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CROSS-REFERENCE TO RELATED APPLICATION(S) [OM]This application claims priority of U.S.
Provisional W&&atWdpfitation No. 61/185,817 tiled on June 10, 2009, whicRG¢IRS2mY/ W3S orated by
reference. FIELD OF THE INVENTION [0992]The present invention relates to systems and methods
for delivery of fluid- containing process materials to fluid-utilizing processes, including (but not limited
to) processes employed in semiconductor and microelectronic device fabrication, and manufacturing of

products incorporating schéﬁl%é‘W@o@YﬁW%WM@TM% Delivery of fluid-containing

feed materials to process equipment (e.g., process tools) is routinely performed in a variety of
manufacturing processes. Numerous industries require that feed materials be provided in ultra-pure

form and substantially free okesstaRPIERESCHEGRALAFRED A@tel@h'iroNis) context refers broadly to

any of various materials used or consumed in manufacturing and/or industrial processes.

[0001] This application claims priority of U.S. Provisional Patent Application No.
61/185,817 filed on June 10, 2009, which is hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to systems and methods for delivery of fluid-
containing process materials to fluid-utilizing processes, including (but not limited to)
processes employed in semiconductor and microelectronic device fabrication, and

manufacturing of products incorporating such systems and methods.

BACKGROUND

[0003] Delivery of fluid-containing feed materials to process equipment (e.g., process
tools) is routinely performed in a variety of manufacturing processes. Numerous industries
require that feed materials be provided in ultra-pure form and substantially free of
contaminants. The term “feed material” in this context refers broadly to any of various
materials used or consumed in manufacturing and/or industrial processes.

[0004] In the context of manufacturing semiconductors, microelectronic devices, and/or
components or precursors thereof, the presence of even small amounts of certain
contaminants can render a resulting product deficient, or even useless, for its intended
purpose. Accordingly, delivery systems (e.g., including containers and delivery components)
used to supply feed materials to such manufacturing equipment must be of a character that
avoids contamination issues. Material delivery containers must be rigorously clean in
condition, while avoiding particle shedding, outgassing, and any other form of imparting
contaminants from the containers and delivery components to feed materials contained within
or otherwise disposed in contact therewith. Material delivery systems should desirably
maintain feed material in a pure state, without degradation or decomposition of the contained
material, given that exposure of feed materials to ultraviolet light, heat, environmental gases,
process gases, debris, and impurities may impact such materials adversely. Certain feed
materials may interact with one another in undesirable ways (e.g., chemical reaction or

precipitation), such that combined storage of such constituents should be avoided. As pure
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[00041In the context of manufacturing semiconductors, microelectronic devices, and/or components or
precursors thereof, the presence of even small amounLs of certain contaminants can render a
resulting pro¥QA08ETi#4étt, Or even useless, for its intended purpose. AccoRFTgRP20HIIERP Sy stems
(e.g., including containers and delivery components) used to supply feed materials to such
manufacturing equipment must be of a character that avoids contamination issues. Material delivery
containers must be rigorously clean in condition, while avoiding particle shedding, outgassing, and any
other form of iffRrfAl EGhEhiRRGt S SIRIHE toltsindls SRy Baifialy, CorthSheRE T 8ed materials
contained withiixprsoihenpiseadispbsediinCorntactthdselwithl Materiabdelivery systems should desirably
maintain feed nagefial ina Pwa platedthpuhdesadation gpdesompasitign.efitha.centained material,

given that exposurs of feed materials o itaviolet light, heat, enviranmental gases, pragess gases,
debris, and impur'latlesV m_%y impact Suc naterials a ers@ﬁ/. ertain Féemécma erials m&y interact with
one another inBHYESIFABRe tHely s (RgforefmitArpEa chom B YOG SRRGtIAY, serdi tharlédihbined storage
of such constituents shoutdbbedmuoitiedioAsupuitas,fead malerialshaampbabepiinite-expensiver) waste of such
materials should be minimized- frXROSHIG, IRHeXIS ARARY H@EQV&%&% feadmatgrialg,shoyld also be

y

avoided. [0005 JAs a result of these considerations, many types of high-purity packaging have been
developed for It aNA%iYTH R TSR EETHPEs AN BRI RS BURSC BRI aeViTE hanufacturing,
such as photorésistepétehbintsy ohemigaltimmpordbpeosiibn reagents, solvents, wafer and tool cleaning
formulations, cfagggical mgehanicphRiapalizalianddtMR) IceMRRSHigRSHCRIQL filtering Lhemistries,
overcoats, liquid crystal. aterialg, ettc. Reacltivedflui S %é bc? used ip certaiﬂ aml)lii:ations, and
compositions incltding muitipie ditferent fiuids, and/ot ffuid-sofid dompositions may be dseful.
[000610ne typeoihighspwity warkigintg tharrarreb e driuireisitgechetrdis @ eyRf-or semi-rigid
overpack containingaakigiiid iocdigibichipasre o po Skigm Har fl@xib e bisih oo tiay () isnsecured in
position in the ﬂnvagrﬁ@a%n@{(g@'9a{,agagﬂgcw%asgﬂ%o@»?u%ﬂég%&g{a?%%ffs SHERBAGHAANG, i.commonly

referred to as "bag-in-can' , ba%-‘llg-botte IB) and "bag-in-drum” (BID) packaging. Packaging
of such generaftypdhis EIrHErci AN avalfamé iNde th & ruemartk NOwWPEE N 258961, Inc.
(Danbury, CT, ddS¢)seP refieritidymatding ragd nprisepaiflexibleematepiaksand dhexgwdrphekicontainer
comprisgds a Wﬂbﬁ&ﬁ%ﬁ M&%trll(gié?%ﬁt%ﬁi?fi@yﬂ&%té%ﬁﬂ tﬁm&%@f F}i’gﬁ@é@%’i@_@ékﬂ“}%@ iﬁli(? or
semi-rigid over of the packaging may for ex e forme igh-density polyethylene or
other polymer B 18R i he TG B O B A A A Br B LEHHELT NS SO e bag of
single layer or watati-dag e brpinzebefilioy drdtay pse-iranpdirig plo lsrhenid lbae iz sisgleired such as
polytetrafluoroethylane (B Thkhdew-Gensitypalyathyleng , Bil hbibasadianukilaminates, folyamide,
polyester, polyur Qr.the lik cted to be inert to die coq;ﬁi? ed liquid or. liquid-based material
to be containe ?ﬂ?r‘%qﬁ’r?é??mhf&r%gf;ﬁa{e%ﬁéﬁ?f cfﬁ%ﬁ%gﬁ% of a |ﬁ)§?efur'ltﬁ§|rllﬁi%ﬂj%e§’: metallized
films, foils, polPARFEILO FOITHERS FANHAME SO R ot ety EMRFUBRENE, BT Mg Loty G4st films.
[00071In dispelngiilepope radiominy bbvingtderdaintinéndpasachphck agesidf hfwdsracdidigtiid-based
compositions, gRMEMRMAY.RE Qﬁ&ﬁf&%ﬁﬂxﬁs@%iﬁ]%iﬁ%&%ﬁ@@ﬂﬁ{%ﬂ%ﬁaﬁ@,ﬂ%ﬂ%ﬂﬂs@%ﬁmb'y
(optionally including1 adip tHD e Or at,ggs{tfﬁrcgbe immersed in the contained liquid) to a port of the liner.

After the dispeRSiig AE<EMBRYRAL SN Mius coupled to the liner, fluid (e.g., gas) pressure is applied

on the exterior[@}Hace oftidesnimenzsereriiont prodragsivenycolkibes aackderces liguid #vbugh the
dispensing assefublyacidedimpushopiessutadispensingsfendischargadaiagsegiatagetaw aircuitry for
gg‘;"r;gaat‘ir(‘)ﬁ';? HseRie [ROORK prabiem NGHSNLIS e USe o PIRSSWISHISRENRINP Ragkages is

contained liquid) to a port of the liner. After the dispensing assembly has been thus coupled to

the liner, fluid (e.g., gas) pressure is applied on the exterior surface of the liner, so that it

progressively collapses and forces liquid through the dispensing assembly due to such

pressure dispensing for discharge to associated flow circuitry for flow to an end-use site.

[0008] A problem incident to the use of pressure dispensing packages is permeation or

in-leakage of gas into the contained liquid, and solubilization and bubble formation in the

liquid. In the case of liner-based packages, pressurizing gases between the liner and overpack

may permeate through the liner into the contained liquid, where such gases may be dissolved.

When the liquid subsequently is dispensed, pressure drop in the dispensing lines and



in-leakage of gas into the contained liquid, and solubilization and bubble formation in the liquid. In the
case of liner-based packages, pressurizing gases between the liner and overpack may permeate
through the W§eUHd 4hBTontained liquid, where such gases may be dissolV&d/VYHEARE Fuid
subsequently is dispensed, pressure drop in the dispensing lines and downstream instrumentation
and equipment may cause liberation of formerly dissolved gas, resulting in the formation of bubbles in
the stream of dispensed liquid, with adverse effects on the downstream process. It would therefore be
desirable to mifitHIZE TGP HRIREIEFILEBHEY Pid CoMtdREd MRl frasefsalsebaispensing
container. [0998jWhemdis gensimng fitiidstdshiebt toeade vapatiohlivdesiteddflove eéite(sibmay be
challenging to providgsa.dasiaRly. widesanagssfewiaithovisaatificine flowsattiel assuracy Or

precision. It would be desiracﬂ? 1 .aci:uragels)é control. dispensation of one or more fluids (including
. . as 1nto containe U1 1 ner-based djspensing contajner.
multiple fluids §upphe as a mixture) over a wide range ot desired flow rates. 100101In the context of

providing multil¥iponetbsadiintatibn e mbigstiarateconnnerilaietiss fiomaicht Bifidalt to rapidly
provide a widecyalliepm@f tofprwlatianscfoniesined pieassasywhileavaidingnyasie ebsaurce materials

and minimizing, nged for p%%%[&i@gno&&ﬁ&‘§£iﬂé§l%§et9{] %&%r%@g/ 9&%%%9?&9&1&%?994“&%%re't would be

desirable to overcomie these difficulties. 1-00111When dispensing multi-component formulations
including one JMHibELEHIBIABHRE tHY HridpPLe’ st BPHB deShib &t M it 1E&beLt'td time, it may
be difficult or camabersome to frequently determine the concentration of one or more components (e.g.,
utilizing titratiogye@psensinginethiads spchrirglariancaboryeimeibads mayikadahprintensive, may

require expensive additjonal .chemibstriﬁfsﬁ €9 for.tdj ration), and/gr ma re(wjre %Bgnrgs've
eto 0

instrumentation. Tt would Be deSirabie 10 provide A simpie and refabie ethod Tor rapidiy determining

concentration @fdise iPdetete Chitnpundntsieftsatireformataticnd oA willdder sfsprtigiated by those
skilled in the adf aakiats caminadpngigiihn feragoingchallonges assosiaieshwittindaliery of
multi-constituegy.fead materials are also inherent to fluid-utilizing processes in contexts other than

CMP, including, but not limited to, food and beverage processing, chemical production, pharmaceutical
production, bidi4tdrial poatictiherata bistseawgiisgt formulatons including “one or - more

compornents that may be subject to decomposition with respect to time, it may be difficult or
cumbersome to frequently determine the concentration of one or more components (e.g.,
utilizing titration, or sensing methods such as reflectance). Such methods may be labor
intensive, may require expensive additional chemistries (e.g., for titration), and/or may require
expensive instrumentation. It would be desirable to provide a simple and reliable method for
rapidly determining concentration of one or more components of such a formulation.

[0012] As will be appreciated by those skilled in the art, various combinations of the
foregoing challenges associated with delivery of multi-constituent feed materials are also
inherent to fluid-utilizing processes in contexts other than CMP, including, but not limited to,
tood and beverage processing, chemical production, pharmaceutical production, biomaterial
production, and bioprocessing.

[0013] It would be desirable to mitigate the foregoing problems in supplying feed

materials to fluid-utilizing processes employing fluid-containing process materials.

SUMMARY OF THE INVENTION

[0014] The present invention relates to systems and methods for delivery of fluid-
containing process materials to fluid-utilizing processes.

[0015] In one aspect, the invention relates to a method including use of a collapsible
liner disposed within an overpack container defining an interstitial space between the liner

and container, the method comprising applying subatmospheric pressure to the interstitial



[0913]It would be desirable to mitigate the foregoing problems in supplying feed materials to
fluid-utilizing processes employing fluid-containing process materials. SUMMARY OF THE
INVENTIONMO®A¥ H4d38resent invention relates to systems and methods RETHERYIS/BF TRid-
containing process materials to fluid-utilizing processes. [0915]In one aspect, the invention relates to a
method including use of a collapsible liner disposed within an overpack container defining an interstitial
space between the liner and container, the method comprising applying subatmospheric pressure to

the interstitial SP5TE GCaTS TRE MRS BipHRY Ghirarawiare fosth iiaterriibitaEtdua material

source into an interorvalumeodtfhihentiner. [00161]ha another aspect, the invention relates to a feed
material transp@oiystem another aspect, the invention relates to a feed material transport system

comprising: (A) a plurality of first feed material flow controllers arranged in parallel and in
fluid communication with a first feed material source; and (B) at least one flow consolidation
element operatively arranged to selectively combine flows of the first feed material from the
plurality of first feed material flow controllers when multiple flow controllers of the first flow
controllers are operated simultaneously.

[0017] In a further aspect, the invention relates to a method comprising: (A) flowing a
first feed material from a first feed material source through a plurality of first feed material
tlow controllers in parallel; (B) selectively operating at least some flow controllers of the
plurality of first flow controllers to reduce deviation or etror in total flow rate; and (C)
combining flows of the first feed material from the plurality of first feed material tlow
controllers if multiple flow controllers of the first flow controllers are operated
simultaneously.

[0018] A further aspect of the invention relates to a system comprising: (A) a  plurality
of feed material pressure dispensing containers containing a plurality of feed materials,
wherein each pressure dispensing container comprises a collapsible liner disposed within an
overpack container defining an interstitial space between the liner and overpack container,
and wherein each pressure dispensing container contains a different feed material within the
collapsible liner thereof; (B) at least one pressurization control element arranged to control
pressurization of the interstitial space of each pressure dispensing container of the plurality of
pressure dispensing containers; and (C) at least one consolidation element arranged to
combine feed materials dispensed by the plurality of feed material pressure dispensing
containers, wherein each pressure dispensing container comprises a feed material port in fluid
communication with the interior volume of the liner, and at least one port in fluid
communication with the interstitial space and in fluid communication with a depressurization
apparatus adapted to depressurize the interstitial space.

[0019] A still further aspect of the invention relates to feed material blending method
utilizing (1) a plurality of feed material pressure dispensing containers containing a plurality
of feed materials, wherein each pressure dispensing container comprises a collapsible liner
disposed within an overpack container defining an interstitial space between the liner and
overpack container, and wherein each pressure dispensing container contains a different feed
material within the collapsible liner thereof, (ii) at least one pressurization control element
arranged to control pressurization of the interstitial space of each pressure dispensing
container of the plurality of pressure dispensing containers; and (iii) at least one consolidation

element arranged to combine feed materials dispensed by the plurality of feed material
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comprising: (A) a plurality of first feed material flow controllers arranged in parallel and in fluid
communication with a first feed material source; and (B) at least one flow consolidation element
operatively ¥¥fhHjed44*&tlectively combine tlows of the first feed material fREFYARRPRIPANTHOf first feed
material flow controllers when multiple flow controllers of the first tlow controllers are operated
simultaneously. [00171In a further aspect, the invention relates to a method comprising: (A) flowinga
first feed material from a first feed material source through a plurality of first feed material flow
controllers in pBfATEF: (i85 eS8 iRAERP BiePatRglat RS SB% e QoW BSHFSIERS BEtFEBIGP ity of first flow
controllers to rédupkrd@yiatiopreoserrdispartatal flovwinate ; &N defBycombimhgfliowd ofiffefirst feed
material from theplusality afdifeldagd mteraiehﬂgwquﬁr@r&w o radtiple dlow santrollegs.of the first flow
controllers are gelrag1 1d Si prertgecggs 0181A further aspect of Eh% mventlor(w) i {I?tes to a system
comprising: (A uraﬁ 0 matera pressure guspensrng containers confarnrng a pluralrty of feed
materials, Whe?éﬁf\ae‘é?dﬁ ﬂ?@@%\fﬁé Hispensiigcontainer comprises a collapsible liner disposed within
an overpack comizoner detiniagh a@er inigestitial spacevesiweerdhe linenandioverprekeamiainer, and
wherein each pressure; dispensing seniainer.aenfaing. adiisisnt sl matsrialwithin g, collapsible

liner thereof; (B) at least one pressurization control element arranged to control pressurization of the
interstitial spac‘l?‘lift%e?éW%%Y@‘Hﬂsb%ﬂﬁ“c%fﬁ?n%}l%m|8rp1i?}r‘§lFFy BredsURe dighehsing
containers; andof@yisinle tist iohevoengepidatiomeléne M anreasged tocbpibine feedeahatettials dispensed
by the pluralityseﬁtee@m&er@knﬁﬁﬁswe&mea@reg &%tarra%rsswmgreiﬂ gach PRSI Hispensing
container comprrses a $ datet Jurd comm I@%’[IOTI Vf”tth the mterlor vc%lurpe of the liner,
and at least oné port in thgcoVrVﬁmunrca ion with 'the” n itial Space andin fiuid Cdmmunication with
a depressurizatitsrrapparatasbarapred @eﬁr@ésqﬁrrﬂe t?feliﬁt?éfb?rﬂﬁﬁ%ﬁéet.e[?OOngA still further aspect
of the inventionoelgtes todeedsprate faliiendinghnedbna dtiizing i(yadgplukalityoihieedunaterial
pressure d'SIOe%%ﬁﬁ&?@&%@%ﬁf?g@H&&&Ré%p%%%éaf Jeed materials, wherein each pressure
dispensing container comprises a collapsible liner disposed within an overpack container defining an
interstitial space between the liner and overpack container, and wherein each pressure dispensing
container contains a different fe BRIFER i dGhereof, (i) at least one
pressurization control element arranged to control pressurrzatron of the interstitial space of each
pressure dispeospzg cortainen of skenpluialioaiRrpsstimeispensingceatiaines@neh(iny at least one
consolidation glgment, %QEQJ‘%%%%HH‘% £ feed mats! %L%%%B&Q%%%QX ihe Rty of feed material

pressure drspensrng contal he method comprising: (A) dispensing feed materials from the

plurality of preSSUre dith&sdireg hedrandist flgyaé’é‘?ﬁiesfétﬁng a plurality of different combinations of at
least two feed [P@&rials BiGha Huraliyrefiferdvinaietiaisinana(Oetestingitines plumpditynofdifferent

combinations tg defermingenaifk Q}&Eﬁlf&q@dnﬁ&%ﬁh QMRIPALING: QQ&B%V&IQIn@JX[L‘EQ@' foran
intended use. E% ﬁ]Yetlg} Ii%er as ect of the invention relates to method for determlnlnfg

1s a schematic,sho i anterconnections eltween VALI0US compon
concentration tleast O e componen ofa [I-component solution or mIX ereln denS|ty of

each individuaP cerspisriapidof tisandoldirpanein ariiisrds lgdr{ﬁ&ﬁ/hﬂ‘thba?ﬁ@f’rw@n@@ﬁﬁmgﬁg tHe following
steps (A) and (By;dAnmeasuring head pressure exerted by the solution or mixture within a column of a
given height, Ofy mgjasurrgﬂ]tgtal qF of the v%ﬁ)l[gultr'l‘Pe@cQﬁnch'txéHsrf ehlse Iesgr% within gnﬂ)&ed volume vessel;

and (B) calculatrng concentration of at east one component of the solution or mixture from the results
of the measu“ﬁﬁ%pfor transferring and mixing feed materials between two liner-based pressure

dispensing containers, and for dispensing the feed materials to a point of use.

[0026] FIG. 3 is a schematic of a feed material transport system including multiple tlow
controllers disposed in parallel and operative to control flow of feed material from a single
teed material source.

[0027] FIG. 4 is a schematic of a feed material transport system including three feed
material sources, with two feed material sources including multiple flow controllers disposed
in parallel and operative to control tflow of feed materials from respective feed material
sources, the system being arranged to deliver consolidated or mixed feed materials to a point

of use.



[0021]Other aspects, features and embodiments of the invention will be more fully apparent from the
ensuing disclosure and appended claims. BRIEF DESCRIPTION OF THE DRAWINGS [00221FIG. IA
is a schemal¥®@MdAkH#iterconnections between various components of aRGEUAI9ASEHSystem for
filling a liner-based pressure dispensing container from a material source, with the liner being in a first,
collapsed state. [0023]FIG. 1B is a schematic showing interconnections between various components
of the vacuum-based filling system of FIG. 1A, with the liner being in a second, expanded state. [0024]
FIG. 1C is a sdi®fhtic SABWING HiteredmiechonS et U SHBLe Lo BbHH RSP hA8Esure-based
system for dispensingiconpentsdrd ttrel limerblasadpdis peton gucontai mevlafl&-FES nb:bB. [0925]FIG.

2 is a schematigshQWing iNtekeBRNREIANR RALVEENNALIONS RAMRONSNES b AsYSigMctom transferring
and mixing feed n]igeri Is between twolzlgger-%ﬁ%gd ressur ditsgner}géngncontﬁiners, and for dispensing
0 . a

the feed materfals %lgp%lfﬁliaaéeutgecf)'fgﬁ TE ISR SEhematic of & fee errﬁ%ltsé)ﬁ%fletransport system

including multif!@Rbw codMftrdliérs Hprsedin paraleranes e rdtRraibc oo fletgrfeed material
from a single feedn@)aiedialtBRUCanultiple feed materials, including multiple liner-based pressure

dispensing containers.

[0030] FIG. 7A is a schematic of a gravimetric system for determining concentration of
at least one component of a multi-component solution or mixture.

[0031] FIG. 7B is a schematic including fluid supply, control, and drain components of a
gravimetric system for determining concentration of at least one component of a multi-

compornent solution or mixture, consistent with FIG. 7A.

DETAILED DESCRIPTION OF THE INVENTION, AND PREFERRED
EMBODIMENTS THEREQF

[0032] The disclosures of the following patents and patent applications are hereby
incorporated herein by reference in their respective entireties: U.S. Patent No. 7,188,644
entitled "APPARATUS AND METHOD FOR MINIMIZING THE GENERATION OF
PARTICLES IN ULTRAPURE LIQUIDS;" U.S. Patent No. 6,698,619 entitled
“RETURNABLE AND REUSABLE, BAG-IN-DRUM FLUID STORAGE AND
DISPENSING CONTAINER SYSTEM;” International Patent Application Publication No.
W02008/141206 entitled “SYSTEMS AND METHODS FOR MATERIAL BLENDING
AND DISTRIBUTION;” and International Patent Application No. PCT/US08/85826 entitled
“SYSTEMS AND METHODS FOR DELIVERY OF FLUID-CONTAINING PROCESS
MATERIAL COMBINATIONS.”

[0033] The present invention relates in various aspects to systems and methods for
delivery and use of fluid-containing process materials to fluid-utilizing processes, including
(but not limited to) processes employed in semiconductor and microelectronic device
fabrication, and manufacturing of products incorporating such systems and methods.

[0034] Various embodiments of the present invention involve use of substantially pure
feed materials supplied to or from containers each including a compressible portion defining
an internal volume, such as a collapsible liner disposed within a housing or overpack
container. The housing or overpack may be of any suitable material(s) of construction, shape,

and volume. A sealable volume between each liner and housing or overpack may be



[0927]FIG. 4 is a schematic of a feed material transport system including three feed material sources,
with two feed material sources including multiple flow controllers disposed in parallel and operative to
control flow WifégW/iddtétials from respective feed material sources, the syemUsaHY/ &targed to
deliver consolidated or mixed feed materials to a point of use. WO 2010/144439PCT/US2010/037759
[0928]FIGS. 5A-5G are tables including results of computations of flow precision and concentration
precision for feed material transport systems including multiple feed material sources, with at least one

feed material SYETEEIREIOAINGHIGINGIE RGN COMFIRSF AR M <Ea Tl BERH BPEIATVE to control
flow of feed mdterialscatieastromé femdamiaterialsourge. 09281EIGNEHSR sthenvhtintomal system

arranged for digpensing: Mmxng dormRLating testings and.utilizipgdmultipladseshmatgrials, including
multiple Iiner-bt%a%gﬁprﬁﬁséﬂgregi&p n in\g containers. L(goc:f%OJFIGg Yﬁbis a schematic of a gravimetric

é e lin ﬁntent ma riven sole y_su ressurlzatlont, 0 .
system for determining concéntration of at least oneé componen a’multi-component solution or

mixture. [0031$FYED. FB38t A uHematieisenyentiorALRr G ppE; ediiolccant erhinreomisernts of a

extraction, or other fluid motive means), and assisted with such pressurization.

[0035] The term “mixing apparatus” as described herein encompasses a wide variety of
elements adapted to promote mixing between two or more materials. A mixing apparatus
may include a region wherein two or more materials are combined. Static and/or dynamic
mixing apparatuses may be used. Preferably, a mixing apparatus as described herein
comprises a flow-through mixing apparatus through which two or more materials are flowed
to effect desirable mixing or blending therebetween. In one embodiment, a mixing apparatus
comprises a tee or similar branched fluid manifold wherein multiple flowable materials are
brought together in two or more legs or conduits and the flowable materials in combination
tlow into a third leg or conduit. A mixing apparatus may include one or more elements (e.g.,
a venturi, orifice plate, or the like) adapted to cause contraction and expansion of fluid
streams subject to flowing therethrough. A mixing apparatus may include one or more
elements adapted to add or conduct energy (e.g., kinetic energy, magnetic energy, or the like,
including but not limited to mechanical shaking or agitation, application of sonic energy or
vibration, and the like) to material therein. In one embodiment, a mixing apparatus comprises
a reversible-flow mixing apparatus adapted to permit two or more combined fluid streams to
repeatedly traverse a flow path. Preferably, such a reversible-flow mixing apparatus includes
fluid conduits and/or flow directing components operatively connected to one or more liner-
based containers adapted for pressure dispensing, wherein a space between a collapsible liner
and a substantially rigid container wall surrounding the liner may be selectively pressurized or
de-pressurize to effectuate fluid flow. In another embodiment, a mixing apparatus comprises
a circulatable-flow mixing apparatus adapted to permit two or more combined fluid streams to
circulate within a flow path (e.g., without reversal). Preferably, such a circulatable-flow
mixing apparatus includes a circulation loop with fluid conduits and/or flow directing
compornents (e.g., valves) intermittently connected to one or more liner-based containers, such
that material(s) from such container(s) may be dispensed into the mixing apparatus for mixing
therein. At least one dispensing port is preferably provided in selective communication with
the circulation loop.

[0036] A container as described herein preferably defines a compressible volume therein
and is preferably adapted for selective material discharge therefrom. Such volume may be
bounded or defined by at least one of a bag, a bladder, a bellows, a collapsible liner, a flexible

container wall, and a moveable container wall to permit compression or full collapse of the
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gravimetric system for determining concentration of at least one component of a multi-component
solution or mixture, consistent with FIG. 7A. DETAILED DESCRIPTION OF TIE INVENTION, AND
PREFERREFORMBMHAHRIENTS TIIEREOF [0032]The disclosures of the fol B@WAHSpREEHRE7ANd patent
applications are hereby incorporated herein by reference in their respective entireties: U.S. Patent No.
7,188,644 entitled "APPARATUS AND METHOD FOR MINIMIZING THE GENERATION OF
PARTICLES IN ULTRAPURE LIQUIDS;" U.S. Patent No. 6,698,619 entitled "RETURNABLE AND
REUSABLE, BRERIREBIRUNEL U S HERAE EMAND DISPEN NG CURTATNER SV STEM;"
International Pateht!@pplidetiiom: FigbloationNovoni02 0081 k4ds20 6 dntit echt 8 STEMSIAND METHODS
FOR MATERIALBLENDING.ANRAIR 3 TRIBET BN and e maionaiRatent Application No.
PCT/USO8/85§¢%§”““"‘—,£&SY?R-‘;E¥S AND M%TH. llg§n50nll§ lgeEng R% 2(1)tl(§edFIr_mlgt!elrje-lf:nOaNTAINING
PROCESS MA IAL COMBINA %Nséa‘cfo?? i‘ﬁl e breserﬁ invention relates in various aspects to
systems and nféthders'encelenivesyzardhersisrarariefaieantian A gBrotese maEmaN Y s HierEtilizing
processes, inchugling uhnohismitestd@)proassksiantployed imsemicardiicion angdamictoelectronic

device fabricatign; and ManuiaGiing.of RERIUCS INERIRATAYNG fHeh SYSLGPR@Rdmethods.

I00341Various_ embodiments of the present invention involvé use of substantially pure feed materials
supplied to or fidliEsheariuhs ke Hensdiry s dmsredsipiehutish tefn R A IREId? volume, such
as a collapsiblexpast disposecditimmianhousing Or overpadk corita merccthelhdusingot overpack may

be of any suitaigimaterial(sief sarsteugtian.shape. andirlaAiseriabigupiume Retween each
liner and hou5|sr}l% or over acktgéa% be Pressurtjzed. tg dJschcﬁllrégg .thg t%orflteri1clis‘91‘6ttlple Icllrllrer from the

container to a MIXING APParatus or How directing EleMent(s) in at least mtarmittent fluid Communication

with each interhtirgotigmeortienapfaipeeiatrse @eiaakpto sitealiedvy versuehwedntestdlesibkgitation and/or
mixing thereof ahli sehasig @0y ihadinar aastarISunay Agidibseny $oledhbysugh prasskisizadion, or driven

at least in part Byfé%ﬁjﬂc%[eﬁ%}/sef&?%E‘qall{@%@ﬁe@?-Q:cogcf%\éi%;ﬁ?g%%ﬁgﬁl\f%ﬁ%’. VRGP Sifraction, Or

other fluid motive means), and assisted with such pressurization. [0035]The term "mixing apparatus”
as described h]é\flgmagnzg&ﬂrﬁgﬁé% Vgt&ﬂater%wé}§ gf-extrusion or barrier layers, and without any

pigments, UV inhibitors, or processing agents that may adversely affect the purity
requirements for feed materials to be disposed in the liner. A listing of desirable liner
materials include films comprising virgin (additive-free) polyethylene, virgin
polytetrafluoroethylene (PTFE), polypropylene, polyurethane, polyvinylidene chloride,
polyvinylchloride, polyacetal, polystyrene, polyacrylonitrile, polybutylene, and so on.
Preferred thicknesses of such liner materials are in a range from about 5 mils (0.005 inch) to
about 30 mils (0.030 inch), as for example a thickness of 20 mils (0.020 inch).

[0038] Sheets of polymeric film materials may be welded (e.g., thermally or
ultrasonically) along desired portions thereof to form liners. Liners may be either two-
dimensional or three dimensional in character. A liner includes at least one port or opening,
preferably bounded by a more rigid material, for mating with, engaging, or otherwise
disposed in flow communication with a corresponding orifice of a housing or cap thereof to
enable fluid communication with the interior of the liner. Multiple ports may be provided.
[0039] A housing surrounding a liner is preferably formed of a material suitable to
eliminate the passage of ultraviolet light, and to limit the passage of thermal energy, into the
interior of the container. In this manner, a feed material disposed within the liner contained
by the housing may be protected from environmental degradation. The housing preferably
includes a gas feed passage to permit pressurization of a sealable volume between the liner
and the interior surface(s) of the housing to discharge feed material from the liner. In this
regard, feed material may be pressure dispensed without use of a pump contacting such
material. In certain embodiments, the gas feed passage may also be selectively connectable to

a vent to relieve pressure within the sealable volume as desired.



elements adapted to promote mixing between two or more materials. A mixing apparatus may include
a region wherein two or more materials are combined. Static and/or dynamic mixing apparatuses may
be used. PrXeraiy/14t+ding apparatus as described herein comprises a fIBWIHRBAYATRIhg
apparatus through which two Or more materials are flowed to effect desirable mixing or blending
therebetween. In one embodiment, a mixing apparatus comprises a tee or similar branched fluid
manifold wherein multiple flowable materials are brought together in two or more legs or conduits and
the flowable mE¥¥als in“CORBRRAtIBAYRS ifRSS thifd Ty BrRE oA AR ixiRT HBarat i may include
one or more elementsi{dyqyadapdniur orficeqdlatehondke Mke)iaddpte Crolpayseogurtradiion and
expansion of flgide.streams siieatipguwing therethrough. A mixing apparatus may include one or
more ?'eme”i@n‘lg{?ted 0,209 9r Fqnduct eneray. (-9, Kinetic encray, I %}Q&E‘ SRy, or the like,
including but not limited to m chanical'sha INg or agltazhon, app ication of Sonic energy or vibration,
and the like) toliRsaherpsl REFETRIN LiyPORE SerpbaaiErn & misingsapparaiitsidotprisesaaedersible-flow
mixing apparaussagapigenitpesmniinbmc o mererioenmtinediflud sireams odepaatadiyntiaverse a flow
path. Preferably,giih, e RIRIeHlom I RRARAI QYRR LUt CRIA i ng/orfow directing
components operatively connected to one or more liner-based containers adapted for pressure
dispensing, wHBHSHHEpaCdHatween a collapsible liner and a substantially rigid container wall
surrounding thé)d&r maj beceelebtive|filpnessurize thoroerpressurire ddisffgstuatesfluctflow. In

another embodifeniy R4MixiNg,aPRATBURIEOMRISES AprltciHatablasiowimixied aRpaiaks adapted to
permit two Or mq;&gopb{ge%t{ui&%&wg tgc ié(é:ulaateeg/vitrhigsaefrllts).\rllv pgttla. e.rgmd/\ﬂtah%ut aEleversal).
Preferably, such a ¢irculatable-tiow mixing apparatus’inclides a circulation loop with fluidl conduits
and/or flow direttitgredPapbrrtiapsitle. bnew B dslimermittetily donnédleth toaHiidrpatré2iner-based
contqiners, suaiatmaﬁ MabeEpks) }f:mamcs_tnemilce@ml_zaimerdpt)dmyﬁpeﬂs_ﬁspemed Hapqﬂzbanmhg’mg apparatus
for mixing therelfy (L GAFLARE.AISRENENARAT ISRIEIPRPI AOMARAIN.ARISHIV qmmpnication with

the circulation loop. [0036]A container as described herein preferably defines a compressible volume
therein and is PP&Efabiy-atiptayter Lelectiversteriai Wistnarga tHEret ot H Yo lttle may be
bounded or definmaddpicaideastibnéofiadbsgiab ktadddl3a nellawsluil collapsiitetioneryighflexible

container wall, 2 sﬁ;ﬂl@éf&ﬁ%a@é}l}@@gf walldR ReHPIt CREMRIesRiRmOotibeplanae aithe
compressible va upée.tAé:ontaln.er may, |pclytdef a non-lggid i er or other s{ubstargtiall nlonrigid element
defining the co%%’rgssfblee}i’/rg Ume and t igf)sdsl%dsevaﬁﬁin a'gengraﬁlflr??élfa oUSi 0gr or¢ vélrsb)ack (e.g.,a
housing or oveipestikubsrastiattysiisraorgidlith &ndheslinerpnioe Irrmrgate ribbdintsiitidach
collapsible linegparay badillegsmithea deesisnateial linea 2eyoieasdspace Rpaaapzenaihtatspace
conformation tQ minimijze %Q%Léggsggntial%esliminq an of?ifédqor gg%-material interface within the liner, to

. . _. portinay be vacu urce cpressurization wa
as to minimize the amount of particles shed from the liner into die feed material. £ach liner may be

filled in a comEtTA&KidP oRdf yediralye P IRy AR FNEWEL BY ARMtspaRa'dirhittstfon and sealing
to permit the linés tocexpane or feceivecadditiosial prateriads of floe Gowrselof B hixmppratess. in the
context of liquid,materials. hsLresgnce 85@%&!’{51@wﬁ/{n@tg.ri%&E{@rf@%&th@\&%@éﬁ}@y has been
shown to increase the concentr?tion of.ﬂarticles intlgoduclgaddinto tde .Ii}guid, w eﬁh r dlf.ring tilling,
transportation, ‘S ESEhLA SR S UBEEARtIYPARERN AR TRERPIRTH IR e hdinla kit resilient
polymeric film hddteridiE) gtreens thighathenbitgupsslyéthgierike arespreféragiyngsedttentadrieate liners for
use in containeys:RGeakE RO 107 thenpyesemidnvaatigawePesicaklalipscmatetialmara progassed without
requiring co-extrusion qQr barrier layers without any pigments, UV inhibitors, or praocessing agents
nat may acver S A e RS er A veting
of desirable lin&i4tHHEIS include films comprising virgin (additive-free) polyethylene, virgin
polytetrafluoro@itddene Wwivb,1podiipvopiidine; piyisietHandipobpipglidene,chterideFiablyBinylchloride,

polyacetal, polygivraRe iRQI¥AE UBRIriG, PRI RURYaneyaatha R RigieledihiskResses of such liner

materials are in g range from about 5 mjls (0.005 inch) to about 30 mils (0 030.inch), as for example a
thicknese of 201 e (O B TARY [O058 A AF boNGHE M RS AS RS B loaTbed o9,

thermally or uliyeibordé sy adoveceesiredy portiemistHeieeh thfonatelinefsl pirers mmybenelther
two-dimensional@ithieaeiiog nsionakin chasagies o lingrincludesatl Ieastanaiportex epening,
preferably bounded by, 3 mere. riaid matsial, for matipa with, gngaging,,or,ptherwise disposed in How
communication ]\)leh a corresponding orifice ofa 1ousing or cap tﬁereoff"t.o enable fluid communication
with the interiof OF thactiked Kttt B ot masP i b rotiss Todsoy R HBLSME Sdfrodhiing a liner is
preferably formebhafapheateral suitable taelimingte whefpassagel ofvilr aviotetdightran o limit the
passage of thermal energy, into the interior of the container. in this manner, a feed material disposed
within the liner contained by the housing may be protected from environmental degradation. The
housing preferably includes a gas feed passage to pgr'mit pressurization of a sealable volume between
the liner and the interior surface(s) of the housing to discharge feed material from the liner. In this
regard, feed material may be pressure dispensed without use of a pump contacting such material. In

certain embodiments, the gas feed passage may also be selectively connectable to a vent to relieve
nrecciire within the cealahle voliime ac decired \ WO 2010/1AA4A20PCT/11K2010/0277K0



[0040]Containers including liners and housings as described hereinabove are commercially available
from Advanced Technology Materials, Inc. (Danbury, Connecticut) under the trade name
NOWPAMCY oW N aspect of the present invention relates to a vaculfiTHeSWAN8AEHh for filling
a liner-based pressure dispensing container from a material source. Traditionally, liner-based pressure
dispensing containers have been filled by installing a liner in an overpack container, expanding Or
inflating the liner within the overpack container, and then pumping feed material into the liner. [00421A
vacuum-based i Syaketthiat SPGB ARSI M bRE Heeolabte R coMiimional systems
for filling liner-based pressued disphemsingtebrtainé?s isdludtmatedlime-183ad bedBilPhevglystem 100A
includes a pregsura.disheising.contatnek L20harinoanQvemack hedopeRiiapsiblg-lingr 124 defining
an interior voIutrl‘l%ei.125l,ﬁnnitr(1)tﬁlrg,tlitial tsgﬂ%ea:cLeZBrbet\t/gg nthtatlwte overpac r%zzth%nsdr}gc% Iirt)%r6124, an
optional dip tube 27, and'a cap 158 havi g d feed material transtér portrrtnot sfhown(} arranged for fluid
communicationi®gitA2theSiese U | eities AP5ankE Mt et feddiecs sresalirisatiensspit (ot shown)
arranged for fluig caumtRicAlicewithnthehniaystitiah.space 13vandhineluidicampaurtaton with a
depressurization, appAIAIS (B-gs \REUHI RYUMRs SHUSRT r¥aRHYM ShAMPEL. o the fike) pdapted to

depressurize the interstitial space 123. The depressurization port may also selectively provide
pressurization ST CEUCHY LS 3F1BIHGE TSGR 0o B tHe Mt it atih B8 16 tispensing
contents from thgsire pi 243naltel pativahesensepagatbcpre ssuriziatio e portAnty bepeevidgd. A vacuum
source 170 is cRURIRM tadhe deprassubicalian ek R wakiof flew dine.dEpA@ntvavenisyalve 163A
having an associC?te%veHé?gA'. A material source Ja48 is c?tégj)lted tolthedfeecg tEnaterial transfer port by
way of flow linés ﬂie af C ard A Tesd mdtenal vaive 4B A. Bhe Srmore Sengors 147A (e.g.,
adapted to sens¥® fiomdisfdestiresprshapépanste, pH, and/or material composition) may be disposed
within. any of theoflew liness14TAnd43A peiw&e_lsame dRpIRYia lsﬁw@elaaﬁ ﬁﬂ_diﬁb&@ﬁgs&_swe disper!sing
container 120. Sych Sensar(S) A4z Mavmeniinrfeehmatsrial Reing2yPRIgd igdhe ingr 124, with

operation of the vacuum source 170 optionally being responsive to a S|gn%\l?F?enerated by the sensor(s)

147A. [0043JF8Es. RA sHBwWs R fifdr 139 Bking SISt VEiap SR d statac et aked. 4B shows the
liner in a secomksexpanaetinstate Binperationabiethé3filithgvsystensi@kedaviimet6BB2 i® installed into
the Ogerpaclif éﬁiﬁ?aﬁﬁ&?ﬁor?%ﬂgﬁ%%rq@y Qefé&ﬂﬁall%:am@vr& iniglly.callapged g{qghgstor)vacuu”m
may be applied throu aterial fill port via an optiqgnal vacuyu nectign (not shown) to collapse
the lner 132 PHE TEER A VAN Tat b GHER Tt I i T URISE BTG b iioned to
close the vent 1&@ethld) vecupemsdired 4070 is activated to establish subatmospheric conditions in
the interstit_ial Ipece 1Zanﬁbésaau@aﬁmesmi@oognmﬁiﬁe@auw mﬁdimnsﬁzépweexmnde thus drawing
feed material ftom \Eglgfef?%rpsatgsriﬁ)ln%eglflg%?og‘eéltﬁel N9 the: IenoLYAbMmE, 1230k the lingr;124. Vacuum
conditions may be maintained in the interstitial space 123 even after t e liner 124 has been filled with

feed material, {fi-Brd@&HERY AR E GEEER nids it A A tHRPlistehE e RIRTE 188 ¥ Pough the liner
124 into the intenstikiéihspace florapatésial thedmay tbaigastraihe $ubfave obtipeciner ©24. Such

vacuum extracfiQn may e maiptainesas PaRs SastakleplREaESSH Yhd b RIRB.LAPRYIMENt, a

sensor (not shown) is arranged. in the vacuum extraction line 165A to sense presence of gas that has
igrated throubtl & INGF THRVSHAGREUR S REHEH LBRUATBG AV bR IiRained felponsive to an
output signal offitsideiinsey tynetitHmeselddr fdgistdrs rdahdentedfgdsddr présenertiofddas below a
threshold levelsefdding comclusion ot thanfilingearacess ancany Subsagueai-yacu wpBxIaction step,
the feed materjal valye 45A.is closed. and die depressurization port and fepd matsriol port are
closed, and the container i_ZO |s.r.ea8|ed or transport an%je/_%r use. L0t844s]1§IG’. IC shows a
pressure-baseB didFeifs iy Birstdin 18 o7 BIpENSTIRIHEEY hiteiRrirors thie Breistifecdispensing

container 120 afteccthelines 1idd ioflsdcmepniaiber d&i@dasilbgemndilledlvwvithdaedianatenialr A pressure

source 160 is GannRGIesh AV &AIRSFHIZalIaRdIoe EREARC AVGR! alke IR iaving an

associated vent t16§t\Nl) toa Pzressurization port of the container 120. A feed material valve 145B and
an optional at [B55USAERESASSE 1478 are disposed in feed material lines 141B, 143B disposed

between the cd¥fiddher 1R0opgheinhqdonstiofapeinigd use 140 comprises a process tool adapted for use

of the feed material in the manufacture of a product. The product may include at least one of
a semiconductor device, a semiconductor device precursor, a microelectronic device (e.g., a
microchip, a microchip-based device, display, a sensor, and a MEMS device), and a

microelectronic electronic device precursor (e.g., a substrate, an epilayer, a glass panel for a
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[0045]In operation of the system 100B, the feed material valve 145B is opened, and the vent valve
163B is positioned m close the vent 163W and permit flow of pressurizing fluid (e.g., preferably a gas)
therethrougW ®@8EXit#Aig fluid is supplied through a pressurization port defiEXH3tdM&7¢Eh 126 to
pressurize the interstitial space 123, thus compressing the liner 124 and causing contents of the liner
124 to be expelled through the optional dip tube 127 to exit the container through the feed material
transfer port denied in the caio 126. Feed material flows through lines 141B, 143B, the feed material
valve 145B, arlftHe BRHbASR 8ii&oh(<) BRSS9 TeRBh SRt BT tR & I8 1 8 '8rEE}8) 147B may
be arranged to(gMRideImBiefingd wiillitpldnrawkagssepplotiumeic ad isandydne (N slnrgutput signal,
and supply of pygaity entR RS, IbterRtitiahsRAGHE 23 MAYP R SHRANSIVEHOSHGH SREtRriRge. If the
pressure sourSE 00 (RS AL Iule plega o coptatiy, (non & low conoler o oner
regulating appaﬂafus’ n&t’shown may be spose& between e pressure source 160 and the
interstitial spacePP?Biq0648n one embodiment, the point of use 140 comprises a process tool
adapted for uspefthe ferdbnat@paliictheamanutactuianoha@iod uely bhapradust maydnclude at least
one of a semiconduciqr dgvice. A SRMIFCRIHCIANASY ISR PISCU SR AMIRIRRlegranig device (6.0, a

microchip, a microchip-based device, dlsplayé a sensor, and a MEMS device), and a microelectronic
electronic deviB&FF&EUPSTI (e gt M Elrretisre 2 Uhinhifsy &roxcGiakd B A eres PPPRGUY Wal display,
etc.). A procestideglahayinciivde ahelelisdlaimenaiicdlplananzatien2Z0 M) tboldthesfded material
formulaéiog sum&epkms%géao%&@ghmmltm:@lulsﬁN%ﬁl%yﬂwdpisauwm?mm}p&?aﬁl&{) n”(ljore solids
suspended or gtherwise disposed in one or mare liquids. A product may, alternatively embody a
chomcal agent ) pH L L SR 60 A B S OO S e SBLHRBe o reast
one vacuum sogige imaluenatilizédyidearsstéay siiregtige dlemenixferbermmiatidl S frelastaliftiple
Finer-pased pr@ﬁ@g{@dﬁ&gﬁﬂ&@ﬂ@@ﬂﬁﬁ&ﬁf@/&@fmﬁ@gdﬁoﬂ@wa paminixmtsmsi_emozm iiﬂcluo!es a
reversible-flow,mixing ap E’;%Eé{%&ér ifh afiew.path dhatdngl l&%‘?&eﬁ}%“iﬁé‘@e‘"&'%Jﬁgﬂg%%‘}o&f afirst
container 220 andthe collapsible liner ZBE of a second confainer 230. Direction of material flow to
and/or from eatH/EbHRMEI920, 230 may be selectively controlled, from a first direction to a second
direction (and V#0d8Versahhin sydlerid Pikhindnlgsdesitableftanedi?e¢tingielembntshnainperrovided to
se(!lc_actively CO”&BQIJM&?Q%EE@M? si%Qitg{EQ@@ﬂdéQ@ﬁ@ﬂ%&%ﬁﬁ%@%&é%ﬁe@&%ﬁ&?%%a@@niéﬁﬁﬁ_rs 220’d ?30 in
a dispensing syste ay be configured to operate in any.desir 0 Ing, agitation, and/or
Cispensation. J00HI1 TSy ol SO0 AL 5 i Lo Eains DOTEING 2 Hratiods iy 222
containing a firstediaipaibeviter 284lox firstegedtbibte volmbes| seidbitialishardy e 3 isadefined
between the firsitchRpsingi222and/tedisitaliapsible ibenedandimimcomamunication with a gas
flow passage dgfined Inine, fitst GaR2A0, WICH INGILAGS At ICARL NG depIRSRY %i‘é‘.%[‘ Jghd/or
pressurization port in communication with the interstitial volume 223, and a feed ma &rial transfer port

in communicatiBh WHAAEIRERErA7GlumE2 285y 200 s o BEBIHEY dipsBe 82131nhé&38ystem 200
further includesvasseddhdi¢oritainery33® subStantiatyned épdidal iprdigpdlioctheifingd ediffakyer 220, but

preferably containinga:diffeisntfe et mateiiahwitiinthe ntekienyolbime A3t theseaand liner 234,
The second copntainer 230 includes a second housing 232 con}ainiqg ase ond.ﬁlolla sible liner 234,

with a second &2 AIABIE Sl GrRa (iRtarSiial s P Aty %% iSPoSedRNa e hEtaen” K 8660 cap 236 fitted
to the second éentblimer230Grettekspadeast dneopredsiptivation dnwtondiespreXsitiddadis port in
communicationdsiti thadnterstitahvaline 238, andp-faedmateiabiranstenparida gammunication with
the interior Vqllé(?‘n{nem%r%ga(lo' w2 dne;ontianal diR, iubs 33 (hl009 S Rlate N YAle S, 345, 246 may be
provided in discharge conduits 241, 242
communication with the interior volume 235 (e.g., via the optional dip tube 237).
[0049] Isolation valves 245, 246 may be provided in discharge conduits 241, 242,
respectively, to enable selective isolation of containers 220, 230 and the mixing system, such
as to permit new containers to be added to the system 200 upon depletion of the contents of
containers 220, 230. A mixing conduit 243 extends between the isolation valves 245, 246,
and disposed along a mixing conduit 243 are optional material property sensor 247, optional
tlow sensor 249, and an outlet valve 250, preferably in selective fluid communication with a

downstream process tool. Alternatively, such mixture may be provided to a storage

receptacle or other desired point of use.
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respectively, to enable selective isolation of containers 220, 230 and the mixing system, such as to
permit new containers to be added to the system 200 upon depletion of the contents of containers 220,
230. A mixinyQEgHAit433 extends between the isolation valves 245, 246, R{AISFOIEB HRING a
mixing conduit 243 are optional material property sensor 247, optional flow sensor 249, and an outlet
valve 250, preferably in selective fluid communication with a downstream process tool. Alternatively,
such mixture may be provided to a storage receptacle Or other desired point of use. WO
2010/144439PEFRIS2026/5%7 758 [8086] AP 1ESst CheRISE IS GURE870 "Btiristy i Tonjunction
with at least onecprassuresdtiice 260ids! provided drilselectiveficatdooonin teitadiomanstihathe first
interstitial spacg4sealakie. volume» 22 3l dhesficshcrrtaneind20rad Withuthgsesendpnterstitial space
(sealable volurgegg%:[’,B of thiﬁggopgcontaicper %30, %161 m%y bebused dt(g cause fILcliiq tg flow from one
container to the Other containér, an ?/isgé(-)\r}ercsog.aﬁfsrpos’ea etween the %tcfélglesfhgneova%ﬁum source
270 (and optioHaM tessetiiainss it ke 280y witritise ephtishers dossey drevoanibs 26351284, Valve 263 is
selectively opevahlenteropenra flowopathabgbamendiealdeasianecyasutdseuite Adl@nd optional
pressure sourcg 269 ard e, st erstlialelime 2as.vie fRP Ak ARt R PR (uifper oberable to

release vacuum (or pressure) from the first interstitial volume 223 via a vent 263'. likewise, valve 264

is selectively of&rBIEMEEFEN AN iR EtAeAtheCt TBadtcdhe RAGITH Witiee276%and optional
pressure sourceBl) and the.sedofwllisrsgalable spabes? 3dwmarconduits 262 ri@gd6thandsturther

operable to relgasaiNMaAGMURI s PIRSSHRLIP M ResecoNd-sealRRIESRRGRZ3H M 3Nt 264" Such
valves are selefi:tive%c‘bontrollelg. Each valve 263, 264 | ([))refgrablo% three-wa vaﬂg , or may be
% n% diame a?

replaced with two thio-way vaives [0 TTHE TR K Srid diaraber st HRa HEiRG Sondiif 43 may be
selected to protidecertibsiredddliumechetdesn wiltitio’éentainetyl 2202 3peaie ©rirlese optional tlow
restriction elemeisn(nat shaw) iSHCh oS Qiificesblc\wpive I3BaY Hecdisposesuithindhadnixing conduit
243 to enhance mixing achionas desireth[09s<]1LPRerationof ‘?Pﬁl{éﬁ?%l}&g system: gJlaw path
including the mixing conduit is opened between the two containers 220, 230, and one liner (e.g., liner
224) is initially i At 24P AR c4Psed state. The interstitial space 223 of the first container 220
is depressurizé®d la subbatrirogpheridigtatertet dauseitizedirdtilipey B2dbthetairdoogxpadda(while the
interstitial spaceL33 RIHE KeFANIRANAIELRASQ 1B NotepRIFYRZE dhiaUe AGXRRNRIQR of the first

liner 224 drawslsuctiton on therﬁqixi g cogguit 2431 thus dzgw'n%nfe?d ) atttahrial from the interior volume
235 of the secOnd Tflnse?nﬁbsil%‘? &'S&80RT Conthirer 23U FesgTmate Al thUS TEWe ffdin'the second
container 230 ¥ itrecfibsnecontaitee P20 Titfdrgsrocess may be reversed by venting the first interstitial
space 233, angoisen depresstiisingrtine secondiniarstitial pace Al joicaunsenmaienial o flow from the

first liner 224 tg the second liner 234, Transi 8,ffgr&ta%ﬁ%r%eﬁr%?%feegn@?ziﬁgalst rqugh the mixing

. ope etween the two contalners, s Injtial
conduit 243 causes the materials to mix, with such mixing optionally aided by mlxm%e ement 258,
& &ensed by

which may prolirie sy Gohesit ikind MiFNFrthofsnety of the HitkeireaRgy
sensor(s) 247.dspretvsensor (s pibdifpspherneasurecamy dedirsiiecof’t ohamore chpmattehistics of the
mixture, such Ql-?e%%@M‘%&E‘i&%%@%@é&%%ﬂl%(mfﬁm‘aéfﬁ&@urﬁb&n%&H‘Q@%@Rﬁfﬁf the sensor

247 comprises an particle sensor, such as an opt.oelectric;a£ article size distribution sensor. In another
. |%he first hner£ draws suction onht ehrmxm condu& thus dra\gm epd, material trom ..
embodiment, the sensor CoMprises & high purty” contuctivity sensor Matefial'movement, mixing,

and/or dispensétigrchnay Jensontboiiebe reespohisive 46 afsipirret eneeh froldPthEcebmatsr(®) 247. In one
embodiment, thRsSansOdh7is uses teraleiaimpuedheccine Roinfiet 22mixing pracassay be flow sensor

249 may be sifUgly used MORGL KNG RIgUess-BOr SxAMBIe (16, Mist fed malgrial and the
second feed materia hgve ver |?ferent V|sc05|t|eps, then existence of a su st%ntlalfy constant flow

rate through thE'FRILRGBYR N L A3 srEpHA I O YeVRIrshrTT 860 mal ifarestetHat mMiking is near
completion. [0053 M idifigimalsbesiustdimed@kahraftdria umifogrvinlein A4 eidainedntoerdintain

to mix, with such mixing optionally aided by mixing element 258, which may provide static
or dynamic mixing utility. Homogeneity of the mixture may be sensed by sensor(s) 247.
Such sensor(s) 247 may measure any desirable one or more characteristics of the mixture,
such as a conductivity, concentration, pH, and composition. In one embodiment, the sensor
247 comprises an particle sensor, such as an optoelectrical particle size distribution sensor. In
another embodiment, the sensor 247 comprises a high purity conductivity sensor. Material

movement, mixing, and/or dispensation may be controlled responsive to a signal received
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uniformity of the blend. Upon attainment of a desired homogeneity or desired number of mixing cycles,
the mixed feed material may be supplied through a valve 250 and optional additional mixer 250 to a
point of use¥AcH Wsldthidcess tool. Such movement may be caused, for exX@AiIe20\/BséE¥urization of
one or both interstitial spaces 223, 233 via the pressurization source 260, or by extraction with a
vacuum pump or other pump (not shown) associated with the point of use downstream of the mixer
259. [0054(lt is to be appreciated that operation of any of the various elements of the system 10 is
amenable to altSHBESHSUR A s Withea BEMtIBHEr B 804 D RO RFS B R hirRe teceive
sensory input signaisife grochomitefisors24724249)yadrd talkela pprbpriateactioniggrogding to
pre-programmeg; inStiHGHONRS 1ib eResmbofdimentathe cantioisicomplisase Ricrapreaassor-based
industrial contralle.ar. & personal computer, [00GRIEL applications in whigh the desired liuid i
delivered in Iarf;le vé?urhes, an intermediate’statio may be Set up between a totesize chemical
storage contairét #ita thipleist Bralise IoychantskifedbateStag SrneaESPIHBRIER a single transfer stage
such as a day ess3] Altemiaiielyaabei Rtermediate: station uiigyineladeisnittiplel trtansfargontainers to
enable continugis oReratign s, ene fransfelAeRtainermaY he.chanded vile.anether is in operation.

One or more containefs of an intermediate station may be comprise liner-based pressure dispensing

vessels, to elinfiidte Res 1BF gimtidird Bufps BN dPastaistebrngineninde’ 4rd WEg @liminate
contamination frdrmogalmygerelsHyo utiizatio nsoothan geaiiescoritaboer linersediGddHot Ansther aspect of

the invention relatestpcenisRLQkclans BssHion Rluehefinara-tuids overa widesanagiaf desired flow
rates, wherein at Ieazsé onebtluidtristsub'et t to disg}ensation wrougnh Enutlt' Ierﬂow cort1tctioll.%lrs in parallel.
The term "parallal* i this contant faferatd fithd fow Sath g e Kot Siier & SaMhat than physical
placement of tifee poiRtrilveesiverativentol divaard€r. FIG. 3 illustrates a first example of a flow control
system 300 inyodsing a flow waatiphstibsy siermpdtén trahinaludingitu biplepasatie! fesncontrollers
321A-324A arrgnged for parallel operaien. 2dR.consolidaton Glameant A30As disprsgd between a

2
common feed material source 310A and a point of use 340 (including any deswabfi point of use as
disclosed hereffCNEIGTIG bliPHot Eriltelfo A PPot@e¥iotl adaptetFfditisePBiiE irt ' ¥ed material in
the manufactueecofdaproguechodrshorticonngab udingna singlénitow tortrotdkhavingsashigh flow

capacity is tha,anJpeteaserR o canralierfize faly sntais an increase in flow variation (thus
sacrificing accacy). The benefit of using mufipie tlow conirallers i parallel is ihat g very wide range
of tlow rates may attame@af without entailing a sighi |ca?1 inCrease in flow variation. For example,
use of two parafiemfrsipteshatrollery Ravisigediibrated flisvsiangesistlGiSRsnUmiknmaydtisvide an
accurate flow rpsgeQfse-Kathmldminide anathenexrmple suge eittteapatalebflowcantrollers having
calibrated flow rgnges gf 0:20, -1 2R.@NE &2 20 i ulc?' [SARGSELY QIR AN accurae flow rate
range of from 5-425 ml fin. Use of a smgale How contro er having a capacity of about 425 mUmin

would not achiEVEIE{TEA RS- PR HEI e Fa AR Pashavesdrabil i BeiyeRffightally impacted
particularly at |0we flovwnpatesn{O057 jfi & prefercédte nbodimanteatdeagtdwiacftbavedantsellers of the
multiple parallej; fow;contialiers Iahi=2dlangludediay campraliera ot differentanges.qf calibrated

flow rates. In orie e{nbodiment, at least two tlow controgllers of the muI%iPIe flow Cf)ntrollers differ from
. also eliminate contaminat fI'Ol’IlC ITYyQver u{lhzat 10]1} chaP%e% C c?ntalni:r 1Ners .

one another in‘Ma%imum” cafibratédiow ra e)b)_Ya actorotattead about'two. Tn another embodiment,

with a first, a sE¥SAH, antinatbkireiffety Chatrokeraispaset vpwlalialiseeretond ffooccomiroller has at

least about dowlaleseaximuwicaliratedifionaratayofadirshélow eontraller: A asthitg.tow controller has

at least about gouble ma%ﬂmum C pb ated flow rate of thel chHlndtflow couﬂtﬁol.le[ in on qmbodiment, at

1spensation through mu ¢ {1ow controlfers m parallel: er allel™ in thys contex
least four flow contro iers are prowd}éd in parallel, with each pre?era]lgl aving a different range of

calibrated flow'r&t&. fh oHB G Ao ahehtoruItiplcopEeHse frb coAtraheTs Rt probidéd for one feed
material subjecviadieing:lioadeduwitl ditle 88T Gndusthes feibd matgriads T lievatdeast spsienother feed
material may bﬁ)@ﬂ&@ﬂ@%ﬁ‘ﬂ@b&%n‘&lﬂ '£%L§sﬂ&?f@§@&%l‘ﬁféu‘&]n%%ﬁﬂ§le A HARNSA thrRuaR a single flow
controller. In agg{her %/&n odlmgr}t, two i";tterlals are each sugl%lle th{ou%h gg#lpclle argllel flow
controller, and % third teed Ai&teral REURpIREH PG & SIHGIASE CSAFBIEr Th SNEHEr embodiment,
four or more fethisraterininapdeasadtepithoatdeathwes! mestatiel 3sb it iscipplie duthdenighlamultiple

parallel flow copkpleise IR ang.embadingbl@ach ofvvmasdnosediaw cantalieis mpawhle in parallel

have substantiglhy,(he.same.ange,of callbraled dow aie, such a8 may beuselligingiease range
and/or precision of com |r.1edr oW passe tﬁrough the low controﬁ?ers. [8)05 n a preferred
embodiment, €9ERHEWRERErBITBHoHAPERIKY Aol SRtisNErS YA coripldeda $isEdlfiow controller.
In another embkodimenty@ashifldwwcanindleflak aapafalielflonacontrodleamsiisté msicomyptiges a volumetric
flow controller. Flow through any one or more flow controllers as (described herein may be
temperature-corrected and/or pressure-corrected as desirable to promote accuracy. [0059]FIG. 4

illustrates a feed material transport system includin'g%'ree material sources



410A, 410B, 410C, with two material sources 410A, 410B each having associated therewith multiple
parallel flow controller subsystems 420A, 420B, and with the third material source 420C having a
single flow CBRPEIKIHAIT The first material flow controller subsystem 420 RGN MET M rough
fourth parallel flow controllers 421A-424A (wherein at least two flow controllers 421A-424A have
different ranges of calibrated flow rates) and at least one flow consolidation element 430A. Preferably,
the at least one flow consolidation element 430A is operatively arranged to selectively combine flows
(e.g., using actite GRS B RO AN e FeL t BT RAEN AT OIS DRIFAIRS SRSt feed material
flow controllersa@life 424 hen inawhipl & fltnw conttolierd'af thenfitst flovwicontrpltelisl 4ARTA-424A are

operated simultaneauws/¥avidieApmconslidatiQnalementi3 iy MaYikom e 1R lafpore tees and/or
mixing elements (yfyether static,or dynamic). Mulple flow.analidation slsments spdjor mixing
elements may be provi ed. utput o the Gne ‘or r_noreeﬂ%w conscvz)vli Ation elements 450A may comprise
flow in the turbtitereregsini - BidilashrrtHE208 celfvitristesrl ow p b AP SO S EInT@2OB includes
first through four%_pﬁauelﬂmcameﬂgmgﬁIBVAMBoﬂMh@'\eﬁ@ atdpﬁaywabﬂowmtr@}ers
421B-4248 hayg different ranges ofsalibrated fiow rates).and atleast onadipvsansqliation element
430B. Preferably, the at least one flow consolidation element 430B is operatively arranged to
selectively comBREHRRRIEYY Uiy’ Q8tted valves, not shown) of the second feed material from the
plurality of sect¥d7ieed inatereddflovercontinadier st4Q8 BwPAGBvwhrerlten [tipike floviiplrtrollers of the
second flow copfoligrssfiet BAZ4B dyeeneraiesd simuiigRenusivQuipyt stieamsdmdpe first and
second flow controIIFr sungfsif:ms 42QA, 420% and the third ateri'al fl%w controller g%lc may be

. rates. In pne entbo t, at least two flow co tro%lers of the mu tg)le W C Ptr ers differ
supplied to a mixitig efémen : ’o%e'f‘d promote mixing between the redpective fluid stréams.
Components ofreliffere i streaisum splberdaldevaapithy cnidriothet 1eppeabesutting Mixture,
solution, and/oineestiabqieductimay e, supplieddaia peiniielh usarddl) dpich mayraenprise any
desirable point,of 4s¢.35 AGSGHRGH. %[‘?é%&z%ibéi%%[ﬁ1Q4n£%%89f%\éélﬁﬂ%% How &%”éf‘la'l%’s't%*%&yﬁem 420A,

420B including multlple flow controllers -424B, at least some flow controllers may be
fi

selectively opefatEd'ts fatadaddvmaamraieisietstabauworhie mrrie R be st domstened, for
example, by sel&dtingethé fsmaldestisingle @r combinedtrariget ddftalvvcontrrollen(siketordvadedle the target

flow rate. It is gggifanle 10i@vold @i@ﬂ@éﬂp@%g@ arflew Ganraller.arapgeddohandle aevery high flow
rate of feed mategi%l. is fed I.C@N Iovill raﬁe of such feed r:gaterial g)pe or more flow cog.trollers may be
cmoo mult © (5]

activated, and any rema nlng1 owcon ro‘iFéF€s‘)“8e%%%f%?§te%Pé°r¥ K iSofatel with VA \r/lédssfn{?f tshown), based
a measuremerip st agtbiatdtow d eigeritcampheisierd aiastal fldle deleraheredehyrdeco mepssitat, to reduce
deviation or erigfyindatpplantatgn [PR6ibONeskilledinstiepariief, desighirg flowgontiesisystems will
appreciate thaihe size And fyng afdowcantialler may be matched to the dgsired s yse application.
Based on the disclosure herein of multlg e paraerYrow controllers as Iéllf)plle toa smg e feed material,

one skilled in tR&4R! ARy R et athHe Sishroystiatds strnisdriapagiud coRt dinersoatialiibw rate ranges
thereof to suit &ndesihedearddisenapplicationr«Genlenatbyigis eakingd, hoiieandeab lendingdoetween different

feed materials ypay desirakliyage .Rpiopaing: aridrIsateaMm of APeAYNRCRCASBm S0 to 90 percent
of total flow) with c%mparativ?l smal}l| streams of all ogbher co H{onents. In thfis manner, the precision of
© S © [9)

the total flow rdt&fd QEETNEE PRIEHY B\PHIE D AETSTON BIHe Stradns ALY NS TS 8%t flow
controller. Mor&ts/ercsmalihgaatitpislitoamny gne Bagsamndo nldcrsnsebatahtiallylaffertssdriation in the
other streams. [RQ6RIExamplesoigelections of flow control ranges for multi-component feed material
ransport systefgigand Gomaiatans ol Iaw.precision and seneentaton Riefision, praych systems,
are identified in FIGS. SA-5G, as discussed below. IOO‘%31FIG..5A asSumes the mixing of feed
materials A andBERERFAShESHhENY By anBt A RatBrRy sASnHal coriplze44(DI) water.
Deionized watenisisifpplisthtaloughtansingteftowvobniroilefl dvavingotemaitom tnvwgahl dsated flow of 250
mUmin, and Chem,A and Ghem.R ar %&&%@H@QH@Q&%Q?&%éﬂ%&%rf@l@’d%ﬁi&?ﬂ%s&%ﬂng a
maximum calibrated flow of 50 ml/min, respectively. Total flow rate target is 300 ml/min. the DI water
stream makes T B0 0 THE 1t REBAH W Ehem A and Chem B making up the remainder. Even
though the preti8i8h of théinfakestiesey eématrolers MRS kys19s bfpdihpnnfiiuathaseecision of the
total flow rate imthisgetipisdessithan e rnasmedy 4037 % oBrdhis Sxampleismalbvaiiations in any
one stream resyl i neqligibif, NBAASR LG EANISON AR T NAMA A ALERFT R, 2 described
In connection wit II%IGp oB.

420C having a single flow controller 421C. The first material flow controller subsystem

420A includes first through fourth parallel flow controllers 421A-424A (wherein at least two
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[0064[In FIG. 5B, the same setup as described in connection with FIG. 5A is used, but individual flow
rates have been changed by one standard deviation. The worst case scenario is displayed here, with
the DI wateMRRPHIGHEthan target, and with Chem A and Chem B tlows b8RIHERRYLIRGESthan target.
The deviation from target concentrations are: 0.54% for DI water; -1.60% for Chem A, and -3.81 for
Chem B. [0065[In FIG. 5C, Chem C and Chem D are each supplied through a single flow controller
having a maximum calibrated flow of 50 mUmin, respectively, and DI water is sutf)'%hed through two

flow controllerd!8p&AYEHH 6%1@14%%%6%%&%%% Sth RS CABF AR FHER AR of 125
mUmin and antitheronsnidigien rrleximiutdodaliBrelted lfotheratdeadt 250 ol rminsolidaadiflolanrate target is 400

ml/min. The Dlj#gtes ay&@fmem@!@%&pt§%eﬁza\@i}m§n£9@ alream Withchami& and.Chem D making
up the remamd E)vep&lho gth C}e precision of each flr) ggﬁgo er is 1%a?f max f|0\(l)\h the precision of
e 0 -

1 r ural eed aterl flow con{r:
the total flow rate In’this set- ss?h f%-n me in this example. Mall variations in

any one streami2iesaitih Wé@ﬂlgﬂﬂlépé%élﬁ?je%%‘f‘t}l\%sc%é@nﬁaftlﬂﬁ%?@ﬁ@%@A&ﬁé}‘é‘)@”@h@?ﬂ D, as shown
in connection wiikddGsibikafO066]INTH¢Glo® o theiGRnNc:RAttHD 455 dessribagikecanneciian with FIG. 5C

is used, but individyay floy:(ates DAYE PEANEHANGRI BY NG fiANdRIR; e vialion, LG ygLst case

scenario is displayed here, wi h the DI water flow higher than target, and with Chem C and Chem D

flows both beirfF TRiSr oy taYy8e ‘flﬁlé‘eﬁgviﬁ%ﬁefr%“l%‘bet%ﬁh‘&eﬁﬁr@ﬁoﬂ? A 8598 %or DI water;
-1.92% for ChemwGlidnicn-2l8defor Chamdy. cPhpse:chmparééavdrdbly taithe figurdslshdwn in FIG. 5B,

noting that total:flayy 5@4@&51 fﬂi(gh%(é&limlmge\ﬁe 548 %Q@Japymmh@%?fddnh%@alﬁliﬂm water is

supplied a sin efI II rtlg acal brated X|mum ow rg& OOm gf]m whereas
inue min

ontrol 4 ast two contr
Chem C and Chem eac con rough a differen ow ontrofier. Target total

flow rate is 4003 MM, cph'@%@knﬁ%nr#@% tafget é@ﬁc@nfrétm§m@.h®a.5@/oe¥@r@u WéltBr; -2.23% for
Chem C, and -2&4day.CGhem RaddespitewsebrisiogleldlomcooroliesfandhayDitgtar,tseasonably

good precision . aRIaiNedsiuRI (ERtYEHY HgRJow oK ting R WalEL oW cantaller

trom the plurality of second feed material flow controllers 421B-424B when multiple tflow
controllers of the second flow controllers 421B-424B are operated simultaneously. Output
streams from the first and second flow controller subsystems 420A, 420B and the third
material flow controller 421C may be supplied to a mixing element 435 to promote mixing
between the respective fluid streams. Components of different fluid streams may be reactive
with one another. The resulting mixture, solution, and/or reaction product may be supplied to
a point of use 440, which may comprise any desirable point of use as described previously
herein.

[0060] Within a flow controller subsystem 420A, 420B including multiple flow
controllers 421A-424A, 421B-424B, at least some flow controllers may be selectively
operated to reduce deviation or error in total flow rate. This may be accomplished, for
example, by selecting the smallest single or combined range of flow controller(s) to handle
the target flow rate. It is desirable to avoid a situation where a flow controller arranged to
handle a very high flow rate of feed material is fed a low flow rate of such feed material. One
or more flow controllers may be activated, and any remaining flow controller(s) deactivated
and isolated with valves (not shown), based a measurement of actual flow or upon
comparison of total flow demanded by a controller, to reduce deviation or error in total flow
rate.

[0061] One skilled in the art of designing flow control systems will appreciate that the
size and type of flow controller may be matched to the desired end use application. Based on
the disclosure herein of multiple parallel flow controllers as applied to a single feed material,
one skilled in the art may further select the appropriate number of flow controllers and flow

rate ranges thereof to suit a desired end use application. Generally speaking, however,

-15 -



[00681In FIG. SF, DI water is supplied through a single flow controller having a calibrated maximum
flow rate of 125 mUmin, whereas Chem C and Chem D each continue to tlow through a different 50
mUmin flowWerR¢tNé+44Rarget total flow rate is 200 ml/min. The deviation fr&¥aRARFEA¢8FTEAtrations
are: 0.63% for DI water; -2.62% for Chem C, and -3.45 for Chem D. The advantage of using multiple,
parallel flow controllers for the DI water becomes evident for this example. At lower flow rates, the
smaller flow controller can be used instead of the larger flow controller, thus maintaining good
accuracy and r.})’rfetﬂ%ﬁet[’ffﬁééﬁfﬁr‘T\WCgqud“ﬁrWéf@?Xsd%%“ﬁBﬁe‘%fctﬁrBﬁ@‘H“é?%rﬁ&‘@q‘lgwaﬁbﬂftrolIer having a
calibrated maximuwniforerateofB00 9 iprmeaniwhetead @heith Gapdativényblbscheontidle to flow

through a diffeggnt SIS, ft@%@%ﬁ@i%%&ﬁ&&@ﬁhﬂ%ﬂﬁée larRQdnkmiea Hhgideyiation from
target concentrgtrorrég1 are: gt01§A)efortE er 2-1?, 41}){% VfvocrO%:h0 m (.liw(erg(gve§ S23 r Cllhle)rrln D. As
compared to prrorpexam es, ethe aisa ta e c?feusrn a srng > flow controller Yor the DI water is
evident at lowe¥ 760 PHESS. WB%Q‘P?&?‘?H@EM&%Y%‘HUG@W%WWHG@r@&onsrderably for Chem C and
Chem D as comgeed torpigipieust examalest {007/QnlAdnpiles aspedi-ofthenirventionkelates to systems
and method for,pavieng aige varish el Y hisomeansntanaiRls.Rrdidbistiplay, commercial

use, while avoiding waste of source material and minimizing need for cleaning of constituent storage
and/or dispensii RO dHRHtE IRErEiimy o rE T6custéde Material processing system 500 includes at
least one press¥edsourdd(b60, @svent Vel wexv@3oh&eihgasriassoendtBd Vent 5684 Ehanniultiple (e.g.,
four) liner-based prasiediznensing ﬁeﬁérsy'nersé,?éaﬁrﬁz%eﬁaqﬁbﬂﬁe@eb%eq Rressyig dispensing
containers 520A 52 D has n assocr averpack 522A 22D %6A/526D 9 nrng at least one
depressurization ARtTor Bressuroat f%n poarvtnﬂﬁotnsaﬁ(1 W A east Ore L At e’transfer port
(not shown), a&cifdpSisia heresegn-gpalidddfi el faﬁllilrﬁ%erﬂw\F@Mfﬁ@%?@f%zwxaﬁumterstrtral
space 523A-523ibawangedbbetwaenithe dparnsi4Arh24R anddheoverpackBazA-582D] and an
optional dip tuke 52 A ﬁa%%ﬁ&e%%@%ﬁﬁzt%ff lid Genmunicatiopwiiing fegd maiehial tiangfer port. Each

pressure dispensing container has associated therewith a control vaIve 45A-545D and

optional flow s&rRERsHoANSAIEY ARfttibth BedHeFo LU e 845 Ay sty Ssrigd o e bntrél Pressurization
of the interstitiabspace 823,380 swithiite flow Sensar 54 8- 54@DialkranbedIto semselflow of feed

material SUDD“@%"L‘/EVOMQM*}%JE@Q nARriakansier dﬁ?r&n@&%%ﬂtﬁﬁﬂ%%gﬂg%ﬁé'}ﬁaﬁgélt@| valve

545A-545D preferably belng of Ches ghand O RN d%%%ec?f e f!a,%%’l%r?e“}? 249D One or
more flow COI’]SOeiI(]Da 10N elements op |ona hC|U Ing at'least one static and/or dynamlc mixing

element, are di8peHed db\/ﬁﬁ@t@éﬁﬁl%?aﬁh@%W@r%m%mmﬁé@@@%%@@@bmg?lpne Or
more sensor(S)nadidandan avahizeb&i&{agd B;}roserae'rmgrﬂrawland{orrwcdasiwzﬂemlaracteristic Or
property of one drls gl)reed o Qvolﬁrletﬂts)qfwaa tggrfr} [ RoReN rggt(tlajurlg orse LétIOR I (‘qun%trlguents thereof,
supplied by the pressure dispensing containers SfOASZOlg may be provrdmd c?ownstream of the at
least one flow EONs8AGRTH %@%&W%?A%?ﬁv&ﬂﬁib%ﬂ%fﬂr%ﬁim”&ﬁ%hﬁﬁn OrdyPHer supplied to a
switchable disp8rsen5900#ringechid supphsihertiixtuie or solution to a plurality of storage containers

591, and/or to @69.5,]“”9 FPRARLS, R nR20dRN @&@%Sﬁé@@é@%ﬁ&%@&gﬂ%@@éaﬂ% 592 may be
used, for examé())le t determrne sultabrlrt of or rom |m|zat|0n of, drfferent formulatrons for a

desired end us& L0 LB PRI S epsrafﬁ Proc essﬁei?g DP L SRRT A S iR Ih AR HA ¢tufing a product
or precursor thewrbedaliteririvepiivemiatellsuitiinegdde exinivatiol Greoptrhiy aornhaibeen performed
by the testing appasatugos2icthel sy sirpmnd00 may.brapeatedinscaldripipieductionmed larger
guantities of o melb mprglq%svrrrea% for eulsajmp S,ANd sppply svaamresttr%atnrlre Rroces 2tg)g;;l 993. [0072[The
system 500 ena les accurate mrxrng “of two or more components (i.e., eed materials or constituents
thereof) into a W%@r%@%@ﬁ@ﬁ%@r@%ﬁﬁ@ﬁﬁéﬁ@?&% JitietahtiALiHRp B Eh feed
material preferablychdimprisesikliguid. dinvarious wembadimesitigicthelcntaineis tb2 0A-g20D preferably
contain at |eaSkE'§Rﬁ§1 Mmorg.pigferanly aH%ﬁ%IQMﬁied'@ﬁ{a@maﬁgml?@ﬁ%ﬂ%% feedmalgrigls. Five, six,
or more feed mate 4 ay als e used in the te 509 irrergle pressure source may be used to
drive movemeRt i %?gaen Aum e? SPHLRLRY f)ee Ratefe TG Shiatiag the R8%s ¥t numerous
transfer pumpsvithddedliher- based pressure drspensrng containers enables different liner materials
(e.g., polytetratmra@ethyi@rmmly@lmmeeetrqolmsteﬁbaoimmpadﬁmmmet@isdq&las&pmraosites,
multi-layer Iammdalteds aleﬁ%\),to b d for conetcef\ nin drffecrent fee aji%rral nd further avoids labor

rates ave cen C an % 11[} ard cviation. f case scenl
and downtime assocrated wit nve trona Iner-less (e.g., stainless ste Tmaterral

transfer tanks. lﬁ/ﬂif‘%‘é%lrh‘feee&‘r‘ﬁé]fér'?&g |& ﬁ?éfﬂ%lﬂ%ﬁ'ﬁlﬂfytﬁﬁfn?& ‘éﬂhrr?]&?ér&‘ﬁe%%gce condition in
liner-based pressurgodispansingadatainers, likeiefate miinimizing gasaliquidscontactsantbpromoting
longevity of feed materials disposed for extended periods within the liner of such a container. This
reduces chemical waste and associated expense. [0973] The system 500 is particularly well-suited for
specialty chemical, pharmaceutical, biochemical scallg up and manufacturing, as well as fields such
solar panel and pigment manufacturing. An example directed to formulating copper cleaning
formulations suitable for use in tools for fabricating microelectronic devices is described below with
reference to FIG.



6. The four liner-based pressure dispensing containers 520A-520D contain different ultra-pure "neat"
components (A, B, C. D) of a cleaning formulation used for post-etch copper cleaning. Streams of
various propBRidH8/6t4H8 four neat components A, B, C, and/or D are comBEdRAHHE G138 or more
consolidation elements 558 to form sixteen different blends/formulations (or any other desirable
number of different blends/formulations), which are sequentially flowed through die analyzer 578 to the
switchable dispenser 590, and thereby directed into sixteen different storage containers 591 for
temporary stor2g8%Hiu sbédyUerttfaripottaf/orust: I GHSErBBMMIERt &4bh EHibination of
feed materials shoclude§1al F8urdeedhmatetitds; inian bitier @ftbodimentsseiettddnoombinations may

irrllcll;de fewer ggggponents FT@.“S@[Q)IPF@%P”H g%iﬁi@%dsﬁ},@é@ﬂﬁlscgﬁmﬂéﬂ%@i@%&aﬁ@ﬁ@ﬂ chllﬁ ratiOfs of
the four components A, B, C,Dar ontralle t ressur ispense rate and controlle ow 0
B e e e S b o Rhes of e

R aximu Tal
each |nd|V|duafncomponer‘1¥ initially con

storage contaiffsPh 1 gifested Vel wagrapparaigs5oRddeteimiimdS uapility et a desired
end use (e.g., coppph cleaningublitpurihepiecass af fgenerating mualéple Mends atdfarmulations and

testing same may he [epeatRd,as NECeSSAY 10 ARCeHAINRN & LI e RRtGHIAr AP IMA

combinations. Following attainment of test results, one or more beneficially operative or optimal final

blends or formBiEHiBAE AR Be sclicd Gty hAlsbietuhmiy g dttisa sl <tAgiithin a pilot
production prot#s8] or simplydélivéred deraipropess $88udihe sirde ol @achntohtaienz?®A-520D may

be tailored for thendgsitaekauantity, ofithg finahproduatscio ang emRedine M Lack £RAMANer

5204520 as flysirated in F1G, 6.gnd confaning a iferent feed material gf copponept may

different s it : ay
represent multiple CONAINETS, With a Primary and Aternata Container being avalabie for switching from

one to the otheletirerding tpgstepspteliosiviend 6f fe&d Hateltals {0 a iehotmadtioh optimization
run and/or indysir@eproreasbaBalthe: Procass HidpmaytntiLtdeadpracess feoitadapiecfor use of the

feed material comBinalign. i KeALIREIR 3R PIRAUGLSUEN ARiIAeSRIPES RiRYIYSI: herein. The

system 500 may constitute or comprise a part of a feed material Mending or formulation apparatus.
[0075]Another REHEELAT thE HSHtIEH R tal fo i s atRrn s R NS OIS PRERETHIAfng concentration of
one or more cdfiptinentéofis nidltiicbmpons nugplisdichrarmixtinge thioughh usiEohaigeavimetric

method that avQiths.wag.akiexReEASIVAEbIABPLINIENSIE-Methode selRsrslleaiapsg.measurement or
titration. Titrati%? is.ver ha}lccﬁ%ate But }%1'1’% ﬁumbers%r}e nd rectlal.fi es addjtig&arlnﬁgnem?ﬁries that may
r

. v¥ thr?u I}rent’S oW congo . Ga{%et ) ow frate 18 n. %
be expensive. e lectahce instruments may also be use accurately sense concentration of one

component of demgliticdsmpaaeronesiutRimnontrixtiiée utlefleetartdd i Gihsents axe-dically quite
expensive. Usgopicasimple andorgjiaiadmethockiagense.concrairalion akat leasianasomponent of a
multi-component sotion QI mjxture IS particylagly desimble whendhe solugion Qmixtyre 1S subject
to degradatlon or decom%osmon over time. By sensing concentration of one or more components prior

to use of the sORYFSAOY SR ERR AR (AR 19 thGE B M BOTIEREEI e BItAtb 8 thin a desired
range, and adjii®7@bncentrationgresuiistituie adiffeckns batghtofmaderiahifdniecessatingo maintain an

end use [00761Although the fallawingsRECTicSMRALIMeNiRIIBEMAE: relerrneas ieemeagUrement of
hydrogen peroxide .in water, }tsis to be agﬁraeciated that meas rer%ent syéf,tems. and methods as

disclosed herefATEHEFLS MitEE ARG M DA VAR Wt A%y GaUied RUItIESR SEFERt solution or

mixture includinggiat Bwsting womrpshentieininadodi{bduitert, nthersb Ritisnssor mixtaré(8 a binomial
solution or mixtetadaciuding e lytwercasmperents A0 valReferingatanFiéatiakA~EB, g gravimetric
method accordairrl]cgr}l?ll 1111)% g.%§%(§]l}r) liner-based pressure dispensing containers 520A-520D. Each liner-

based pressure dispensing containers 520A-520D has an associated overpack 522A-522D, a

cap 526A526D defining at least one depressurization and/or pressurization port (not shown)

and at least one feed material transfer port (not shown), a collapsible liner 524A-524D

defining an internal volume 525A-525D, an interstitial space 523A-523D arranged between

the liner 524A-524D and the overpack 522A-522D, and an optional dip tube 527A-527D

subject to fluid communication with the feed material transfer port. Each pressure dispensing

container 520A-520D has associated therewith a control valve 545A-545D and optional tlow

sensor 549A-549D, with the control valve 545A-545D arranged to control pressurization of

the interstitial space 523A-523D, with the flow sensor 549A-549D arranged to sense tlow of
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invention includes supplying first and second components from a sample input 610, including sources
611A, 611B, control valves 612A, 612B, and a flow consolidation element 615, with a drain valve 675
and drain 680H8AAMAAssociated with die input 610. Thereafter, the multMI&EHHPOREHE (e.g.,
combined as a mixture or solution) are supplied to a fixed height column 630 (e.g., water column), and
the pressure exerted by the column 630 is sensed by a sensor 635. Overflow from the column 630
may be directed via an overflow line 620 to waste. The sensor 635 may comprises a pressure sensor

of any desirablE%PE Gl B ol Fedrahmabied s eendsr 1B e85t idipressure
sensor (HoneyweltloSensirig dntiJoptetiadlplennbusp@iig) ([drondpeizodiniant R straispigauge may be

substituted for upKesel eRRNSARRNHMSERIQiRIQILR AL QUERUL SigRMy Rdicativeafstiain, which may
be converted to pressyre nder appro rf'ate condictlions. n alternativ? o using a Jixed height column
stdtic an T [13[1 cle t € d1S (S Ssure dis

. 1 [8) 1. 1C C ar [ON] downstream o 1IC CIS1]
involves supplying the mlﬁlﬁﬁﬁfg components 1o a vessef aving any convenient siz antﬁl‘o‘s‘hape and

having a knowfeyBitte 28Ad#Aen measuring total mass of the contents of the fixed volume vessel. If
the densities ofoim comppBRenisoar:kidawi4thrn shanagracTTy atignfof casmpanenisdmaype calculated

using processing;elaCipNICs S40 é@ﬁ&%&%i SPMMYRIGANON, WD SENFRL SRl QP LRAEQr example,

given a multi-component solution of h dr%%(oan peroxide (H.70.7) and water (1120), it is known that
%)

30% hydrogenPerdkiod i FRrRt R 0o AREFE tHalSWEESH SIcHETF IS SYRRISh BPRydrogen
peroxide and waiey imsupphedidedalfiweddaeigiiticotu | endlihe pressiaerexiened BIBthd solution at
the bottom of thgcolmpisigasiradothen ahrRrUshRO% hxdiraan-ReR desand-ahiaom
temperature (et%Z%gl h drggen pghrici)xidte concentra 'otrg may he.carlscgg?tgg d%§ipgatQS-L°||°Wing
equation: K = W I oM A MmO 8 3 Iy P78 g WhE S PEP T medsived preilife: PSI”, is
pressure of 098aP/IaRSS ‘et &tiBivss1 L2 003 Folhstirsine raprarainiré22amay cemeesdir&tions, either a
lookup table orraaihe matitfunctiaRabiling cwive(aor epponaing o density veisusdaydsogen peroxide

concentration, fegdily.,oliaingble,or derivanley. ang.skilled 1 the ANIPQULIAYE, SPerimentation)

may be used to determine concentration consistent with the foregoing method utilizing a fixed height
column, or me88UH|HPESEERE BRENed Y a8 SRRTIKEE Sy th L TReEa i Hating W KALWN, fixed

volume. has been performed by the testing apparatus 592, the system 500 may be operated to scale-up
production of larger quantities of one or more desired formulations and supply same to the
process tool 593.
[0072] The system 500 enables accurate mixing of two or more components (i.e., feed
materials or constituents thereof) into a mixture or many different mixtures in a low cost and
efficient manner. Each feed material preferably comprises a liquid. In various embodiments,
the containers 520A-520D preferably contain at least three, more preferably at least four,
different components or feed materials. Five, six, or more feed materials may also be used in
the system 500. A single pressure source may be used to drive movement of a large number
of different feed materials, thus obviating the need for numerous transfer pumps. Use of
liner-based pressure dispensing containers enables different liner materials (e.g.,
polytetrafluoroethylene, polyethylene, polyester, polypropylene, metallic foils, composites,
multi-layer laminates, etc.) to be used for containing different feed materials, and further
avoids labor and downtime associated with cleaning of conventional liner-less (e.g., stainless
steel) material transfer tanks. Moreover, feed materials may be desirably maintained in a
zero-headspace condition in liner-based pressure dispensing containers, therefore minimizing
gas-liquid contact and promoting longevity of feed materials disposed for extended periods
within the liner of such a container. This reduces chemical waste and associated expense.
[0073] The system 500 is particularly well-suited for specialty chemical, pharmaceutical,
biochemical scale-up and manufacturing, as well as fields such solar panel and pigment
manufacturing. An example directed to formulating copper cleaning formulations suitable for

use in tools for fabricating microelectronic devices is described below with reference to FIG.
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[00791Measurement resolution of this method may be calculated for utilization of a 5 foot high column.
Pressure exerted by a 5 foot (1.52 m) column of pure water is 2.227 psi (15.35 kPa). Pressure exerted
by a 5 foot (W824HYdit#hn of a solution of 30% hydrogen peroxide and 7096 WHEP18/03245Dsi (16.89
kPa). Assuming a sensor error range of 0.05% psi in a pressure range of 0-10 psi, positive and
negative error boundaries of 2.455 psi (16.93 kPa) and 1445 psi (16.86 kPa), respectively, may be
established. Utilizing these boundary values in the foregoing formula yields a positive boundary

hydrogen peroRXideiEditeRRFatiay bP St e JiPsnira regurie BORdAR Ky geir e s%ite
concentration pf29.88tHeroentciecdrdinglyDine eohleent dtion resolutidridopasseldf ¢hgpdoregoing

method is 0.6 %naka SenaRNiratian of3R%ihydage pRalaxidapuates; [e8Qldhararegoing
disclosure indicatebst ata rEethod for determinip% conc ntratiog Qf atkeast one co Ponent of a
omb1 via the 1 tS to 3 (ﬁ)}

. C C(l 0ne or more cqQns {10 ements T n erent .
multl-componentl%olfu ion or mixture may include he to owing steps ( ané"(ﬁ%: measuring head

pressure exertB§rgy/ audaiotoRorpnpharesiieatia 2resiRir bleeitEadERhelsereadifing total mass
of the solution & sxjxdutiglidisposedwithihcafined s m ey essal;andy(Bcatoulatingaamcentration of

at least one companeitOLg, SoIIoR oLMIXING.IRM e 4 SHilS.0f NG Meagdng.sien, (00811While

the invention has been has been described herein in reference to scfemfic aspects, features and

illustrative emJBARTERESF e iIMBRGBROTRNE R SHrBLaiey thSt e Gt Siudts #HRHtion is not
thus limited, butsatimerrsitends ticanabehitompassied euimerous oiyenvatidtens;ompaiications and

alternative emhgogdimeniz.as Williguegeshthemsealvastathosg ehqsdingaty skillsinthgefiglgh of the present

invention, based,an the disdlosurs heteln. Srariespondingly. the nvention as hefejnafter,claimed is
intended to be%ro%&ﬁ/ coristiuéd and interpreted, as Incrudin all stich*Variations, modifications and

alternative emisestlitndiridiahvienipriensipitithrmeieopbin tiHEreimsaMEWmiils claimed is: 1. A method
including use gberepllapsibiediner dispesed Withinainveepadk contaireigehpinguasinterstitial space

between the lingr. and COMBINET riPe MEIDPL.GOMP i:%l;.,Q&BQMQ%&%QR@BSPHQE&%‘E?%P@ to the

interstitial space to cause the liner to expand and draw the feed material from a feed material source
into an interior SFORIHIE SR RIS FHEHREITS A0 B SR A WHBY SRR 6V B BER e ritainer
comprises a feadermatenabpostdpditcdliotnpounicatidmwithstHelintenoatadlwene didhechder, and at least

one port in fluid.commWnicatiRnyithdaeintetstitial sRace.And atanessianderressurization and/or

ressurization of the interstitial . e .o . . .
P manut%cturﬁlg quantltslgsaf%r testing within a pilot production process, or simply delivered to a

process 593. The size of each container 520A-520D may be tailored for the desired quantity
of the final products. In one embodiment, each container 520A-520D as illustrated in FIG. 6
and containing a different feed material or component may represent multiple containers, with
a primary and alternate container being available for switching from one to the other to enable
uninterrupted delivery of feed materials to a blend/formulation optimization run and/or
industrial process 593. The process 593 may include a process tool adapted for use of the
feed material combination in the manufacture of a product, such as described previously
herein. The system 500 may constitute or comprise a part of a feed material blending or
formulation apparatus.

[0075] Another aspect of the invention relates to a system and method for determining
concentration of one or more components of a multi-component solution or mixture, through
use of a gravimetric method that avoids use of expensive or labor intensive methods such as
reflectance measurement or titration. Titration is very accurate, but it is cumbersome and
requires additional chemistries that may be expensive. Reflectance instruments may also be
used to accurately sense concentration of one component of a multi-component solution or
mixture, but reflectance instruments are typically quite expensive. Use of a simple and
reliable method to sense concentration of at least one component of a multi-component
solution or mixture is particularly desirable when the solution or mixture is subject to

degradation or decomposition over time. By sensing concentration of one or more
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3. The method of claim 1, further comprising supplying the feed material to a process tool adapted for
use of the feed material in the manufacture of a product. 4. The method of claim 1, further comprising
supplying thW @c¥diitéital to a chemical mechanical planarization tool. 5. RGEVRRKYEETAny one of
claims 1 to 4, wherein the liner comprises a polymeric film. 6. The method of any one of claims 1 to 4,
wherein the liner comprises a multi-layer laminated film. 7. The method of claim 2, further comprising
pressurizing the interstitial space to cause the liner to contract and thereby dispense feed material

from the interidVBRIRE thi6UGh thie 164 mdtani PoEeaddsd ridtefiaPrdAssonPey&tem
comprising:  caaqeluraiityioiviihel icedrrdategiabflbvdcontrolterstarangésiinqaddifetabeldn fluid
communication, with Aafifst desd NBtarRls0: e ard at least one flow consolidation element

operatively arrgpged to sglectivaly combine flows of fhe firet feefl material from, (he pluraiity of first feed
i
material flow controllers when m.uftlp e flow con roﬁers of the first flow controllers are operated
simultaneously! WY 201G R4A B9PET AUS SOINTOBTTEG! atTrrassirsperhsufertin Bgkskein at least

two flow contralienscokébhadplurality okditshilavaconirpiesihavey ange soiephhratechflawshrates that

differ relative t?oﬂﬂl%naﬂolmﬁ[lre including at least two components. In one embodiment, the solution or
mixture is a binomial solution or mixture including only two components.
[0077] Referring to FIGS. 7A-7B, one gravimetric method according to the present
invention includes supplying first and second components from a sample input 610, including
sources 611A, 611B, control valves 612A, 612B, and a flow consolidation element 615, with
a drain valve 675 and drain 680 optionally associated with the input 610. Thereafter, the
multiple components (e.g., combined as a mixture or solution) are supplied to a fixed height
column 630 (e.g., water column), and the pressure exerted by the column 630 is sensed by a
sensor 635. Overflow from the column 630 may be directed via an overflow line 620 to
waste. The sensor 635 may comprises a pressure sensor of any desirable type. One example
of a desirable pressure sensor is a Sensotec series pressure sensor (Honeywell Sensing and
Control, Columbus, Ohio). In one embodiment, a strain gauge may be substituted for a
pressure sensor and used to provide an output signal indicative of strain, which may be
converted to pressure under appropriate conditions. An alternative to using a fixed height
column involves supplying the multiple components to a vessel having any convenient size
and shape and having a known volume, and then measuring total mass of the contents of the
fixed volume vessel. If the densities of the components are known, then the concentration of
components may be calculated using processing electronics 640 in signal communication with
the sensor 635.
[0078] For example, given a multi-component solution of hydrogen peroxide (H,O,) and
water (H,O), it is known that 30% hydrogen peroxide in water weighs 10% more than water
alone. If the solution of hydrogen peroxide and water is supplied to a fixed height column,
and the pressure exerted by the solution at the bottom of the column is measured, then at
around 30% hydrogen peroxide and at room temperature (e.g., 25°C) , hydrogen peroxide

concentration may be calculated using the following equation:
[ PSI,, — PSI,,
3 N
PSI,

h—3
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10. The feed material transport system of claim 9, wherein at least two flow controllers of the plurality
of flow controllers differ from one another in maximum calibrated flow rate by a factor of at least about
two. 11. TheeaHtidtdsfal transport system of any one of claims 8 to 10, Y SIS a second
feed material flow controller in fluid communication with a second feed material source, wherein the at
least one flow consolidation element is operatively arranged to combine a flow of the second feed
material from the second feed material flow controller with a flow of the first feed material. 12. The

feed material tPAEpdIt sy StERABICIBIME: Rl PESTHISRING &l e &0 HiaRsFdrish Lontroller in

fluid communid&tbn with a third feed material source, wherein the at least one flow consolidation

element is operafively: acranarsdo £arbing .oy efitbe thiskisagwaterialtiamdihe.taid feed material

flow controller }le{itth acﬂgv\(c\/ fog'g S!e&lsdtmon% OJG%QE,' fir,g E%eg %nateeria!e aOQ ethc%nscggtgartlldo nfe%aec; dr.‘paterial. 13.
The feed materlallnto’ranspo fsys em of any one’of claims'8 1o 1d. turther comprising a pﬁrality of

second feed meteiabiioRIeB s larerarvsifesed theparaifbPHnadyr fupsrEeaHATOMiEatds Wit a second
feed material soweesnidetaibthatahleasisane flowGonselidat on-elemaintis aparatiielyrarranged to

combine flows gf i %?%94&%!%?%@lﬂ%@&[&%}@%ﬁﬁ%gu{,%ﬁgdqg)a&e\fi?éeﬂﬂé{%ﬁgﬁt%%%? with a flow of

the first feed material. 14. The feed material transport system of claim 13, wherein at least two flow
controllers of tﬁéeﬂlﬂ‘?]éﬂmff of second flow controllers have ranges of calibrated flow rates that differ
relative to one @fitither. Mbastiedetedsphateriel thanspboetl systémekealaydive ailekwn846 10, wherein

the at least ong,fipiy,sQuRAlIdaiRglemERLERMBrises @ Static ausynamie Wixing element. 16. The
feed material tr?gm%)%[)ta[ %tem of any one ofsctJai to0.10, wherein the at | ne flow consolidation

y
element comprises a pilirality of fow COﬂ%glldaOt%rgi e@e%%@%?feﬂ'ﬁ%"féoél §1§§t%ﬁlgﬁf?§%nsport system

of any one of driisi8ast 107 iatsrain’ da@Tird o febk matksein e sormrsher shehelphitahty of first feed
material flow ceatiolgre:isro papalve- Vi Qs PddiId 44524 k2 03¢y 5 tos pass i deast about

80% of atotal gy g frst e material PRssable inrauah e plyraliv Al st fesdmalerial flow

controllers. 18. The feed material transport systemn of any one of claims 8 to 10, wherein each first
feed material fISWECIRIRGIIEFEP five BOFAIRYFF ARt fasa R RATYIB CROIE SCETHRESES an integral
mass or flow sehsing ¢lemént sxgaihgedtodgeneratea geroesipondegratiiputf SigAal pancheach first feed

material flow captipagrie adapked faantQkiew of fitshiasd malaHahiasRPRSIVEd ds,corresponding

output signal. : o
b 9 concentration of 30% hydrogen peroxide in water.

[0080] The foregoing disclosure indicates that a method for determining concentration of
at least one component of a multi-component solution or mixture may include the following
steps (A) and (B): (A) measuring head pressure exerted by the solution or mixture within a
column of a given height, or measuring total mass of the solution or mixture disposed within a
fixed volume vessel; and (B) calculating concentration of at least one component of the

solution or mixture from the results of the measuring step.

[0081] While the invention has been has been described herein in reference to specific
aspects, features and illustrative embodiments of the invention, it will be appreciated that the
utility of the invention is not thus limited, but rather extends to and encompasses numerous
other variations, modifications and alternative embodiments, as will suggest themselves to
those of ordinary skill in the field of the present invention, based on the disclosure herein.
Correspondingly, the invention as hereinafter claimed is intended to be broadly construed and
interpreted, as including all such variations, modifications and alternative embodiments,

within its spirit and scope.
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19. The feed material transport system of any one of claims 8 to 10, wherein each first feed material
flow controller of the plurality of first feed material flow controllers comprises a mass flow controller.

20. The feed material transport system of claim 11, wherein at least one of the first feeg materjal
source and the 38&9?&&%%—% material source comprises a pressure dispensation apBSJ 93%0&828%75%%
a collapsible liner disposed within an overpackgR@pREVIS 21. A method comprising: flowing a first
feed material from a first feed material source through a plurality of first feed material flow controllers in
parallel; selectively operating at least some flow controllers of the plurality of first flow controllers to
reduce devidtibat oredsitoednstotal flow rate; and ~ combining flows of the first feed material from the
plurality of first feed material flow controllers if multiple flow controllers of the first flow controllers are
operated simultanegusly. 22. The method of claim 21, wherein at least two flow controllers of the

plurality of fifst flow bOIRSERS HAVS Pshgha e RARS AT ERPPAT SR ARYrRRVETE Bffe another.
23. The methefthofeclaim2ditivhgrembatwiiéplehél bnecont rolieriaaf direnfitbbfl conponinglierdyare operated

simultaneougly,44: Hf- PRI 0f AORRS N %{%@%o%}u’s% %%'1IHJFQ§E>&QHC|EPJ$§1i Qfw the fONING &

second feed material from a second feed material source through a second feed material flow
controller; affterialbembinieg BFieud orties dMesRdMeEer YAt iRAe second feed material flow
controller with a flow of the first feed material.

2. The method of claim 1, wherein the overpack container comprises a feed material
port in fluid communication with the interior volume of the liner, and at least one port in fluid
communication with the interstitial space and arranged for depressurization and/or

pressurization of the interstitial space.

3. The method of claim 1, further comprising supplying the feed material to a process

tool adapted for use of the feed material in the manufacture of a product.

4. The method of claim 1, further comprising supplying the feed material to a chemical

mechanical planarization tool.
5. The method of any one of claims 1 to 4, wherein the liner comprises a polymeric film.

6. The method of any one of claims 1 to 4, wherein the liner comprises a multi-layer

laminated film.

7. The method of claim 2, further comprising pressurizing the interstitial space to cause
the liner to contract and thereby dispense feed material from the interior volume through the

feed material port.

8. A feed material transport system comprising:

a plurality of first feed material flow controllers arranged in parallel and in fluid
communication with a first feed material source; and

at least one flow consolidation element operatively arranged to selectively combine
flows of the first feed material from the plurality of first feed material flow controllers when

multiple flow controllers of the first flow controllers are operated simultaneously.
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WO 2010/144439PCT/US2010/037759 25. The method of claim 24, further comprising: flowing a
third feed material from a third feed material source through a third feed material flow controller; and

combining a flow ofg'?we tilird feed material from the third feed material flow controIIeF[ W'bh a f|O)N %g@e
first feed maténa&laNdbi e second feed material. 26. The method of any one of claims A08/3 )

further compyising: The {lewin®@acracondviced Mmalesialivomow sesaoukfeed maeiialsaraathrough a

plurality of sgegnd feed material flow. conoliessyin,parallel, wherein.at laast g flow controlers of the
plurality of second flow controllers have ranges of calibrated tflow rates that differ relative to one
another; and combining at least one flow of the second feed material from the plurality of second

feed material flow captieliers.with afiRpeetibedistdast Inatrriak .2iast heomstneshebany gne of claims

21 to 23, further comprising passing at least about 80% of total flow rate of first feed material through
one flow cortFoRBIFEIHY PROFARE S fst ST OSh I PP HE FBi TRUT SIS SPtr S e material is
passable thrtuagi ¢het plastalityuoffirst flow controllers. 28. The method of any one of claims 21 to 23,
wherein each first feed material flow controller of the plurality of first feed material flow controllers
comprises an integral mass or flow sensing element arranged to generate a corresponding output
signal, and €dch firdPfel&er ateiif I HIWPFORTHIR By APt t5iEbTitidl HOWBReIrse sl P aterial
responsive teeéisngéaespondingfRupshsignalin 2%id hemaethiodioh avyhanecodelairas dhttaid3, wherein
each first feed material fiaw,conrolier of.thg pluralityof. st e material flow.gontiollers gomprises a
mass flow controfler.

combine a flow of the second feed material from the second feed material flow controller with

a flow of the first feed material.

12. The feed material transport system of claim 11, further comprising a third feed
material flow controller in fluid communication with a third feed material source, wherein the
at least one flow consolidation element is operatively arranged to combine a flow of the third
feed material from the third feed material flow controller with a flow of at least one of the

first feed material and the second feed material.

13. The feed material transport system of any one of claims 8 to 10, further comprising a
plurality of second feed material flow controllers arranged in parallel and in fluid
communication with a second feed material source, wherein the at least one flow
consolidation element is operatively arranged to combine flows of the second feed material

from the second feed material flow controllers with a flow of the first feed material.

14. The feed material transport system of claim 13, wherein at least two flow controllers
of the plurality of second flow controllers have ranges of calibrated flow rates that differ

relative to one another.

15. The feed material transport system of any one of claims 8 to 10, wherein the at least

one flow consolidation element comprises a static or dynamic mixing element.

16. The feed material transport system of any one of claims 8 to 10, wherein the at least

one flow consolidation element comprises a plurality of flow consolidation elements.

17. The feed material transport system of any one of claims 8 to 10, wherein one first

feed material flow controller of the plurality of first feed material flow controllers is operative
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30. The method of any one of claims 21 to 23, further comprising flowing the combined flow of first
feed material and second feed material through a mixing element. 31. The method of claim 23, further
comprising su%pl ing.the combined flow of first feed material and second feed material to a process
tool adaptedVYor 4873f418%ombined flow of first feed material and second feed maf«g;riétﬁﬁ({ﬁo 037759

manufacture@papsoruatabdieo 192 0fLAdh3 YW/ OBRR1L/OBHARH aBras e meshacirf ary.prRe of claims
21 to 23, furti}%r com risin s[lﬁoo;\)x!yinrg thle combined flow of first feed material and second feed

. ol first teed materia cotrollers. .. . .
material to a chemical mechanical planarization tool. 33. A system comprising: a plurality of feed
material pressure dispensing containers containing a plurality of feed materials, wherein each pressure

dispensing containgt,cqEprises 1 GRIRPSIPIS R TLAisROSRIMNIERIMAR RYeIPAGKcANtaRgTdefining an
interstitial space between the liner and overpack container, and wherein each Hressure dispensing

container colEiME e HEPRnt PR Rr g iR A SIS pSIBeTirE P eReragfollers SO ne
pressurizaticm goegral wismerftcawranged ¢eoontrolappedsoization okthedpiedstgialppasenaf, each

pressure dispensing £QNIANELALIE AW AR MR RSRHIRHIRPENRIONERMARELS r A0 nare A l€ast one

consolidation element arranged to combine feed materials dispensed by the plurality of feed material
pressure disfePRINYIOAtRERSPONiRg Rl 8 feed material pressure dispensing container
comprises a feed material port in fluid communication with the interior volume of the liner, and at least

one port in fifyd corpmyaication with e interstitial spacs ang in fluidcommunication with g
depressurization apparatus a apteé to c?epr ssurize the nterstitia space. '34. The system of claim 33,
wherein eacfegstaxseial diopenriiogohtame pisiinmaiivst dchdathpatbiay ipoatsiisstapmartyes a
zero-headspagg gerdigrowdthin the liner thereof. 35. The system of any one of claims 33 or 34,
further comprising at least one metering element arranged to meter flow of the plurality of feed

materials upon dispensation thereof from the plurality of pressure dispensing containers.
20. The feed material transport system of claim 11, wherein at least one of the first feed

material source and the second feed material source comprises a pressure dispensation

apparatus comprising a collapsible liner disposed within an overpack container.

21. A method comprising:

flowing a first feed material from a first feed material source through a plurality of
first feed material flow controllers in parallel;

selectively operating at least some flow controllers of the plurality of first flow
controllers to reduce deviation or error in total flow rate; and

combining flows of the first feed material from the plurality of first feed material flow
controllers if multiple flow controllers of the first flow controllers are operated

simultaneously.

22. The method of claim 21, wherein at least two flow controllers of the plurality of first

flow controllers have ranges of calibrated flow rates that differ relative to one another.

23. The method of claim 21, wherein multiple flow controllers of the first flow

controllers are operated simultaneously.

24. The method of any one of claims 21 to 23, further comprising:

flowing a second feed material from a second feed material source through a second
feed material flow controller; and

combining a flow of the second feed material from the second feed material flow

controller with a flow of the first feed material.
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36. The system of any one of claims 33 or 34, wherein the at least consolidation element comprises at
least one static and/or dynamic mixing element adapted to mix flows of different feed materials. 37.
The system of any one of claims 33 or 34, further comprising a chemical analyzer arranged to sense
presence anW/%F@%?@éﬁ‘t‘rae?tion of at least one feed material or constituent thereof of ﬂé%ﬁ?ﬂﬁ(&f’ of>2
feed materials. 38. A feed material blending method utilizing (i) a plurality of feed material pressure

dispensing cgﬂain%s corﬂlga(iﬂijg?la Iﬁlﬁ‘laﬁitXhOf feed materials, wherein each pressure dispensing
container comprises a o aOpS| e finer ijllgpoesreC \Within &n overpack container defining an interstitial
space between theflinenandiovkefpackhadonbinen atirdfrerbinatsaich orees tredibpethsihdeedntainer
contains a diffgeent fesd.patarial within the collapsible liner thereof, (ii) at least one pressurization

control element arranged to control pressurization of the interstitial space of each pressure dispensing

container of the plufail UPHradione Hidpertiny Eahdamera! dmirahcathitdseahd@Enadiidtion element
arranged to cambilke ibcl firaterials fispeasedtbyathediburbdibeohfefeddnmateniid| pressure dispensing
containers; the method comprising: dispensing feed materials from the plurality of pressure

dispensing containers; generating a plurality of different combinations of at least two feed materials of
the plurality 8¢ feed iateqiang:ciqay onewistlagnind Mty bF irrRPERI&ombinations to determine one or
more feed material ftemiinatons oparativei arfapimakion ariiendad usee38duze metkRodyof claim 38,
further °°mpJFéQ&Sd%%@J‘%Q@J%%W%%%E'%fl . {tqm the Rlurall 'gfaPﬁgass%ireo HSReRsIng ERNIners to
yield the one or more operative or optimal feed mAterial’ combinations. 40-A method Tor determining
conce ntratioW%PlafqéfdﬁfGﬁ@%ﬁ%ﬁéﬁwﬁﬁ hayticanges of calibrated flow rates that differ relative

to one another; and
combining at least one flow of the second feed material from the plurality of second

feed material flow controllers with a flow of the first feed material.

27. The method of any one of claims 21 to 23, further comprising passing at least about
80% of total flow rate of first feed material through one flow controller of the plurality of first
flow controllers, wherein the total flow of first feed material is passable through the plurality

of first flow controllers.

28. The method of any one of claims 21 to 23, wherein each first feed material flow
controller of the plurality of first feed material flow controllers comprises an integral mass or
flow sensing element arranged to generate a corresponding output signal, and each first feed
material flow controller is adapted to control flow of first feed material responsive to its

corresponding output signal.

29. The method of any one of claims 21 to 23, wherein each first feed material flow
controller of the plurality of first feed material flow controllers comprises a mass flow

controller.

30. The method of any one of claims 21 to 23, further comprising flowing the combined

flow of first feed material and second feed material through a mixing element.
31. The method of claim 23, further comprising supplying the combined flow of first feed

material and second feed material to a process tool adapted for use of the combined flow of

first feed material and second feed material in the manufacture of a product.

-25-



component solution or mixture wherein density of each individual component of the solution or mixture
is known, the method comprising the following steps (A) and (B): (A) measuring head pressure
exerted by the solution or mixture within a column of a given height, or measuring tatal mass of the

solution or mixure! |§€)‘(‘)4s3e9d within a fixed volume vessel; and (B) calculating c%%%ﬁ?r%%ﬂ%? A

least one copponenhofibgsolbtianyobRixpradiamihades)itaahdhednpasmangsiepad inkhe method
of claim 40, whreln e mycompanent sqlutign or mpture comprises, iydragen pergxids as a first
component and water as a secon componenaf. R teed Matera suppaly System ‘comprising a
collapsible lipendigpomedavithin an overpack container defining an interstitial space between the liner
and the overpack container, wherein the interstitial space is in fluid communication with a vacuum
source while_an interior volume of the liner is in fluid communication with a feed material source, to
permit application dt SUBHHIBEBHEAE pressure to the interstitial space to cause the liner to expand and

draw the feed materialdrdiy ihfeféed cnnnatelr iplesou cispuo tizednteriersvodurmeind thellindry of

feed materials, wherein each pressure dispensing container comprises a collapsible liner
disposed within an overpack container defining an interstitial space between the liner and
overpack container, and wherein each pressure dispensing container contains a different feed
material within the collapsible liner thereof;

at least one pressurization control element arranged to control pressurization of the
interstitial space of each pressure dispensing container of the plurality of pressure dispensing
containers; and

at least one consolidation element arranged to combine feed materials dispensed by
the plurality of feed material pressure dispensing containers;

wherein each feed material pressure dispensing container comprises a feed material
port in fluid communication with the interior volume of the liner, and at least one port in fluid
communication with the interstitial space and in fluid communication with a depressurization

apparatus adapted to depressurize the interstitial space.

34. The system of claim 33, wherein each pressure dispensing container maintains a feed

material in a substantially zero-headspace condition within the liner thereof.

35. The system of any one of claims 33 or 34, further comprising at least one metering
element arranged to meter flow of the plurality of feed materials upon dispensation thereof

from the plurality of pressure dispensing containers.

36. The system of any one of claims 33 or 34, wherein the at least consolidation element
comprises at least one static and/or dynamic mixing element adapted to mix flows of different

feed materials.

37. The system of any one of claims 33 or 34, further comprising a chemical analyzer
arranged to sense presence and/or concentration of at least one feed material or constituent

thereof of the plurality of feed materials.

38. A feed material blending method utilizing (i) a plurality of feed material pressure

dispensing containers containing a plurality of feed materials, wherein each pressure
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dispensing container comprises a collapsible liner disposed within an overpack container
defining an interstitial space between the liner and overpack container, and wherein each
pressure dispensing container contains a different feed material within the collapsible liner
thereof, (ii) at least one pressurization control element arranged to control pressurization of
the interstitial space of each pressure dispensing container of the plurality of pressure
dispensing containers; and (iii) at least one consolidation element arranged to combine feed
materials dispensed by the plurality of feed material pressure dispensing containers; the
method comprising:

dispensing feed materials from the plurality of pressure dispensing containers;

generating a plurality of different combinations of at least two feed materials of the
plurality of feed materials; and

testing the plurality of different combinations to determine one or more feed material

combinations operative or optimal for an intended use.

39. The method of claim 38, further comprising dispensing feed materials from the
plurality of pressure dispensing containers to yield the one or more operative or optimal feed

material combinations.

40. A method for determining concentration of at least one component of a multi-
component solution or mixture wherein density of each individual component of the solution
or mixture is known, the method comprising the following steps (A) and (B):

(A) measuring head pressure exerted by the solution or mixture within a column
of a given height, or measuring total mass of the solution or mixture disposed within a fixed
volume vessel; and

B) calculating concentration of at least one component of the solution or mixture

from the results of the measuring step.

41. The method of claim 40, wherein the multi-component solution or mixture comprises

hydrogen peroxide as a first component and water as a second component.

42. A feed material supply system comprising a collapsible liner disposed within an
overpack container defining an interstitial space between the liner and the overpack container,
wherein the interstitial space is in fluid communication with a vacuum source while an
interior volume of the liner is in fluid communication with a feed material source, to permit
application of subatmospheric pressure to the interstitial space to cause the liner to expand

and draw the feed material from the feed material source into the interior volume of the liner.
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