-(2-ethyl - hexyl) sul fosuccinates, ammoni um
bi s- (2-ethyl -hexyl) sul fosucci nates, and equival ents thereof.

28. The methaod of Claim 26, wherein said solute is a cationic surfactant selected
from the class of tetra-octyl-ammonium fluoride compounds,

29, The method of Claim 26, wherein said solute is a non-icnic reverse micelle
forming surfactant selected from the class of poly-ethylene-oxide-dodecyl-ether
compounds, their substituted derivatives, and functional equivalents thereof.

30. The method of Claim 26, wherein said solute is a zwitterionic reverse micelle
forming surfactant are selected from the class of alpha-phosphatidyl-choline compounds,
their substituted derivatives, and functional equivalents thereof,

. The method of Claim 26, wherein said solute is a reverse-micelle-forming co-
surfactant selected from the group consisting of alkyl acid phosphates, alkyl acid
sulfonates, alkyl alcohols, perfluoroalkyl alcohols, diaikyl sulfosuceinate surfactants,
derivatives, salts, and functional equivalents thereof.

32, The method of Claim 28, wherein said solute is a reverse-micelle-forming co-
surfactant selected from the group consisting of sodium bis-{2-ethyl- hexyl)
sulfosuccinates, ammonium bis-(2-ethyl-hexyl) sulfosuccinates, and equivalents thereof,
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33. The nethod of Claim 22, wherein said at | east one of said
plurality of fluids further conprises a reactive chem cal agent

sel ected fromthe group consisting of ethanol am ne, hydroxyl am ne,
per oxi des, organi c peroxides, hydrogen peroxide, alcohols, water, or
conbi nati ons thereof. 34. The apparatus of Claim1l, wherein said
apparatus is a conponent of a wafer manufacturing system or device.

35. The nethod of Caim2, wherein said mxing is done in conjunction
m_ 35, wherein

with a mxing syst vice. ..36. The. hod of Ol ajm,

sai d nixing sys'en?ﬁ%qéggﬁggﬁﬁg”%'%%ﬂ%%ﬁ%ﬁ%hﬁﬁ°aeWﬁ?@?bﬁﬂ%Pf%ﬁ¥ion or

seni conduct or W FHBRTERS Hgadiysthemicaragers velentad from the group consisting of
ethanolamine, hydroxylamine, peroxides, organic peroxides, hydrogen peroxide,

alcohols; water, or combinations thereof.

34, The apparatus of Claim 1, wherein said apparatus is a component of a wafer
manufacturing system or device.

35, The method of Claim 2, wherein said mixing is done in conjunction with a mixing
system or device.

36. The method of Claim 35, wherein said mixing system or device is a component of
a wafer fabrication or semiconductor manufacturing systern or device.



