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BLENDI NG PROCESS MATERI ALS' BACKGROUND OF THE I NVENTION 1. Field of

I nvention 5 The present invention is directed to a nethod and 2pdBafW8 for
bl endi ngwo ames® materials and, particularly, to a nethecr/esdqasmpar at us
for blending ultra-high purity chem cals, abrasive slurries and the |ike.
2. Description of the Related Art 1lo-Bl-ended process materials are '
required, for exanple, in the pharmaceutical, cosnetic and sem conduct or

I ndustri es. METHOD a&ND APPARATUSIFOR BUENDING PROCESS MATERIAES al s are
typically prepared using batch production systens I ncluding a di spensing
subsystem and a m xi ng subsystem The di spensing subsystemtransfers
materials froma suppl y BOOKGROUND OF THE INVENTDXONt em Supply sources are
typically containers designed for safe storage of a 13 process material,
such as Ia chdii¢ldof Inyentipmrry. O her supply sources include facility

generation plants uch facilities or
faciPities f ePE"iiBﬁl‘%/"eﬂ@%gﬁ%?&ﬁ@a'&S@%ﬁ%‘% @?ﬁér %?@P%B‘i %6%SSsuch as _
hydr oge e iabsindepaaticulaiyp wmeﬂiautin@xppi@atusﬂaeblteﬁ&ng uttﬁé-]ﬂglil?ixﬁyl on plant nmay
be directly connected tqg the di spensing subsystem A single dispensing
subsyst EheRisslsabrmsaeslurgesanddhs BES, of supply sources, 20 transferring
process material fromeach to the m xi ng subsystem |In the m xing
subsystem the process materials transferred by the dispensing subsystem
are addéd t oDeseriptionpfitbeBelatast Artank. Typically, the materials are added in
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pr ocess andienticalductopindugeés Ia tlﬁhﬁmlﬁﬁﬁxdbétmddusﬁygblaﬁde‘aqmmﬁa@ﬁalb Bg process
may be bas%aﬂyon react,lwtaé or safety, for exanple an acidjc or basic
sol ut i onyHically prspatedusing by Bpgﬁ%mlwtsms 11}3&1‘?‘3%1%@1:59%13918 subwsiseandidce of the

process d ances,
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DI wat eithe Itmmmbsys’ame SSupply sma;cebaemqu@lyammahﬁrs debigher foF safe stotageafidi t i on
of
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generation plants, such as deionized (DI) water generation facilities or facilities for

supplying other mass-consumed process materials, such as hydrogen peroxide or ammoniufn
hydroxide. The facility generation plant may be directly connected to the dispensing
subsystem. A single dispensing subsystem may connect to a variety of supply sources,
20 transferring process material from each to the mixing subsystem.
In the mixing subsystem, the process materials transferred by the dispensing
subsystem are added to a mixing vessel or tank. Typically, the materials are added in a
predetermined sequence, as required for a particular process. For example, the process may
require a predetermined ratio of individual process materials to create a desired blend. The
25 sequence of the process may be based on reactivity or safety, for example an acidic or basic
solution is typically added after water. Alternatively, the sequence of the process may be
based on the need to reduce or correct process variances, such as dilution of an excessively
concentrated wafer polish shurry with DI water. In some cases, it may be necessary to
interrupt the addition of a first process material to add a second process matetial, followed

30 by resumption of addition of the first process material. |
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addition of process materials to the m xing vessel is typically nonitored
and regul ated by neasuring nmass or volune differences. Typical g Fess2005

di ffer ence WRHM989ed additions may involve the use of a ®$Caiusi@€sa

hol di ng vessel or tank. In this type of system each process material is
added individually, as an automated con2rol system neasuring the nass of
the hol ding vessel is not able to-discern the relative anmobunts of two
process nat er ik gddiitehen psicess materiaisitol tire mbyng vetkel WlypizellEinbhiereNGa

regul at edr@ﬁh&{ ons rrlg%gistgvol Ve th?jﬂﬁe Ofpﬁ“ ow, met e({é%. Once in. the

m Xi ng vessel, Wem?ﬁs AR 1 QHCESy pf Seine] Tpags) Beeirpgudated |
honpgeneoaddiiaisithiyifivolid the age dfuzedlt 84 a hbREdH Q8 i ocess
mat eri al s. ghe bm,agt bl ended , process %‘reérgsieg?s isk[tn%llsc ?F’gggh% used
for its i FtEmERAsSIpyesial itadder indivinpally oy en entomated sontend system mequiiing tpr eci se
addi tion EERoRd; oL d ' C f bl.ended process

mat eri al sﬁ{aﬂﬁ s acc%pf&g%?éen%ft %@Ciffglg%ﬁgaﬁgggﬂgp%oﬁg {GE SO Progess or i ngly;

t he - meas ufilggals addedsinenitagecublyt Typicalwlurhddiffereped 1gilatet Béditbnsing HeRee! are
typical | yﬂ’ﬁﬁé’of’ﬁoﬁﬂ@t@ to insure batch-to-batch consistency. 7n nany
applications, even . nor process variations may |lead to significant

di f f erences i rOhdedn thendking vedablethd @ebcRisQRAGSls B WA tially
.rendering.it useless for _Q i y 'wda%klm%@%@#HE | NVENTI ON

I.ts .intended application:

In one enBOHETRTLSS ‘HE’”ﬁY‘Q’s"&%“PFﬁ‘?feﬁF}l’é‘E ajbgtcliof blendad nrecess hterials.nGhesyst em |
i ncl udi nghatch of bledlled FrbREd BhteSADR typitdln ifﬁg’? L3l ly line, and
a static.mxer flui (?I'iy ) conﬁect edtylélqmst?lg%s%&g?%tg e c%?g?ﬁlgﬂ%@;fhe second
mat eri al supp icRRentionabprgpessesi ragpirepyeriseraddition hfprocesapatesiels t& pr ocess
cont r ol - $ysiuess birel sdi k I | | ioned on at |east
one of t%e first and -tlﬁgﬁgfgoénsgbna%%r%tgﬁ%s%c%%ﬁ%qﬁogztss %ﬁ%nc#eii F@cgté‘ﬁ’sor

© posi t i onéYodiRghs theaepssuring instrumentsithat moxior, theinguia te thetmiving &esselo®r i Si ng

| 0gi ¢ Cog@idaliv RERQY : 4S54 | to, the fast flow.control device:
based upg%l a '}s’eﬁgj?&%feéﬁlgg ‘Bgﬁ’%@%‘ egéq@?cqnﬁlgfenﬂ' flgtmaggﬁglg,l}c}?mnphgvem endi ng
syst em f BRRGE@FOCeEnprirtines may sl do signifiesrs eliffelencesig the bt eftblehAs prafeseUt | €1, a

recircul gt |l pe.. ' . o.the jnlet and the outlet, and a '
second fﬁila%)e\jﬁvmgb%dt?%gw}g}gg@cﬁgg?{u&?%%s)e/fg%%w?Pg PP@“F‘HB‘ recirculation line and
to one of the first and the second material supply lines. In another '
enbodi nent, the present i QR 1S AL L 0 bl endi ng system
including a plurality of MyﬁpﬁfﬁﬁMastatic m xer _
posi tioned ddwese embodimént, théprefdnt irventionis Breciult6 kibdndSidipitym) ih&ﬁ&ing”d
fluidly ﬁcmteﬁ% toltl}% gl uraclli tﬁf’%{ﬂ material supply ., l11nes. The Bl ending
system al’so I ncl uded 5 8EE8C PBHTRLTuPRY JingAnd imigerfluidyt rol 1 er, an
i nput - dewhusstedi dowastrermuf el firorenditid kb BRLN Qb liddd. AhOYlefingn | NPUt

signal r.GRLESEALL 18,2, ystem includi 01 o

: r comprises a process control system including a first flow control device

positioned on at ledst one of the first and the second material supply lines, a first sensor
positioned downstream of the static mi)ier, and a controller éomprising logic code to provide
a-control signal to the first flow control device based upon a sensor signal provided by the
first sensor. The blending system further comprises a holding vessel having an inlet and
- an outlet, a recirculation line fluidly connected to the inlet and the outlet, and a secoﬁd
flow control device fluidly connected to the recirculaﬁdn line and to one of the first and

the second material supply lines.

In another embod_ime'nt, the present invention is directed toa blending system:
| including a plurality of material supply lines and a static nﬁ'xer positioned downstream of
 the plurality of material supply lines and fluidly connected to the plurality of material supply
lines. The blending system also includes a process control 'system inc;iuding a controller, an

input device in communication with the controller to provide an input signal representing a



2 8 FEB 2005 WD 02/09859 PCT/ US01/ 1503 -3desired bl end of process materi al s,
and a first valve connected to one of the plurality of naterigpd FeEBI0Y
lines and to the controller. The blending .systemfurther includes a

di spensi ngyg4hsegss em i ncl udi ng a hol di ng vessel having aRCTAS&¥41ERd an
outlet, a recirculation line fluidly connected to the inlet and the
outlet and a second valve fluidly ceBrected to the recirculation |ine and

f th I I f ly | h h ial f
Eﬁe"?‘icﬂa@éxeﬁmp@‘érap&g spsalsorEta Svtvgvesopaetiads o P bR & ' Supply
line. |ngap gxgpgggﬂlggm%hé QfBhiGs gp& blePR sy Rt inBRiEQch L0 a et hod

of supplylng process materi thod includes supplying a
first prdispasimpabsysemh intindingh halding vessel hevirgrandhlebandpinoutlethe,  suppl ying a

second proce thro d bl endi ng
The fast TGN ey bl ol? iR B8 LG4 Rhd R vilv iR, I -
comegt e@loﬂgwemclnﬁgf&ﬁéuléﬁbiﬁ ]%brasd Eoﬁcmd of tte pima:l;mdfmate?a]tsﬁlpplglhpﬁ} s}uchljn;aﬁ The
met hod al so incl]udes regul atin e on LIS n e
second pﬁ%@é?rlﬁlaﬁ%@ﬁﬁlr%cWHo%ﬂ?qql@f %ﬁge\?é"“g%éﬁ ?&egﬁ%herﬁat%% S'(’J?P¥he first .
and the ggcond material supply lines based upon a sensor signal provided
by a sensor positioned downstream of the static m xe met hod furt her

i ncl udes hol dimegotheeengfodirpent.fthe Breseahpveniondeditngted e Béﬁé@qﬁéﬁl@f’ 8% in a
hol di ng | ctidin atrhagkid gowhe of the
first anéﬁpﬁ%pr%%gsorﬁ% I%ﬁoc’te}iseg}lmatter?]lgtl #ﬁ?mg:é%ﬁ g(%b:eon i #le c(c’)]%\grillect ed to
t he hol diﬁm viasisrl supﬁljehnaamppbongamcpnchpmcess meteripkijrozgh psepspd a porti on of

at | east on f th f|r e e of the
i rst anderel waisfac ot biedre BETERan A Bl s JBHEIARLS Ao Bl

to the rﬁﬁidIyCdéhﬁéctddl‘do{whﬁtﬁbim&ﬂdhetﬁrstdm tecard tateridl supply Hned. Themsthodnd -
mat eri al pIyllnes I n anot her enbodi pent, the pr - lnventjon is

di rect edalﬁ‘b ﬁ‘ i nl;/if’Eaﬂe %ﬁ@ﬁﬁg%%%@egg@%@%%a e et hod
i ncl udes , sikkpRAvd ftﬂﬂﬁn&i O el of YheOirstitha €lesSss coid ingdt éridl Suﬂphyﬁnﬂgfbaﬂdlnbm ality of
mat erial supply nes and blendln the plurality rocess rials in a
static Veseeer signal proyided by a981Y #2 18\““( ‘ﬁ’éwﬁf'rﬁ?"ﬁl &FD %?“%&PEF suppl y
lines.. [The, 11'?clll]§|d%s nBdinESR drandhat bl'itgth%fééccﬁidﬁﬁbéés@fnatdﬂﬁlsﬁhw ality of
process rrat erl als wt process control systemincl udi r%g a controller, an
i nput deholding vassdl havﬁmgmmwanéanonmcneemculaﬂme one of the fEstandithe y. of

mat eri al line d.to (0] T onnect ed
fo the tSRETBrees HBeion et df e Yoh s 0 It AR e R o 3 L end

of pr ocesgutietaad idalesting éEh&sfprbmdnfotﬂ at lleasrt onaof mdefﬁrsﬂmkidhﬂgpcom@pmcemr e. of
the plurality of process nmaterials in havi n I nl et and

|
an out | ematerialsiinteonaof g firpleang;{lae ﬁCOﬁ%p‘@t@é]'afi g%]es x S’I”lﬂ? ﬁs%ff’gd ﬁ%ﬁﬁ ess
materi al éoné@ctgd {oet?i% :f%ﬂjcfﬂtah% 1ihid¥d%8 rﬂﬂ;'e&{eedf thOfitshand @l dbitmdvenssd i nlet and

outl et, ortion of the one or nore of the plurality
ofprocesmpp’gtlﬁresal S into one of the 2 8 FEB 2005 plurality of material
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to the one o material supply |ines
DESCRI PTdléNed ﬁEcéEHELaBBﬂW mnethod mcludes supplying a plurality of process materials

through a plurality of material supply lines and blending the plurality of process materials in

- a static mixer positioned downstream of the pluraiity of material supply lines. The method
also includes regulating the supply of the plurality of process materials with a process
control system including a conuoller an input device, and a first valve connected to one of

- the plurality of material supply lines and to the controller. The input device is connected to
the controller to prov1de an input signal representmg a desired blend of process materials.
The method further includes holdmg one or more of the plurality of process materialsin a
holding vessel having an inlet and an outlet, recirculating the one or more of the plurality of

- process materials in a recuculauon line connected to the holding vessel inlet and outlet, and |

diverting a portion of the one or more of the plurality of process materials into one of the



Preferred, non-limting enbodi nents of the present invention will be
described by way of exanple with reference. to the acconpanyi ng draw ngs,
in which: FIG 1 is a block diagram of one enbodi ment of the ap arat us of
the invention; FIG 2 is a bloclc diagram of another enbodi n@ftFiH

apparatus of the invention; FIG 3 is a block diagram of another

enbodi ment of the apparatus of the |nvej1t| on; FIG 4 is a bloclc diagram
of “anot her enbodi ment of the apparatus 6} the invent | on; 2 8 FEB 2005
WD 02/ 09859 PCT/USU1l/ 1503 -4 FIG 5 is across-sectional view of one

enbodi nent of the static m xer of. the |nvent| on;

acr oss- sectriuwha of mrisvelenpply Aneswide sopRd wlve qoanestedt PSﬂW%ﬁmaH?n fipgand
i nvention 't{)__i.h%%ﬁé]&trﬁgre B! pecﬁ_}r ofdrfafaribd du @Srrhﬁ&?d fl ow path through the

chanber; iI's a per cross-sectional view of the enbodi nent
of the static m xer of the |nvent|on illustrated in FIG S, wth
illustrated flow path t

i KOS S- sectional view
of one enbodi ment of thtl{2 .,uurlua.l I&@ WOF%E&'D nvention, wth

illustrated fl owemfeh Adnulatigiag blhbodlhﬁmbefthelﬁte@entﬁhw,ﬁnm Wilkiwld:smbagbmm of
anot her enbodi the apparatus of the iivention; ,.t.o FIG 10 is bl ock
di agr am of W&?E Fi"r%@}'%ﬁ"?ceé? &FI‘?'&“QW&YI&E devipes itiRention: FIG 11
is a graph of pPI@%&a%Bl:kdﬁg‘éﬂ&‘b%e%ﬁathHﬂ?@ie EtdtuEbﬁthel&renﬁom gr aph of

density versus trial nunber. DETAILED DESCRI PTI O\I THE | NTI O\l 15 The
present inventi B} iZis abbekﬂ@mwfangtygnmoﬂmenbp%ﬁaaw IYERion; al s.
The bl ending s¥fd.q T b 51080 il Bbml SR S WAy E B GG
material s on denan use or rovi-di'ng a bl end of process

materi-al s for |BiGerdiss blocBﬁa@amnfmoﬂmtm‘HOdhmnt of the spraEeiws ofghg invention;
materi al capabl e of being transported through a conduit. For exanple,
process materials may include water, various chemcals, solutions,
suspensi ons of solids, -



20 slurries or any such other materials. While the blending systemof the
present invention is for use with any process requiring bl endedg prgcmgs
materials, it is particularly applicable to the blendin of uItra hi gh
purity cHER¥®B% and abrasive slurries and ot her blendlﬁg A7%3at i ons
were accuracy and precision are desired. For exanple, the present i nvention
is particularly useful in the seni cohductor, cosnetic and pharmaceuti ca

i ndustri es. . embod the bl endi f th ti
D Hio bt o Rt b B PP LT, o

downst r gagen@bn;t he plurality of mat erial  suppl y | ines and a process control
system As used herein, the term"static nixer" refers to any device
construct ed tFECehisaresssestioaalwisr plithe pmpodimentof tag daticanixer of the pl urality of

mater i al; féﬁaegmdsﬁ HES e, 9%an SRRdUHFP {)tﬁ’{hr&@grhrtﬂé& gocess materials.
For exanple terial supp i’ll nes matyp pI pes annél s or ot her

devi ¢es for d’tIGe%tswnglsfpmed, dwaawecﬁmd vigw gfﬂabnem}vowlenmféhq daticguippt of | mes
By = PRy OB EL A PR SCRRE UBL AL b3 ol Ufoflen HBLhuer0f Soul ces. For

er;
exanpl e, 185 may su cess rrals from storage

cont ai ners OfFIGr &maf@ﬁsﬁsecttwn@iemm aﬁommmbbdmtcmt of the sscomdarnsghtivmixsr oft he

mat eri al sy u oce materials froma di spensing
subsyst ¢hg 1 %}‘%’ W@ﬁﬁlﬁ%@ﬁo‘%@%é@ BREBO BERRTISO1/ 01503 -5 | n' sone

enbodi ment s iFnG! wﬁlarmooatdila%s@ﬁaﬁmﬂl@bmsycﬁﬁaemof&ﬁaaapgmﬁeeﬁheeweﬁ@&ﬂstem nmay
consist of a_holdin esse a recirculation [LLine and a val ve. The

reci Weul at i AP Huls higgk disgrap ofiagpihercshadineny of thepprarsthy of thefmyention: out | et of

the hol di ng ¥e§sflist Q¥ rﬁ%ﬁd Plll ajnjon of process materi al
through the reci I‘CIEH %tr%n gFlﬁee s la e provided by 5 a device for

i nducing fl U|FéGf1?owangbl¢fd@ISﬁYWﬁ‘fﬁmﬂimunbat ve in the dispensing subsystem
may be connected to the recirculation line and to a material supply Iline,
such that process material maybe diverted fromthe recirculation line to
the material suppl yDEMLMBE@CQIPEI@N@FHEINEENﬂ‘éGN ng system of the

present invention " in fluld [ with the urality of
ot of al - SupaP Do Ao s kit o SHME At e trbets] EcBoll T Y

pl ur ial [ ]tlﬂexidfngi sryirs;cahas suptable f@wmﬁfgedd F@p@iﬁg Qfogésbmatﬂrwsmlmdema@d tonat SI’I al
supply |ne The stati al so in e a mxin i on an
Ut et . PO OB Sy vifias 2 g BEdioess maaiak or e BB D PR BSHAS | | nes
at the '1ﬂis%{e§nﬂfnytﬂﬂlﬂ ﬁﬁﬁﬁél%aﬁﬂbl@&ffb@ﬁh@ tﬂ@ﬁ@%ﬁdd fRougheofduit. 'For eRGhNE. The
m xi ng region may be sh aﬁ:dp to cause agitation and m xing of the 'process

mat er i aI%OquSthﬁ’@a § FIAB Ny twateAf‘{aélP“Srﬁhﬂ’lFF@lSs soletigys.cuensasipagofisplidss may pass
t hr o44gh shpridse aﬁ#"gﬂcﬁtoﬂne\f\’ﬁia%aﬁamﬁ M%ﬁ%s{eﬁl & tﬁ@ﬁx@ﬁen%v&ﬁx%n% storage

vessel . Points use nmaybe any |ocation ere there is demand for a
suppl y dPr sk sy prasesssequinediensied process n@t%tmlﬁ & is pastiewlaylysppliesdletay i ncl ude

Process ﬁ@ﬁ@ﬁdﬁ%{f lﬁﬁ e“%f‘ gurgtﬁr%hén%ﬁs a:'.ld‘ &HBQQHE%%& blehﬁ&ﬁg process

control system ng system o I'nvention may rnclude a
cont r ol |applications wmqacmyeed padisian mldasxredl rFooentvatplte thequesertritwentiohés 20

rocess in t roll er S and a valve. It
E houl d bbeéﬁa%%ﬁggg rﬂ%ﬁ%ﬁw&%@cgo ?’elgt&f] %@L@?@&acﬁ% Cgf ﬂa&gflestont rolling flow
by vsxexyI of examﬁdnﬁaodnhqn; of thk bbcndmgwstannbﬁthé }Jﬂenﬁcnenmdesla@h&uhybft ut ed 1; or
any val ve.in.the.inaventiaon tro evice, it i ant an evi ce
t h)e/lt i s TatFel ypp b’rlb‘W’cPeSt%{lcd@s‘%/ rpé’ﬁﬁf”é“(ﬂa}’wtr?%ﬁfl%ﬁﬂwa&h oéra%%n s vzlri ous
t ypes . ofsupifly Ui and diBsces Wdnpblii@sterl AS Sbddtherdslithey teftf “stetid 18R8r” refers to

any device constructed to encourage the mixing of process materials. The plurality of

material supply lines may be any conduits for carrying process materials. For example,

30  material supply lines may be pipes, channels or other devices for directing fluid flow. The
plurality of material supply lines may supply many different process materials from a
variety of sources. For example, material supply lines may supply process materials from
storage containers or from facility generation plants. In some instances, the material supply

lines may supply process materials from a dispensing subsystem.



25 The controller may be any device capable of receiving information and
acting upon the information based upon a series of protocols, &8 ERBa05

| ogi c code. For exanple, the controller may be a m croprocessor based

devi ce, SWeM2/Y859a conputer. Wiere the process control BYEUSMHINME| udes one,
the input device may be connected to the controller to provide an input
signal representing a desired blend of-process materials. The input device
may be 30 any device capable of receiving information and relaying it to
the controll é{* sompe,empadimpnteincluding ajdigpemsingsubeystema thesispansing wheyssiet er ; key

pad or SuBeLwkisd 1 h@ﬁﬁig\@sseﬁlr&%&ﬁbﬁﬁmﬁgﬂﬁénﬁiat\ja%. @ﬁ@ﬁ@ﬁ&m&&gwﬁgﬁeva' ve or

val ves of "t he process control system e connected to one
mat er i albesyfy gorneeted toethelinled andhthe outiet o6 tHedwoldirgovessek togrbeide econtintons nay be

positioned along.a ' 02/09859.-6 2 FEB. 20Q5. ~PCT/ US01/ 01503 materi al
oopl y OGS ocsse e (YR oS e Btiptontint dBis R e G QT ORLiNp y 1 | me
and Ry ddevice dettindichpdluiy fl6Wsucloa o mine r TheAaBe sl ihe dispensidgaubsyBiemol | er nay
contr ol flowthrouegg or into ,.t@}e terial _suppl‘y Jitne with the valve in
accor darfe® ¥ PRREdee thegeriististie e 152 8 asterialppI ine, SEBMF AR ¢ he | nput
devi ce. rdtérHl RAYbY Blvértedfrom A rediftRalib liné HEhs Rbderial ufply By 5 control flow
through or into the material supply |line based on a signal provided by the

sensor. . Vi editagatinmixer afiye hlgndipg sxstanyef the prepeny Eventing may be inflside, it wil |

now be RE‘PQ ' : | %@@ ; e of
suppl yi %’ﬁ%{ eééﬁéne‘g e%qdﬁ%w %Ir‘%fgtg}s@%uﬁgl? gﬁ%ﬂ?ﬁ%as é ’?)t%e%gﬁgg@?érs peci fied
i npute. Thaysindlndewiplufalifyrafdrlsts, aach emnedted tompe biths ppypdlity df hatexsal sapptypnt i nuous

basis, w Later.ruption. . itionally.. the ble rocess .materials
may be Ssh ! e sk ikt o 108C . ROhg o B 1 SRR PGSR o e | e

bl ended muydees@ivetdioat tha hfaterial supplyllinad stahdiletsarfalgrstatieikéraind phgedwnt rol | er
may recejve.addition l‘ iggut to aid tgue al endi ng.process.. For ﬁxarrpl e, the
control | m}%‘é%ﬂor&g‘é’ﬁpg ¢ TR eRIOR Mg s hansfl o sausR AEifAY nxne shheat e

Sensor s preu@s eatedald Hewig A66sth iffoA férintikoOthe PFo0sss Bt RANGhAy R8Sthroage h 13
Sensors ge | pcat ed anywhere in the blending system, such as In a

di sp’énsit%glg b y begqnnectzd e p point of Hsp pystprpgravesssl. BQimts ofiusaaayrkeam of t he
stati c ¥ ®catidnl wiidrd theR! i$ QerRBIdFECOGBHE A blehdi prbdies mRRiiA10! F&exiBYe 2l SO
control other aspects of the blending process.” For exanple, the “controller.
maybe c@Riécafare may inshide process maghinenyor Mork sighipnsyi ng t he properties of the
process mat ef : I Y : | systens
Pased on | npot *B5 AT BE gk (B pRLE ik MARLEARBBE OY  he

pr ocess ipeneen mpgingludé p oontrotlen pringiglevice anda wave. olntothed embadiments, the

20  process control system may include a controller, a sensor and a valve. It should be

appreciated that valves are discussed herein for controlling flow by way of example only;
any flow control device may be substituted for any valve in the invention. By flow control
device, it is meant any device that is able to provide a desired level of flow control, such as
various types of valves, pumps and other pressure modifying devices. -

25 The controller may be any device capable of receiving information and acting upon
the information based upon a series of protocols, such as logic code. For example, the
controller may be a microprocessor based device, such as a computer. Where the process
control system includes one, the input device may be connected to the controller to provide
an input signal representing a desired blend of process materials. The input device may be

30 any device capable of receiving information and relaying it to the controller. For example,
the input device may be a potentiometer, key pad or Supervision Control And Data
Acquisition (SCADA) node.

The valve or valves of the process control system may be connected to one or more

material supply lines and to the controller. For example, a valve may be positioned along a
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embodiment of the invention may vary depending on the application. For example, where

monitoring of the process materials is desired, sensors may be used, and these sensors may

25  vary with the process materials. Similarly, the construction of the blending system, such as
piping, tubing, and wéfted surfaces of instruments and pumps may be adapted to particular
process materials. For example, where such process materials may be abrasive or corrosive,
such as the polishing sturries and chemicals often employed in the semiconductor industry,
these structures may be formed of plastic materials such as fluropolymers.

30 . - Referring now to the figures, and in particular to FIG. 1, one illustrative embodiment
of the invention is shown. In FIG. 1, a dispensing subsystem 2 is coupled to a mixing
subsystem 1. The dispensing subsystem 2 includes equipment to continuously dispense a
process material from a holding vessel 3 to mixing subsystem 1, such as a pump 4 and a

recirculation line 14. From holding vessel 3, the process material may be pumped by pump
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In order to sﬁpply usable process material to mixing subsystem 1, dispensing
subsystem 2, may include systems or apparatus for. monitoring and/or modifying properties
30  of the process materials in mixing subsystem 1. For example, properties that verify that the
process materials are acceptable for blending may be monitored and/or modified.
Monitoring or modification systems may include a variety of instruments. Referring now
also to FIG. 2, dispensing subsystem 2 may include instruments, such as instruments 5, 6, 7,

8, 9, to monitor the process material in recirculation line 14. The instruments may vary
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25  sufficiently accurate mass flow meter that does not produce unacceptable agglomeration or a

percent solids sensor also may be used for this purpose.

In slurry processes, an instrument for measuring pH, such as a pH sensor, also may
be used. If the pH of the slurry is higher than acceptable, the slurry may be too aggressive
and may remove unintended materials from the wafer. Conversely, if the pH is too low,

30 intended materials may not be removed. |

By way of another example, chemicals used in semiconductor processes will be
described. In semiconductor processes, various 'chemicals are used as reactants and
oxidizers for wafer polishing, as well as in scrubbing solutions, post cleaning solutions and

developer solutions. These chemicals are typically shipped in raw, concentrate form.
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monitoring the conductivity of the process material, it may be possible to monitor its
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concentration. Monitoring the ORP of the process material may allow detection of sudden

changes in chemical reactivity. ORP sensors 8 operate similarly to pH probes 6, however,
30 ORP sensors 8 may measure the properties of liquids, such as hydrofluoric acid, that may

deteriorate typical pH probes. Refractive index sensors may also be useful in determining

concentration as the refractive index of the material also may be correlated to the
concentration.
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i ncl ude treat %tfégevi ces., For exanpl e, where uneﬁccepta | e parti-cul ate

| evel s n¥SMUBe 2Rk ifdhe wofumptric lowrats varespthe repoated partiple count B2 v@y ed that  one
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Particle separators 10, 11 maybe, for exanple, rough or polish filters. 3o
In the elRisHYsreRacqurste partisle seprtnFmeample, fop prcuritronding padislscruttingnt an onl i ne
or' 24 Nl iBRLRAEh &S G B HoRhecfed 1B ki o 4 BOQLIRe. o, Jhoo AR BRkker for

nonitoring the particle level in tecirculation |ine E start-up, or
whenev er 2 ftrrampf fluid-theough the megaurenent elf ancballoxcithe fowaste Hugushsountse? to

t hr eshol g 5 dnated’s a gﬁsi{siagee\}afl? 4}%@5&%},% % H?@ﬂ&&%h oBldt&'7 19 Edj@ﬂ?é)t%%'b?ﬁto r to

bypass reciftcul ati to.redirect e process naterial through
a bypasslQ0mililiters per mindteQ211p88)59 '

Because it is generally mounted directly in a process line, an in-line particle counter

25 7 typically may only monitor the particle level in that process line. Alternatively, the in-line
particle counter 7 may be connected to multiple process lines by a switching mechanism and
process material from any of these lines may be redirected to particle counter 7 for
monitoring. However, if the flow rates from the multiple process lines are not identical,
readings from particle counter 7 for each of the process lines will not be in the same volume

30 scale.

In an on-line particle counter 7, particle counter 7 need not be on a process line.
Instead, samples from various process lines may be routed through a system for handling
multiple streams, such as manifold, and to counter 7. The samples may be pulled into a

sample collector, such as a small, closed loop, insuring that the volume of each sample is the
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subsystens 2 are preferably housed in sem -cl ean rooms or a
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Fl G 4 sl cul.a ne 1

r out'ad fbﬁéucﬁ% Vﬁwﬁ?yt Or{ét Bhhs etﬁtcﬁneclg—_'gcrﬁFYléec‘?nrsd%f:bi?F‘tfﬁsslT‘ﬂ%“aiga y connect

to a naﬂmentai from mqtmbgdatidnrime]m Forexamph, if@HABnsoAb Setedts tHat ¢ ipBEsFlay descri bed,

val ve 20 L||O fluid,to ow.fromrecirculation line 14 into naterial .

suppl y Proﬁ%sgfé %We‘t%?aftcg’%y a\gél?ﬂd)? Progess n@ﬂt‘“trﬁiﬁf?s OSSP aPHeHOmY of the

proces sthmbmomt mizfirdcki®e HBigRAllaBtirRUPP thiis Eacﬂaldliﬁay dttMrt édéllltﬁm)ﬂaﬂré{@és 201 gay be
le nateri a I ne

used to a l.ow nmul t| pl.e.cqonnections to a sin
resul tiig 6‘%9{“ Fqcﬁg‘tl%tﬂmﬁw ilAdP Bptepplsuply 1%1%“1 taﬂtéhQPHﬁﬁﬂléBbadedsuppl y line
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manner, such as pneumatically froman air supp or sol enol t hr ough

an el ecthedpiected deviationdhe HOpese ay bp hplicgand ﬁ@snatmpé held svithindigitibetiont or

processaﬁ,sysmeﬁentlnep@ﬁﬂaeéarézﬁtﬁahﬁtémw be flammble, valves 20 are
preferably energi zed froma pneumatic source for safety and fire hazard

prevent i on pWhgrg agigsting thefipw Pt ofyBocessiaterial from recirculation line 14 to
material supply line 18 may be insufficient to correct a deviation, it is preferred that

25  recirculation line 14 have one or more systems or apparatus for correcting the deviation,

These systems or apparatus may include treatment devices. For example, where

- unacceptable particulate levels may be detected in recirculation line 14, it is preferred that
one or more particle separators 10, 11 are located along recirculation line 14. Particle
separators 10, 11 may be, for example, rough or polish filters.

30 In the embodiment illustrated in FIG. 2, continuous feedback from an online or’
inline particle counter 7 may supply information to a controller for monitoring the particle
level in recirculation line 14. At start-up, or whenever the particle level has been detected to
exceed a pre-set threshold, valves 12 may be actuated by the controller or an operator to

bypass recirculation line 14 and to redirect the process material thro'ugh a bypass line 13.
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r egult ewsemithory bypasy inp 13 toewide ganstertpartivle remowd! rom rscheylatipndindildg t o

mat eri al | i Wal ?slaa% Bier al s and
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i nsur e tpesticulateelepslocess materials flow at the desired rate and in the
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control | ed manoartg Y Poe@ﬁeg,?ﬁpgﬁ?rggpfo FCt’tgpg?cé e %Wgﬁé%gﬁsﬁﬁat?}ﬁg%yst em 2
and mi Xi Sillg'l sshﬁlyiple_@mle_saihldlcmmeﬂﬁtﬂkeh:?conaummmﬁ@fabﬂi% ni%% t i )m i _nclhudi ng
a control.ler .(most typically, a central, process nit | Wi t
memoby, ?P@ﬂsé\gssugsw;%‘%ﬁalﬁ?ﬁé%q conpestedto @ dige PBWOEI?iCI(?%Eé“? .neW?ﬂé Hpsechdevi ce may
al | ow a gecekd Rstelidl oy HRfcoRfaRed iSa 1¥BE@ldtRh $int 24.0B SRR Eh{bodndd¥s, éacyser . For
exanpl e a key pad or conputer termnal be used to specify a given

[ 3 3 rra .
bl end of*® o1 ling}may be cqngpineddn a senondasy i’l@? strupige togueYest leales ardyo recei ve

signal s ﬂr&rﬁ@?e@if@&eﬁﬁr@&wkwtma‘t&ia&%&j BHRYSHYys, MONi tor, for exanpl e,
i ncom ng process materials, process conditions and the safety of 30

personnel . THeindsvtiesaequiringhigh pprityr prck es the semigprauctor indnstie dispgnsingdevi ce and
the ) 9NGhgstofr Mlard S8R AR Sed A ULBITE b0 B ol SRANRL S URSY St M 2
T t red bfent o

and m xi ng subsystem 1 produce the speci process
mat er i alrgomFBecironlatiph tinesa 4Soppreferablyomn Gont dispengingl subtBpstem Adgaickan i on ( SCADA)

system 0L I ' | subs em d_mxing subsystem
7' Such el SR OGP Rh: HOSRIGH 1 B MRS B S0 e Bt 5" on Ueage
2 8 FEB P20@5s équifiedP6@R8P Be BxTihe dKDD/ ik @ 3ubsystem 1 by an output line 17.

Referring now to FIG. 4, as previously described, each recirculation line 14 may be

25 routed through mixing subsystem 1. Each recirculation line 14 may connect to a material
supply line 18 via a valve 20. Aiso as previously described, valve 20 may allow fluid to
flow from recirculation line 14 into material supply line 18 and then to static mixer 22
without diverting all of the process material in the material supply line 18. Multiple valves
20 may be used to allow multiple connections to a single material supply line 18, resulting

30  inlimited mixing of process materials in material supply line 18. Valve 20 is preferably a
slip stream valve and may operate in any manner, such as pneumatically from an air supply
or solenoidally through an electronic actuation device. In processes, such as semiconductor
processes, where the process materials may be flammable, valves 20 are preferably

energized from a pneumatic source for safety and fire hazard prevention purposes.
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reci r culaad iminténane df4natemipl applydinebt®.h t he fl ow of process ‘material through

valve 20 intq,material supply line 18 t he amqunt .of. pr.cess materi al
required, th?&ovﬁ%ﬂf O?Wﬁtg‘gﬂ%ﬂ stakg nflﬁer?ﬁ$°8b‘ﬁ?tf”3 |S4pply SI*F\gs lgd?ﬁyr | er may
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to ensure the proper amunt of 30 process rTEteriaI Lheg{s@ses info materi al
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to eont palferahg chhtfle@to RERE BRBhEPERELs RhatdrAlsTIOWPALFhd PsirSdiaR!and id A8 18. The
flow rate of process material into the material supply line 1 S may al so be

dependaﬁFSiﬁ?ﬁ_dﬂfﬁ‘émPI ow rate and pressure of any process nmaterial, such as
water, t hat Dfspensing subsystem 2 and mixing subsystem 1 may be controlled manually or

electronically. Preferably, dispensing subsystem 2 and mixing subsystem 1 are connected to
a process control system including a controller (most typically, a central processing unit

25 (CPU) with memory, such as a programmable logic controller (PLC)). An input device may
allow a desired blend of process materials to be specified by a user. For example a key pad
or computer terminal may be used to spécify a given blend of process materials to the
controller. The controller may receive signals from process equipment to continuously
monitor, for example, incoming process materials, process conditions and the safety of

30  personnel. The controller may interpret the input from the input device and the signals from
the process equipment to control dispensing subsystem 2 and mixing subsystem 1 to
produce the specified blend of process materials. For example, a Supervision Control And
Data Acquisition (SCADA) system may be used to control dispensing subsystem 2 and

mixing subsystem 1. Such a controller may store quality control data, information on usage
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nat eﬁ al PSS FYPIPPeRt Jay e 4 Fﬁnb?cg? ¥ & aThV %&?ﬁ 5‘%%?5 ng#ich materi al

supply | d:dihﬁeclﬁns Imd@oiaﬁé}dnﬂub‘éﬁs&@ﬁs {FiRd10 et ve st Scrded, ea%ﬁ stidystératlag bai Xer 22.

As mentio Vi ousl t he i nputs preferably keep each materi al
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- formation. V\hm [RodREPGARS] dy&&htﬁ?@%ls%lwme ﬂé%ﬂ@%u&@és%h‘aﬁrm %ahve 20 imay
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process FREFEP! far maiptepansaonsatety Indhe ahave nxmm@oﬂmomtmmwreﬁwpr ef erably
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rate to BERREY i gesrato for Beample ontheagraphival/ disme neiclean ertobangehenfiltenf sl urry

require l.ur Ly rocess calls for a
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autormatic action on the part of the process control system, such as shut down of the process.

25 Because the flow rate, pressure and other properties, such as concentration or
density, of the process material in recirculation line 14 may affect both the flow of process
material through valve 20 into material supply line 18 and the amount of process material
required, this data may be supplied to the controller. The controller may regulate the speed
of pump 4, and other devices in dispensing subsystem 2, to ensure the proper amount of

.30 process material passes into material supply line 18. Alternatively, valve 20 may be
regulated based on this data to control the flow of process material into material supply line
18.
The flow rate of proceés material into the material supply line 18 may also be

dependant on the flow rate and pressure of any process material, such as water, that is
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materi a are subjected to turbul.ent .fl ow conditions. For exanple, static
nm xer ZQ{S"WVC.IPﬁisl%ﬁcém&’i‘@y(ﬂsox’ﬁP%‘f%'ﬁ?fllq’gé’p?ﬁmﬁgt%iy af‘%ﬁ%\f’?ﬂt@ﬁupt i on el enents.
For  process®xidg kilt@ysidh 1 mha)De@bnteillRE heddRBAE toSRAS bf VolemPBbMAtad, 8y Static

m xer 2 constructed, so that mxing i.s gentle enough to not harm

ma e . ) g AL .

t he Mfat «f}y f&g@gﬁéﬁlﬁi’dbﬁﬁe%@l’e%{’g oR} m@lséﬁmlbqﬁl HsPaush BibUBieall :pisg.  For
exanpl e acdufats mbss 164 rdtefle prefer@! FIRW dftrblTof fi8cedPvaosH 1901l ugtAr %Qdust ry;

i ntroduction of high shear rates may create particle growh ancij3 y cause
si gni f i &sAPorAte Bow eenfral Malieyor vasiable aren gtifice yadve qonmenteddp aiflowanstershatt i ¢ i xer
22 is : b B { ' : | atively
gentle H}@F%Eéﬁl?y%&? %I c%#f%feg{a? E1f%ré)§g§!@£]?}0%§tg%1"%% %%{a%é%lef;egﬁi%% uding a
hel i cal Idopow di sruption el enent, may be acceptable in sone enbodi nents. 25

In t.he enbodj L]l ust.r LN . 6 d % static mxer,22 has a
Si nglpe out | ewg%r%lﬁd%éuétf) 1?%1&93'1;1 1%@5%?%%“&%0 1f1§7P%I§§WPI?SP'§t8’PS about t he

| engt h ofcludivg, &t akdnapleriskedes, ¢hentidalss andéoriDidiat@rftom facilitegenermtibeplafl S pass
through,inlets .30 into I xi ng region, 3 As the fl uid I X _and nove
under pf %&aﬁ'rgoz‘g@ Resliiey b?‘?"@r?i?”??ﬁé?%ﬁ%ﬁeﬁm ﬁ?‘Bﬁ%“ﬁné ogﬁﬂﬁfsblleé‘glbnﬁa,ﬁ\%i ch maybe
t or oi dakpeyifieti dpeshh Bakf inRrfdc ateddytR s B(UPANMIE THpidabprobéskedlcaR it agauses
eddy format.i oqs frqm 30 ur,?l ence.. These eddies are associated with very
hi gh Re$MTBiYRS %Wg’érdélufehéﬁ“ Vakis i} forrfé@égé'ﬁrr elpciiic pelishing stepe Phecess

mat @6 i atypidalirocedsdd QA R AR Bbksi Sdlutty, 0Ridizef, lafid DPdafet Pl polidhipudindaaf f I e 33,
the process materials preferably pass around a fl ow gi srcl;-gtion el emrent 34.

Fl ow di SVerst 1Bse erosmssat maucaldyr deeriet) of shrasivas, oxidirngspaicplscdiléadtsal ong t he
cent er | bfam@hntsth@bdiePintifi o8 the b HaShadpho RlgaPRAL 34 provides a
second stage of agi tateil%on. g-FI OVSIE' WO 021/[‘%8%3%& 1 B’t

In such a semiconductor process system, material supply lines 18 may carry DI

water from facility generation plant 70 for diluting process materials and for flushing
25  material supply lines 18 and static mixer 22 when necessary. Each material supply line 18
may send DI water through valves 19, 21 to static mixer 22. As mentioned previously, the
- DI water inputs preferably keep each material supply line 18 under constant flow, avoiding
particulates and bacteria formation. When a process includes slurry process material, valve
20 may be actuated to expose water in material supply line 18 to the slurry process material
30 from arecirculation line 14. Valve 19 preferably regulates the flow of DI water to ensure
flow from the recirculation line 14 at valve 20 will flow to valve 21. Valve 21 regulates the
slurry flow rate to static mixer 22. The flow rate may depend on the amount of slurry
required and density of the shury. Similarly, where a process calls for a chemical process

material from a recirculation line 14, valve 20 may be actuated to expose water in material



-17 2 8 FEB 2005 PCT/ US01/ 01503 di sruption el enent 34 may create Karnmann
vortices, which add to the turbul ence by eddy generation. Fol E%"\"gﬂ?,zﬁab
di sruptiopn el enent 34 is preferably a flow constriction_re
constrictV8*P%E3 on 35 conpresses the process materials SE'%? Bass to an
outlet 39. Flow constriction region i365 Is preferred to be a tapered

coni cal surface because this may 5 decrease back pressure that night

her wi d d d. | h
Refor 11 ngmpy e U8 o et CEFRERR TnE o SR il dePosf on BB 60 ™
static nihegfical prdots Yndbdtiab feqairaamdriensity, Ginadrttioh éixedthéfii)rop%ﬂiéﬁ)aﬂﬁéy st at ic

m xer 23 i S %Eeferabl y in-line static mxer. Secondary static m xer 23
may cont Se H’@P?Ségl‘a@ﬁgped feature 38. The 10 helical shaped feature 38

may be, for exgsms aatcmamtffo%pﬁl%ﬁd sﬁ;splmlaestwxﬁa;ednaha%%rycpaefi@etstauc Secondary
static mxer 23 preferably provides constant agitation of the process

mat erd al wixer Pforrixingy The pioeess meterialsineaysenton sitahen@@rrﬂ% Srelgbrpy apnacares ry

secondar I h fl ow rates
that t he%ﬁts%lr c aﬁn '3}‘?1% %%géerg%tﬁlgm&feaélt?égtf?‘rc& x er %é:?ed °?‘¥x B'gaus e
-detrinme nRaﬂerrmgeaFIGSatSeé andf7j s.ttncrmn)celcﬂeaajelnpb;de multipleginteid 10 cannhctdyo cause 15

significan Cr C Though is hi ghl. ende n.t he process
mat eri al ™ [t%’anfts (]yﬁ.rr a#g 8@%33 88%‘}‘3?%?‘13?"’%&8%1“53 1‘3? n]tt81 %<er 23, a
fl ow r at éireefly abmmm@()geaaendsﬂ 151mtm70 rnmtarapmpry' laties 18 adim@f@mcondi tions. |t
shoul d be un ers ‘éhat a E pe descrj bed as secondary

stat it n’ieﬁlé“ru n 99 k ?rvteataﬁ §r9£5>r el § dhat Sseiyn PRI ATorh btk e e ot be
any _secofg sénvicSidatiof induss/, matkrialdd Fﬁ& lrhhss 18 §picalilyPEhd SBurty frobeby ﬁateﬁalb n FI gs.

6, 7 and Bgeneratedfrombasrc f rinciples show, with f

| i nes BWhe%HBiPT@P@ﬁfnaéﬂjlalsa?Pﬂ@ﬁWWWWW@E&|c m xer 22 and secondary
static m xer ?&’tnégﬂrg@f'ﬁlﬁﬁy BQ&{nQH&‘fbdrﬂléhynﬂmﬂrﬁer APRETE iTRHEERA mnidgbrone
enbodi ment, blen process material nmay pass fromstatic m xer or
secondartpe progess matsrieds: F2eferahlyothigmiginglieaccomplished by constipdtingtstatit mis®, such as
process | f |prrent

Ot ot Fon 7SR iR he pioter bnecihls 88 itieolbs tyREPUIRK ENADAARET 1B e BLETT 0 & 1
desi red. stélfiwenmertﬂ?ahay mnhad&&nermyndxehafﬂeh orenthidr Wlotvalisrpptionebsneatyu iFprrent 60 or
to an outlet for. ugllem?% 0 ratort Forgproceﬁs rratgéral t hat -have a

i mi t ed RTPFEESES Jaine >9I8 Sensfiiyemafenialss B BBrt t hrough

out |l et |donstricted s6 gt infixinfisg@htl@ehotsh HALORSIAT the Hlatiialy U&ingemxéa?:yétay be

| ocated ¢l ose to th Hornt of useto mni&'z 30t iqsr igl 31

al t er nat BEYRBLAL r thogqugh mixing e Fopexpmp igf Ush gdntre10, outl et
li nexo 17sefdonbRest mduseyarnﬂsmdnagoﬂ@gﬁalem%a@map bR YartiRIcQFEHH aHB hid I al may

be fed from hol d| n vessel to polnts of use as needed, Storing.
bl ended 3RSl ler%reatrfﬁ%orxeﬂorﬁgna}wgreqhesealqragﬁ SPHGORIXEE 1 laccept abr lity

afz / B 33531 61!13?811%@ REQARER iR hRhh&!Hat Wall R&ult SbREVAF bR thil¥. Altpical VO
static mixer, such as static mixer including a helical flow disruption element, may be

m

acceptable in some embodiments.

25 In the embodiment illustrated in FIGS. 5, 6 and 7, static mixer 22 hasa single outlet
39 and, after inlets 30, is axially symmetrical about the length of the static mixer. In this
embodiment, process materials pass through inlets 30 into a mixing region 32. As the fluids
mix and move under pressurized conditions, they travel through a baffle 33, which may be
toroidally shaped. Baffle 33 creates a pressure differential and causes eddy formations from

30  turbulence. These eddies are associated with very high Reynolds’ numbers that may be
necessary for mixing the process materials into a homogeneous solution. After passing
through baffle 33, the process materials preferably pass around a flow disruption element
34. Flow disruption element 34 may be cylindrical and may be located along the centerline

of static mixer 22. Flow disruption element 34 provides a second stage of agitation. Flow
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t hose descri bed above for analysis of chemcal and slurry praﬁgﬁé 2
materials may al so be used to verify that the bl ended process Qi gqss

are acceP®MB08859The concentrations of individual procedSTHP¥IP® s in a

bl end may al so be tested independentl%/y W th an appropriate device. For
exanpl e, the concentrations of the 5"various constituents nay be neasured

ith ch t hy, h h t h t orjng t ded
br ocess SREOH SfeBieH: oM rils RaGuat 3oRaes SHe 247 roshe S oHlfhcs PEaditn of ¢ ne
bl endi ngegsiAMFoASWIRAE ot B@ehtdEleRitent3Gs prdrhibiy 8 flodRastActiolradibyel y sinmpl e

enbodi ment _of the bl ending systemof the "present invention in which two
mat er i al38, Flaycepnstichonsiegion s serapietses e arocessaneatesialsas dppyadss tp an ogtiett hi s

enmbodi t > ' ) Lt din
ol di ng g Sy SRR eRRSE iR Frl ot o LRI RN R B T
subsyst eawreask baekspressure dimad might wtherwise odclt ifiherregien ddeeeased inldismetebintd on
subsysteﬁl i rbcé?ﬂgl ng a recirculation line nmay not be required in certain
embodi matTPR%Y ¥ Dr ocess materials may be punped from hol di ng vessel s 3

t hr ough mat e Rieferrispitp PIG. 8, ithtaRocks haterddlSpdssingriic@ighddtldr B oaf suiomBLer Val ves 21
maybe used to 15 requlate the flogw of each process nateri . To sinplify
the bl erdrHy S P_éfffgn%’ﬁiéstatfc e L GeeneT e SRS BB BperBe b a
const antstak@dikdR! Bbdonddrp ¥atidher EPMaP ¥cHidh & heltAPshayal f¥Gurdbgaye be I eft in a
single position or an orifice of fixed geonetry nmay be used to provide a

congfantelics] sheped feature 3nayheefos exaspple, spanpfastupd frans  twisted plagticgheethe 1 ow
t f t ' ] : ' .qyi d
rate o S% i gaﬁl s?h%rc k%8 %?ef&%lf g*o?ideggéh\% %fe}ﬁeéﬂgﬁor%y 6sd RaRfiAYi de a

desired of process material one of t’he process materials
i s mai ntfai shedly process cwtesiaksrin the semicenductor indostry; secendarsastatinmsizer 22s pr ovi di ng

data al | ow trlCof a..mass flow rate

may bo PRAESEIPERYR B bl ololeP iR R p Rl BB s55hehy BuBiRe yensi ¢

or a pRApai byt dah@tdetriyentad slieat mtesdwliich niey siehty paisicle graveth asdmpey eduge e.  For

exanple,. a controller 91 receive. a.signal fromsensor 92 representing

o Rt SRt eGbive, Jhebd T esriepeas it on HEPhRes BoieHaG Wy 1 ate o

g) oc esls ldnﬁénegrfhahnmls@éw POdRcdrdhsy switig lftﬁk(;:raﬂ,ch e rdm@wn,gumcobme_&minﬁg fl Qwh ]
ntroller 91 may also regeive s s from ensqr associated with the

oo § LS BB o B RNy TP b RS A S G RS var | o A

W th segsnfibéifas ss@n8&y sRfc miRy 2PHAY kélte & sttinaikertNald HRPhERSREENA Property

t hat ms%%allow the mass flowin the naterial 30 supply line to be

cal cul atgabssserdagstaficydiker?diric flow. As the volumetric flow rate of

Proggss mat epjuid AR HiaY@k ilGRREd A Rigd. 6 1 adiY o bSRdHREEHAR tRiiigpal fiom a
volunetric flow neter 94, allow ng the mass flow rate to be cal cul at ed.
Based updrciplaeshens with flow lings 37, isvfficieat agitatiany thepughaup giptic mixer22 andnt rol | er 91

erBé l‘éo EE%B%&!%&@%%&;& 4#%8%411‘3?0@11 [isitg bf Meds@infreliigt - WO 02/09859 -19

In one embodiment, blended process material may pass from static mixer 22 or

secondary static mixer 23 through outlet line 17 to a point of use, such as process equipment
25  60. The point of use rﬁay be any machine, equipment, station or other location where a
stream of blended of process materials is desired. The outlet line 17 may feed directly to
process equipment 60 or to an outlet for use by an operator. For process materials that have
a limited life span or may otherwise lose value during transport through outlet line 17, static
mixer 22 or seéondary static mixer 23 may be located close to the point of use to minimize
30  this loss.
' In an alternate embodiment, for example as illustrated in FIGS. 9 and 10, outlet line -
17 may feed into a holding vessel 3 and blended process material may be fed from holding
vessel 3 to points of use as needed. Storing the blended process materials in holding vessel

3 may allow the acceptability of the blended process materials to be t_ested before they are



with the mass flow rate of process material in the other material supply
line, provides a desired blend of process materials. In an aidé] EBa'EDES
enbodi ment, for exanple as illustrated in FIG 10, sensaqr

vol umet r i WOLY#RShet er 94 maybe el ininated by providing 5%@%‘6‘1‘“@6
downstream of static 5 mxer 22 able jo verify that the bl ended process
material is acceptable. For exarrple ) 'ere a slurry and DI water are

bl ended, a den3| to r cen r the 1jke used to |
Ver Ty t R OATOIOER e eHTEES S ot e ST Dt efvap ey oEFhegRe sy

provi de gnd shirfbcesPmeeRAls ﬁialy @lso 9 ubcdnb Seretian ﬂaetﬂlkﬁlde)ﬁﬁabésls efatepialst he

bl ended process nmaterial . necessary, controller adj ust the flow

rate of @ﬁécwptablﬁo&‘bggomt@ﬁlpraﬁ of Lvﬂlvxﬁuwr%ssmat%r@lﬁmﬁhle nagyheg be
r epr esenflpile aﬁeﬁherm Iyt @Q&Bhawaév&é Q“Br%ﬁéhﬁgﬂé ﬂ?eﬁconEa{tra%&rH%geesmher e the

process materials ar wat er density of ‘the I red
sl unyj DI vaiigus conistitwerts mmabe mgasmrﬁd wigh chserhatograplfy, sushgs e@srmrwatﬁgam ected to

be too | u t.00 hi gh,
the. anoune i BeRipl st eaRr AR Bl Vel § b ol fi e S M ek Rkl <

sever al Blemﬁnggrsﬁﬁn,as)dcs&iﬁeﬂeelem or si m | ar types, may provi de signals to
13 the contraller. resen con iti nded process nmateri al s.
In any enbodics#@é bvﬁ&?‘t%s %WL“‘B%Y f)F‘B @e‘ﬁé’%ﬂ’feb “‘ig§y?t8‘8 g ®a const ant
flow rat ﬁeseﬁf‘ﬂvéﬂi‘i%nid WKich ?«if@m@fenhlgesu@ﬁ Eﬁslﬂfﬁﬁﬂﬁﬂ \K’a&xeﬁia?'be bI%n@éH yst ed to
produce a desired blend, the overall flow rate is general not

sel e&? abthis embedismeant, ﬁ@moc%iﬂéhte’é%gb‘?%% Hﬂﬁymﬁﬁlbiﬁt@éd in lPﬂidlbg ¥epselel process
mat eri al 3 t Qo g%&ua@ 856:%kp l§ced+ﬂ9|<ﬂj§nr|91t%ﬁ§§£¥st§nmﬁe§féﬁraﬁd SeréesqgVvi ce 20 or

systemto prevent sett I'ng or separation of t bl ended process naterial s,
such as &ustraggjthata distribytionsnesyrem inclading areasirculaticnding mayaetberegvisaskn s

e 1 oty oA 3l e e o R YR8 Rl BBP, e ot her

process ﬂmingh iaterinbspphle limel Lﬂsttoesthtlasmmlzrz bysupohuptRaiValveh 81 magbalukedtbow r at e

of th nded procgess naterials oth dema ¢ as 25
desc ﬁeb ptggt?e | fcaﬁm@ﬁ@%g} WPE%O H&&@“@F & PSR PRSI M bl end of
i vor t od qua, i“?*?"??f?*%??ﬁ?@??d A T Rl S i
unaccept‘?i@d?ambﬁ'*%&bﬂsﬁléﬁwmn Fregoudee ﬁ%}?‘@&ﬁgqmﬁgym%bygﬁ Q0 a drain

95 or othievidk & BorktahPRI@HetEE flodk reke JF Bnedsf the ﬁ@éesﬂman@ﬁsla,l ThY 6@ matsBythee used
in any 3o enbodi ment of the present |nvent|og SL?{?& bl end of, process
PSLSH AENE P

mat eri al Othehyppeeesy e paxithe BadiRivd g vidna PIORESE Bistegials. The

present i nveni}Qe oué J)ﬂth@ﬁof:ééﬁ hiaRkialslit Madntaleadt P¥orkst Jdrhamt RGweNRNP! es
which are intended to be illustrative in nature and not considered as

i miting®fedsaria pravishies data elipwing the valumstric flowateato bg ggmyried tp a mass flow

rate may be included on material supply line 18. Sensor 92 may measure density or a

property that may correlated to density, such as temperature, For example, a controller 91
may receive a signal from sensor 92 representing a density of the process material and may
25  calculate a mass flow rate of process material based upon this signal and the known
volumetric flow.
Controller 91 may also receive signals from a sensor 93 associated with the material
supply line through which the volumetric flow rate varies. As with sensor 92, sensor 93
may provide a signal that represents a property that may allow the mass flow in the material
30  supply line to be calculated based on a volumetric flow. As the voiumetric flow rate of
process material may vary, controller 91 may also receive a signal from a volumetric flow
meter 94, allowing the mass flow rate to be calculated. Based upon the mass flow rate in the

material supply line, controller 91 may control a valve 21 to provide a mass flow rate that,



2 8 FEB 2005 PCT/US01/01503 EXAMPLES Exanple 1 Atypical blend process
includes the dilution of a high solids, concentrated silica oglgpg gopgith D
water. e such commercially available slurry is the Cﬁﬁ %ﬁ SEM S
SPERSETMY® 94%8%y, which is a col | oi dal suspension hav ‘31 M3 06 sol i ds
and a density range of 1.162-1.170 g/gmi (1.166 0.004 g/nmh). This slurry is
a typical polishing slurry in wafer productlon used during the S|I|ca

oxi de | LS S t he
denand %ﬁ%tshg%{r%gﬁ{"g?%%%eceg? i ]fﬂtlggra% Det 1 "%1 ﬂp?%lin%pﬁ%g 4 he bl ended
process desirel bleddsof prdreskytpateridls. pol i shi ng processes require a blend having a

slurry to DI watey ratio, o r ab 17 by vol une,
resulting inlgap at%l%‘ﬁ@‘?‘i“?‘*’ﬁﬁ"é@éﬂ e?L"‘sG ‘ﬁStr@ Fé‘é%o $¥PIR PP PR (g/nd) .
Vari at i Ofsurhétrié hewsﬁee@rw n{@ybereﬁﬁﬁ&{atedfby%mﬁg a5&MRB596 dbvins@eadPoltitARt Uri ng of
the base material. Furthernore, although an 1nconpressible fluid, the

density Wixensa dhle toswenify thet the,blended prosessamateripl istaceeptablenFos pxanmmje, athsts varies
o5 4005 4 i g ol B, VAL Bhcd 2D EOEIM LI, MLty 7SI LY

val ues er are known and rea aval rom tec TR
refer endkse@tmrenﬁaﬁlaﬁhsbleﬁed rseress material dscaceeptablel h%nbdar% lnwlprmﬁdﬂ\em stry and

Physics fro CR(% ate Si r e of 0 to 0.99565
g/ m for® %a{qercon ?}f[ff §gfetp’éﬁpnt%n§t uerceonalgﬂ E@"F'b%éi? emqmafiﬁ ti 30 ©O. The
t enper atnebéssﬂif/ldoh&olwpph%ayaﬂjusﬂbﬂle floxy edate 6F (ﬁmo&pfoaeéslmdtgnawﬂ{ adlven2l pl gnt I
ranges t ca ran es rom gbqut 6S /S F 2 8 to 24 . Accordi ngly,
for Bt pHBLE Sep ol nseboIR b acted fgmaprnt S G oHRRe wiete Becuned Lo
be 0. 998;§%acegd Mbferidls k% alsiuifyeshd OF Rekdr Yneddenbif) JF theldbsired slurfTDEWAMer blesd Pr acti ce,

this tenperature could be nonitored to provide an accurate density. Since
the densPi%bedhe saigoinhd! tinirasishs de wwawoowamsil%vwa&bmddsdoduces a

hi gher rangkif ffis &técd tb Be fdGigH, RRAnloRAILIRFS blink!aAfed AGFRY EMRE4. YHl fora 1:1

by weight recipe, 25 equal masses of each’constituent are added resulting
i n aboutsomegmbafimsntssieverahsentoncn of differentorginailss ixpes, mayprenidesigmls taat er . | n

a dypam eédn‘ifdﬁéﬂrg;% Jtu'isgeé\dnﬁglgggﬂlﬂéﬂgndehtﬂgocg%tr%&ec nust be displaced at

rates 0ose sum mn or Usi ng t he above
stated, nomi ﬂimhn}dmﬂmdhyentwﬂlerboﬁé’éf@;bpioceﬂsmmmims&dabheomahtﬂwwrme of 200

m/mn oL, rate of desired
final pr o uceffl ngadﬁﬁe?r%fs m%lf)rﬁ X agﬁsgﬁt? RV%P?FQ‘{éélﬁ?aqﬁe es of the
t wo constvetalldlobsrate iaggnasmlly mgt §elbetaﬁl|eDWcédi:ﬂﬁgk§'f sdchemsbuqﬁnkyts ﬁialjr@&mide()f bot h

slurr |nd|V|d I|t caontr the fi aI ect fluid
ot AR oroctt et ta NoldRE pe N Itnaihe Bersu K FoRlelE Seichnt v
wat ero aroe sgfighdto 1519vdﬁﬂ@tt&ﬂ@bmpar@ﬂitd1 dftties ma{de@p@izeeameﬂm@cha; amto the

respectiv 02/ 098
P agﬁator. \?Qan er em%odmlent, excess blended process material may be produced and

what is needed may be supplied on demand with the remainder being discarded.
. Alternatively, the flow rate of the other process material may be adjusted as well, such that
the overall flow rate of the blended process materials may be matched to the demand, as
25  described previously.
During start-up, or any other time that a blend of process materials may not be
acceptable or needed, the blend may be diverted away from a point of use or holding vessel.
For example, the unacceptable or unneeded blend of process material may be sent to a drain
95 or otherwise disposed of. A drain or other disposal system may be used in any
30 embodiment of the present invention where the blend of process material may be
unacceptable or unneeded under some circumstances.
The present invention will be further illustrated by the following examples which are
intended to be illustrative in nature and not considered as limiting to the scope of the

invention,
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volunetric flowrate. This would generate the volunetric f'%ﬁ%?ﬁ of
about 92.\9(% 59@%“2 (1.534 nm/sec) for the concentrated éi\(ﬁ)ﬁ @I urry
and about" 184! m/mn (1.799 m/sec) for the deioni zEGTKEIEBNot e t hat
this application is good only for theygonstant density of slurry at 1.166
g/mM stated above. 5 As the actual density of the material may fl uctuate,
t he conmuni cation of this val ue fr@gaiﬂgsdi spensi ng subsystemto the

controller may adjust the flow co accordingly. For example, if
t he value of the density increasedExamfile180 g/m, the controll|l Er may

late the  fl te by closing.t lye.to t i ate d .
e tr Avbme! Hgad eatesS imbideSne dfiui of B igh sohfs, st Biteiifien o rur n
woul d begiag weth B waker! 0B S@sh dthnididalfedvaidieduypisehe CABUT®CERLE. The

it flowrate and density would be substantially constant

specified end rat, ] ) | : C

dur i iyt WRERSELY 25 tinem bichis s ppbioidabsuspenbiondrving 25 Bt sehdbaad 6 Hensiiy he

bl endi n S f S j i\ O . . | e bl ends
ot *r oo ceeeed 1705 Rl FCR: AU i idp o BLAFUEEHAR SRAY P

descr i bedafenprodwotiph asell doring fiersilvn oride leyar, gr dxide diepe polishg Foy piirposes bf ust r at ed
in FIG 9, D er, was, .suppl i fr a,. hol di ng .vesse], a const ant,
nown vorti Pl e feiinais BaRmed o oe 200 Byt iR Dl B g "an

suppl i edplemied pfoebds hedtdrRlls. t hat cal cul ated a mass flow rate of the D water.
The slurry described in Exanple 1 was supplied from a _second_ hol ding 20

vess# . Thi s SpiselRrliskiag praserses ieAvre phifee hayingapbirgy todi et rafi ofdsl of 25. 8
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cal cul atillilitag(ghmy.| Berigtigneingthe slngyy mpy resyls from ivariptionsds the| magufagtuging wé s

adj ust edpuplf n?atéﬁ%lu‘r’@#%&g ﬁtﬂ@ﬁ%ﬁbﬁa{i@%{@gﬁs%%‘ﬁ&f& &é&i&i%fg%f;wi}eorﬁ@?d" ratio
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of DI water to s ase error ‘tolera he
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r espect i teehnjcal feferene@ pliblivhtidrisv ©resuehl publi¢dtion) Thedimdbodkivd (hemisaftandol i ds were
acceptahle and i cases but one the d i S eptable. This
denonst r'av &8s gﬂ’&{bﬁachkwﬁsr’ isﬁ’éesfy‘g{‘%m rﬁ?getqefl@%’s’é%ptt\g@s%ﬁgg SPH?}Z?& YV can

r epeat abdwér PicaiPeRArdFREPbASY Q0 BEEMUD° &f 3(°IC)C T8S teiibeRitirdbBthe kipply 64 D€
understood that each of the el enents descri’bed herein, or two or nore

t oget herD! viatgr fsem afatility genesatiomplanbrangesitypickliytranges fromabout 6 tafisIF cat i ons

di fferi Fr ose escri bed above,. Wi | rt.icul a nbodi nents of the
{ nvezg)t i or@is htg%]) Ege‘ﬁcﬁof‘gﬂ@?”rfgf Bﬁp%sﬁﬁ()ﬁ&gseé?rlﬁl&gge ?W#%O{Bfw?tﬁ{ d to be
I |2r2n t ed dseinidd8o BE0.8088 HROVME liskldAemityat 689US(2000Y)f havddver RS practick@hid2/ 09859

temperature could be monitored to provide an accurate density.
Since the density of the two components may vary, volumetric mixing produces a
higher risk of error in the blend than mass mixing. Accordingly, for a 1:1 by weight recipe,
25  equal masses of each constituent are added resulting in about 1.00 ml of slurry concentrate
and about 1.168 ml of DI water.
~ Inadynamic situation of recipe blending, the materials must be displaced at rates
whose sum equates to 200 ml/min or 3.33 ml/sec. Using the above stated, nominal density
of 1.074 g/ml and desired blend flow rate of 200 ml/min or 3.3 ml/s, a mass rate of about
30  1.789 g/sec is the desired final product.
Since this simple application involves equal masses of the two constituents,
adjusting the flow rate of the supply streams of both slurry and water individually may
control the final projected fluid stream. Ideally, both mass rates of concentrated slurry and

deionized water are equal to one another and the ratio of each mass rate to the respective



2 8 FEB 2005 PCT/US01/01503 and substitutions nmay be made w t hout
departing in any way fromthe spirit of the present invention ?%CE%:\;ESC]
1.

by the f ' claims. What is clainmed is: 2 8 FEB <

A bl endi %éfs?%/fns?&gm conprising a first material supply 11 nesfmé%(snecond
material supply line; a static m xer_ﬁj[yi dly connected downstream of the
first and the second material supply lines; a process control system
conpri si Kol GQF ' | L . t of the
Firor andehefiss irShotl maiB3R) Bl SR SPUBRRICARRSR, PRIk PRE 2
downst r eanuoktrictflvev mteatof about %2064 raidina(1 S84 mlltd) dor thoeoneemtiated 26%gi ¢ code to

Densor s PYaREY sof st g7 P TR0 sl o i definitsd e RRTeRR U g an
i nl et an¢hidapplitdtiontis gebdloabi fof thie @brseunt ddnsity d‘)ﬂsﬂ\ir@'atlgﬁﬂglﬂﬁﬂs@.@ecidbo%]e i nl et

and the outlet; and a second flow control device flui connected to the
' weRfShis vaae Bemal suppl y

reci r &ul Asitsraciyrhdensityof the paterigmay; finctyate, the campupicati

lines.  the dispensing subsystem to the controller may adjust the flow controllers accordingly. For

example, if the value of the density increased to 1.180 g/ml, the controller may regulate the

flow rate by closing the valve to the appropriate degree. This in turn would decrease the

absolute output flow rate, which in turn would be adjusted by increasing the deionized water
10 flowrate. The specified endpoint flow rate and density would be substantially constant

during these adjustments.

Example 2

In order to demonstrate that the blending system of the present invention could

15  produce acceptable blends of process material, the hypothetical blend of slurry and DI water

described in Example 1 was performed using the blending system illustrated in FIG. 9. DI

_ water was supplied from a holding vessel at a constant, kﬁown volumetric flow rate and its
temperature was monitored and supplied to a controller that calculated a mass flow rate of
the DI water. The shurry described in Example 1 was supplied from a second holding

20  vessel. This slurry was tested and found to have a percent solids of 25.8 wt. % and a density
of 1.151 g/ml. The density of the slurry and its volumetric flow rate were monitored and
provided to a controller to calculate a mass flow rate of slurry. The slurry mass flow rate
was adjusted with a valve by the controller to produce about a 1:1 mass ratio of DI water to
slurry.

25 Based on typical error tolerances for the semiconductor industry, a range of
acceptable percent solids and density were defined as illustrated by the upper and lower
levels in FIGS. 11 and 12. These figures also report the percent solids and density,
respectively, for each of five trials. In all cases the percent solids were acceptable and in all
cases but one the density was acceptable. This demonstrates that the blending system of the

30  present invention can repeatably produce acceptable blends of process materials.

It will be understood that each of the elements described herein, or two or more
together, may be modified or may also find utility in other applications differing from those
described above. While particular embodiments of the invention have been illustrated and

described, it is not intended to be limited to the details shown, since various modifications



2. The blending systemof claim1l, wherein the first sensor is selected
fromthe group consisting of a density sensor, a percent solids gSEEgQies a
particl e woufi®E a pH sensor, a conductivity sensor, apr@shhakdson and
reduction potential sensor, a refractive index sensor, and conbinations

t hereof. 3. The bl ending systemof ctakm 2, wherein the first sensor is a
density sensor. 4. The blending systemof claim2, wherein the first sensor
i s a per eshsubstithiicls nsayﬂﬁ(lﬁade vhthotithiepdrtiggiti 4ng v&yfﬁdﬁmh@fspmk of tlfe Bresgper ei n t he
first sensor ar 41 ﬁounte 6. The bl ending system of claim 2,

wher ei n L‘I}Yéqunr@a g‘&eﬁ ¢ follg Yor. 7. The bl ending systemof claim 2,
wherein the fiyafiseRgNHisi S a OX|dat|on and reduction potential sensor. 8.
The bl ending systemof claim?2, wherein the first sensor is a refractive

i ndex sensor. AMENDED SHEET 2 8 FEB 2005 -24 9. The bl endi ng system of
claim1l1, wherein the process control systemfurther conprises an input
devi ce connected to the controller to provide an input signal representing
a desired blend of process naterials. 10. The bl ending systemof claiml,"
wherein the controller conprises logic code to provide a control signal to
the first flow control device based upon the sensor signal and the input
signal. 11. The bl ending systemof claim1l1l, wherein the second flow control
device is the same flow control device as the first flow control device.
12. The bl ending systemof claim11, further conprising a flow control
device connected to the recirculation |ine.



13. The bl ending systemof claim1, further conprising: a second sensor
connected to the recirculation line selected fromthe group consisting of
a density sensor, a percent solids sensor, a particle counter 2 gFpsi2snsor,
a conductivity sensor, a oxidation and reduction potential sensor, a
refractive index sensor, and conbinations thereof. 14. The bl endi ng system
of claim1, further conprising a sem céhduct or manuf act ur i ng tool fluidly
connected downstream of the static m xer. 15. The bl endi ng systemof claim
1, further conprising a particle sef@kAIMS positioned on one of the first
mat eri al suppl I ne, the second material supply line and the recircul ation
line. 16.1The %P%ﬂ%?%&ysg%tcé’ﬁ#’ '?‘“61 aim1, further conprising a holding
vessel fluidl w firsiahatesdl egpplptingt ream of the static mxer. 17. A blending
system conprising: a plurality of material supply lines; a static m xer
posi ti oned domgwlémtmalswhpﬁ sality of material supply lines and

flurdly connegimichixddifidlyoaldol ddbmiafl difthe APRAILE sEkBAd AMAPED SHEET
2 8 FEB 2005 - a process”control systemconprising a controller, an input
devi ce i suppyrlines;cation with the controller to provide an input signal

m . . |
o eored 1o 3ptd Sl SRmoplBRE M nAPIGY bl Biedbdslrlonba 45 atiBest

cont rf)l | @he gﬁmd tﬁast;d?ﬁﬂemeédﬁgmhﬁi}s?@my lillse_sm)ﬁifslsqugrlnepobiﬂodémgpmta@a? ﬁlﬁayi Ingt
an 1 nlet an n u elt, arecirculatiqn Jlin ul conneclte e lnle
and the iR Stae ey, and conaisnsampriving gy codeoareude s sorm signal to thei ar i on

l'i ne and fird fleRecofirol dtRidelbds§edlupbi a@énsoPdighdl providsdyrthé fiksensateh t hat
material fromthe recirculation |ine maybe selectively diverted to the
mat eri al suppP{oldingevessel including an inlet and an outlet;

arecirculation line fluidly connected to the inlet and the outlet; and
a second flow control device fluidly connected to the recirculation line and to one of

the first and the second material supply lines.

2. The blending system of claim 1, wherein the first sensor is selected from the group
consisting of a density sensor, a percent solids sensor, a particle counter, a pH sensor, a
conductivity sensor, an oxidation and reduction potential sensor, a refractive index sensor,

and combinations thereof.

3. | The blending system of claim 2, wherein the first sensor is a density sensor.

4. The blending system of claim 2, wherein the first sensor is a percent solids sensor.
5. The blending system of claim 2, wherein the first sensor is a particle counter.

6. The blending system of claim 2, wherein the first sensor is a pH sensor.

7. The blending system of claim 2, wherein the first sensor is a oxidation and reduction

potential sensor.

8. The blending system of claim 2, wherein the first sensor is a refractive index sensor,

AMENDED SHEET



18. The bl endi ng system of claim 17, wherein the second valve is the sane
valve as the first valve. 19. The bl ending systemof claim 17, further
conprising a punp connected to the recirculation line. 20. The %8 &h8i 2005
systemof claim 17, further conprising a sensor selected fromthe . group
consisting of a density sensor, a pH sensar, a conductivity sensor, an

oxi dati on and reduction potential sensor, a particle counter, a refractive

i ndex sensgr, &faﬁlﬁ- ' 3 I ' | fdP ﬁ@{h connect ed
to the rec?'r cul ang’rfoln |%%Qieﬁaﬂ'ﬁgﬁgI%hﬁﬁiﬁgﬁ%}g%%%&dﬁcf%ﬁnﬁ ,EI:'further
conpri si ngcompied arcinputsiepize abmected o theaoattolber to providefantiymt fsignal repmsenting|
supply line, th ecopd material ,supply line and the recirculation |ine.
22. The b|%ﬁ?§rfﬁ‘§b§9§f’€?f96?ssmaéﬂﬂsl7, wherein the first valve conprises a
plurality of valves each connected to one of the plurality of materi al
supply lines and the controller. 23. The bl ending systemof claim17,

further coMbri sThedlendingsystempfsilaimoh adetpimhecontsotles comprsesdegic eodeitrer and

i n conmmuni J ' : ' . Lwm 23,
wner ot HESLRE sihited sl SRR A A cpitel abue Bl BB S KB P Lghal S o
sensor, a ipputsigpabr, a conductivity sensor, an oxidation and reduction
potential sensor, a particle counter, a refractive index sensor, a percent
solids AMENDED SHEET 2 a FHB 2005 -Z6sensor, and conbi nations thereof, sad
i s connectyd t orHelWendfi systemafictiim! 1, Meredbthe $bconh floRdiontrobde iy fife samai M
23, wherein the controller comprises |ogic code to provide a signal to the
first val Viovheeniiel deyase as the Airshfloycenirel<levisg. t he sensor positi oned
downstream of the static m xer. 26. A nethod of supplying bl ended proccss
materials, conprising: supplying a flat process material through a first
of mat eri d2. sufjhiepldnding;systemmficlaimd, furthercompripingca ew conteelidavice hommegled a
second of terl. upply line; blending the first and the second process
mat eri al s %ege%%é{aﬁgﬁﬁp%er fluidly connected downstream of the fast and
the second materlal supply lines;

13.  The blending system of claim 1, further comprising:

a second sensor connected to the recirculation line selected from the group
consisting of a density sensor, a percent solids sensor, a particle counter, a pH sensor, a
conductivity sensor, a oxidation and reduction potential sensor, a refractive index sensdr,

and combinations thereof.

14.  The blending system of claim 1, further comprising a semiconductor manufacturing

tool fluidly connected downstream of the static mixer.

15. The blending system of claim 1, further comprising a particle separator positioned on
one of the first material supply line, the second material supply line and the recirculation

line.

16. The blending system of claim 1, further comprising a holding vessel fluidly

connected downstream of the static mixer.

17. A blending system, comprising:
a plurality of material supply lines;
a static mixer positioned downstream of the plurality of material supply lines and

fluidly connected to the plurality of material supply lines;

AMENDED SHEET



regul ating the Supply of one of the first and the second process material s
with a first valve positioned on one of the first sad the secp ?a |aI
supply lines based upon a sensor signal provided by a tensor p05| I ohed
downstream of the static m xer; holding one of the first sad the second
process materials is a holding vessel ving an inlet and an outl et
recirculating the one of the first and“the second process materials in a

recirculation |ine connected to the holdi r]?e vessel, Jjnlet and Ou%%@}‘ and
di verting at hprsesszoptolisysemePmpREnNg Agoufolichananpit dewce in oy proccss

material s to f thef : bl of Ry |1 nes with
a secondW@ltB"ec@grﬁﬁ%rg?ngvf dnt‘ﬁﬁeutr%ieéglglr cﬁ?g%ﬁggaﬁfﬂ?dand to(f@t he one of the
first. anQha&éaﬁlma@rmstrvameommdu@png/oﬂthmphxrahzy/ofmnf@nwnw ives addpl yi ng

bl ended process materials of claimZ6, wherein the sensor provides a
sensor iﬂgllwptf@]éﬁf @épondi ng to a properly selected fromof a group

consi sting of aﬁl gﬁﬂ.% {lyaysﬁnpeérﬁﬁﬁﬁméﬂhd)ldﬁlg vasslahhivm@anmtetlmd areoylet, aa
conductivity, 8 X 5

o] atron and redyction . pot i ndex of
the bl oodmi'cniamhm fivadly cprnected t@ the dnlst %ﬂi%ﬂ%tfe{ ﬁ’é‘f %Belmn‘%%a t! hod of
suppl yi ng Dbl en ! Mﬁﬁeﬁ@lrsu kSéucl
ool vi ngomheate i p @ REREiCHPAY i 13 o ofthapfitalty of whichEt e pp DS Sl
mat eri al shat faferiahorh theirecitcutition dine owpbe seleetively dlﬁ@"e@dﬁfhecﬂ‘?té’i‘al syply A et hod
of suppl ilgng bl ended process materials, conprising: supplying a plurality

procce8materials through a pl urallty of material supply lines; 2 8
FEB 2005 ~26/ 1bl ending the plurality of process materials in a static m xer

t dd t f l.u t t ' : | ati
Phe. suppife of Thwblephos siteryoliahy e abe F?Ja'r@vaﬁ'f B e 3 511
system cgpgg%l%‘ng a controller,

19. The bleﬁding system of claim 17, further comprising 2 pump connected to the

recirculation line.

20. The blehding system of claim 17, further comprising a sensor selected from the
group consisting of a density sensor, a pH sensor, a conductivity sensor, an oxidation and
reduction potential sensor, a particle counter, a refractive index sensor, a percent solids

sensor, and combinations thereof, connected to the recirculation line.

21.  The blending system of claim 17, further comprising a particle separator positioned

on one of the first material supply line, the second material supply line and the recirculation

line.

22. - The blending system of claim 17, wherein the first valve comprises a plurality of

' valves each connected to one of the plurality of material supply lines and the controller.

23.  The blending system of claim 17, further comprising a sensor positioned

downstream of the static mixer and in communication with the controller.
24.  The blending system of claim 23, wherein the sensor is selected from the group

consisting of a density sensor, a pH sensor, a conductivity sensor, an oxidation and

reduction potential sensor, a particle counter, a refractive index sensor, a percent solids

AMENDED SHEET



as i1 nput device, wherein the input device is connected to the controller to
provi de an input signal representing a desired blend of process naterials,
and AMENDED SHEET 28 FEB 2005 -z-~afirst valve connected to one of the
plurality of material supply lines and to the controller; hol @thgEBri8050r
more of the plurality of process materials in a holding vessel having an
inlet and an outlet; recirculating the one or nore of the plurality of
process materials in a recirculation line connected to the hol ding vessel
inlet and outlet and diverting a port on of the one or nore of the

Cuppty |1 ncteefih ARE el bspt bty M sy o e

to the one or nore of the plurality of material supply lines. 30. The

met hod of a' m.[%[% ble 1?1r %é‘ﬁer{’l %? n]i V\% \%%{e\fr?the %oﬁttb?ﬁe? riasgs fogl% cfegg ond

val ve. 31 S” punpi ng
t he process Oprrg{;g??gllgga t% Al bﬁseg uB?n%f gnampré)gll Cefy reei Sr?nsroém rcul ati on

of the one Bf® ngg\yns[nﬁgm&f a§ait B process rraterl als further conprises
measuring a property selected fromthe group consisting of a density, a

pH, a condmﬂtivhhx;emuabfmmlyiagblurdeapndcuseniﬂtmdlapmmﬂslagiiaI a percent solids,

a nunber of particles refra | nations thereof,
of the one or nuPEYigEa ﬁf"ﬁ%"‘m au"r"fa E S &6 cggﬂsate?rlgitepqyﬁ & 33. The et hod

of claim29, funpplging a:mmdlpsnmg m@piehhrbughgt spand ofxmateriabsupplydine: he
recirculation l f]ﬁing%fﬁ[&?dtﬂ?ﬁbﬂﬁgf&eﬁhﬁb ?&as%'&&epﬂg@gs&ﬁfe&@ t he

feeding of the plu roces s control
systemfurﬂh@ﬁﬂ‘e@mfﬁhﬂsﬂﬁﬂnd)ﬁﬂeémlwr@mwlyﬂw, val ve based upon a sensor

signal provi dedelyarifg f€Bipply of S HT it SRR RS the $86ond pRichss witetiBh with YENPED SHEET
valva position=d on ane of the first and the second material supply lincs based upon a sensor
signal provided by a sepsor positioned downstream of the static mixer;
holding one of the first and the spcond process materials in a holding vessel having

an inlet and an outlet;

racirculating the one of the first and the second process materials in & recirculation
line connected to the holding vessa] inlet and outlet: and

diverting at l¢ast a portion of the one of the first and the second process materials
into ono of the first and the second material supply lines with a second valve connected to
the recirculation line and to the one of the first and the second material supply lines.

27.  The method af supplying blended process materials of claim 26, wherein the sensor
provides a sensor signal comresponding to & property sslected from of a group consisting of a
density, a percent solids, a particle count, a pH, a conductivity, and oxidation and raduction
potential, & refractive index of the blended process material, and combinations thereof,

28.  The method of supplying blended process materials of claim 26, further comprising
receiving an input signal representing a desired blend of process materials from and input

" device connected to the controller.

29. A method of supplying blended process materials, comprising:
supplying a plurality of proccss materials through a plurality of material supply
lines;
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blending the plurality of process materials in s statio mixer positioned downstream

of the plurality of matetial supply lines;
regulating the supply of the plurality of process materials with & process control
system comprising: ' :
a controller,
a input device, wherein the input device Is connected to the controller to '

provide an input signal representing a desired blend of process materials, and

AMENDED SHEET
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a first valve connected to one of the plurality of material supply lines and to

the controller;
holding one or more of the plurality of process materials in a holding vessel having

an inlet and an outlet;
recirculating the one or more of the plurality of process materials in a recirculation

line connected to the holding vessel inlet and outlet; and
diverting a portion of the one or more of the plurality of process materials into one of

the plurality of material supply lines with a second valve connected to the recirculation line

and to the one or more of the plurality of material supply lines.
30. The method of claim 29, wherein the first valve is the same as the second valve.

31.  The method of claim 29, wherein recirculation includes pumping the process

materials.

32.  The method of claim 29, wherein recirculation of the one or more of the plurality of |
process materials further comprises measuring a property selected from the group consisting
of a density, a pH, a conductivity, an oxidation and reduction potential, a percent solids, a

number of particles, an index of refraction, and combinations thereof, of the one or more of

the 'plurélity of process materials.

33, The method of claim 29, further comprising separating particulates from the

recirculation line,

34.  The method of claim 29, wherein regulating the feeding of the plurality of process
materials with a process control system further comprises controlling the first valve based

upon a sensor signal provided by a sensor downstream of the static mixer.
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