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| nvent i onwdheogssesent invention is directed to a nmethod amdTASIEHENSS for
bl endi ng process materials and, particularly, to a method and apparat usQ

bl endi ng ultra-high purity chem cal s, -dbrasive slurries and the |ike. 7
Description of the Related Art 1 o BI ended process materials are requi red
for exanpl e, METHO® AND ARPARATHS FOQRBIENDINGPROCESHMATERIARSuUSt ri es.
In the sem conductor industry, blended process materials are typically
prepared using batch production systens including a dispensing subsystem
and a m xing subsystem THeCcHGEROUNDOITRATYNERNtMonsfers materials froma
.supply source to the m ximyg SUDSYSTENT SUPpPIy SoUurces are typically

cont ai netl.s deEielfheflInventiemf e st orage of a 15 process material, such as a
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di r ect | ycheorieas tabtrstvs slidesiasiibabikeng subsystem A sing spens

subsyst em nay connect to a variety of supply sources, memmﬁmlm ml rtg
process material fromeach to the m xi ng subsystem 1In

subsystem thpegt mmbﬂeigha;Atrfansferred by the di spenstlsvgs9*subsystem
are added to ——ﬁa m X1 Ng Vessel tank. Typically, the materials are added in
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solution is typically added after water. Alternativ the sequence of the
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and a st antemuptitheaddition off @/ﬁrsopmecstsenhteimmx addemsacond pﬂmees‘mm&tcrldnﬁﬂlbmd second

mat er i al | .Lhe stemf rther conprises a process
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I n anot her enbodi nent, the present invention is directed to a bl endi ng
systemincluding a plurality of material supply lines and a static m xer
posi ti onadodzoesse ream of the plurality of material supplyPCrAS81/&$03 f| ui dly
connected to the plurality of material supply 30 lines. The bl endi ng system
al so includes a process control systemZsncluding a controller, an input
device in communication with the controller to provide an input signal
representing Bheghiti@toiproods afatptaticte sle ]ﬂﬁil@' veakd is gpitatly hionstoredande
connected to qne of the plurality of teri Su Iy l.ipes and to the
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of supplylng process materials. The nethod i ncludes supplying a
first prieessoffiowmetrst hrough a first of material supply line, supplying a
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lines. The nmethod 1 o also includes regulating the supply of one of the
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with a process control system.ncluding a control]er, an input device, and
a first ipaleyialsepeisaiiallygenderingdt %ﬂeletswé)rmsmtamdqdwpahcmper| al supply lines
and to the controller. The input device is connected to 20 the controller
to provide an input signal representing a desired blend of process

materi al s. The net hod furthéIJl\’llVMRNd@FmEle’\QEN)’BH)Nr nore of the plurality
of process rrat erials i (]I di ng vesse| ha J n @E‘éjté and an .o tl,et,

reci rcul ati nglt #R¢ gAke eﬂb?? Rsesephigventipnds fli toﬁ‘r %gf'bﬁ"feé‘?’l"é fluding’ 5

[ eCl beul 8Qtndib A8 SGANPHbfhsckond Afteal dbhg | nh%safd a fifiChiprdupiy | ot and
diverting a portion he’ one or nore of the plurality of process

mat er i al sonnecieddownetreanhef 1§ fisstund ithe secaid matesal sipplydmeb.y The blesdingt h a

second vaI nected.to the recircul ation |i theo or nore of
The.pl ur Sistety FOMRE BRI atfitss Softt s ueshme B RAN 1R S i sman Noo
Pref er r edosifiéidl dntit éa30o:RdraRE RN hA] Ok s&&&d@ﬁeﬁ@ﬁﬁ]fsupﬁly BAd, arﬁlwsbﬂlsobe
described by 3 o way of exanple with reference to the accorrpan i ng

dr awi ngs positionddi downsteamn of thesstaticshizek and agmstmlbr conprising bgi to pravide
appa tus of, the i ti ElG 2,08 okdlaramof not h odi nent
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enbodi memist@énsohe apparatus of the invention; FIG 4 is a block diagr am of

anot her enbodi nent of the apparatus of the invention; WD 02/ 09859
PCT/ USOL/ 415030 anothgrembpdineny, e peasertdayanginnls diresipdde adidingsaieRent of t he

static mlﬁ%%dlf?é aﬁaﬂﬁahty of material supply lines and a static mixer positioned downstream of

the plurality of material supply lines and fluidly connected to the plurality of material supply

30 lines. The blending system also includes a process control system including a controller, an
input device in communication with the controller to provide an input signal representing a
desired blend of process materials, and a first valve connected to one of the plurality of
material supply lines and to the controller. The blending system further includes a

dispensing subsystem including a holding vessel having an inlet and an outlet, a



invention;, FIG 6 is a cross-sectional view of the enbodi nent of the static

m xer of the invention illustrated in FIG 5, with illustrated flow path
t hrough twe oehesber; FIG 7 is a perspective, cross-secti @6&IUSOL/@180df t he
enbodi nent of the static m xer of the invention illustrated in FIG 5, with

illustrated flow path through the cham¥r; FIG 8 is a cross-sectional view
of one enbodi nent of the secondary static m xer of the invention, with
i |1 ust r ateeidcflatoon et fluidlyroongdetedte thhinidiand thel dBtleParidsa smectdedtvalflaigham of

ther enbodi f.the. t f ' tion; 1.0 FIG. 10 is bl ock
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+density versus trial nunmber. DETAI LED DESCRI PTTON OF THE | NVENTI 5 The

present limvention is directed to a systemfor blending process material s.

The b] endi ng stemis.suitable for blending and s | yi pr.ocess.
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process fist ef inatesialhmpplyriene. sieppliring p seopad prassssonatafialdhrough elseqonded,

suspensi ons .of sol.ids, .2 | wrri.es:o h her terials,, Wile the
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bl endi ng of ultra hi glt[\ purity chem cals and abrasive slurries and ot her
e

bl entfl ngalapiiciudss ragy the gpplyrafope ghthedisiandithnhsegpred proseyssuptends withanpl e,
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positioned downstream of the plurality of material supply lines and a
process cont r Bt angfher spbodinept,dhc pessent tnveptien iselirerted top methadad supplymgr s to

any dev! ERnfRIHES Rt ONRHEARE 1l Rieltioln2h pRIAREBE pARLRhAkSals The

plurality o erla I nes my urts arryling process
mat ens al throvghra gyeshipd of maerialbdupplydines appblgnding dee phanalityeofiprpeess materialsehs or
ot her devi ces for directj fluid f]l ow.. The urality of materjal supply
lines maf S@Hﬁg}lwrpgﬁg‘;ma?# fr‘l‘g‘i”%?ﬁea‘b‘r%]é uw@fye% rgpigripl SYRRLY 1ipss- ﬁe@maﬁwﬁ

sour ces. tRd & i : erials
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i nst ancesonttdh eysieh éndleding apphtyollermsinputydesiepping afisicede eramnesteditosorferadm a
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may be fluidly connected to the iTnlet and the outlet of the holding vessel

to provi dée owthadiusher is¢lodes hedding oa¢ opnerecafsheovpluealitypf proeesa giatariads ina

recircul ati.on lin This fl.ow rovi a vice for inducin
hui o1 BB VoS el S i8R oRBeP F Ve B s BE BY ol 0 PR 0%,
connect egrdcess hgtefislg in § tdocilation lin€camecte® toathshbRlingavessal priilkyanddiou€let, abid h
that process material may be diverted fromthe recirculation line to the

mat er i al dbigpiigA ParHen ofiths oase ar morapidae pBralithof Brasawivrierials inbpRg ok the
presgnt 'pﬂ}éﬁtgto'f Aty s&}ﬁ)lﬂ' linds Wit a second valve connected to the recirculation line and

to the one or more of the plurality of material supply lines.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred, non-limiting embodiments of the present invention will be described by

30 way of example with reference to the accompanying drawings, in which:
FIG. 1 is a block diagram of one embodiment of the apparatus of the invention;
FIG. 2 is a block diagram of another embodiment of the apparatus of the invention;
FIG. 3 is a block diagram of another embodiment of the apparatus of the invention;

FIG. 4 is a block diagram of another embodiment of the apparatus of the invention;



communi cation with the plurality of material supply lines. For exanple, the
static mxer |0 may include a plurality of inlets, each connected to one of
t he pl uravobyowby material supply lines. The static m xer maJ/EBOFeISHHcl ude a
m xi ng region and an outlet. Process materials may be received fromthe
material supply lines at the inlets of-4t-he static m xer and passed to the
m xi ng region. The m xing region nmay be shaped to cause agitation and

m xi ng of theFw, ddes sraxpsedtionbisviéw ofongemhbaodimght ofithe Abtiemixerxf g, t he
process materials may pass through 15 the outlet, which may be connected to
a point 1BYeniioB; or storage vessel. Points of use may be any |ocation where
there is dememgs £QL 2 RURBLIHNATviEW SPHREMYRGRSS ol BlcRidiR! ixeFOf mexanp! e,

poi nts of use may P Acl Ude process machinery or work stations. In sone
enbodi neEnventiohliBugtratlde F1Goht with ilkysstedflotv patiethbdumhdhechaytstr;em of t he
invention may_jncl.ude a controller, .an input. device .and a.yalve. Ln other
enbodi ment 5. kb 7304 GpBeES e ORt SEUSHL YR He FrbRBE LSRRG pufer Sy
sensor  gidifeHaby ﬁu_sir&te«? HORi B GiBRRESEAURAY bRRihi6aLY 8R RbRbEY, Scussed
herein for controlling flow by Way of exanple only;, any flow control device
may be subst i Fig. &ds horosangctionbldewnf bheeinhedinenbet th@yedohdayy static muikerielvi ce,
it is neant any device that i.Ss abl.e to provide.a desired |evel of flow
control ,tlgHb"l‘?_né%n’\)‘é‘F}? %“%‘E)ggwdﬁahb%%gtﬁep?m&be&nd other pressure

nodi fyi ng deviee9. is 3DIddRalisgah oF ahSther@ibdaBmambs teappaRitisadtakd Rivehtion;
receiving information and acting upon the infornation based upon a series
of ptot ocol s, FEudR isblockdiagram deandther embadisnent of the apparetug|of dre inegntion; a

m cr opr ocess ed device, such a.co er ere the process control
system i ncl ugglggﬁés e 'Oﬁé’ﬁ ceﬂtes\?ﬁéﬁv?{é%ﬁgléf%%%eg%ngg to the controller to
provi de an i npug, 12ii98a@kapheifidefeiyiveidis &ridl@inbed bl end of process material s.
The i nput device nay be 30 any devi ce capable of receiving information and
relaying it to the controller. For exanple, the input device nmay be a
potenti oneter, key pg SERBIEE] ORGP THIR INVENTTYQUI ST tion (SCADA)
node. The val ve or véatv re—proce controt—systemnay be connected to
one @ nore nEhepiesdnt snmRatiyn ks dirstednd asgstéh docCilaiding peicesshostedaianphe, a

val ve play be positioned along a_. WD 02/09859 PCT/US01/ 41503 -6 nateri al
suppl y | blgeding sysernds isbledpr Pleading ARG ERRLBRE Pracessiprierials aRdamardiidt y | i ne
and may g . N ek N 98 01:1Y
cont ol PRohoearon broVikii BRIt Senios pGRIIOP ok ol By GRS HnpCiali)
accor danitgs michrt any dizsd matbrial eapdblefof pring eraasported thrahigh s vppluite Foatxdnmslej nput
device. Alternatively, qr .additionally, the contraller may.control. . flow
Lhr ough BIOCFIRBALERAIS sy dpslife Watsp atins bericale SUHbans FuarigRasald by 1 he
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now be clear that” enbodi nents of the blending system are capabl e of

supp! yi nfpraseesthrany podessireghiringdderied pracessimitsridlasieis mﬁiwlug'appﬁp@d(i faeed

i nput. This,blend of ocess. mater. al s be | ie 0 cont i nuous
baots whieshieem o i biton iR austriedh and BBretiie SR aB o Bolinka or 1 al o
may be sypRchBshORerRRcafadieafiBtedisioh Sre ®Rbirdt. MRdrieREmblRetiRgReehCinFéica ik he

bl ended process materials. It will also be recognized that the controller

may recepawicalddy vsefithin the sermicordustay, easmetie apdiphrymepaiticalindydiiesexanpl e, the
cont rzg)l er m%nb&l‘golﬂ?ﬁleﬁteo(} 114 f)l@n&iﬁé gﬂ;s@gﬂi bPfhelihMion includes a plurality of

material supply lines, a static mixer positioned downstream of the plurality of material

supply lines and a process control system. As used herein, the term “static mixer” 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.



process appropriate sensors regarding the process materials or process
condi tions. Such 15 sensors nmay be | ocated anywhere in the bl ending system
such as iwoa2Mdesspensi ng subsystem on a material supply | iPEEF/USOH4EDEN
‘downstream of the static mxer. It will also be recognized that the
controller may al so control other aspeds of the blending process. For
exanpl e, the controller may be connected to devices or systens for

modi fyi ng t helnyoaprasmb®REmeits iftudiips dpenshigesubatstem, aheldispansigl sabsyistiead y
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on t he agifiathiofprodess meateanpihepughttles ecimaulaticor lineg Tiiis fltne npaydmemevided by i al s
is desired, .sepsors may,. he used, ;and t hese_sensor.s . 25 vary with the
.process ‘?rg?"é‘l"q lgll'éndS“S}%ﬂ%l&ﬂ)?W’ YAb 38 ¥, heo‘f??‘@fmttﬂg ISP TSP m  such
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adapted to particular process materials. For exanple, where such process
mat er i al matesiyl iney bbdasited fiom the reasilation dine to ths mataighshpdniling sl urries and

chem cal s oft enpl oyed i.n the sem conductor industry, these .styuctures
may be formedsfg‘? S‘%%&%W‘O.#@Fe@?ﬁ’ég% aLthe pERsETJPYTREeR m 3’%& ing now
to the figHhafical@fiwith tﬁ@ﬁll&ail}fg @fﬂimﬁtgrigl_l sppl lirR8 EF b dxdfifpled tieatRTRRE} ment  of

the invention is shown. I'n F di spensi ng subsystem 2 is coupled to a
m xi iy swby ysdedn apluiEiisy df sy shelpcanbeod toeconedlithapluridity ebmatsrislraupply
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PCT/ USO1 /41503 4 through recirculation line 14 to m xing subsystem 1. As
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ubsyst emoreetniyRiig AoBARE B eleliE ey hkRE o E0REh o e b b Mhoneh.
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actuated to divert process material fromrecirculation line 14 to materi al
suppl y | pmelosgtiginvaere thete i gamanddgr yaunpbieef Bleded precessmatgrials; Jpr exmplet at i ¢
m xer 22, .Pro t-e LS. j ted valve 20 may remain in
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vessel 3 may Des@nyembodiagatss tripiosess cainlob systeninof the bldnding systempufahess

material . to feed a, bl endi ng process. Far .convenience, it is preferred that
hol di ng V¥§BEen map énglyde heontiohen AR #1PUE Agtics #d apvagts% sl qfagrembadinenty dh yer ed
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gal | on drum or ot comoph storage vesse n sone e i ments, hol ding
vessel 3apmycintedithrd vabves agi disaussed heraiin faxsontraling flow byeway of examplewpdy] er. An
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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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removed. guch as the polishing slurries 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



By way of another exanple, chem cals used in sem conductor processes wll
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10, 11 naud alayaecineve umntended materials from the wafer. Conversely, 1f 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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process output to determ ne trends and spot problens. A process control
system may be desi gned so that an operdfor may be physically removed from
the process 5 equi pnent, particularly where the process or process

materi al s nayAhetlﬁapgneessusateﬂaltpy@e@altheprisachwﬁmﬂmtimpbrt&;csﬁnhighrwﬁ@es a

pluralit val ves, .instrune ri n SWI tches. These

B omponentRstieaforsy st smibeaned e e TRe oipuftifes e isamolor
exanpl e, {Hel Hrhf: ﬁwﬂéﬁﬁe@ﬁfe@%ﬁr@h@h bty es® fatBRlst Fapitbuldedet erm ne
if the filter needs 1o be cleaned or ace The sane pressure

measur engenerated fromshdldiag vessehByror them theenqnuwgune of theppracese swatdarlad rhay t er may

| i de_d t he absal ut th Pro
Control bl Dol Ho R takag AL BRENGT Shiheetite PG IoE oot Siget 5 B ng
obser vat h@Rb& ofiRirtidl@ad i Rsti@flartsie rﬂa{ﬂ@&%ﬁulr&twoﬁaQaﬁi@bh@@torqu@débaw vay
al l ow an operator to view all subsystens and process di agrans on an
over vi eweeanogieally) fnasgblne Agrordingdh 1oy Ieeeesaﬁs th 2 sswsitive toparfierdaies. My be
d bed h N
cocioor o T ARALGR bl e IF € BT G A Ml Bl RRERM o e

sel ected aimdleacosmeavahey B€ SN Raawteebtﬁttespt ayayrmldtnh dieahumﬁﬁn afspatsatg
subsystem The process control system may al so_provi de feedback, such as an

al ar i9 t subsstemer adopetvesn d%aquslea éH‘éSdeém %atdewmg sbsyriera H o Viberg thaypmay of
moni tor i 0 rtﬁgtsp%c?esg&a‘tgrtfa E)Eln&lé 1?[% s&r?s?st@ml' qts% acé:eT te{b:Iy oy Fatibie®
di fferentral surpasses a cer et armrré)y 0|f an

oper at or Jeveh eriaepbmten ey glsapbusal to desf thyt a Blendbfaaocess nateaiatefrdrhe
filter. If the condition causj ngqthe alarmis not alleviated within a set

period ofhestae mixeg has ancageeptably fowwprtists Igvali vat ed, whi ch may result in
addi ti onal not .l on the
part of the p%:lgglg{éc%ﬁr}ttl Qéféﬁgﬁeﬁrﬁgﬁgﬁ@a@egﬁﬂe%ﬁ th%{?ﬁ Gﬁ%?egﬁl%?ggs
Because tpheeefd i, suchi s, reqironbaiondinaid. di-fise pptioleeptmntes? nouitbrsyarticles

concentrati on or densi , o h cess material (.n recircul atlon line 14
may af f e@?ssﬁtﬁ‘ﬁ‘ﬂt%g tﬁ‘i" MW(‘}F &%E@‘ggalﬂﬁlﬁéw‘g?rf H@BM meapures pALFlRS Bt er i al
supply lig rﬂémanfttteeolaﬁeﬁmﬂat e oa@e%sthe%ﬁrteabaﬁe%ohﬁﬂm %%gpdat a may

be supplied to the control he contr ol may regul ate t eed of
punp 4, dwdowlingly, thevwte etswhmh mmmhuav@s ‘Ehmltghsmtmleqomtﬁr drmsay be tefgelatadoper

amount of Jrocess teri i nt teria I .ine 18,

AL Lor nat 19 8FYe 35A0R8 PRy AoRE g P MO GOTPe I SRR P 5o U 81 ¢ ne
flowoef pPRASEESMeABIAIhAY bd SdrcbBd €& A RIncBOPO ¥/prlotdds like.SThd fiiclibrOiay atveriof
process material into the material supply |ine 18 may al so be dependant on

t he fl| owarstieamapd dlupd Bseughdhemeagwyerpers celd endraliay the flovs rashtheenghepounter Vit i s
VO 02/ 01 S%d% e/dvsg]({e e%qgv 1%” §§[c51‘[?5ﬂ @5\9?5”%&)& hn(%ng{era}lls ﬁﬂéc%/ 'hol Ab%‘at 18.
Accordin t 'S pre srred th ata al 8o b e supplie 0 e

control | qnonﬁhﬁltel@@ef@hmeé(mﬂmugdj ust val ves 19, 20 and/or 21, as well as
the flowrate_in recirculatjon line 14 with punp to obtain a desired
flowr at e and Resawsdt isigsperally mogntedidinectly wa RFOPQS?.EH%QH ipling pagiclsrcoupier
anou f e h gp&{
varlg | es t?ﬁltcgﬂ}; Hl%be cgﬁl'?irt%ﬁﬁghélﬁglse eh(gj\/31 Hﬁhﬁt &8%% ghé {Xltex?&@x;eg glr“?e

t he cont rpattiods cmmtqrr’?i mey baeomrected tenuitplomooess dines by 4 hsattclangmbhamsm and

interpret the data apd act it based et otocols to uce a
desired tﬂl%‘iﬁsg‘@eﬁ‘@g 8 Gsg figes IPM&/@HC?J[E?EEOR%‘&I? F%th?‘a@gal so be
per f or meq, attto@mgr ﬁ&t@«ep if Y frattaﬂaee ffoanth@%anpttﬂpm&a mlesyeﬁ& fehtigRy be
.controll ed acco to mass or volune flow rates, or by a conbi nati on
t her eof , rdajpeguiroy p@ﬂlcﬂm@)umgrﬁ)aeisihmfﬂlﬂ reckss Be@sawélelqt toe irsthe pine ablumenor e
accurate nass flowrates are preferred. Flow control for process val ves
12, ¥, fﬁ €21 may incorporate a flow control valve or variable area
orifice valve Iﬁcatﬂr&cﬁlfgipp drficld chinyy TIpheicld dbdhter 3 ne@BAG bR GnkYpracdds BN t i onal
integral differentjal I D) systemor simlar control feedback |ogp. 15 In
the sem d@&t@tﬁbtsempteﬁ@@m Vaynms@meeﬁ lineg mppyi hegenied thrpegh aisysiran i hgndliigsy st ens
2 includi o] I e S f.

near a{tre @,g%?.lcﬁtas %H{ﬂ;fd and t%']:%{ﬁlt 81‘3‘)7 ThéMiks @ay ﬁ@% [ed 1{1{3@

facility ge ion gi ven roces

mat er i al ssampleecsileoto,saoh as mfsmhlh,eclctﬂea limbpt’rhmulb@g thpede fvblsmetdﬂeaclghuﬁplu $ethe
interface that may be a SCADA node. Typical processes call for an abrasive
slurry to be diluted with DI water for inter |ayer dielectric polishing
steps. O her 20 typical processes call for an abrasive slurry, oxidizer,
and DI water for polishing of netal |ayer S. These processes nay caII for a
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WO 112/ U9859 -16 PCT/ USO1/ 41503 supply line 18 to the chem cal process
material. The flow rate nay depend on the anmpbunt of chem cal process

mat eri al wequessel and density, concentration or other proB€TtYS8E+§p3t he
chem cal process material. Process materials frommaterial supply lines 18
may continuously pass into static n Frkkr 22 for mixing. The process
materials may enter static m xer 22 through any apparatus that allows all
of the praomeRBecawtedhe ndlemeadeachesiniple isdhgpsae 8 nagtiderdadiogs toreach ent | y.
Referring to EIGS. 5, .6, and 7, .static mxer 22 may ipnclude.multiple inlets
5°0° connider s T Hi e S B e el 4 SBhn e bt et afbEy [
mat eri al iy ide bitfsr 181dveasibROreédse Ghésy of peiisfiRe pldckds IGRNEY W dagily pl ant s
.70, material supply lines 18 leading fromto recirculation lines 14 or

mat er i al mouitgred and pespargd.t hat receive inputs fromboth sources. In the
sem conduct or ,i ndustr teri S P . l.call rry. slurry
‘process mater argge%%ﬁée@moﬁys?%};g%recg gﬂﬁg%érdil@?@m%%}%%@\gtze%d&g n@%ﬁa i c mxer
22. St at qipsyit4' By oFratb dasdthithe!poRessiand dh e HRODERE mdtdiall pfapsitldss Fon
sufficient mxing of the process materials. Preferably, this mxing is
acconpl i sawlgynfosnationgathered Hom instrymendsy may, be fedfg@ropiallerasioctert with a

mxer | 200mas ARG LBt Pt e 0 B ] ARenucadh o KRR IR T

For procgagedentisy Ngl Sriect problents. Présentatiear arsepesitdd mey ovdue i alysforatthiti ¢

m xer 22 may be constructed so that mixing is gentle enough to _not harmthe
mat ef9 al Wilhaetihe AsaEian of e QRefRIRTSledish gfehras AN OHEBHTGRIRH 9 AR larih

exanpl e, yhil, Sy rchhﬁﬂléf??&hrﬁx%te@w Yot B thdarch e %Pglﬁ)@@gs%gﬂiﬁlrtﬂag id ndustry,

i ntroduction o I'gh shear rates nmay create particle gromh and may cause
si gni fi cdwverted fiom rscirafathinime 1Ado araiéried sypply bne 1 hemg bslselected by tlst ati ¢ m xer
22 is prefer blg@c nstructed i.n a .manner that wl|l re?ul in.ralya ively
gent | 'e nFONTRET Basey B Lag Propets e giNER Dlead, ehPaeets matstialiy AOTHiREN (kN

hel i cal ' | ; 4 i g fsS. 25
'm the enpaiit iy BF RN CH OBt YA APEREARYEY LT SIBIRTCAIPRIS
si nghe othrbwgh BAvead(l or itfrhay bd atletoscoB@ct fos dewiatidrisyin themretass valeriabbeingt he

| th of.th tatic m . In thi nbodi . teri
thr ugh A HoB TR el R eHmgls, AR sens i Hrhe A SBoe under
pressuri Fﬁ)‘éeé‘s%ﬁiaﬁél%?nﬁ UsB8 Yo Adiditieh blchll Q¥ Blocassidibrifls Bk risehi(£ Bevimio) e

toroidalTy shaped. Baffle 33 credtes a pressure differential and causes
eddy f or Hetdoptrellémmay Boeive pisignalalesting litte dhis st ard mar dbsgaddidiond] mpedssvery

ot or i af BAAEL AR TaRGOR L HinBRETRARNY b ls T L s ERPRERRAe; o

process pricess iahterifls edradiadtonspas SARe@uiivELR if 4 ohdinde &1 flpwiran villeweasrrédéd. Fl ow
di sruption el enent 34 may be cylindrical ang may be Ioc(gte . a _o‘g‘g t he

cent er | i He dstectaddeviation e proessnaibehaltednd she Bpigralhel Wl&‘kfbﬁ ulion second
st age of ' [ +E : 01/ 41503 - 17 disruption

el enent §%%¥%t§ﬁcf@g%lgbﬁgpﬁgﬁo%étﬁ§2% Eﬁ{agﬁ add to the turbul ence by eddy
gener ati on. FAWhaehdigstdgthe diosrrapt ofgmoesemetetiaBiomsegiroafationalbing 14 t6 | ow
constriction, region 35 Flow consLriction region 35 conpresses.the process
ot or | al gl AGPIPHES 1§ Gie PegurLBHeRdo PEACSHEbPR. AL POFELPRE Uit 35 |

pref e5r ede&iQuPfioR 11haREhatk GR:GRbre SYSHERS 8r RfRAHSSoL BhifediBY tiR SREHRASE back
pressure that mght otherw se occur if the region decreased in dianeter in
a st eppedhesesyistems dRepparaius nayondinds trégtmenialeyicos elber example, sbsrepassi ng

t hrough outl et of .static m xer, 2 enter secondar.y. st at | 1 xer 23.
Secondar )}‘ng?ch‘fagI%rﬁaktéﬁuﬁag% ieivg Qﬂ’?aéﬁ‘ B %%%ydalﬁ r?%l_clufelxﬁgn 913? fil’c1¥ Hi R?gﬁe.h%%g!é% ndary
static Mopelor AdrdBattiSieRbritors T2 1 Al loshePSeng RRlrvilatich Bne ThePdraclael i cal
shaped feature 38 may be, for exanple, manufactured froma tw sted plastic
sheet . SesepanatarsylGsd hmay be faexappler wugh abpolishridietdes constant agitation of
t he process terials. .. . DIHRGESS i I i b uct or

i naulPry. - secahats Gniphe Ao BTE"2 eoiBhihls Tkl kR SBREERETC O

f 1 ow r at gglindgrtiélbeolréd Talay gapply @ffosegionden yostidler Corthouditoridg the partivlet

cause detrinmental shear rates, which may create particle gr owt h and may
cause level in recirculation line 14. At start-up, or whenever the particle level has been detected t0

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 through a bypass line 13.



15 significant mcro scratching. Though is it highly dependent on the
process material and the di nensions and geonetry of secondary static m xer
23, a fl omornansssef about 100-250 m/min is appropriate foPCIAeI/¢EA3i tions.
It should be understood that a m xer of the type described as secondary
static mixer 23 may serve as static niiér 22 and that there need not be any
secondary static mxer 23. 20 Fluid flow diagrans illustrated in Figs. 6, 7
and 8 geAetletpedcess omatdniabciccdlates b Hylpew lpwri l3ca filters ssdhoaw,a reugln fifteol), imayes 37,

sufficient agitati.on .throughout static. mxer 22 and.seco ry static m xer
33 to erGHHE R BB OTHLE R Rpocss Beistiel en Al Brtoth K RLBr ottt ™
bl ended Slﬁ{a%%&sﬁﬁlhe{h'e%bnﬁ@ll’erﬁﬁa%rsei{hépmﬁatt@%l?em2§%E alk& ﬁﬂropéf‘a@&'l% Maptatic

m xer 23 through outlet line 17 to a point of use, such asS process

equi pnendcti@Be 88m, Thdinp thebypass amslallomngdthe processamhieriels tepasspiengh st ati on or

ot her_locatiqgn.where tream of Dbl ended. of process terials is.desired.

The cut 1EPpRisth e P Bt GEE0 PonlBReRRp N ok 18507 aplichfids

outl et fREUNSE VRYy R RREEELReveld &lis PreBiREIShaTal RlisR iftef TRAIsHBY Rocateldi Ni t ed

life span or nay otherwi se | ose value during transport through outlet |ine

17, st at dlengriecireulatiomling b ohbarse aftadwyipessrineds veith rewgh bidter ¢ andepolishddtert o

t he poing, of use t -nim,ze 30 thi.s lo <0 ancalternat e bodi.ment, for
et e bkOR retEulBelint I padd 5 bR ioB Pe Pk EheiBtRITOPRR TR | |
hol di ng ¥@sis@idudtor iktiubirg deagibed a6Ges AFillasttadd INBIGDE, filed 10 Drinag latkone

vessel 3 to points of use as needed. Storing the blended process materials
in htt di wegdwatwat bepasaling 3 svprowide geadt pprticle spmevak frem peareylagiop dige d4s

e S o R I e

anal ysi sp@tficlbenewdd. and slurry process materials may al so be used to
verify tﬁat t he bl ended process naterials are acceptable. The

concent r at i onBeRIring@ew tQHEF. 3 ine basge predustion factfity using mary pregess magenials,
tested i i [ : ' :

concent r Ao SHaRb G B R ORI E plo ORI, PR

chr onat odispaiding ssibsystenss 2)amy be commrdctegriaptine Setovarkd 6t heliind setdodk pf,cadss
material in hol dingag vessel 3 .may. al so allow si r@l ifi catislg\g C?,f t he blhendi ng
system BOCERSIRFPEEAYEhRpntNeS ing repiruation e 18- TRPAF GRPIEIH gAc

enbodi mepk; eflatitie1iRe £ Hia) BeTURaERIBh a SERnBES IRE btrbOAURRD E)?élrehf‘le)ﬂ@ &1 thwo
materials, such as a slurry and DI water, nay be blended. In to this

enbodi meptomatésafptyortess thegirecdsahmtearialsoeahbeharartions.e initially stored in
hol di ng vessels. 3. Hol di ng. vessel s.3 may be replaced by. di stribution
Subsystens.;  iiscistEgs ErHtETyELPS) Tehaf PeEhiaioeorineb b dipoe
subsyst eRUsPGEMEI DG Frefc@ably Hhsdiif Berhi-A8ar RS mROsubPRb! QG EEl1ATT14:8 Clcah N
enbodi ments. The process materials may be punped from hol ding vessels 3

t hr ough resmer Regirosdgsion tines hé grefgefesbly wmi fromidispensige mpsestenadpo 9@leanal ves 21
n ray be_used f.0 15 | fhe | f ' osimplify
t he bl enmor%g%‘g}gotnénn@nn'i g’%ﬁ‘%ﬁ’%“ﬁﬁﬁ‘é’ P %Sgétlal\%g a.%g% gr Ieg%é;q%ﬁ%@erggb gtéplgk?tg% at a
const ant Prstkestejuipmiert 60 whayabeeconhedted oanidigg subsysterallwg adloutmyt line 17eft in a

single position or, an orifjce of fixed geonetry y he used to provide a
constant vol uRefaring ppwe FiP et 36 PERTEOUSH daseribdoeachde joglige 14pmaast beow

rate,pf t. 3 ihal -beradj Vj :

Gosi Poa b Re Rl ARSRESIERGH 17 Falflec RRRIGPIAELY ief CobRePLONMIRAEL 41 &

i s mai nt auppdylliae 18 viaceetlen20.vAlsorastpréviofsiyodescided, valve 20 smy alldwiwditali ng
data allqw ng the .volunetric flow rate to be cqpverted to mass flow rate
oy be i RSP TesaRaEp e 14 pRitye P sany Tisg 18 and 50 ta gifle FUEE S Zdens ¢ y
Or a proR@fovt aib@ﬁilng%n oF e Froddss thatQiall G0k WaterSll SHp Ay 1ihe TDERNALHPIE valvRs |

.exanple, a controller 91 may receive a signal fromsensor 92 representing a
density @ mdydbeused éxallovanediiple canmtctions 2% solemateriel supplysiénef 18ovesnling of

mat.erial .b t h i.gnal _and the.k | ypetrie fl ow
Cont o1 o iR R e g prBes: balelnl i@ A e Cust B v s SRR IR h ¢ e
mat eri al shpBRédm baINe ahd iy Gpettdl @hhnt eanyied, Yo dsighefith¥¢allR tfRnY &k hieSuppds W th

sensor 92, sensor_ 93 nmay provide a signal that represents a property that
may al | owr splengidally threnghiay eledronisrastuatipn devies: pisl pro¢asses, tush 9e seraicendustasd

based on o LOLUMGALL Gl hiBlkos Al ) WIRREEGEIL QU LS PaBl EARESS MaLer i al
may vary,” controller 91T nay also receive a sighal froma volunetric flow

met er 94 enailgizedifrogn & paeumastic sounw forsafety and ircld-atd meashtioBasgdsepon the nmass
flowrate in the material supply line, controller 91 nmay control a valve 21

to provide a mass flow rate that, WO 112/09851



-19 PCT/USO1/ 41503 with the mass flow rate of process material in the other
material supply line, provides a desired blend of process materials. In an
al t er nat ewerthoggsaent, for exanple as illustrated in FIG IT/6¥8010393 and
volunetric flow nmeter 94 may be elimnated by providing a sensor 96
downstream of static mixer 22 able to-M8rify that the bl ended process
material is acceptable. For exanple, where a slurry and DI water are

bl ended, a demsidixingteabsystpar L emttertad ugdy Haessi@rmaypcartyhgrobeds enatajal béirectlgd t o

verify that the blended proce terjal is acceptable. .Sensor 96.m
o ovi te. o Gty ESReEMITIRIL 0. DD ol P BEREP LA TH Bogh BTG AR
bl ended gfaﬁP% ﬁltérﬁ{iﬁhg%hbsyktfenﬁ}l?ﬁ@ ;%eﬁam@reatbg% Vaffe 1 ¥ Ressto hiend | ow

.rate of one of process materials wWith valve 21 10 until a signal
r epr esenpositjozedsdonginatetial sipalyHinevidhnfl commetddon ré@reukadiondinaiplte allewear e t he

process materials are a slyrry . and DI water the.density. of the, desired

1 Ur 37 DFSeRAR BrOBFERGHEy o A Cb® promIA 0D HellL 5T BRER ed ¢ o
be too | oy, THREEMBRYEA RRoRsdeseANd mdyfthéd bd £dU6EEEE BRxdrO2DF ok BRrbIE Nwattihe
anount of slurry being added may be 'reduced. In sonme enbodi nents, several

sensors 96y befdetivérea fiom fagility generationtplad §0 immpatemabsipply Bngithl 4 pracess t he

embod me LT oREr B Ry Heae Aty I Eelelt S5 1981 B ek e adw T
ate and td8lifngQWdilated RbcebdiMattiBeihn rRAtOSR SeppIRYiRE 18! Thé dAtled piResd Hattigduce
a desired blend, the overall flowrate is generally not sel ectable.

Accon@li ngiay passiorstatieotiendht b some gmbodingents.iempy begeederprdobaiynatarialenpply to a

hol di ng y.ess 3. Hol di ng vessel 3 cant ai evi.ce 20 sysiemto
prevent U861 Re ke Sl tar A3 Ry Coffiosmab ity P B0tk 6 of SpRbp LIRS, o
agi t at or a5 kdlidanal bastegabRaheEMEn cexiRss]P FloRiletnpreaneidp onddn@tioak prorgsshe
produced and what is needed may be supplied on demand with the remai nder

bei ng di swseripdsthroyshapaariahsupply linge1§ ingch ar embpdimeat, Qleaterprqathst nat er i al

b ' . . . - d
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During stRwingupaterial supyplydines 8 commectedasd a solnkeofiDbivatet agsdsonaid ar ¢ledringray

not be acceptable or needed, the blend may be diverted away froma point of
use or héndMmenteranse pf metsriabsupaly lanesil8e unaccept abl e or unneeded bl end of

process mat er il e r&@sﬁﬁ&%ri%l?t@stgﬁﬂl&e%z ﬁ%nﬁﬁ%ﬁ%fﬁxﬁgﬁ{lﬁ%??@%&b% drain

or other disposal system nay be use n any t he "present
i nvent i omegiieted withe vall ezl . oWhpreqresss mateeinisake beiyg bdding trometetialdupplyrline

unneeded .ynder . sone c¢j rcunst gnce The present .invention will be further
11 ust r at SAOB NG e TF G olba RSP e en AR Felaied PTesREFUBANE SRS TFLSEr at i ve

R xS SIS e e e e e b b . W
desired direction.
Dispensing 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 specify 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



A typical blend process includes the dilution of a high solids,
concentrated silica slurry with DI water. One such comercially avail abl e
slurry i svOl0BABOT SEM SPERSETM 25 slurry, which is a colPCiudl4s0Epensi on
having 25 wt. % solids and a density range of 1.162-1.170 g/m (1.166 0.004
g/m). This sliu-slurry is a typical pd#irshing slung in wafer production
used during the silica oxide |layer, or oxide step, polish. For purposes of
t hi s exaofithe systtre, demnindoinsatias oo ot poctms i20natidd. i Furthemsoipghe nomtudller
(mM/mn) of the blended process materials.. 1 o.Typical polishing processes
Fequi e BBt Ca Forkey SPuial by maenaipine B sl date B e Or “about
1:1. 17 byorkQhtdl® proéssdloutgi@td dbté@ndihd@éndd ane spof pRibIGROUA prodddfc i@ per
-mlliliter (g/m). Variations in the slurry may result fromvariations in

t he manufystenumiaydeakesighed $netbet avenperater may-og physically esmented oy thegmocess

i nconpressi.bl e tfI ui.d tlhe der}gi t% of water used.in th\elxpgr%?luf acturing of the
raw s1 ur FYPHBPSY- pAHFYary whylle process on rqtgsspaterials glay he dapedlisy | ended wi t h
the slurry. Dangpichl piakdis somtfol Byst¥mtifiludds @ phitaidy FPpmpSadilvey, iaviaihahs,e from
techni cal reference publications. One such publication, The Handbook of

Cheni st r gnchimenitpryeg itdhes nTiRe compengnty may play madidple zolgeinsthe gperatieyeofghe

0.99970 to,0.99565 af or water .over_ a t eratyre ran of 50.t0.86 F
(10 to ot oSl il e ol refhp PB Y b6 BBl shistemubfit oy
gener at i g filledRbedsad e Slehiidll siatplicddd MR Saink Prasalie wieabirembt débiceSthdd (18 to
24 C). Accordingly, for purposes of this exanple, the density of D water

wi | | 1be mwsitapthepiesperedrapazassdhadiltgnmay alpeproyidgslaty anthe pbediteprespureyn |
however, ,i Jce, this tenperature could be nonitored to provide an
accur at ethgg)ﬁgéet%%lhéi nce the density of the two conponents may vary,

vol unetric m Pragsdontiot estemsghdisplay sie @dcess praphically biea Maitor, allewingass
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The flow rate of process 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



20 vessel. This slurry was tested and found to have a percent solids of
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(12/09859 - 23 CLAl 1. A blendi ng system conprising: a first nat eri al

fsijppll;ly | bha combinatiom therat cdepanding pi y:mziltnreals Povivedo Beaaso # is typicallameren xer
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posi t i ong@oporaaé a fleasdonGidbvalie bﬁ@ri‘abfe%rea&ﬂiﬁdeh@h&%ﬁﬂ&té&tb@ flah nfetRRhat
lines, a first sensor positioned downstreamof the static m xer, and a

cont r ol | ropewsiest 3 MigppEismal intsgeal diffesensipl (RIDY SEPRL0B Finifay eantrel feedback o
first flfb control devi ce based upon a sensor signal provided by the first
sensor . 22 The bl endi ng systemof claim1l, wherein the first sensor is
sel ect ed f r onit the sgnmmpdmmndmswygsm:raac@iQnmeh;s feen gixpensingibsesdmsd| i ds

ot dat | ol i eeBlF Soiih i GnaBiof BT Pae devs (e h GSRTHARBRTt 15 and
conbi nat ¥@ngay ASTHEPA given blend of process materials. The components of the blend may be
specified through a user interface that may be a SCADA node. Typical processes call for an
abrasive slurry to be diluted with DI water for inter layer dielectric polishing steps. Other
20  typical processes call for an abrasive slurry, oxidizer, and DI water for polishing of metal
layers. These processes may call for a variety of abrasives, oxidizing chemicals, dilutants,
and amounts thereof depending an the process and may change frequently.
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 shurry process material, valve
20 may be actuated to expose water in material supply line 18 to the slurry process material
30 from a recirculation 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 slurry. 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



3. The bl ending systemof claim2, wherein the first sensor is a density
sensor. 4. The blending systemof claim2, wherein the first sensor is a
per cent smbizigyssensor. 20 5. The bl endi ng system of cl ai mPETI/UME#EDH t he
first sensor is a particle counter. 6. The blending systemof claim 2,
wherein the first sensor is a pH sensel6-2s 7. The bl ending systemof claim
2, wherein the first sensor is a oxidation and reduction potential sensor.
8. The bdvpplilig Wyettherclafmicdlgironeds mateeink i Thet fiew tate atay slepeamion the amoefirafct | ve

i ndex sensor.. 30 9. The bl ending systemof claim1, erein the process
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control I&{enﬁ@q@r&\égg&a@ﬁﬂ_nput signal representing a desired blend of
-process nateri als. WO 02/09859 -24 PCT/US01/ 41503 10. The bl endi ng system
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systemof claiml1l |, turther conprising a flow control device connected 15
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from the group consrsting Senso sensor, a
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thereof. 15. JHECHNEAGaEDe censiyeted inany manner that msplts Brgwdiicienignixing o
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constructed so that mixing is gentle enough to not harm the materials being mixed, yet
vigorous enough for thorough mixing. For example, in slurries used for polishing in the
20  semiconductor industry, introduction of high shear rates may create particle growth and may
cause significant micro scratching. Accordingly, for these slurries, static mixer 22 is
preferably constructed in a manner that will result in relatively gentle mixing. A typical
static mixer, such as static mixer including a helical flow disruption element, may be
acceptable in some embodiments.
25 In the embodiment illustrated in FIGS. 5, 6 and 7, static mixer 22 has a 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



WO 02/098S9 - 25 a plurality of material supply lines; PCT/USO1l /41503 a
static m xer positioned downstream of the plurality of material supply

i nes andvblwbelsy connected to the plurality of nmaterial appispi/kisoes; a
process control system conprising a controller, an input device in

comuni cation with the controller to pitdvide an input signal representing a
desired bl end of process nmaterials and a first val ve connected to one of
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conpri si fgyRdRHoonnected to the recirculation line. 20 21. The bl ending
system of ‘claim 18, further conprising a sensor selected fromthe group
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suppl y | Foyesturdy ProcB il kil @ semichiildsrRRBy PletondaP £14dEMBer 26 i5. The
bl endi ng system of claim 24, wherein the sensor is selected fromthe group
consi st i piglasably opeviatediay laye arwigh flovwpratesdhaydhe helicalpatly ef sopprdarseasomixein

oxi dati o : e kO tl e , l.cl.e C er ctive
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connexrt egighifichitenicecicigtthiagl Thoughiie it highly dependent on the process material and the

dimensions and geometry of secondary static mixer 23, a flow rate of about 100-250 ml/min
is appropriate for some conditions. It should be understood that a mixer of the type
described as secondary static mixer 23 may serve as static mixer 22 and that there need not

_ be any secondary static mixer 23.

20 Fluid flow diagrams illustrated in Figs. 6, 7 and 8 generated from basic fluid flow
principles show, with flow lines 37, sufficient agitation throughout static mixer 22 and
secondary static mixer 23 to ensure thorough mixing of process materials.

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 may 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 secondary 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 tested before they are



26. The bl endi ng system of claim 24, wherein the controller conprises logic
code to provide a signal to the first valve based upon a signal provided by
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provide a constant volumetric flow rate of one of the process materials. The flow rate of the
other process material may then be adjusted to provide a desired blend of process materials.
20 Where one of the process materials is maintained at a constant volumetric flow rate,
a sensor 92 providing data allowing the volumetric flow rate to be converted to 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 volumetric 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,



system conprising: a controller, 1 o an input device, wherein the input
device is connected to the controller to provide an input signal

repr esentw@§2/a9sdesi red bl end of process materials, and a PCTEiSOVAIS0e
connected to one of the plurality of material supply lines and to the
controller; holding one or nore of theIBruraIity of process materials in a
hol di ng vessel having 15 an inlet and an outlet; recirculating the one or
nmore of whi the mass| ﬂcwram Obprows snateriad it e othien materiak fupply lee, providese
connect e to % 9 dlﬂ% I inlet and outlet; and diverting a portion
of the off§ige bifHf Ot groce én%Fﬂ?allty of process materials into one of the
plurality of rpdPalieBhatd eiBbdinlehd) €5 afnplehsSBeMALAMAFYE. DRRESGE 68 ah® t he
recirculation line 20 and to the one or nore of the pIurallty of materi al
suppl y | volemetrgAlowmsterddmay b clihiapied BY profiding asensor 96 dewnsticgnyef staia he

T not diosMRAT D e Epace yETaT B0aP el B ek RO TRl i = 0"

wher ei n 4 glairyGull DI wdlertdre blRadet)a dehsitdicterppertdir splidsrsahioryorahe hk@ﬁﬁ?fbe
materials further conprises neasuri a property sel ected fromthe group
consi st i wgdde verityethatths blegded progess awgwr@ﬂ mcfseptabdﬁ O%1sau?e BIRY REVidediuct i on
potenti a X 10f
refracti %ﬁ‘lﬁé‘%)g&l&?%? %g# épgﬁs'gnﬁ;éﬁe% Hﬁiﬁ{m ﬁ@@%&@dﬁé ﬁ%?%%étgﬁﬁe I% urality

of processessatygiconirsller 33 malheljuse tHeoftow fate bboira ¢ prodess inberialsomipt valvegl
separating particulates fromthe recirculation |ine. WO 02/ 119859
PCT/ U0 1¥'12$H!£?(ﬁ$g@1 EEPTesERting:a sRA ot Iachievpdirom deasasiy. Fep eramyp ﬁ@Nle%thf‘eed. ng

of the plueal 'rﬁé‘tﬁ%ls Q{e?ahﬁﬁﬁ/ﬁﬁ&ﬁi h%]e?tlﬁ@ase sify Bf A€ Q8ireBQRIIDI V4R Bnlur t her

conprise CONLTO I'ng rst valve upon a sensor °signa prOV|ded
by a sensnay bdohestt peimm Ifthis densityds detected &rbe toABa9, A&, shﬁ‘ABﬁxa;Abe added

&SZAié&AgquZﬁA 1§ 15%%%%(@3%&&: ﬁE }3&6\ E'arpﬁohr%EofA |l:ul c%g‘gza eé%llzay e reduced In

. A AYE . f\%&a bEQl {den?s%&;efdirsaisws@%sabﬁa}*ﬁ?&& 6dimited @?&sc Ralaabeas sahsrleal cal
ca] caj ca [ ca] ca] ca] ca] ¢"a] ca] c”a] cal] cal] ca] ca U ap*M k<Tv
]txtpstt ﬂlbtc'bhtloller representmg conditions of the blended process materials.

g;]vg;]gg;ﬂ;]cggr;g]}] SSRLSRLOTGS phe B LIRESThERAGR 1AL 3Ph E3lelh FbAaloe] @l

#t #HH S\ SSZRRGANK Lo M’T’he bitiet fshkctess théRd1d ddigsie tenbbdcdlcakiad BlRhEah6 2] ca] ca
] ca] ca] ca] ca] caV] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] cal caLca] ca] c"a] ca] ca] cal ca
] ca] cal ~2va3R floablaB6is ZEMraTy piReotable; diccordingly, such embodiments may provide

in:

O0===; 2
C 21 cajc QEEHJT @ﬁﬁ” &éi’j’“ﬁiy‘lc“é% %@a"f@"]&? ]VS @a]cgl)l%ﬁlé ‘&%ﬁ?kﬁ'@éﬁ%ﬁ g‘k@% ﬁﬂ-l? ?L
|1 J_3d nKoKishtdMAVpAAit setiafyYdr] sepdrandic el tha blea dddmbesh avtatlls; shdadsem] cal cal ca
] ca] ca]ca]ca] ca ca] ca] ca cal ca] ca] ca! OCPPPXQQQRSmTT\/} VWW

%ca]ca cal cal]ca]ca
VIVWAB XXX < SBALANRH %am%q &%ﬁdd%{?‘ée&] migfesial ey pe prediredied) cay) ca
! Npqqf gr +
]sf?&?éﬁ?@éwﬁﬁ%&@]@%?i%@@?bﬁ%@Wltﬁ@&%ﬁ B ARk ca) ool cal ¢
E]40 a]Ag\ a] %ﬂzegfa]tl?aﬂycnﬁiedhiwm]t«:aﬂ ﬂhabthiel' pr]ab]ceﬂ]mﬂ]emi]n%d] teeeddguasaried sowdl; abichy th]at | cal
m [ a}w. mhc” alcalcalc calcalc"alcalc al ca) ca] ca] ca
ca] ca] cafheq ‘@af} Eﬂwaﬂeg’] b‘ﬂa@ ]Péoa‘]eésa‘P ?é{lé]“@%ﬁi?an%%%@]fi ﬁ% gﬁ]‘%\ﬁ‘]%]gﬁi XU] ca] ¢
a] ca]2 aUle ﬁ, U? pya] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca ca] ca ca] cal’™>S %

gCg4<K| wr rrh c ; th]r]ngas]z:ra]lp,an]l (aa]' @d]ec a]‘rmallaia]hia]dcxa]meqesm]na‘a:]lab]ma'U]Qi:b]ec a] ca] ca]

hoK
o) o] ba] PATPARS LG S MR SRk BEHEGER apah poh ShoRceedE A AR oo <
a] ca] ca] (F%l ekdREpIRIHHSE @nacceptable or unneeded blend of process material may be sent to a drain
.K( Fet OBzupkf a\ ca ] ca] ca] ca ca}ica] ca] ca] ca] ca] ca] ca] caU] ca] calca]calca]calc

a] ca] ca] &é]ow@l}esa}sgal}smf dajiied] ete]diwoBRenTammpayLauspd indieg vql gb] W] ca

ea capear PR B R BB e e e AR R B (e T o e ¢

a]SEa/] ca])mha&bmld:@]m]:&&hmhe@s]oﬁ&]cﬁﬁhmaﬂaﬁaa]sca] ca) ca] ca] ca] ca] ca] ca] ca! YY
n +

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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blended process materials.

10 Typical polishing processes require a blend having a shury to DI water ratio of 1:1
by mass or about 1:1.17 by volume, resulting in a final density of about 1.074 grams per
milliliter (g/ml). Variations in the slurry may result from variations in the manufacturing of
the base material. Furthermore, although an incompressible fluid, the density of water used
in the manufacturing of the raw slurry also varies as does the density of the DI water

15  blended with the slurry. Density values of DI water are known and readily available from
technical reference publications. One such publication, The Handbook of Chemistry and
Physics from CRC Press, Inc., states a density range of 0.99970 to 0.99565 g/ml for water
over a temperature range of 50° to 86° F (10° to 30° C). The temperature of the supply of
DI water from a facility generation plant ranges typically ranges from about 65° to 75° F

20 (18°to 24° C). Accordingly, for purposes of this example, the density of DI water will be
assumed to be 0.99821 g/ml (its listed density at 68° F (20° C)), however, in practice, this
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.

In a dynamic 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
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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, knbwn volumetric flow rate and its
temperature was monitored and supplied to a controller that calculated a mass flow rate of
the DI water. The slurry '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
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5 a static mixer fluidly connected downstream of the first and the second material
supply lines; and
a process control system comprising a first flow control device positioned on at least
one of the first and the second material supply lines, a first sensor positioned downstream of

the static mixer, and a controller comprising logic code to provide a control signal to the

10  first flow control device based upon a sensor signal provided by the first sensor.

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,

15 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.
20

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.
25 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.
30 9. The blending system of claim 1, wherein the process control system further

comprises an input device connected to the controller to provide an input signal representing

a desired blend of process materials.
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a second flow control device fluidly connected to the recirculation line and to one of
the first and the second material supply lines.
10
12.  The blending system of claim 11, wherein the second flow control device is the same

flow control device as the first flow control device.

13.  The blending system of claim 11, further comprising a flow control device connected

15  to the recirculation line.

14,  The blending system of claim 11, 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
20  conductivity sensor, a oxidation and reduction potential sensor, a refractive index sensor,

and combinations thereof.

15.  The blending system of claim 11, further comprising a semiconductor manufacturing
tool fluidly connected downstream of the static mixer.

25
16.  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.

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

connected downstream of the static mixer.

18. A blending system, comprising:
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materials and a first valve connected to one of the plurality of material supply lines and to
the controller; and
a dispensing subsystem, comprising a holding vessel having an inlet and an outlet, a
recirculation line fluidly connected to the inlet and the outlet and a second valve fluidly
10  connected to the recirculation line and to one of the plurality of material supply lines such
that material from the recirculation line may be selectively diverted to the material supply

line.

19.  The blending system of claim 18, wherein the second valve is the same valve as the

15  first valve.

20.  The blending system of claim 18, further comprising a pump connected to the

recirculation line.

20 21.  The blending system of claim 18, 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.

25 22.  The blending system of claim 18, further comprising a particle separator positioned
on one of the first material supply line, the second material supply line and the recirculation

line.

23, The blending system of claim 18, wherein the first valve comprises a plurality of

30  valves each connected to one of the plurality of material supply lines and the controller.
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sensor, and combinations thereof, and is connected to the recirculation line.

5
26.  The blending system of claim 24, wherein the controller comprises logic code to
provide a signal to the first valve based upon a signal provided by the sensor.
27. A method of supplying blended process materials, comprising:
10 supplying a first process material through a first of material supply line;

supplying a second process material through a second of material supply line;
blending the first and the second process materials in a static mixer fluidly connected
downstream of the first and the second material supply lines; and
regulating the supply of one of the first and the second process materials with a first
15 valve positioned on one of the first and the second material supply lines based upon a sensor

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

28.  The method of supplying blended process materials of claim 27, wherein the sensor
provides a sensor signal corresponding to a property selected from of a group consisting of a
20  density, a percent solids, a particle count, a pH, a conductivity, an oxidation and reduction

potential, a refractive index of the blended process material, and combinations thereof.

29.  The method of supplying blended process materials of claim 27, further comprising
receiving an input signal representing a desired blend of process materials from an input

25  device connected to the controller.

30.  The method of supplying blended process materials of claim 27, further comprising:
holding one of the first and the second process materials in a holding vessel having
an inlet and an outlet;
30 recirculating the one of the first and the second process materials in a recirculation
line connected to the holding vessel inlet and outlet; and
diverting at least a portion of the one of the first and the second process materials
into one 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.
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31. A method of supplying blended process materials, comprising;:
supplying a plurality of process materials through a plurality of material supply
lines;
5 blending the plurality of process materials in a static mixer positioned downstream
of the plurality of material supply lines;
regulating the supply of the plurality of process materials with a process control
system comprising;
a controller,
10 an input device, wherein the input device is connected to the controller to
provide an input signal representing a desired blend of process materials, and
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
15 aninlet 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

20 and to the one or more of the plurality of material supply lines.
32. The method of claim 31, wherein the first valve is the same as the second valve.

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

25 materials.

34.  The method of claim 31, 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
30 number of particles, an index of refraction, and combinations thereof, of the one or more of

the plurality of process materials.

35. The method of claim 31, further comprising separating particulates from the

recirculation line,
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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.



