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CONTROL AND M XI NG CHEM CAL AND SLURRY FOR CMP/ CLEANI NG SYSTEM 5 by

| nvent or swoxaperseham Tuan Nguyen, Vien Quach, and Ren Zmraa/uSBAQSEROUND OF
THE INVENTION 1. Field of the Invention 10 [1] The present invention

rel ates generally to sem conductor wafer planarizing, and nore
particularly, to nethods and systens for controlling and m xi ng chem cal s
for a chem cal mechanical planarizing process. 2. Description of the

Rel ated Art 15 [2] In the fabrication of sem conductor devices, there is a

need to performa variety of substraterre aration and fabrication
oper at i on$ 'Y AN H@HE‘?\%P AT AeCRBHTEEA N%ﬁ%%WHXHWC}‘FW)L 2HpetEtivons,
subst r at e "¢F EY¥HFH: %™t e polishing and buffing, substrate rinsing and

drying, and other simlar operations. Planarization, polishing, and
cl eaning operations are routinely perfornmed on sem conductor wafers at
vari dus stages in the fabricationZBH@€@§§: 20 Typically, such operations

are efficiently conbikpag pMabMTibnNRGES Vi Fla6Bnd Ret ZRGw configured, for
exanple, to receive batches of wafers at a tine to be processed through

CWP,  polishing, buffing, BalGkGROUND OFTHMENVENTION drying, followed by

waf er processing through subsequent wafer fabrication operations. [3]
Typically the chem cals required for such a CVMP processes are prepared in a

batch 25 prpgRSs thyfiveitio?0 such as shown in Figure 1. Figure 1 is a
schematic diagramof a prior art systemfor mxing chemcals for a CW

Pr 0GESS (1A fﬁ‘ﬁﬁsﬁri%g?ﬁb&ﬁllon 1‘(9%6% %en@faﬂ*!j' ﬁ%ehﬁboﬁdﬁ&&%afexﬁﬁlﬂﬁhﬁn 3l e and a

second éﬂenlca I's store a second supply tank 104. en a batch of
the fir purtiawlatlys ec arethodh enil cpdtansl &t contedling andninjeael chemdcale §5ercehepicak uppl y
val ves 106 .1ﬂ§ ar.e. oBengg and a sel ected amount of the first and second
cheni caPEHF L IYSLPEPEG Pt ansferred to the batch mxing tank 110. The
first and second chemi cals 101, 103 are then mxed in the batch-m xi ng
tank 110. Typically the m xed batch is tested through manual processes

chem cate. 1omepgnpb Rt BRR e Rrson asas 2 o o e
15 [2] In the fabrication of semiconductor devices, there is a need to perform a variety of
substrate preparation and fabrication operations including chemical mechanical planarization
(CMP) operations, substrate cleaning, substrate polishing and buffing, substrate rinsing and
drying, and other similar operations. Planarization, polishing, and cleaning operations are
routinely performed on semiconductor wafers at various stages in the fabrication process.
20  Typically, such operations are efficiently combined within process systems that are
configured, for example, to receive batches of wafers at a time to be processed through CMP,
polishing, buffing, cleaning, rinsing, and/or drying, followed by wafer processing through

subsequent wafer fabrication operations.

[3] Typically the chemicals required for such a CMP processes are prepared in a batch
25  process system 100 such as shown in Figure 1. Figure 1 is a schematic diagram of a prior art
system for mixing chemicals for a CMP process. A first chemical 101 is stored in a first
supply tank 102 and a second chemical 103 is stored in a second supply tank 104. When a
batch of the first and second chemicals 101, 103, is mixed, the respective supply valves 106,
108 are opened and a selected amount of the first and second chemicals 101, 103 are
30 transferred to the batch mixing tank 110. The first and second chemicals 101, 103 are then
mixed in the batch-mixing tank 110. Typically the mixed batch is tested through manual

processes such as weighing the respective quantities of the first and second chemicals 101,



103 that are added to the batch m xing tank 110. Once the m xed batch of
the chemcals is fully prepared and ready to be used, the batch supply
val ve 120wol3opsred and the batch- m xing tank 110 is pre®sarisapdiss®d cause
the m xture 123 to flow to a delivery tank 122. The delivery tank 122 can
then be pressurized to deliver the mpxture 123 to a m xture distribution 5
mani fold 124. The manifold 124 distributes the mxture to nmultiple points

of use 130, .13 4. t - 0Qi ft110f fhe EBEmicdI3® 140
Fespoct 1oy FEatied i e A URIB IR G, O g R L Ve el
di f f er efully GMpared omd ssady aolbe ased)ithd baten surphrealveo i) isi apieied andstha drish- CvP

process tool. [4] One of.t roblens._ with.the batc S 100
descri bB&R Ulgll%‘stﬂﬁeéfurgf(?g’n‘%uieotlh? Hléxqﬁex]{}attoeﬁi‘ﬁgo ggﬁﬁ)‘%%f%ﬁ%é%sg for a
li mi t edydiivB® thRa 120Gan fRh beyaRdkiesd Bfdekver tienhixmueri 230vR mixsurt tistribetieri r e t he
m xture be used within the first sixty m nutes alf.ter t he 'xg e3 23 is
{or ribd AN Lkt The monifokdy L2 RribYies IRPHBIRFG TTHHPE PO, e ddb 16

reactividy t&&%m%glg}oﬁwsgp%l%@#gr%%gg83 mm&%&hﬁi Eacebf @6 psineyTEN t0 the

slurry-type ¢ use process. 5] Another problemwth
t he bat t39, p32)d84 sanggmresent 4 different €MEtprodess tpeber diffsrendipcatipps wWithin & singlsf er r ed
to each B@J nt of yse 130, 132, 134 via a distribution system(e.g., the
mani f ol § ?i?cesstﬁ%'respecti ve point of use supply valves 136, 138, 140 and

i nt ercoppectin L ping). When h b ] r : kLEesS or is
no IongE‘:f neé%eg%&hgﬂlgg%%iwl &F E%r&ll Brt?? %Sg Eysg{/%ﬁétfr}ﬁi&n%ﬁse? %8991‘218 Iﬂf{fl BPFIES hed and
cl eamedinsGnikhad 1237R4 brily BS uedd fohe lipfied itimespeyioex For exhnigde, aiftenicoptiotun?0

cont am nat e successive batch m xtures.. Further, .the r.ennini.n i.xt.ure 123
cont ai nEME Tgsylisgequip dermintveg beuse é"ftglﬁlﬂbee’léﬁ%’gy 3“%%%@%&%6‘%@”‘[%?5 nust be

di spos emg%mhg BatbiSmbGtNtankt VRS, FTIRiItRRY liARCmAY R GRltd YeaBkpENSieanixfhd Yet

anot her problemwth the batch process system 100 is that often the m xture
123 is 12apnddots cgaguigtion effents remme jteiithe slpirymashenicplopsed g dee (Ml ) .
Because _the m xture 123 is 25 hazardous, the pressurized batch m xing tank
110 and? @& very tank 122 nust be very closely monitored and control | ed.

F he, bat ch- . xi ' beal |
U A BCT 1 1€ ARGAG s M, U AL audid BroBRY oARerd YU ¥ thAMe u( 193 hikPbeal | ¥

dou rovi de a et Yy cont al nnent aze}r dous m xture
123.  Thenskafed iy eack goint efmal 30, 332,984 vianglisuiutipn exstear (2 .ne mefeld 134es of the

hazardoys m xture 123_ increase . th | exiti.es of t b Ss

syst em SEGeRReVEROIE §E pse WB&eVFB'F%?%fgggg’a @handé%erﬁ?rbngggnsg @b@?)emgﬁ is more
expensi ¥gnaagh! @98 melnirab® ckfiRs of @out Toager nkdded Tipientat |djstiiutiobagstdm pr ocess
system 100 l))/l el ds i nconsi stent batches ,beca%use one nga:t ch s H?E’ES’ exactly
the sanmtuaisbeafudy Hlshed and i¢leangdosontbptamnTities A dhBrerPsty eXtrd aich 8 st ent

CM 20 contaminate successive batch mixtures. Further, the remaining mixture 123 contained in the
distribution system becomes a waste product that must be disposed of which is both

inefficient and typically expensive.

[6] Yet another problem with thé batch process system 100 is that often the mixture 123 is
hazardous (e.g., caustic, acidic, flammable, poisonous, etc.). Because the mixture 123 is
25  hazardous, the pressurized batch mixing tank 110 and delivery tank 122 must be very closely
monitored and controlled. Further, the batch-mixing tank 110 and delivery tank 122 are
typically double walled to provide added safety containment of the hazardous mixture 123.
The safety requirements of storing and pressurizing quantities of the hazardous mixture 123
increase the complexities of the batch process system 100 and the cost. Therefore the batch

30 process system 100 is more expensive and less reliable than required.

71 Typically the batch process system 100 yields inconsistent batches because one batch

is not exactly the same as another batch. Inconsistent batches often cause inconsistent CMP



WO 03/ 071369 PCT/ US02/ 41533 3 process results. The batches may be

i nconsi stent because the neasurenents, such as the respective anobunts of

t he firstwendosseond chem cals 101, 103, are different frecrase2sszh to
anot her or because one batch has aged | onger before use than another batch.
[81 Simlarly, the batch process sysfem 100 does not produce a continuous
and consistent 5 mxture. This is because typical mxture control is in

t he batch mxi oc in the . M X b GEeHt feihll Xt ure
123 i s PESFHI W@'ﬂ%i ﬁhfehgaﬁ%f Wy%exllg%n%{gtgﬁﬂbé{c%#tthgﬁ% . typeingggl l'y I's no further
MONi t Ol aluB6iith BOtht Grsd Bidesesdndehérhical @0 1yilRY uredifferentdrane ene ptchjecones

too aged or contam nated. As a esulat i f hihe n%ﬁ%%re 123 becones

i ncor r @oethendydpcapsronebpich hasaged Longes hpfgregise fhap an Miorrect. 10 [91

Anot her problem w th nost batch-type mi Xi n{g sgstems i.ns thatd anqL{gnqti ty of

t he mi X8Lr e Simikaly; @e&ﬂ'@bﬂ‘@ﬁﬁs!sﬁ"%\}% ESGP RA ucq AR YOI i xt ur e
123.5 11 40k :’P is iSsEeiMe tt}ti')gcfal 6k cEntfe? B inShdBdtcRBERCbr&sgin, the batcHEMP

process IS delayed untrl ter the mxture 123 is too L aged), then the
ent i r e mixidgunek 1038 ns¢ theemitiuze 423 édcambinediasthe baich mjxing tank; HOheEits in

excessive waste ich i. th, ik i Si.end ' eXReRsdnye. 15 [101
In vi evWR}'Fgl\g'Hén‘? g%’ﬁ%ﬁllﬂrél,or@%g?tees‘?@tfg &h{gggﬁl? or %Mrryg{rugqge%%eci ent, accurate
del i vergyo syt @Mont@itabd. QR ridyiithe sixtBtdVIAR¥c@Res TrHReM)/ERT HeNCYE1 1

Broadl y speaking, the present invention fills these needs by providing a
poi nt desulis gould RlspPeCame Ry systemin a chenical nechanical planarization

system |t should be 20 appreciated that the present inv i n be
i mplemefll ed W@?HH@PB&W%VQS}%FW&'WB FH’@‘H%?SE?HE rl%t‘g%tsasc!uarét%y §g%§3§’f&d% a
systemgoj %ﬁfedriﬁaa‘dl@‘s}lc@ JIBEH Fotud medd OLWMHeCAIxtuDE2S.aAllf foreantréasen the

enbodi ment's "of the present invention are descri hed ba}l}eow. wg%f% A chem cal
mechani moaturp [ 2hismot aeederh(essys ShesrMP spagerais delaysdivatl Fier fegnix 4F 9% xi ng
system The point of ' ] i VRt L0040 ploadas Pnif kdselts @nd a
second i he 4}? r g{lml{ggmgagﬂaﬁ@gc%gn S%?%e\?v a?eaﬁg;g%t?%a m xer and a

cont r ol ¢@essivER@stt] wisith j3both imefcient andiypicallyouspenstvet o a first chemical supply
and the first flow sensor coupled to the output of the first punp. The
secpnd @O Hagewast the pitégobrpyihkreds & ol forcmot effidertcasturstggpliverasigiehe second
fl ow sensor coupled to the output of the second punp. The m xer has inputs
coupl edoftBe ENE GEKES- of the first and second flow sensors. The control | er

is configured to receive si YorriRgnveNgiog0 and second fl ow sensors
and to produce control sig e 11rst and second punps and the

[11] Broadly speaking, the present invention fills these needs by providing a point of use
chemical mixing system in a chemical mechanical planarization system. It should be
20  appreciated that the present invention can be implemented in numerous ways, including as a
process, an apparatus, a system, computer readable media, or a device. Several inventive

embodiments of the present invention are described below.

[12] A chemical mechanical planarization system includes a point of use chemical mixing
system. The point of use chemical mixing system includes a first and a second pump, a first
75  and a second flow sensor, a mixer and a controller. The first pump has an input coupled to a
first chemical supply and the first flow sensor coupled to the output of the first pump. The
second pump has an input coupled to a second chemical supply and the second flow sensor
coupled to the output of the second pump. The mixer has inputs coupled to the output of the
first and second flow sensors. The controller is configured to receive signals from the first
30  and second flow sensors and to produce control signals for the first and second pumps and the
mixer. The controller is further configured to cause a mixture of the first and second

chemicals upon a demand from the CMP process.



m xer. The controller is further configured to cause a m xture of the first
and second chem cals upon a demand fromthe CMP process. WO 03/071369

PCT/ US02/vw033871349 [ 13] A nmethod of m xing two or nore chemcCtaiss2/4B83 a CVP
systemincludes punping a first and a second chemcal to a point of use.
Mnitoring a flowrate of the first jchemcal from a first punp and
nonitoring a flowrate of the second chem cal froma second punp.

Control ling the f of. the first . £r upon
demand H3r érﬁ?tk‘?‘tf’gml’%n% ¢ He mf”fercs?rgle?ngqgge]%o g %Fee?ﬁl glgueésopd&}%pg%g)t(tl ng the
M Xt ur gir§t@nd HecEARNBMRBED S pofnt 61 ust annﬂaormmcﬁhwmtetqf thehfgrstfdhemicalffranhe fir st
and the second chem cal s |nt§ t he mt)<§l aC ntroi< %91 ch(é@olhgoﬂﬁ%to an
aspect aofirst Rampr sgd UPENICEES 2 H0Y 1B ¢ Else%qn gm}ﬁa ure”or ensity of
the mxiyr, hn%&é]ﬂow'bﬁﬁheﬁﬁtrg]ﬁg%dﬁﬁdléhenﬁ&& ifforaghixa@ngos deramnd fumpixtirecl ude a

t ubephramtyp M xi ng the CVWP chem cals, upon demand, at the
poi it aff thefstredisrces Qbamtcelsaﬁhlltpuﬁmé\?hw%ﬁoéh%@w&?“éssand consi st ent

chemi cal m xtures. A point of use m xing systemalso _allow constant

f eedbadii4lanth aenémigidimdnttthe floivxifiiee Proeelse smond chagricals miq b mygerdf s o

reduces t and..conpl exi t e Fing nfetuR)os b ABmsity [ 17]
Poi nt d:l‘m%‘g%dﬁf‘i?fc%g | 28R eﬁ%@g%ﬁl\llxvg%r %clg%%g?ﬁ%ﬂ?l all'y elim nat ﬁl]g
m xt ur e ap'RisHeed 15 before being requi red and by reducing the size of the

distribution systemfor the mxtures. [18] O her aspects and advantages of

t he i nvigsit i aod dnibobREATEncARFANE Bicodd mmts fueclude @l thlwphiag-toipg mintpe d
description, taken in conjunction with the acconpanyi ng draw ngs,

i st rggy niMlt? Wﬁ<¥ CiP RK@niels, dpee dafriaﬂd;lanltm pmflt phese redeses iveste aBRI EF
DESCRI F]TIO\I OF HE DRAW NGS 20 [19] t@; i nyention Wl|t| %F readily
eis.p cm also.

under stmoddésymerhacaustiq MCRQSIﬂ@ttaPW Qﬂﬁ“t F BRI TOA Wi th t he

acconpagyl.n g rg{aﬂy\fegﬁﬁ k Qrilﬂ:ohfrgleof KRl Rk B8 pRocBst PO 5 R IhigidghBo kddkees
struct ural el enent f Figure 1 is a schematic diagramof a prior art

system cfo@tranmcumplgxwmwrmmrstﬂfb@whallwsysﬁﬂ@cess 25 [21] Figure 2Ais a
pi ping and instrumentation diagram (P& D) of a point of use m Xin system
usi ng te) clreitofhs miningetso Ifdfbln@@Vaﬁﬁetbﬁ suelpeantiphoRiHaFing X PEee PIRBENt

U e bt R o g g e
'na pO{lg]t O(;thgrs gsp[encté(la?lg Sd)(fgrtltggr@s 2(% 1n9691?8ﬁ %’ﬁcgecome apparent from the
following detailed description, taken in conjunction with the accompanying drawings,
illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

20 [19] The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like
structural elements.

[20] Figure 1 is a schematic diagram of a prior art system for mixing chemicals for a CMP
process.

25 [21] Figure 2A is a piping and instrumentation diagram (P&ID) of a point of use mixing

system using two chemicals in accordance with one embodiment of the present invention.

[22] Figure 2B is a flowchart diagram that illustrates the method operations performed in
controlling the flow of the first chemical in a point of use mixing system 200 in accordance

with one embodiment of the present invention.



wi th one enbodi nent of the present invention. WO 03/071369 PCT/ US02/ 41533
5[23] Figure 2Cis a flowhart diagramthat illustrates the nethod

oper ati orwopanfosed in controlling the flow of the first®PCcthsnt/esEB3in a
poi nt of use m xing systemin accordance with one enbodi nent of the
present invention. [24] Figure 2D issa flowhart diagramthat illustrates
the nmet hod operations performed in 5 controlling the flow of the second

chem c in oint of u 1: X] j oM ignbodi ment
of 1 ho 7o SR 206 O p Jhitt un TS B g ERCAARE o jeitoli® 8

pr opor tdogfdling ih8tfeer ¢flthe it theatidal & £ PHil) ofwon mixihs system woeeerdance wéht he fl ow
of the first chemcal 101 i.n a.point of use m xing systemin accordance

wi th or@eé%%mﬁ%trﬂf%tﬁfpr SHY BBt i nvention. 10 [26] Figure 3 is a piping
and instrunmentation di agram (P& D). of. a m xer usi t chem cal.s in
accor ddtk igue dRds & fpyaharetiteran ﬂﬂai’iéu‘BF@gseﬁf Weﬁp@%}pﬂ\%ﬁ?ns[ ?dglﬁr e 4A

11 ust r&h&élnﬁ% BRURRW oPHEReARA chémBAGATORMa e Wsd thifing spddodh aebidaak t he
present 1nvention. [28] Figures 4B and 4C show cross-sections of the

conpr eswitlobre embloflimgniaf theyresanigavanfioh 15 shown in Figure 4A. [29] Figure 4D
shows a cross-section of the conpressible tubing at the B section shown in
Fi gure 28] [Bfie IE gurHodkRlisgrowof famraportional; intagrabasrinaivg 4B GAtEYS Mhen t he
particles ate conpressed e ' : ' [ 31]

B gur o AP HRACOLY 0 ShoiEH 10Ddn UG ik rfink dncrl b Ritorcaite

enbodi Mgl of enitd@iment €3k presentievenitiom. [32] Figure 6 is a piping and
instrunmentation diagram (P& D) of a point of use mxing systemusing three
cheqg cajzg] armdgae B3l 14SHipitng yed emtrimesationr diagrae (RSN) ofie etso disipgnivoof t he
present invention. 25 DETAI LED, DESCRI PTI ON O:.THEt. EXEMPLARY EMBODI MENTS
[33] Seshepigelsdn aseprdanss vahyaaembpdigepif e PISEIHRSM M chani cal pl anari zati on
system including a point of use chemical mxing systemwll now.be

descri b2d]l |Higue %{L\ iBstiatss £ OREY PYP gﬂ@é‘ba@%dﬁ?cgg”@%m?%gn%ordfm%%é’fﬂfehe

pr esentplje&%ﬁ;,'n(&an_rray be practiced without sone or all of the specific
detail s"set torth herein.

[28] Figures 4B and 4C show cross-sections of the compressible tubing at the A section

15  shown in Figure 4A.
[29] Figure 4D shows a cross-section of the compressible tubing at the B section shown in
Figure 4A.

[30] Figure 4E shows particles that can be aggregated when the particles are compressed
between the sidewalls of the tubing.

20 [31] Figure 5 illustrates a tubephram type pump in accordance with one embodiment of the
present invention.
[32] Figure 6 is a piping and instrumentation diagram (P&ID) of a point of use mixing
system using three chemicals and a flushing system in accordance with one embodiment of the

present invention.

25 DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[33] Several exemplary embodiments for a chemical mechanical planarization system
including a point of use chemical mixing system will now be described. It will be apparent to
those skilled in the art that the present invention may be practiced without some or all of the

specific details set forth herein.



WD 03/ 071369 PCT/ US02/ 41533 6 [341 Point of use m xing CVP chem cals can
result in nore efficient use of the chemcals and reduce the waste

product s Woab/oaseexcess m xture in a mxture distributi onPEYAiSeM BG83 excess
bat ch-prepared m xture. In addition a point-of use m xture system can
provide a continuous flow of the m»ure. If the mxture is also
continuously monitored, a feedback 5 control |oop can also be established

t o mai n{3]n Poinpsfense aisih@ CMPTEhetnida. cah 3&kilt il SlefeCefBAehtSus@ oPihRichEmaN¢
i nstrunen ctatl on d ram (P& D) of a point of use mxing system 200 using

two cheARdERducs Pi‘e (SrRISSHCES W’}t‘ 45 S¥RESBEHE i @t miture N@tlpiwélgeﬁyswrmvent i on.
Al t hougbxdeb0bdteh-prépdréd HSLHRL ef ﬁldﬁtm apgﬁm &alllse 'ﬂ}re Q st«gg %ar? 2)6 VB0, the

system and processes described bel ow tan al so ext r'ee or nore
cheni caFentinpoisi ﬂ@t ot the miighire. 1 1the gixtukOs ako aoritmususl)s onityred, e fpedbatk t achi

slurey slurr is stored in a first supply
tan kg 105&{%5%9@ %’ﬁotg%g%?ilfsm_’l‘%él%%aﬁgﬁmgg%)éfo ﬁaﬁtéﬂlxgdé? er (DI water) or a
second ur r che ca e fi rst chemical, is
st or ed P%ha s1 9 ltsqp‘%ongtankns%?tgﬁnggé"r%nm&@é’ 7 BO&H OF PoE Mg des a
sever al sysmnpmo)emmg t\m alienﬁl:a)ls infa€cordansd wih BnS@danent DEME k&t HdntichO3-

Speci fi E‘a}/ JL of use mxer includes a first supply valve 212 is
15 di spgg ehdvigtie t1 tr?tF?%fW%ﬁf?BP‘&?l PRIRKOT YD Systean, dlre syatpmtandfpmessmr st punp
214. And@britidtbeRiv dah Qlso ol leftendd T tigdor! rﬁorg Chlids T R fﬁ% 1&8&9%&1 1 il 1 7S¢

fl ow sensor. 216. An output of the first flow sensor I'S coup ed to a
firdQ i#pufiest sugy -8 eHitzcho Slumé’ébﬂﬁdo@,ijpﬁp(btber\saitabée g8ay) is sthreinsefist bet ween

the secgng hop t 4 t .of S 34. An out put of

t he seéglgga punpw23%r§|égéng00hgﬂa%éﬁg%§ g{%ﬁlaﬁ%u oniz (Fga e&é@ﬁgg?ei%o% as%eﬁ%%f: 236. An

out put Hrry bleotlma;b(micﬂ@o bé madem&nhe ﬂ&ﬁcheﬁuc:ad;upbteﬁdﬁ@aaeo‘aﬁ&ﬁipﬁlyltﬁl&m to the
20 i.s coup rocess tool

m xer 212& K‘% P 1r%1% l(fe T nsgt iXct t

250. A cont’t SPIER PAIIE 2 0SRUPTE &SPVl SopPaRsnisdhatia fp‘? §fs seceidic ond
suppl y chamitab, 102,11203 SPpecifitly, fhelpbint BNGkeSHGA HCIRMRSS i dhppld Itve DS s | TSt and
seﬁ]gsndzél ow . sensors 216, 236 and the m xer 220. Re first and second

sposesbetwecy the st supRly frarks 162 Wdr%klnﬂﬁ@f%ﬁrﬁbn@npé%s&n eutp@®fitlegul at or s

217, 23fst puRgPert i \égﬁp\led tBN8 iR OB K Bst o §6 211&; ’ou&)%z 81r £ 510 dampen
the normal pressure fluctuations cause Irst secon B’urrp 214,
234. Thsén%’ng @is coppled Wea ﬁﬁSk@PutZtQ© ngiRer 2@03@ sen@idwdgpla valva 28Dis digposddr t hat

can be lﬁhfé“eh%&?a'& Sﬁl{b control | er 240. he first a c{_ﬁsecond
supply valves 217 S%gbll an ltOg'nattl)@%I"Ilput f%éeé’anﬂi/awa Wﬁ[i“t\&? out a
contr ol Seq:qmpiummpﬁé4 fsi qosplechta)chnsmmm ofka mjmﬂ owhyte 238.12n 02 dt ol REgranat i cal |y
30 fol l; L Yoo 35{3 ves increase the safety of the control of the
firdh an n(s:%r:,?g i couple oa second input to the mixer 220. An output of the mixer 220 is

coupled to the CMP process tool 250. A controller 240 is electrically coupled to the first and

second supply valves, 212, 232, the first and second pumps 214, 234, the first and second flow

sensors 216, 236 and the mixer 220.

[36] The first and second pumps 2‘14, 234 can also include a first and second pressure
25  regulators 217, 237, respectively. The pressure regulators 217, 237 reduce or dampen the
normal pressure fluctuations caused by the first and second pumps 214, 234. The output of
the mixer 220 can also include a monitor sensor that can be electrically coupled to the
controller 240. The first and second supply valves 212, 232 can be normally closed valves so
that without a control input the first and second supply valves 212, 232 are automatically

30 closed. Normally closed valves increase the safety of the control of the first and second

chemicals 101, 103, respectively.



chem cal s 101, 103, respectively. WO 03/071369 PCT/US02/41533 7 [37] In
operation, the controller 240 opens the first supply valve 212 and

acti vat eswDhg/0fi3sst punp 214 so that the first punp 214 ean/uwpawsshe first
chem cal toward the m xer 220. The first flow sensor 216 then detects the
flowrate of the first chemcal 101 #toward the m xer 220 and outputs the
detected flowrate to the controller 240. The controller then uses the

det ect 5 flow rate, o i r fal Siitvaeall sk t he flow
rate oiﬁt]he{“f(fpregayo%ﬁlé%potggrw%%@ ﬁgéﬁs eeglﬁlrﬁ%%lb@ yg\?vﬁrgg?ze??d[lwl Si mul t aneous! y

wi th t hempions ko ehethedast pitip 214 omi dgwithe first temidak tawapbthe miker 228 Jie

chem cal 103 is al unped into the pjxer .a ihhgd Tl ow
Fate ¢ rodgn eher 2LCeBHIEpT ovars ol D s Hheteddll e e pts an0t |
second f ew;i@t@ AEQetedRB ot st &S thie CehtyolleABI0T Mihe dexstiolledthth oses thetdsteofedt he fir st
chem cal 101 and the desired flow rate, of t?lg secoF&e chem cal 1%3 are
conbi ndlowi rtetohtained fom frsiflavpsensos die o adingbibr flay tap of the Sr5t Rl ie W&, 220,
[391 T esir%grhto(voljﬁéeer 240 forns a closed | oop control systemof the flowrate
of the FYT°St ° chem cal 101 by neasuring the flow rate through the first
flow sepsor 216 oS iU AP] § nli@ T20NThe2ddonto

mai nt aﬁ#’ﬁt h 1@3%%2&3%?%%&%62%5{ gl‘Fen;[u%gqﬁ ?lg?ﬁic%ﬁg%‘l t_gal 101. 15 Sim larly, the
cont r olchenicR4M3f Brale mnpedsEd thomixes ohe contrallpd desirest flowaate| tiprgihthe of "t he
second chem cal 103 hy _neasurin I fl ow
sensor S99B¢ S"ﬂ??iy E%Het ‘?’%r fbg rsecoﬁgl@mgﬁ tég %1%1 @évts éscg{l(ﬁg&g S%?‘n%g@ %é%%ﬁg?gt he
seciond TRsiZAA bR BRI oft b Mirfthehemial 1@d afid dw deaired flow tateeolsthe paebnéheni cal

103. By mamintaining a known flow rate of the first and secon hem cal s
101, 1GBemiselol08gee Gembiied Ipihe MRS 24 I REQ C‘B?S‘fs‘ﬂf 5818%“159%315@01%%2? |6'ons of the

first and 20 second chem cals 101, 103 ¢ be conti nuousl i i ned.

[ 401 Fil3%r e The controller P4RETRS 12 APsseronm ‘E%ESF fﬂsieﬁls?f?%ﬁ’ 3@"’% ﬁ‘éé/?r@ﬁg{d&

oper ati @ns; ' Rbhd@e tiRe flolvosehdf 21 biend adjeting teni cal in
a poi ntc(ﬁg 1c§§1201ﬁ1&{(1|§1%[gs S stthéegoggg&it%{)agccosdlance w th one errtj)qdlilqﬁnt of the

pr esentpumpitendpeehof the papp2id komaingd the esired flow rairerfi tha first ghenpeal 18knped to

t he point .of uyse m xin st f } Fasd ofGheddb &Gl 101 i s
25 niélwlé’ay’ilﬁ?{: ‘if%k?lgetri%@%%%g]cﬂoggﬁﬁér(g%ﬂltrgn glg,Of{tﬁk%gle“}e%on% chemi cal 103 is
punped dhemidiB130byheas@ingtae flow xita threygbttnsecdivefldw sensorB6. dhe egndroleicond
chemcal 103 is nonitored in ation 256, .10 _oper.ation..257 flow of
the fi r240 theppdistsdAYPEPRIRS ??ﬁ?cggff © peendupIn 234, Mg It)}*el dél%l?eﬁaf}:oéxglr%m ng to
demand §0f . thenli chbMicgl 0d3.t BO hiifitiiningnd ké@eo fidwchend ek Sfirdi0dnd $oGd | n

operation 258, the mxture IS output to be ysed such as in a Clt\/P rocess.
g chemicals 101, 103 into the mixer 220, thepmixture of t%c Hes(iered proportions of[}he firgt and’

—

20 second chemicals 101, 103 can be continuously maintained.

[40] Figure 2B is a flowchart diagram that illustrates the method operations 252 performed
in controlling the flow of the first chemical in a point of use mixing system 200 in accordance
with one embodiment of the present invention. In operation 253, the first chemical 101 is
pumped to the point of use mixing system. The flow rate of the first chemical 101 is
25  monitored in operation 254. In operation 255, the second chemical 103 is pumped to the point
of use mixing system. The flow rate of the second chemical 103 is monitored in operation
256. In operation 257 the flow of the first and second chemicals to the mixer are controlled
according to demand for the mixture of the first and second chemicals 101, 103. In operation

258, the mixture is output to be used such as in a CMP process.

30 [41] Figure 2C is a flowchart diagram that illustrates the method operations performed in
controlling the flow of the first chemical in a point of use mixing system 200 in accordance

with one embodiment of the present invention. Figure 2D is a flowchart diagram that



30 [411 Figure 2Cis a flowhart diagramthat illustrates the nmethod
operations perforned in controlling the flow of the first chemcal in a
poi nt of wee3ni®sbng system 200 in accordance w th one emnpodiusens1sed t he
present invention. Figure 2D is a flowhart diagramthat WO 03/071369

PCT/ US02/ 41533 8 illustrates the neg hod operations perforned in
controlling the flow of the second chemical in a point of use m xing
system,g0) 3at'esr'th@%%ﬁ{o€i%pﬁ§tid&\fs k&f&ﬂl@d ﬁf@bﬁéblﬁﬁ@’éhe FowidTehene@maRhernioslémt i on.  To
Si rrpln‘1 I'Scussi on e control of the flow of the first and second

cheni c bt &0dse nfi€Bgwidtém 2@kincesdanbewith epaembastipent e Pegsentinyeion east one

enbodi nent controller I rates of
the fi F@tSI%WHJ;g@ﬁ‘bgﬁlﬁ e %ﬁqnggrl(gftlﬁ)_ﬂLg"ll %E ?ist%iﬂf%eXo Elﬁlfebhgcllbhlelr?g ggglr ation
f262 tthg@ @@,gﬁﬁeqltl; ; ai’ecﬂﬁt (rllHU?e&rt e r';ﬁllea’s,t cmapphlyod:.zraetr?,et@lzon‘@ll;ggéﬂl and t he
irst punp odraw the first c nt.o xer n
opePat istwnltapepsly cprirqls the floy rgic of é‘i‘Fs@Ft a?%éecag %ll:efrgca% s {Bow rate of the
first chem cal 101 output fromthe 8 n‘E“F ég'f fl %3/ s#alr} Qr 216
conmunil¢At edn Figaredi&t, d pregotion 3fz-rthg %""FB h?é CBHES BF HE S‘i‘ﬁ”ﬁ Oper at i on
266, E)%Flfgﬁdet(ﬁg it | Pﬂl 2&@?«?&9‘5\7 thd Birsf Eeglicat m@mn&ﬁihe Hileri220 c NPiAidnt 0 t he

desire Oow rate Irst chem cal 101. ino eratlon 26 t he
det ect ed4f thevirst dlow whsar BE6 détpats the dlewniateaf tlmﬁrst cheminah 0% onpYdrogetier ed f1 ow

rate of_the fi e cal t [ t desd smdofidrow rate
is exarfHed™P #Is n’ﬁ’c? P08 Zgggb %E ﬁgtggslﬁl%e%{éﬂ%g%oﬁvaﬂta% Te equal0 to zero

" 0"10t hemaot he d@;atah@dz@@eheaaatm feovd raté 6f the rpr@matcalowlzsgorrmﬁed deiered 1l ow
rate is_not equal

en the. nue in
oper at |d@ﬁf°§6ﬂpw [a&%?foﬁhP %‘rﬁit ﬁﬁ%‘f}%arl 39 OIE ) Q%Gratfqﬁle e%e P t%égz; pg‘\?v%rltg? gmgf t he
first Cff} &ﬁicallﬂ)]l it 8quaPlo tRABIred flovk 1A ofdiRsfirsedheinioalyitentia opératidne26Ri r st
chem ca then, 1In operatl on 270 the detected f|o anmned to

det er mithe désired Hlewdeteds pxaaninado Jf igeneratign éﬁ%élpeeqiesyﬁgﬂm{/ ﬁ‘ge éFeesqflngta “%w rate.
LT, in . eper %Ilel Bthc? Qoerdtldfis 9'97%9 tlr?gfiefralthWZB@-ttﬁe i&ired B\ edte Ish@dbedudbtodesi red

f1 ow rate Ren T'n op ation he controller 240 reduces the flow rate
f r ors t heerd lor sttenphnpetBddiopemtienswontiow ivpesration@Ad t hen continue in operation
264 as described above. If in operation 270, the detected flow rate i s not
gr eat er[4Bharif, i epedeiinr266, thd: cmﬁqteaitf@w ttsrofithe Gisbehemiceh 10178 netraugldptheol | er 240

i ncreases, t fl ow m t |rs tions
then ¢ ’ir‘?d]g‘(’\”nra@p%{ gl {%57 lca éscra%%oégzgo tﬁé‘%@?&&‘%ﬁﬁg gsur e 2D,

i n oper @hngdd 48 Aetcthife @Dﬂh& ﬂ&bdtai’ ﬂ&#@atea‘ugte&elt then ﬁmtmcbdsﬂ:ppreye vl e 232 to
open and the second_ punp 234 toQ draw %50”(9 chem 103a1101#?7the m xer
220. | ropegsien 379, &P@Mtedtﬂ‘?@ rgféwfaat?flt tgee Brd Soygrag E%Ps‘)p% ow rate of

the 26° €CH8 goxﬁﬂ)?l@? £ redi8s the flow rate from the first pump 214. The method operations then

continue in operation 264 as described above. If in operation 270, the detected flow rate is not

greater than the desired flow rate then in operation 274 the controller 240 increases the flow

rate from the first pump 214. The method operations then continue in operation 264 as

described above.

25 [44] In Figure 2D, in operation 282, the controller 240 causes the second supply valve 232
to open and the second pump 234 to draw the second chemical 103 into the mixer 220. In
operation 284, the second flow sensor 236 detects the flow rate of the second chemical 103
output from the second pump 234. The flow sensor 236 communicates the detected flow rate
to the controller 240. In operation 286, the detected flow rate of the second chemical 103 is

30 compared to the desired flow rate of the second chemical 103. If, in operation 286, the
detected flow rate of the second chemical 103 is equal to the desired flow rate of the second

chemical, then, in operation 288 the desired flow rate is examined. If, in operation 288, the



output fromthe second punp 234. The flow sensor 236 communi cates the
detected flowrate to the controller 240. In operation 286, the detected
fl ow rat ewofosmwmsesecond chem cal 103 is 30 conpared to thecuasored3s| ow
rate of the second chem cal 103. If, in operation 286, the detected flow
rate of the second chemcal 103 is equal to the desired flow rate of the
second chem cal, then, in operation 288 the desired flowrate is exam ned.
, pey aLi o mgéfdlf‘,{@@no ralpai288dhd | ow rat e
|s equg ‘%ﬁ%‘@rr%e %u%lhggerﬁ%nén?tﬁ;ﬁ@gigg)%{rl ons end Ifl% in operation 288,
the desie@dotl @w is abtedual watercetlldhent e sthodqeragiprsrcopHRNeB 1 OREE! 1¥ber at i ons
continue in operation 284. [45] If, in operation 286, the detected flow
rate o he second chemical 103 is not equal to 5 the desired flow rate of

the second cheni cal ratl on t te is

exam nédlt olf d@t@?‘iﬁl%a’%}g} rd@teﬁtgg Werﬁtefoifow Fat arﬁg °ﬂ§£%§e@t§ é{ h(?hg{l\ﬂt he desired
1o 1 §ffies Efd fldv rat® BB sbcdAd &Rhical, Renglért q&teeldnm)ﬁ)whercktteeted dlogrretetier t han

t he desi red1 low rate then in operatl on 292 the cgﬁ%rig(ghl er 24qfr§duces t he

flow r aanfwd)‘m detesminscib e Jstrsisd Sow Tates srRateh dipndpe *¢onti nue in
operation 284 ,3s fef thhi the RIBSIRHE oW Ztgﬂlenﬁﬁl@pe@hﬁoﬁdf)ﬁd fl ow
rate 10P7&1S ﬁtgﬁgt}lgggtgétéc?ﬁ%ﬁ@g%ﬁg;tred fl ovlv rate rt hen in operation 294 the
cont r ollieasonRdileri2A0 remsesstht Aew rite fwny the secppd AHP &34 e"é]&f‘n@etﬂiﬂ‘ﬁﬁpez%’%ms The

met hod operations then t| AU r @gg&%@ggw(m@ve [ 46]
Al ter nékf‘?“\FQPV‘“et“EBPe%t}ﬂl?§ desgrhtffgggﬁﬁec?}e%t geégél %@Zt -1 oop feedback control
by 10MOR h@Tkdagk: @A 1R devREEllee picthsn of opetatiom2R4 thpeomlpnuwfm@ﬁa%@e m xer

20. A mixture sensor 15 2 itors the m xture, went, the
m xt ur dlogiergtgdfronp te ﬁe?R?lleé}E’Q%é“nEH é’t‘}fl Opef?‘ntéons H‘eél ecﬁ%tg{raeglgnp eg%{%? %Ir%uousl y
measur gyel of the m xture. For exarrpl e, In a point of use mxing
system%zsih%% Pégv%l of 8.02 represents the pH level of the desired m xture.
Furt her hgRi Gkl 1240A%ard chiagther cipdddiieope fectiberk tdnerob dyond
chem cé“hO%hfeLr{aﬁ&%}c ontrgl | er detects a m xture §I—§ vel of 8.01, then
the comhamlotieg onmer rert esperts ofihe ynis@fa Py FEMABe Brtsh #Q-i OrmigRrE $5859% 1 st and
Seop e cal §p 102,10 BBt 6Gt6D4phduReh pHiGetsoe  desired

e%f"glmonftﬁpf e I%sé%%gﬁ?eﬁﬁt alg};(r am 350 of the prgportl onal ,
| nt egr afthe pﬂpgehmtcan/amiﬁhdn)sly NERSE thle:pHi lnved: ofithe olixtiieg Fonexamplsagt PAiNe first

chemcal 101 in a point gof u o &upet h one
enbodi rfrtse ﬂlx{nﬁesybtfa@s%ﬁﬁ ]IeYl%é)ﬁ re y %’%oﬁ‘gﬁ%"%& ﬁggﬁ%‘%p@ are 25
descri bgghnin it Litfhitd 1gpﬁisr;ohllghdsrg)H heeelf thanthe fseantl wherhigalf 08 tIf gigeni cal

101 the samé principles
controller Fc)le’tects aF;mxture pH level of 8.01, then the controller can automatically adjust the

gWI'

20  proportion of the first and second chemicals 101, 103 to increase the detected pH level to the
desired 8.02 level.

[47] Figure 2E is a block diagram 350 of the proportional, integral, derivative (PID)
controls in controlling the flow of the first chemical 101 in a point of use mixing system 200
in accordance with one embodiment of the present invention. Although the PID controls are
95  described in relation to controlling the flow of only the first chemical 101 the same principles
are applicable to controlling any other control variable such as controlling the flow of the
second chemical 103 or controlling other aspects of the mixture 123. A desired setpoint, such
as a desired flow rate of the first chemical 101, is applied to the input 352. The proportional,
integral, derivative variables K, Ki, Kq are extracted from the signal applied to the input 352.
30 Each of the PID variables are applied to corresponding PID calculations 354A, 354B, 354C to
produce a control signal 356 at the output 358. For example the control signal output may be
a first pump 214 speed control signal. The control signal 356 is then applied to the process



are applicable to controlling any other control variable such as
controlling the flow of the second chem cal 103 or controlling other
aspects owotohe7issxt ure 123. A desired setpoint, such as &cCdasor/ed3s| ow
rate of the first chemcal 101, is applied to the input 352. The
proportional, integral, derivativejyariables Kp, Ki, Kd are extracted from
the signal applied to the input 352. 30 Each of the PID variables are

appl i ed_ t o correspondi : HeesniA% dbut 35AB i BEp D04, g pduce a
cont roﬁe'%‘i Sﬁngg%gpeggc@ﬁreO?%%agu Iﬁ%%gé Fornexgﬁr?;)ll e thelrcgnt Tol s gnal —out put
maybe Aafebdbask sipualP6e@isfedipek tb thompnicl 5240 preside a paorconEeldpedbpcindf 0856 i s

then applied to the_ pr.oc 03/ 07 he F1TrSt
bUnp o BURGRCEIFLIO LRARA S3pH PLAYET R a5 ot M7 isf ideny ¥ e T [
214,  etfLedback shnhESRASKoeSE @hited 366 b of éd fheckerhivalt 198 fionpihe fiBE2ump provi de

an error control/feedback. If the setpoint applied to the input 352 is the
desisr e@14 esly as fom the firshBo 5§18 Zfeni cal 103, then the feedback signal 360

may be a detected flow rate of the first chem 03 fr the first punp
5 214 d481h Higufe dig 2 pividg wtmmw@a%éhﬂg%@&[%ﬁg? %P‘aﬁ‘?fgﬂ? Y08I¥8i bi ng and
instrunment ation. di WfirfenfbK &le pRBntUsivdidod. WAlthaRarHigat 3 i n
accordgﬁ%%w%sglha%ﬁgﬂé%gﬁﬁﬁeﬁmof tﬁle prgspg%t i nvention, Although Figure 3
i || ust riRhseates af o clivenical ahixer ter systepeansl proesssesndpseritse sloss ceals? i%ed  bel ow

can also be extended to,three qr [ ' . ' ' jriput val ve

222 corﬂXF"B&%d tioﬁéﬁﬁ? ofgfogeyFhepicplgy A4 ggérﬂ%?nﬁgélmv‘{%li §%2r gbmnft 1{0%2151%1?}0; tﬁk.fqrgw sensor

2161¢ 0 dnBRichl M rfrdaibe iRt dloRR6nsor Keto drecnixeeanifoliplR6. Avsecons RIXAr igpHit r ol s

i nput of the second chenical 103 fro e.second fl se ? o the

mi xer riatier23f gopipas inpheofithe %et"mé’n‘&‘e’inng L(gc%%%&eﬁ@ﬁ?nga & ieg%? zfgigtr#ex in the

m xer ”iﬁ&!a; 8%%&%%%. Phe X d ML Rb8nd\cAbiRa12 261, 0B infi0 krstht ex@utapifoldf r om t he
0 to t

m xer nmani he CMP process 250. 15 [49] l'P 6'022? enbo‘ﬂ]'g?ent, t he
pi pi ng 2B6mensixen sutpet plve 228 wentrels the quigntaliene dledniger MAEOIG 2704P M5 GME | ng

pi pi ng)_bet ween each the input valves 222, 224 and the m xing manifold 226
are t heP 8% I n one enbodi ment the nixer 220 is a radial valve mxer such

that_e input val ve 222, 224. ar e AN 1QPMYSINA0diamees aneh
equﬁ%i thag]nt r¥h gmcoefril %lﬁ’ Frtllexﬁlﬁlgngngirrﬁeggﬁﬁé. @é,zfn eggnplne. (_)lf a sui tatfl e radi al
val ve ninfgdonh&tiag ppirigh betG8GNash 0iF STt mainésf28R 224 i Wixing maymfoldAte from

Bi o- Chem Val ve, I nc. of 85 Fulton Street . :
Al t er natte s spmes Jid opf %‘i"’dﬂ@?g’ﬁﬁmﬁg if%llls %éagﬁ)ﬁ&%ﬁ %%%&%gf@éﬁl "B to the
m xer 220.d 3hUsiq Ab esbateli on DS slles kiDdquidigant Godva ednten stixiag emnioldot ary

PHIP 402nleyr:ar?1;(>:lg %rf gaslqiqcaeblgmr;dgl %{\?e ren?sgp idsi angggs 8§91\}I r;§56079NC manifold assembly
20 available from Bio-Chem Valve, Inc. of 85 Fulton Street, Boonton, New Jersey.
Alternatively, the mixer 220 can be a linear configuration similar to the mixer 220 illustrated

in Figure 3.
[50] Figure 4A illustrates a rotary pump 400 in accordance with one embodiment of the
present invention. The first and second pumps 214, 234 can be a rotary pump such as shown
25 in Figure 4A. A rotary pump 400 includes 2 housing forming an approximately round inner
chamber 404. A rotor 406 is centered in the inner chamber 404. The rotor includes two or
more (in this instance three) compressor wheels 408A, 408B, 408C. The housing 402 also
includes an inlet 410 and an outlet 412 that are substantially tangential to the inner chamber
404. Compressible tubing 420 is routed through the inlet 410 around the inner circumference
30 of the chamber 404 and out the outlet 412. The compressor wheels 408A, 408B, 408C
compress the compressible tubing 420 against the inner circumference of the chamber 404. In

operation, as the rotor 406 is rotated in a counter-clockwise direction about the center axis 414



present invention. The first and second punps 214, 234 can be a rotary punp
such as shown 25 in Figure 4A. Arotary punp 400 includes a housing

form ng awoapprokd mately round i nner chanber 404. A rotor P¢RAISVT41580t er ed
in the inner chanber 404. The rotor includes two or nore (in this instance
t hree) conpressor wheels 408A, 408Bj1408C. The housing 402 al so includes
an inlet 410 and an outlet 412 that are substantially tangential to the
inner chanber 4 ' O Lbshg¥20 dofinktaHE Gflet HiFRbBYeddBfi Nl et 410
ar ound atcﬁglpfeﬁshoér“%éFlr%g%PJe@g%é@)%gmg‘?@%e chadr%%lg§ 4%4 and out the outl et
412. Thig GempeeK&orA wleek sud08Ahe uieBe 420 0 rappedbetween qomPrespyeesi bl e

tubi ng 420 against the inner circunf.erenc

oper at 98B @g%t Rﬁwr wpe %Bmf’lgéeisc?tﬁlga&‘iﬂna%éf?{:%%ﬁggﬁﬁ%ﬁg{{wggihﬁo%ct i on
about tjge LhMRE 18 tbEIeAdtndb0aiATE] 36O vRIGTE USR26# fifs38rst ¢enzicad okddriessor

wheel presses the conpressjble tubin 0 agaipst the inner cir erence
of 5t herepelerbtowanband gyepiiplinput tié‘il@ﬂﬂ sﬁ%he’\g‘fﬁrﬁ'ﬂ@n BUpus ?@Wt ?t;tlp})lf)g{ésquet ween
conpr esgor. I Ffihgoweol ume 422 includes a fluid such as the
first ccﬁg%w%gﬁ?f%imé%sgﬁ%@?gg?r 41306 continues to rotate

count erz6l ogkw s ! theplisitid tbimoalt thDA seaion fr opel | ed
t owar d [gﬁd g%fﬁ%%lsf‘@%o%?}ot ec%(ﬁltz(l)fgtéleﬂzl? AS\ nearlméméonti nuous flow of the
first sabwemincEiburg@A. deitialihtbe eloss-ssetionecf thecopprrssiblgdubing 42915 sybstiadly4B shows
a cross-sectjon of .the conpressibl ' : JQRfae shown
in Fi gJP%ndM(L.‘S 'ihﬁi%ﬁ“}ﬁ ’Isﬁu(f"%?éwglrsyé:gspgeg%y ?’gn 04&T tpeﬁ‘gédc%ﬁr]r%rtg&sszigﬁe tubi ng 420 is
subgg arl:roin?felsédble rEbIRE420%e gt e defoliingd e csass-cation bediys toaegomblesadvalasr an
extended tinme, the sidewalls %f tiﬂe 10 cgngressi bl tré‘?b']?sﬁ@n@ﬁﬂij nto

def or m shawn ihEiseredis - The1ep AL Be GYH LTSS seBl VA B BRI T4 S SROWn i n Fi gur e
4C Thaearfis afe 5P oP YRl ciRhRP SrRCELlion of DM 4B, FB thokiGbing tsudrstsant | al |y

| ess than the area of the circular cross-section of_ Figure 4B. en t he

t ubi ng dewmeesnto defoyrhedss-seetonahe Folme (perlas Ol A% PROVEOPHNE Wch as
vol ume 422 abov. t I StdiealuGedicannd t herefore
the vol Wﬂwrﬁﬁ%‘p@ el??s o5ifld %ﬁﬁqher%fénﬁfgﬁglg{é? Mfgﬁe[h%ef rotatil C

per rotation is re 2] Figure 4D shows a

Cross-s iqn of the conpressi ' ; hige B26 GE OB seSfiWn i N
Fi gife &gf %]%‘ﬁe t‘ﬁ?es (%Vr?pn}r)8@2%%6%&%%#&%6%%%%%%%%&se% t he tubi nSS 420 agai nst
t he i nngowhah Figate 4Ae Wikanthe corffidssort Wieek #efBredmpresses thp dubing#9peamet ar e

pressed together. As re t rti.cl n b [.S mxhe wal |l s
of the theBmsgwabet th?ﬁganal?% ?@‘L&e‘“‘oﬁ? &'rallf‘ %ftgg 8%‘?13 ﬁ'? %%er# r?e egéég&i ﬁ%sgi t he
cheni calegfie peticled B eidisiddgsdesth Bl wall bY the @it 420mTéd diskAgddiBitidisgr e 4E
shows partricles that can.ge ag refgat ed when thq?%partlgl es are conpressed
bet \Neenthtrh@le@'ﬁqsienmth@hémw@]r{é-gb%E’i g chorpical GO PUSREY cl es 450 are typi cal
particles such as .

20 [53] Figure 4E shows particles that can be aggregated when the particles are compressed

between the sidewalls of the tubing 420. Original particles 450 are typical particles such as
abrasive particles that may be included in a CMP slurry that is being pumped. The original
particles have a tendency to aggregate together to form aggregated particles 460. When the
aggregated particles 460 are compressed together, such as when the particles are compressed
75  between the sidewalls of the tubing 420, the particles can be chained together to form even

larger chained particles 470.

[54] Figure 5 illustrates a tubephram type pump 500 in accordance with one embodiment of
the present invention. The tubephram type pump 500 includes a centrally located axis 502. A
cam 504 rotates on the axis 502. A left slide shaft 506 and a right slide shaft 508 ride against
30  the surface of the cam 504. As the cam rotates, the right and left side shafts 506, 508 slide
right and left respectively to compress a right tubephram 510 and a left tubephram (not
shown) respectively. The right tubephram 510 is coupled to the inlet 512 and the outlet 514.



abrasive particles that may be included in a CWP slurry that is being
punped. The original particles have a tendency to aggregate together to
f orm aggrwoaBedisparti cl es 460. When the aggregated parti eCeasd501583 e
conpressed together, such as when the particles are conpressed 25 between
the sidewalls of the tubing 420, theldarticles can be chained together to
formeven |arger chained particles 470. [54] Figure 5 illustrates a

t ubephr amdhy Rt RHEER valie 516 aRGwOMmA@ RCRowirbi tha il 5D thterde trighf tubdpheanpr esent
i nvention. The tubeghr amtype punp 500 includes a centrally I%ggl ﬁd axi s
502. A SHanWhenthe sig %@ee@fﬁ@élwee%eﬂ tonoqrapressdhg ght 8bsplraB 360 4Ry a ri ght

slide s t es U ofadt dePet cam
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and the’ Bufeer 58 4 o T BORERAEDaIE g AR ik Mpd P08, 207
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510. When the right slide shaft 50 ed I‘I%‘ito ressthe right
t ubephr a?mfmed P:ﬁéw rghtskfehal <08 e Pli‘%l TEBEPN FnPBefﬂlf

I ncreas fﬁ%:ﬂ u{breﬁlﬁélwsqo'd@&eééé‘s t\ivﬁerf ﬂheﬁﬂessuw%ﬂaemrﬂ%g%@epm gapes the
right in chetk va cl oses and a right outlet check valve 5 518

opens add:retah@ \zhpmgmuﬂze@eﬁk vatee 18 lasesand thmglts inletehedkalve £46 PR@S 19 ght
sI [ shafta: N e fakhky

qgr m@r Nt fnho ﬁgﬁém%%%%a%neh@eﬁ%%m %@%&@ﬁ?&&@é{%ﬁ{% :‘yde shaft
508. AStHehghfﬂugdsmlrdmjbﬂphram 510 re-fornms, the pressure inside the right
tubephr ecr eases. t.he ri.ght tubephram 510
decr eas ﬁ@n’r%%?“n%ltsla&‘ﬁg]l’? @Vﬁﬁ\sl‘gu]r@ ﬁsé g@@ttoéle%oatdhe right inlet
check V%nﬁto‘élma@p@mse&@ 01fuairmw fid. UCSP-DSED-BPASOT b Rimilaw biepdpham-53€. The
| ef t tubephram(not shown) operates simlarly to the rlggg tgb hram 510.
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tubephr phramtype punp is preferable over a rotary
punp bedrustephiam 1l0kepint grassed ogsthan t@d@glclﬁ‘@@ref@t PIVSS@@W ehpined partislegles of

the t Ubeng g%n? 11% ﬁ%u%ea %C%go bep%séslch%eﬁde %glﬁﬁh an) are not

pressed €s ‘are presse |n I ned partlcles
such as pfel%éﬂﬂogdmel: ltlg-;uﬁlﬁesélcﬁ‘ taé:)mbephraﬁdl §d>0 dbemalb&ekddm as;l qjmﬂcbo find therebyibephr am

510 are not pressed tog Her th ?gc}ﬁ% {) m51 d? I’SIO%
br eak doWFPIHES REHLGS o dprothy: 8?‘5@‘19% W a't‘sﬁ $195° 8 passi ng
t hr oygh glehgpdp g vake ﬁgres&h%%eﬂh@lc SHeSRlel BEhS ’ru@%ﬁmﬁﬁ 5 10 do not deform into

an oval cross-section as rapidly as the compressible tubing 420 in the rotary pump 400

described above. Therefore, the efficiency of the tubephram type pump does not suffer as

quickly as the rotary pump 400. In one embodiment the first and second pumps 214, 234 have

a flow rate range of between 15 and 250 ml/minute.

25 [55] The controller 240 of Figure 2A is any suitable type of controller as are well known in
the art. The controller 240 is configurable to receive the inputs described above, execute the
PID control signals, and produce the outputs to control the various controllable devices (e.g.,
pumps 214, 234, valves 212, 232, etc.). In one embodiment, the controller 240 can be a
programmable logic controller (PLC) such as is available from Siemens or any other supplier
30 of suitable PLCs. Alternatively, the controller 240 can be any type of generic computing

system such as a personal computer.

[56] Figure 6 is a piping and instrumentation diagram (P&ID) of a point of use mixing

system 600 using three chemicals and a flushing system in accordance with one embodiment



20 the tubephram 510 are not pressed together, the sides of the tubephram
510 do not deforminto an oval cross-section as rapidly as the

conpr essiwbDa3but3sng 420 in the rotary punp 400 descri bedprabasse2/4iFber ef or e,
the efficiency of the tubephramtype punp does not suffer as quickly as
the rotary punp 400. In one enbodinmemd the first and second punps 214, 234
have a flow rate range of between 15 and 250 ml/m nute. 25 [551 The

cont r ol befhe 2AdefinfehBod. €ABRbUgE Faye 6 Hivbtedisen thitReherhicglqivint of by systsmar e wel |
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[561 Fi gor,q08, 602. arHeigeim @f ammﬁc&%lrouﬁﬁﬁdeatﬂiv@@upjicliyagd‘lﬁmf(nP&bD))fthia thre@m nt of
use m xi ng system600 using three ¢ S an u stemin
accor daﬁ’é“éf“?ﬂ % hDBﬁéu%66¥V%QQ6W%?@%%g§t ﬁ]@f‘}lﬁgdg} 4%3‘32311’3%’ 31%" % he
present ghgW estigiOfdr 1 tdremd Bhdrlicir103.6 tial WedplRtAsesas T0AL @208 enineahir@oi nt - of
use system the system and processes described bel ow can al so be extended

t o four chamiead682.c hval swpbly. valyes mcreg&e the safpty Hf thegepnirel oftthy Bt iseeoad ppd st
suppl c t ank
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5 use mvxleépsﬁﬁs&vﬂlmota]m/stharesmm@hemmahorﬁlems that mix the first, second
and third chemcals 101, 103, 602. The point of use mxer 610 |ncI udes two

suppl y ysH]VveBirdtosece®E tndothirt hamiph 6&E 622h637 purhs theDwshectivepfiisty secahd @sd 606 A,

econd EhehieicaposT. Rinbik it sespit sad R ot L SPms PARRE S nom cal

602. DugdowSdind Yirsy akdRa and GhiRAGRmIdAR 19Af ﬁBy 601 otitper B&A tiedlespobtiventrst, i r st ,
second and 10 third chenmicals 101, 103, 602, respectivel because a fai I ure

of ddy eerendandtairdpuapHokd 62% 631y Thataw el thafirss sgond apbiura phcsyealh L,
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First, sepetide anpatstiniar Guf blmn@bnsw@@lthe 6izst,, seoBul adtthind chedcals IQw of t he

first, nd third s.1 1 02 o pective
firot, 1050000 AI RN B geispbmings 30438 bofh bP e B syl sBOLT
second aRd idchidedla gir@nfc salser 010 modifid theGhiz tupeibyapiit fforrothe tiveer 630.st |, second and
third fl ow sensors 614, 624, 634 are input into three

20 [58] The point of use mixing system 600 further includes a deionized (DI) water system.
The DI water system includes a DI water supply 650 and four DI water supply valves 652,
654, 656, 658. DI water is used to flush out different portions of the point of use mixing
system 600. For example, if the first chemical must be flushed out of the point of use mixing
system 600, the dual supply valves 606A, 606B are closed. Next, the DI supply valve 652 is

25  opened so that the DI water can flow through the first pump 612, the first flow sensor 614 and
through the mixer 630 and out the outlet of the mixer 630.

[59] With the above embodiments in mind, it should be understood that the invention may
employ various computer-implemented operations involving data stored in computer systems.
These operations are those requiring physical manipulation of physical quantities. Usually,
30 though not necessarily, these quantities take the form of electrical or magnetic signals capable

of being stored, transferred, combined, compared, and otherwise manipulated. Further, the



respective inputs in a four chemcal m xer 630. The first, second and third
chem cals 101, 103, 602 can be m xed in the four chem cal m xer 630. The
poi nt of wea3ni®ssing system 600 al so includes a m xture seaFarso54633 o
nonitor the mxture output fromthe m xer 630. 20 [58] The point of use

m xi ng system 600 further includes al4leionized (D) water system The Dl
wat er systemincludes a DI water supply 650 and four DI water supply val ves
652,  6%fhniphfafionsOp&forkibd Wed Ofter Seferfeddiot i tormis hsuohitas dprbdeir@ idaptifyiigons of

t he p0|nt of use mixing system600. For exanple, if the first chemi cal

nust be JpPEHERAG BEPMBFMEhe poi nt of use nmixing system 600, the dual supply
val ves 606A, 606B are cl osed. Next, the DI supply valve 652 is 25 opened so
that thd60b Hewidly be fwthen eppraciptad et the ansprugtions ﬁwe@@ by tthee opqritions ow
sensor t t 630.
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necessarni!hymehibe}s@st@maafthbb@ﬁronw@m he formof electrical or magnetic
signal s capabl e of being stored, transferred, conbined, conpared, and

ot herw 1] ”B-thl%ﬂgﬁttﬁéjforé_géh{ghﬂi’/entlbﬁlﬁas\@eﬂ%@ﬁﬁ&ﬁﬁ daﬁydé&ﬂzfoﬂﬁﬁﬁ&es bé
mani pul ati ons performed are often referred to in ternms, such as produm ng,

i dent i f ey, of wndewstoantling.rig wilbbe aprpat thl cerfagbphapges,gnd) megifigatiprs mpy be
apprl%C' teeficeliMthirt A€ sédpe bf ﬂletabﬁéﬁéedr%@sgeéo@angy hBreRREGAJARRSd fe  Fi gur es
e not required to be performed in the order illustrated, and that
aI I thetOEe @nsidersd am@lust@mesmhttoeebsmtwmendaﬁhenraflemmmss nefyto helimied fetbessar y to
practice _the .i nvent. Furt e DI gces 2B- 2E
can als %és glﬁfﬂ e eu& maﬁ’ q}\%erde‘%g i e ed c§ gﬁfvaﬁgg Ok ale géﬁd‘?{%f t he
controlbean40 [ 61] AIthough t he foreg0|ng |nvent|on has been described in
sone de:@g &% rposes of clarity of understanding, it will be apparent
that cert4f¢ &s and nodifications may be 10 practiced within the
scopg of the appended clainms. Accordingly, the present embodinments are to
be considered as illustrative and not restrictive, and the invention is not
to be limted to the details given herein, but may be nodified within the
scope and equi valents of the appended clains. Wiat is clainmed is: 15




WO 03/071369 PCT/US02/41533 15 CLAIMS 1. A nethod of mixing two or nore
chem cals for a CWP system conprising: punping a first chemcal to a point
of use; Swowmnitosdng a flow rate of the first chem cal frecrasb2/sss3 punp;
punpi ng a second chemcal to the point of use; nonitoring a flow rate of
the second chem cal froma second punp; controlling the flow of the first
and second chem cals into a m xer upon demand for a mxture of the first
and second chemni cals; and 10 out put gy he m xture to a CVMP process. 2.
The nethod of claim 1, wherein cont g the flow of the first and the
second chemicals into the m xer includes: controlling the flow rate of the
m xer accordin 0 aspect of the m xture. 5 3. The nethod of claim 2,
wher ei n It e AdPektd GmE e ot P Shertpatis S NP RIROTI T i xt ur o 4
The net hod obubpial Bfidst chREER tdla fdtior@sd i Ng the flow of the first and the
second 20 chemcals into the m xer includes: controlling a flow rate of
the i xture Mosieringes figwste of thedirgfichemicy) frompa firsbmRit e of the first

chem cal . 5. Ll ; .n controlling the flow of the
first and thgﬁ?@g%ﬁ%&%%%&%ﬁgﬁ?ga éls—pQﬁ%g{l?éﬁe m xer includes: controlling a
fl ow rate of mohiorimgeatfigveraferafithet saeondickemical dwor diengndpontphe fl ow rate of the
second chem eglonfe J0BaIRISL ool Bl kneRGE S S GORLT Bloh IIGAL R, LI oW Of
the first andtRe §econd cfﬁem cars |nPo The i e A0 &S TS ol | | ng
a fl ow makereasf thef@rstand setoad tliepditaldaendri xer according to a first quantity

setpoint of the fi r&}tﬁ chem cal ., WD 03/ 071369 PCT/ US02/ 41533 16 7. The
met hidd of cI S¥tRMENS é‘i‘é‘i“??teﬁlﬁM%PrP?‘ﬁ@ the flow of the first and the second

2. The method of claim 1, wherein controlling the flow of the first and the second
chemicals into the mixer includes:

controlling the flow rate of the mixer according to an aspect of the mixture.

15
3. The method of claim 2, wherein the aspect of the mixture includes a pH level of the
mixture.
4. The method of claim 1, wherein controlling the flow of the first and the second

20  chemicals into the mixer includes:
controlling a flow rate of the mixture from the mixer according to the flow rate of the

first chemical.

5. The method of claim 1, wherein controlling the flow of the first and the second
25  chemicals into the mixer includes:
controlling a flow rate of the mixture from the mixer according to the flow rate of the

second chemical.

6. The method of claim 1, wherein controlling the flow of the first and the second
30 chemicals into the mixer includes:
controlling a flow rate of the mixture from the mixer according to a first quantity

setpoint of the first chemical.



chemcals into the m xer includes: controlling a flowrate of the m xture
fromthe m xer according to a second quantity setpoint of the second

chem cal .wb 08/071Bhe net hod of claim 1, wherein in punping Phe/Usvyst53xzhem cal
includes: regulating the pressure to substantially reduce any pressure
fluctuations. 9. A CWP system conpriléing: 10 a first punp having an i nput
coupled to a first chemcal supply; a first flow sensor coupled to an

out put of, t hené inidhodoufMRlaid 1S OFlMAGEN RuRLIGY tHegflen dfnpetfirgioatdl ¢ decor@ second
chem cal supply; a second flow sensor coupled to an output of the second
punp; a “heniels e the gnixerdegledesioupl ed to the output of the first flow sensor

and the out pysmfa{m&ghfﬂo%@ﬁtg i bt M%rmiﬁpgwerd%gﬁfowkécgadt @%ﬁ' ur ed

to receive signals fromt rst and second flow sensors an produce
cont r ol ssipgintdfshd spcontdabemicakt and second punps and the mixer and confi gured
to cause a mxture of the first and second chem cals upon a demand from a
CWP process. 20 10. The systemof claim9, further conprising: a mxture
sensor upl gde inethbb of elkipLtwiefeid i Guilipg theaist cherhftblrificludgout to the
controller. 11, The systemof claim 10, wherein the m xture sensor is a pH
sensor. 25 12‘?g“}PH%g§'§§feéW%PSEP%Qnﬂ?I§{w &ARY PFOTSHE TGREHSIS er i ncl udes: a
first output coupled to a control input of the first control valve; a
second output coupled to a control input of the second control valve; a
first irfput AduMPebisters campiningyut of the first flow sensor; a second input

to aﬂ)outputag&ﬂgﬂgﬁﬁgﬁﬁgﬁl%%B%b@ﬁ%gggihﬁgﬂﬂmégS I)E%mtrol schenme. 13. The

systemof claim e C " schene 1 n es a proportional,
integral, defirst#ibinsensoPedupledind arodutpuV\ef B8 LAGT ARG PCT/ USO2/ 41533 17 14. The
systemof claim9, wherei.n the nixei includgi irst.control valve

: f
coupl ed bt waSFFORRPETR BTREAR FRHS CFUpledto f FERRE el SIREYA i xture  mani f ol d;

a second flow sensor coupled to an output of the second pump;
a mixer having inputs coupled to the output of the first flow sensor and the output of the
15  second flow sensor; and
a controller configured to receive signals from the first and second flow sensors and to
produce control signals for the first and second pumps and the mixer and configured to cause a

mixture of the first and second chemicals upon a demand from a CMP process.

20 10.  The system of claim 9, further comprising:

a mixture sensor coupled to the output of the mixer and a third input to the controller.
11.  The system of claim 10, wherein the mixture sensor is a pH sensor.

25 12.  The system of claim 9, wherein the controller includes:
a first output coupled to a control input of the first control valve;
a second output coupled to a control input of the second control valve;
a first input coupled to an output of the first flow sensor;
a second input to an output of the second flow sensor; and

30 a control scheme.

13.  The system of claim 9, wherein the control scheme includes a proportional, integral,

derivative (PID) control.



5 a second control val ve coupl ed between an output of the second flow
sensor and the mxture manifold; and a m xer output control valve coupl ed
bet ween tWwe oaiox3ey e mani fold and a mixture distributor. POTAB02/41583 System
of claim9, wherein the first punp includes a pressure regulator. 16. The
systemof claim9, wherein the punp ilficl udes a tubephramtype punp. 17.
The system of claim9, wherein the punp includes a rotary-type punp. 15 18.
The system of claim9, wherein the punp has a discharge capacity of between
15 and 50 n}l er m I’llIlt_e. 19. The systemof claim9, wherein the punp

pr oducest¥ ewd e%f'?ﬁ“n laim % Wherelg the migerigcludesii xi ng syst em conprising: a
first punp hgvir&%oaioll Wtcoﬁ%l@@b@c@eérpar@oﬁ St eI A sSHBPANG a nfitfule! St

fl ow sensor coupled to an output of the first punp;, a second punp havi ng an
i nput cdugeifeld; t o a second chemical supply; 25 a second flow sensor coupl ed

t t put : ] havi ' t | ed t h
out put o "1 & SpsePaoRFe AR RVt Elon, RAE b B BRUBHESY PG nsor

and a comktudd harifobdyahd gured to receive signals fromthe first and second

fl ow sensors and to roduc ontrol signals for the first and second punps
and the ni xef BAE LYRY %ﬁ@ﬁvﬁﬁe &SP I%Fgw%eﬁ the pixfge grnkeld and asmiiwg second
chem calgsstip@g. 2 demand from a CVP process.

10 15.  The system of claim 9, wherein the first pump includes a pressure regulator.
16.  The system of claim 9, wherein the pump includes a tubephram-type pump.

17. The system of claim 9, wherein the pump includes a rotary-type pump.

15
18.  The system of claim 9, wherein the pump has a discharge capacity of between 15 and
250 ml per minute.
19.  The system of claim 9, wherein the pump produces fewer chained particles.
20
20. A mixing system comprising:
a first pump having an input coupled to a first chemical supply;
a first flow sensor coupled to an output of the first pump;
a second pump having an input coupled to a second chemical supply;
25 a second flow sensor coupled to an output of the second pump;

a mixer having inputs coupled to the output of the first flow sensor and the output of the
second flow sensor; and

a controller configured to receive signals from the first and second flow sensors and to
produce control signals for the first and second pumps and the mixer and configured to cause a

30  mixture of the first and second chemicals upon a demand from a CMP process.



