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WD 2004/ 030860 PCT/ US2003/ 028397 -1 FLOW CONTROL
SYSTEM BACKGROUND OF THE I NVENTION 1. FIELD OF THE
WORMENBISON The present invention rel ates gener atTySEm3/028397
fluid flow and control, and nore particularly, to 5 a
fluid flow control systemsuitable for use in
ultra-pure or corrosive applications. 2. DESCRI PTI ON
OF RELATED ART Many industries such as sem conduct or,
phar maceuti cal, and bio-technol ogy experience fluid
delivery problens due to typlcally low flow rates, the
use of abrasive chemcal fluids, the wuse of corrosive
chem cal fluids, and the need for contam nant free,
accurate, conpact, FuQWEANTROL $YSEEM ui d del i very
and/ or bl endi ng systens. For exanple,
Cheni cal - MechanBAGKGRQEAD QF ITEFN'OMPYION a criti cal
process in the sem conductor industry that involves a
process to flatten the wafer surface of a
L. senfIELRQEIHE INVENHION 555 j cations, a sl urry-coated
polishing pad rotates at a controlled speed agai nst .
£ heThepesions gPanEangFlates Eeeraliy 1 fuid dler anASoRTHLad grorerppatioularly, o
slurry contains chem cals that soften the surface 15
a flgiddlomceanirgl sggemyepitabledforse ixylyergure R Eor(RSVR applicAtiange
pol i shing pad to nechanically polish the surface. For
2. CVADESCRHITIONOFRELATEDRFechani cal and cheni cal
pol i shing nmust work together in a delicate bal ance - ]
anyMemaindestries susthasssepr¢aadentorc phraroanguiécall and §o-technolegy experience
waf er or reduce yield. If there is no slurry, then
fluidl delivdry pioblems|dus kn tygically lomchiemiates) thamde pf abmsivecchpmical fluids, the
i ke polishing glass with sandpaper. If there is too
usemfchrrasiverchymicaiofbtidsp find the npwil foistvintaginant b Rt@wdte, anapact, and real-
again the 20 balance is off. The polishing rate of the
timadiuiglr deligerp amglidr\platdipgsgeaerhs. upon t he del i very rate of
the fluid and the total anount of fluid delivered
durkargexample] Chbniegl-MpetapichloPlandriastionr (KMB) &S a sutitibal ggocess in the
CwP, the slurry delivery systemtypically includes a
senfiodrdtdtdreindustry that involves a process to flatten the wafer surface of a semiconductor.

In most applications, a slurry-coated polishing pad rotates at a controlled speed against the
semiconductor wafer to flatten the surface. The shurry contains chemicals that soften the surface
chemically as well as abrasives that work with the polishing pad to mechanically polish thg
surface. For CMP to work perfectly, the mechanical and chemical polishing must work together
in a delicate balance — any changes to this balance can cause damage to the wafer or reduce
yield. If there is no slurry, then all of the polishing is mechanical and it would be like polishing
glass with sandpaper. If there is too much slurry, most of the polishing is chemical and again the
balance is off. The polishing rate of the wafer is highly dependent upon the delivery rate of the
fluid and the total amount of fluid delivered during a polishing operation.

For processes such as CMP, the slurry delivery system typically includes a positive

displacement pump, such as a peristaltic pump, to draw the slurry from a vessel and apply it to
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di spl acenent punp, such as a peristaltic punp, to draw
the slurry froma vessel and apply it to WO
waQo/B@e860 PCT/ US2003/ 028397 -2 the pol i shi RgTuE2003/028397
The punp noves the fluid at a nore or |ess constant
rate depending on the speed of the punp, though the
peristaltic punping action causes a pulsation in the
fluid delivery rate. SinceZhe peristaltic punp is a
volunetric fluid delivery system the anount of fluid
varies wth changing conditions such as the punp tube
the polishing fade Thengurhp bervee ireflwt wk @ mérbr fidsgiocdnstdnt rate depending on the
conmposition, the punp notor speed, the level of fluid
speed dffthé P@nY, Qﬁ&%h the YERstaRic phhdidCabtiof huseVRRAUEN i fhe fluid delivery
many  CMP and sinilar processes, fluid such as sfurry
[ .26 | . Cl b .Qver.he ap.. _Such . .
rate. Siite PLERNC Budo 454 LRI DA GXEIPGR iy PR 0 e il of o varies
. di aphragm . punp., Several CMP.tool s nmay be driven from
with chnging; cahditigs Soeh 25 Pump fibe 4850y uBR AHBR mpRRuUTe, the fluid
one tool draws slurry. This change in | oop pressure
compogifign, A pEpp metorspeads theflpvshof Huid inithe vessedrmmieealboasion, etc.
connected to the sanme | oop. Al of these influences on
Macess, fnl many LIMPaarel Hinlilae petesses,r fuid cclhalk esluryy €8 dupplied in a
in CMP processes. Therefore, there is a need for

circulafidglbebrikeidi1s6p.y St isRiftyt fvabs aftdsems@svenith GANiN8&uated diaphragm
associated wth the prior art. SUMVARY OF THE

pump. |SfW§JélT chb ’90?315] ﬁia? BE d‘?i%gxf Slgreﬂsj{hgtsglglg gécgfz %P%L@é’ rﬁ?%gl%ejQOp fhy change

flow contro systemin

I has ap. inlet and an outl et. roces
when FEI6 SREHRT s el BEfPoR Brffilep iy B 6P Sy Bow rate on
is in fluid communication with the inlet and the
another qol Gopnecied {g\fag,sameioRPer is positioned in the rigid
vessel, such that novenent of the novable nenber in a
#lk of thaser iaBvensss eawsesssp flowests 4k elievedgobeduteavafer piell in CMP
the inlet and novenent of the novable nenber in a
processs®c Aidrefioree tterois aanesédSor i delbesy s§stemdthtipaddresses shortcomings
expelled fromthe outlet. The process fluid reservoir
associatedywithntéé peer at.bl adder situated in the rigid vessel in
fluid

SUMMARY OF THE INVENTION

In one aspect of the present invention, a flow control system includes a substantially rigid
vessel that has an inlet and an outlet. A process fluid reservoir is situated in the rigid vessel and
is in fluid communication with the inlet and the outlet. A movable member is positioned in the
rigid vessel, such that movement of the movable member in a first direction causes process fluid
to be drawn into the inlet and movement of the movable member in a second direction causes
process fluid to be expelled from the outlet.

The process fluid reservoir may include a bladder situated in the rigid vessel in fluid

communication with the inlet and the outlet. The inlet and the outlet may include inlet and outlet
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communi cation with the inlet and the outlet. The inlet

and the outlet may include inlet and outlet WO
waQo/B@e860 PCT/ US2003/ 028397 -3 check val veBCT/US2003/028397

respectively, to control flow of the process fluid

into and out of the process fluid reservoir. In

certain enbodi nents, a syringe punp is enployed, and

the rigid vessel thus conpridses a cylinder with a

pl unger slidably positioned in the cylinder. A stepper

notor, for exanple, 5 actuates the plunger. In other

check \Vﬁ%mg,%gﬁ%@ﬁ%ly,atocﬁoiﬁ%f A6 JTURP pRICER TULIRRD and oub Bflthe process fluid

erein the novabl e nenber is a di aphragmt hat
eparates a drive fluid reservoir fromthe process
fuid reservoir. Apunp is in fluid conmunication

ith the Ki ng fl ui Voi i .
SRS PSP, b RS SR GBS HER Yoo T8 Compries
_reservoir. In accordance wth further aspects of the

a cylindgrexishe plangsitslidably positioned shtheotylisyler oy gfeppeg motor, for example,
substantially rigid vessel, with a process fluid

actuateothie [phingete f Inredlbrteldod byents) afdiaphidgne ppmp ewsegeiant o used, wherein the
reservoir, for instance, a disposable bag, is situated

movablemédiberrik @i diapiRas@l thanepafatdsna Hivé dluid esvaripircRbmothe process fluid
Wth the process fluid outlet. A working fluid

reservoirS SR RS iﬁ' ﬁyﬁhfdjé&ﬁﬁll i withdhd wotBBgehui@Mservoir to selectively

a
substanti a surrounds the process fluid reservoir.

The. rigi d. vessel def,i ne I K luid inlet, such
meter ‘Y%glf]g\);@}(ﬁ’ir%ogaﬂe?ﬁtgﬂ ec‘gér\lf e |ur%{f 56%?5%' 8{r\.mr king fluid
eservoQir conpresses the i rocess fluid resgrvoir tlo
,aefror@qnse fighed RERS OF PHSERIgHYPHI D Pofle¥ ontrol system
fluid outlet. A punp is connected to the working .
substantiplly sigichyesself viithree peocessofluié ontlefgdafingd dharplpy  AnBexible process fluid
working fluid reservoir. In accordance with still
reservofryrfbhénstaspe et dispbsable bag.e senitudted ént thonrigidl wesshlodndfis in fluid
controlling the flow of slurry to a CWP tool includes

commuRicaibilivikg the phobeky fILRAISAINRT A workidd flhidTreSdrydif ¥s siflaged in the rigid
20 CWP tool is connected to a slurry outlet and the

vessel aéidléﬁf)éfar{tﬁﬁ ISURbtinds$h& BlobaR Rk felger%ﬁﬁ’.e lrhe kigtd %es]’:scfl gl\i!\?ﬁ&ea working

urry reservoir to the CWMP tool at a desire
fluid inrleatf gﬂChTﬁ]l%t %Jolﬂgi{lg il rgceei\r?erdoi\fl 0d (teh% {Ngrlgng fluid reservoir compresses the

reservo

process fluid reservoir to expel process fluid therefrom through the process fluid outlet. A pump

is connected to the working fluid inlet for metering working fluid into the working fluid

_ TEeSErvoir.

In accordance with still further aspects of the present invention, a method of controlling
the flow of slurry to a CMP tool includes providing a slurry reservoir containing slurry. The
CMP tool is connected to a slurry outlet and the slurry reservoir is collapsed to expel slurry from
the slurry reservoir to the CMP tool at a desired flow rate. The slurry may be provided in a
disposable bag. Alternatively, a supply of slurry may be connected to a slurry inlet in fluid

communication with the slurry reservoir. An inlet valve connected to the slurry inlet is opened,
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di sposabl e bag. Alternatively, a supply of slurry may

be connected to a slurry inlet in fluid communication
woi20d/080880 sl urry reservoir. An inlet val ve COnRETHS008/028397

the slurry inlet is opened, W 2004/ 030860

PCT/ US2003/ 028397 -4 an outl et val ve connected to the

slurry outlet is closed and a predeterm ned vol une of

the slurry is drawn fromtHe slurry supply into the

slurry reservoir. Collapse the slurry reservoir then

i ncludes closing the inlet valve and opening the

an outl@WalvelooMAd¥& fo0th® kR¥G utlsl i claged bad: PeddegermeiedWioldne of the shurry
into the slurry reservoir and allowing the slurry to

is drav@?rﬂb&gptﬁg |Gty ?I#nggﬂlﬁrg?g{/l& Qb II%sérQoﬁer(t}@l'ldigoggﬁrQl yreserv01r then

ment s, res rvolr and a

. are . ua a rigid vessel . sing th urr,

o e S b b tRRS %}Iﬂ% h eV?fﬁv%m o toing
nmenber |n a first directjon. predeter ned vol unme I

drawing o theghuryy Teserypisand alloing fe sharyiiorBe emsled tojthe GP%@O
slurry reservoir by noving the novable nenber in a
fre caraln dixegrplarg nembodimenthiethe eslemp | raseyvaintsodi aremyvsblet ember are
slurry reservoir is situated in a rigid vessel, and a

situatedMar Xtipid vdsself | Colthpkiag pheglady irédetvdihmay ibgi a&cMﬁISBs&.lled g moving the
coll apse the slurry reservoir. BRI EF DESCRI PTI ON OF

movablé HerhiRA HGR(UR&i0AD] £ pledeRNHindE WBRIAD §§th‘éfsh§rp§e is drawn from the

invention wl| becone apparent upon readi ng the
slurry s%lgpelkl g\r}mﬁ% glg}r re Vagvoqﬁ§§ Eloglnrggﬁi%%aylggﬁ lﬁefrgﬁ %r%r&gor%ld%lrectlon. In
con t|n a flaw cont mi .
other <SEBIRRLRLOdEST T SUBLESEVBY If LT UL hIBHEL gAd o working
gure 2 neral ly |Ilustrates a flow control system
fluid is ipnmae@tmgwmlwvmeléﬁ callansp fhersjurrergsgiypivent  of t he
present invention. Figure 3 generally illustrates a

f1 ow cont r o BRIEF RIS CRIBTHON 2k JdHDIRA BHNGR r
exenpl ary enbodi nent of the present invention. 20
Bitlesir bkt et bavdnyagek lofishy Bivestich HWildWecsé apparsntsipemreading the

in accordance with a further
following detailed description and upon reference to the drawings in which:

Figure 1 is a block diagram conceptually illustrating a flow control system in accordance
with aspects of the present invention.

Figure 2 generally illustrates a flow control system in accordance with an exemplary
embodiment of the present invention.

Figure 3 generally illustrates a flow control system in accordance with another exemplary
embodiment of the present invention.

Figure 4 generally illustrates a flow control system in accordance with a further
exemplary embodiment of the present invention.

While the invention is susceptible to various modifications and alternative forms, specific

embodiments thereof have been shown by way of example in the drawings and are herein
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exenpl ary enbodi nent of the present invention. Wile
the invention is susceptible to various nodifications
wana4aBesso nat i ve forns, specific enbodi nents poemnsefo3/028397

have been shown by way of exanple in the draw ngs and

are herein WD 2004/ 030860 PCT/ US2003/028397 -5

described in detail. It should be understood, however,

that the description hereinf specific enbodinents

is not intended to Iimt the invention to the

particular forns disclosed, but on the contrary, the
describedtigietafin  ItSshbaldchy andedtbodyldivieh &g tthaarthe desnHpviah éRietn of specific

and alternatives falling within the spirit and scope

embodﬁlflenftsh% Ao YRBhdedNtodsid afe 1ﬁ9§1tf6¥1 th ke %E\il"ﬂ@ﬁ'l de thrils Widosed but on the
Al LED DESCRI PTI ON OF THE | NVENTI [ustrative

contrar?n;ﬁg qh{gﬁﬂt)ﬁc' %so 0 éo r%r al'i%t Qﬁﬁc%[}?r? eﬂulf%gl%r gnd a elarlqvtllves It‘alhng within

er es utes

.act wentatlon i bed this

the SP“%‘;?é'gi SF?Rf-‘an‘?fl'tg‘i‘ﬁm"th% Fyoe gpefg @Ppﬁ@eaﬁ[?r“’é‘él ated that
in the devel opnent of any such actual enbodi nent,
nunerous I HPEHtIHE$ RBON QR THEE INVERNTTANt be
made to achi eve the devel opers’' specific goals, such
Ihusistieo spbodineatyeiithe swshiton dreldeb@ibedrtdlow. In the interest of clarity,
busi ness-rel ated constraints, which will vary from one

not all FeRRlr8IBNARAItRA] ihPlehdtioh ardVEsBAN&T in this éﬂebﬁic&tﬁm It will of course
appr eci at ed that such a devel opnent effort m ght be

be apﬁr@&@ﬂeﬁ X @ i d itk aﬁ Ve %@eﬂg 1ofP4hy ﬁl\éﬁ r%x/ﬁ'ti‘({(dﬁﬁ?ht b€ jumerous

routine un or thOSG I nar
ure.,

1mplerr%n aglogl SBT’%%?( Hg?lga?sa%ugtetﬁ f)‘feuté’l arcblevp(%fgﬁsg?vg pﬁg specgfuc goals, such
rtions of a flow control systen1 15 100 in

as contpliEngie it éY%tFmﬁeléée&e@ds usineptreel Bed semiTamig, oibicky vill magy from one
exenpl ary punp system 100 shown in Figure 1 includes

implemgntatips tta ramodiet.y Mprgodery gswl be pppreiated thet gedsa algvelopment effort
inlet 114 and an outlet 116 positioned generally at

might bneomplte aoid tilne-cohginting,elsgelodld hevértilesessa frbutind undertaking for
reservoir 112 is situated in the rigid vessel 110 in

those of bwiiﬁtryrgmrqﬂ kigeadrt Ravid thi bedgit ontigd diddidsi@ad the outl et
116. o expel process fluid fromthe process fluid

TFeoifré 3k a bl dt&?an? Sﬁc%ﬁﬁlaﬁ& lﬂh?stlraﬁﬁg pY)Ptiorns'o% a flow control system

100 in accordance with aspects of the present invention. The exemplary pump system 100
shown in Figure 1 includes a substantially rigid vessel 110 that inctudes an inlet 114 and an
outlet 116 positioned generally at one side of the rigid vessel 110. A process fluid reservoir 112
is situated in the rigid vessel 110 in fluid communication with the inlet 114 and the outlet 116.
To expel process fluid from the process fluid reservoir 110,‘the process fluid reservoir is
collapsed as described further herein below. In certain embodiments, the process fluid reservoir
112 is provided pre-filled with process fluid and thus, the inlet 114 is not provided.

In certain embodiments, a movable member 120 is positioned in the rigid vessel 110,

such that movement of the movable member 120 in a first direction (to the left as shown in



10

15

20

20 col l apsed as described further herein below In
certain enbodi nents, the process fluid reservoir 112
woOoq@roaededed pre-filled with process fluid andPChws2003/028397

the inlet 114 is not provided. In certain enbodi nents,
a novabl e nmenber 120 is positioned in the rigid vesse
110, such that novenent of the novabl e nenber 120 in
a first direction (to the <€t as shown in WO
2004/ 030860 PCT/ US2003/ 028397 -6 Figure 1) causes
process fluid 122 (for exanple, slurry for use in a

Figure CVRayeo paRsys fluide2df@wramblel slutdyefor nbein 4 CMPF peocdss) to be drawn
supply tube 123. Mvenent of the novabl e nenber 120 in

into th%irﬁ@cCledviadi thﬁ)%l}j fibe (109. tNI8verhéfitordte ROWUBle ibrbAUPS in a second

col | apses € reservoir 112 and causes the process

SO A PV T s I e.e l.ed.. thet 116.t ocess
decipi ) e Aoy 4SITHARPT) OB RNl 2Bl Q585 e process
i S e 1B s 0l P Bl FEEPES. A actuston

provided at the inlet 114 and the outlet 116. Wen
130 seleqtivelosoatiols mevasesnt oDde impvablganernbertl@. | eft as shown
in Figure 1, the outlet check valve 117 closes and
fddet aml ettlet lvhedk vallvesel 1518 7Tomensovided atvihegnichd 14prmad els outlet 116.
fluid 122 to enter the process fluid reservoir 112.

When thé énoVdPR iYeriih@ 920 i£mbB foehalddi &hothah FEREP) @e oliflet check valve
the process io fluid 122 is supplied froma bottle),

117 cldes iahd Be Hlﬂ?@w%% SRR £)5 gﬁgen@,eg rvgl"ﬁ aél% E)Eﬁ%téfmlfﬁ %25 RS enter the

process 2°1s supplied

poce PGSR o Al ol SRERT SR R B BB e proces
fluid 12‘:;'015 Eﬁ@:ﬁ}%ﬁgqﬁ a gg&@ﬁz)?)sig?@e (lggmngqez%lsr%fc{;n réggtivles(for example, the process

. differentiated fromfluid. Air collection and purge
fluid 155 pephet &op! & dndetbyTheprocess fwid Hoatling Eoimdepeadpitef variation in
the use 15 of an accunul ator, or holding tank, prior
mean ptessurber presafre yalsationtio tist mroeest fuidisuppty. dBdcawsetthe panp system 100 is
bubbles to rise to the top, while the process fluid

volumeSriid#hshatfe tdhebuitblds @8 notlagrferbiipd Bfrb@Shnd.pr ocess fluid
is then drawn into the inlet 114 fromthe bottom of

%ﬁc&%ﬁ?éo% élgi dﬁl%ljgg ;C%l} %é@gﬁ?i@%ﬁf séesvgfél g{a‘t}r{eo%ig.l Fge ample, the use
of an ac%{l%%?attgr[ g} H&Qin‘é%%%ﬂ&f toRhe s S{/afvle% (gtoiréc’ fluid and allow the air bubbles
to rise to the top, while the process fluid sinks to the bottom. The “bubble-less” process fluid is
then drawn into the inlet 114 from the bottom of the tank. In other implementations, an
intelligent purge is used to release air bubbles — some predetermined volume of process fluid is
drawn into the reservoir 112 and another predetermined volume is purged off the top (possibly
back into the supply tank). The remaining process fluid is then dispensed.

When the movable member 120 is moved to the right as shown in Figure 1 to deliver

process fluid to the process tool 124, the inlet check valve 115 closes and the outlet check valve

117 opens. This effectively isolates the pump system 100 from the supply of process fluid 122
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drawn into the reservoir 112 and anot her predeterm ned

volume is purged off the top (possibly 20 back into
woheo4gagreby t ank). The renmi ni ng process fl ui dPCs/USh®B/028397

di spensed. \Wen the novabl e menber 120 is noved to the

right as shown in Figure 1 to deliver process fluid

to the process tool 124, the inlet check valve 115

closes and the outlet check %alve 117 opens. This

effectively isolates the punp system 100 fromthe

supply of process fluid 122 WO 2004/ 030860

during RETddUS2B08E08 39 Rus, afy Gpstrdach inflRefleds itk Yrdsfigé @afiation or plugging
Thus, any upstreaminfluences from pressure variation

filters \Qﬂl Mtlé%bMe Eddegseﬂlﬁd Vioky) rafdurf, cf%?i'i/eltyh Q}éﬁ%&@l‘gsﬁle a'cfﬂaﬂ)r 130 can

om;rate Ing delivery. GEne t he act ator

erc ms any downst £a i,nf.] u

overcolg hny Heig l?%ue&aﬁs k16 36 SRk ABEE i §fintfin eleotamanded flow
Figure 2 generally illustrates a rom1controI system

rate. 200 in accordance with exenplary enbodi ments of the
i nvention. The flow control system 200 includes a
$yguragegmergdly2idlustrates a flow panitel sysemnd 0801, accordangegivith exemplary
vessel is a cylinder 210 having a generally uniform

embodmiats e thetinoention. THhedjdw notetrol 2y Eetna®0Ooineludeda kyraige pump 201. In
includes the inlet 114 and the outlet 116, which are

the pulﬁ}g 000, theri Ffﬂev&ééﬂ)ﬂsl cylinaer j—ﬂﬁh@ﬂ% 4 Q&epdlgqgﬁ‘{ﬁ)r&%%s section.

via the infet and outlet check valves 11

The cyﬁﬁ&e‘?%b [N hﬂe eﬁbq hﬂﬂglﬁpeszt%g r1]1](131§ o]f5’1'4t %ﬂttﬁg qu @l ‘%%lﬁh are connected

posite t et/ out ecy

o the Figh g rﬂnﬁghe ngesaﬁaﬁ% £ 5 B tcﬁg% Valves 115,117,

(llustrated in gure results in process fluid Qg

respectiighel Fefl urlg%ﬁﬁ%%@ %Wﬁeﬁ ¢spergllp ozop%fsotba Hnleteutist f:ndetof e cylinder
116 to the process tube 125. As noted above, the

210. Thgiplunger 220 ¢ Hissbla iy dreeeydindgr 21hivchrthatoneessnent of therplunger 220 to
so the volunetric flowrate is directly proportiona

the righitaastiliastiztedigeliigre 1 20@kils. inldrodess Gxriipdiag yxpelibd diore thescylinder 210,
a linear drive stepper notor 230 is connected to the

througIP{HéQﬁhﬁEt 11220 tHé BroReRitSEOID 2 3Ks h&e@%é&%t ﬁletc@iﬁncﬂ)érl'ﬂ'wq{as a generally
220. The stepper motor 230 noves the plungér 220 at

uniforry ngl%ﬁgﬁ rs%t (751 &e&f&% fate ﬁlan% ¥] glg)iaoﬂﬂ)lnﬁl t'i)'tﬁrgglunger velocity.

even | ream pressure chna

In exemplary embodiments, a linear drive stepper motor 230 is connected to the plunger
220 via a piston 232 to actuate the plunger 220. The stepper motor 230 moves the plunger 220 at
a commanded rate (for example, pulses per unit time), even if the downstream pressure changes.
A Hybrid Linear Actuator, Size 23 Captive 57000 'Series available from Haydon Switch and
Instrument Company, for example, is a suitable stepper motor for actuating the plunger 220. The
pump system 200 can respond to influences in the process essentially instantaneously, as the
plunger force adjusts to the level required to keep the plunger 220 moving at the commanded
rate. In certain implementations, the motor current is monitored and used as an indication of

problems in the process, such as downstream filter plugging. If the current becomes excessive,
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A Hybrid Linear Actuator, Size 23 Captive 57000 Series
avai | abl e from Haydon Switch and Instrunent Conpany,
wobano4mgenspl e, is a suitable stepper notor for BCTWARIOKG28397

t he plunger 220. The 20 punp system 200 can respond to
i nfluences in the process essentially instantaneously,
as the plunger force adjusts to the level required to
keep the plunger 220 nmoving %t the commanded rate. In
certain inplenmentations, the notor current is
noni tored and used as an indication of problens in

the systeheisphoréssn bsfushmachadRangiluaasociis tEie gakti@dirn@tuatdr used is based
the current becones excessive, W 2004/030860

on sevelrdt FASRORBIDERIACh sif, biveh SURE BRtipResStid! o HRMPrel&HO hiid viscosity,
mechani cal failure occurs. The particul ar actuator :

ﬂuiddéﬁ%geit% based on several factors, including batch
SIz€, batch tinme, inlet pressure, outlet pressure,

& Madaes B0 bt v stes 200 e f 1 G50 poprgirion it

communication with 5 the inlet 114 and the outlet 116
the inlgtol Moppd thee opited cld§stor fogindtheeproesssi fluid rpseryair h2  In the illustrated
illustrated enbodinent, the bladder 212 is fastened
embodiment, ltbe bladdéer/210ti$ Etstennd t@thetinket/oytlétrede of BOcydindér 210aduch that the
the process fluid, such as slurry, is isolated from

processtihd, sucBbb SlurrQf is iddeat s/ frbMdRE inddribrafehd d8inBéNO8Id 2RO plunger 220.
Thus, novenent of the plunger in a one direction (to

Thus, r%é\%&{meﬁlf E{ (ﬁ)‘r% rp%g&gfgf d%lrEé %Téc%gﬁgtocﬁg $6% ad {Hdwi weﬁg\PrEnZ& gauses fluid

novenent of t
inth site,direction (to e 1o ri as_shown in
to be diahet o BRASEIEEQEY R tofmbl o el Bt Pdhe PReSR dikation (o the
. 212. The fluid supply.. tube 123 iS5 connected to the .
right as Sr]hOé\in D FHeWER) SRUPh G %‘&%XR?@F@%%@? ot h&2-odibe Elpid supply
116 is connected to the process tube 125 via an
tube 123uid eennepied koihe velepddd wimmy iajsyldheck valve,24¢uehd gbe outlet 116 is
those associated with many sem conductor processes,

connected dothegpro¢dietubt 025 patdn udlet cleok alveg46wet t ed by t he
process fluid) of fluid delivery systens be

M@ta})pﬁéﬁﬁ)ns,isﬁcwﬁs fhb&hadaudihied wilh@BhyE &nti¥onductor processes, require
inert/resistant, materials. In the slurry

e g A L 50 AR MR GLH be consce
of higharpurrﬁii é:/heem%etﬂgfr fng}t/resligtant, materials. In the shury applications, such as CMP,
abrasive particles could build up in the tubing forming a hard “stone” of abrasive material. If
this stone then broke free from the tube and went on the wafer, the wafer would be scratched and
could possibly be destroyed. Thus, filters are typically used to remove large particles.

Wetted components of the pump system 200, such as the bladder 212, the inlet 114, the
outlet 116, the check valves 244,246 and the supply and process tubes 123,125 are fabricated of
high-purity plastic. A suitable high purity plastic is PFA (perfluoroalkoxy copolymer), which is

an advanced fluoropolymer with superior chemical resistance and mechanical properties. A

variety of fluorinated polymers such PVDF and PTFE are also suitable. Moreover, these
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this stone then broke free fromthe tube and went on
the wafer, the wafer would be scratched and could
weoas®inisso be destroyed. Thus, filters are typi eariug2003/028397

used to renove large particles. Wtted conmponents of
the punp system 200, such as the bl adder 212, the
inlet 114, the 20 outlet 116, the check val ves
244,246 and the supply and Ptocess tubes 123, 125 are
fabricated of high-purity plastic. A suitable high
purity plastic is PFA (perfluoroal koxy copol yner),

materialf i@ nbs-stielt” aad\tiaun; @6l nbi 1eod apgdtlergiartivldsh Thiepeévets particle build up
chem cal resistance and nmechani cal properties. A

and clo\ggfﬂgq;ml@fs due4oEhdhAhAM RO yMer s such PVDF and PTFE are
al'so suitable. Mreover, these WO 2004/ 030860
RC 397., -9 terials are "non-stigck".and .
e s e S RRER oy Yofisal SR B, i febordance with

artic build,up .and_cl ogging of filters due to such

embodifpention fhe PrESYY inegtiph| Fag e S oS %Q@ﬁgqagmmbim and uses
control system 300 in accordance with enbodi nents of

a pump A30 jgp €8 @atuatony éndiaphragMn@2(sisstitated dusidnprigid shell 310 to define the
di aphragm punp 301 and uses 5 a punp 330 as an

processafitidatservoirAl 1di, ahivhagin B&id domnsurticeioa dvithnthe ddetal 14 apd dhe outlet 116
shell 310 to define the process fluid reservoir 112,

and thehintdt i loBtldt! blhedk COARENIIESN 1PN \Mtﬁi%ﬁ Ktk | Bplidattdbn@Nehe wetted
the outlet 116 and the inlet and oufl et check val ves

compof'férés Jr%%abrlc@teﬁifﬂ)g% Eﬂfg.ht@taﬁﬁégfpiagt?@ts{l | gﬁl%{].?i }N;‘t :Jlegst ic

con”ponents ar e r! C | roma ! . .
N A R TR UTERS AR NS P

u 30, such as a positive displacenent punp, o

pump %éfg@a et W%@éﬁ%{)le\ﬁ%ﬁnﬁ @umpuﬁégth% T3Giers g’ﬁﬂr}ﬁln@fﬂ% dnto and out
working fluid reservoir 340. Cenerally, an

of the Wpd@ng) glgigdsnesﬂr@oif Ba9.d Genaxalyasn wwpwpressiblsi fluidj snch as water or oil, is
desirable for the working fluid. Thus, netering

desirablofok ithegwbikingiflwidt Tius,t hetering kiofiging fluidlout @f eier@btking3AGid reservoir
di spl aces the diaphragm 320 in a first direction (to

340 didplRes tieNdiaRSagg R0 ih B fiTkiOUFRLiS) (foQhél h%llzi\f asNhRGASH ﬁﬁ@we &) to draw

into the inlet 114. Metering working uid into the

pocs S 18, Ll 155 Mathod okfethanigees LpLaplt 0o si0
displacfesr %@d&a%%ra%lﬂ{ %»fot in]tﬁe6 opposite direction to expel process fluid from the outlet 116.
Figure 4 illustrates a fluid control system 400 in accordance with further exemplary
embodiments of the present invention. The system 400 includes a substantially rigid vessel 410
that defines a process fluid outlet 116 therethrough. A flexible process fluid reservoir 412 is
received within the rigid vessel 410 and is in fluid communication with the process fluid outlet
116. Rather than using a movable member to collapse the process fluid reservoir 412, a working
fluid is pumped into the rigid vessel 410 to collapse the process fluid reservoir. A working fluid

reservoir 440 is defined in the rigid vessel 410 that substantially surrounds the process fluid

reservoir 412. The rigid vessel 410 also defines a working fluid inlet 442. Working fluid
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Figure 4 illustrates a fluid control system 400 in
accordance with further exenplary enbodinents of the
wonres@iesed nvent i on. The system 400 i ncl udes a PCT/US2003/028397

substantially rigid vessel 410 that defines a process
fluid outlet 116 therethrough. A flexible process

fluid reservoir 412 is received within the rigid

vessel 410 and is in flui d Ebmrmunication with the

process fluid outlet 20 116. Rather than using a

novabl e menber to col |l apse the process fluid reservoir

received 1o tlee workkdgnuid frésainebin 440peomperesseathe prdvess flgiddeseeases12 to expel

410 to col l apse the process fluid reservoir. A working

process, hﬂﬂdd122r BRAIOD rthﬂ)ﬂgh'tﬁe eddeBeHuldn ot Yli6gi A Pﬁﬁr@@%o such as a
O that substantially surrounds the process fluid

oS S AT IR BT i e
UsS2003/ 02 10
working st 0 b 2SE i Bigngeoqs Bl 6L Byt Pledited rom

412 to expel rocess fluid 122 therefro through t he
the propess FbEd rdseiyod ftegubgtamgtially ihe rﬁpmgggte ag the, woaking fluid entering the

nmetering punp or a syringe punp, irs connected to the
workingudiukd regerfdiud4D.i nl et 442 to netering working fluid
into the working fluid reservoir 440. The process

fih bérehid eRbbdEmehtdSthe ppsleb il resdrmirt 412 ipaaig®satild biagd which in high
reservoir 412 at substantially the sane rate as the

purity %@g&i{:ﬁ?&’lsf Iis‘*'fé%n@é%& rﬁcgﬁ 4 B&h MR iMbt! el a”sqs}?eAVOTKe bag may be

certain enb ment’s, the ‘process fluid

peonds 350 B33 SRR A0S YUl LT, o protis e
pl h PFA. The. b | oaded
wfp%@w B B B0 T LB e gt

insure no air bubbles are i o present when the process

insuring laiglehn; sgstpmcandd:gq;htp@oqep%ﬂpidoc Quse pf prdpppsable, bagjgr@stﬁélyy reduces
be di sposable, insuring a clean system and fresh

the nurpber@f sarfidesititit affhwnteteddfy the grapsssthiifl detyeegn dneatimie dlad prpcess fluid
reduces the nunber of surfaces that are contacted by

is mantASuRNdeee $ike irhelitds hftfodaesd tbhik: frobds tdve. process fluid
is manufactured and the tine it is introduced to the

pqugfp?gc%i @ﬁ)ﬁh ouflBelL 1@@&?@%&4 ﬁ'l't&% QYL &lialdHohER WS sftems using

assocl at erew t I'n systens using

a disposable process fluid reservoir, the filter 446 may be integral with the process fluid bag so
that the filter is automatically changed with each new supply of process fluid. Some
implementations employ a mixer 448, such as an ulirasonic mixer, to agitate the process fluid
through the process fluid reservoir 412.

The particular embodiments disclosed above are illustrative only, as the invention may be
modified and practiced in different but equivalent manners apparent to those skilled in the art
having the benefit of the teachings herein. Furthermore, no limitations are intended to the details
of construction or design herein shown, other than as described in the claims below. It is

therefore evident that the particular embodiments disclosed above may be altered or modified



15 a di sposable process fluid reservoir, the filter
446 may be integral with the process fluid bag so
wohed4/80880f i | ter is automatically changed w t hreaais20wemn2s397

supply of process fluid. Sonme inplenentations enploy
a m xer 448, such as an ultrasonic mxer, to agitate
the process fluid through the process fluid reservoir
412. The particul ar enbodi méAts di scl osed above are
illustrative only, as the invention may be 20
nodi fied and practiced in different but equival ent

and allnssoln sasatmpp aresrunsideretihwitien shd dcbpelandspitieofthe inveatiomgAccordingly,
the benefit of the teachings herein. Furthernore, no

the protédiibh 8éughPBerdings bk oielin tBe EREnIBIIGN! s of
construction or design herein shown, other than as
described in the clains below It is therefore
evident that the particul ar enbodi nents di scl osed
above may be altered or nodified WO 2004/ 030860
PCT/ US2003/ 028397 -11 and all such variations are
considered within the scope and spirit of the
i nvention. Accordingly, the protection sought herein
is as set forth in the clainms below. W 2004/030860
PCT/ US2003/ 028397 -12- CLAIMS: 1. A flow control
system conprising: a substantially rigid vesse
having first and second ends; the first end of the
rigid vessel having an inlet and an outlet; s a
process fluid reservoir situated in the rigid vesse
in fluid conmmunication with the inlet and the outlet;
and a novabl e nenber positioned in the rigid vessel,
such that novenent of the novable nenber in a first
di rection causes process fluid to be drawn into the
inlet and novenment of the novable nenber in a second
di rection causes process fluid to
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10 be expelled fromthe outlet. 2. The flow contro
systemof claiml1l, wherein the rigid vessel conprises
wa 2004f0308der . 3. The flow control system of cl aPar/aS2003/028397
wherein the process fluid reservoir includes a bl adder
situated in the rigid vessel in fluid comuni cation
with the inlet and the outlet. 4. The flow contro
system of claim 2, wher ei n-tlRe novabl e menber
conprises a plunger 15 slidably positioned in the
cylinder. 5. The flow control system of claim4,
CLAIMS$:t her conprising a piston connected to the plunger
for activating the plunger. 6. The flow control system
1. oA flotwvadomntrb] sykstend, lkempeiginpr i Si Ng a st epper not or
operatively connected to the piston for actuating the

Q{#L'Bﬁt@ﬁtiall%(}ngd Vg—ﬁ,@lﬁ Vﬂi/gnﬁ&@mﬂd%lecoﬁﬁd%nﬁ@ of claiml1,

wherein the 1nlet and e outlet include inlet and

F flow contro
g{/ié%‘gs?neé‘@ﬁ%ﬁﬁ%&’?&m%é@gﬁg%{.k Hnaglé)ruﬁ?te fabri cat ed
from PF ow, cont r ol stem.of . claim
PSR ik ar e FoBF ri %%S?lﬂa G Sortipgpicétion with the inet
2004/ 030860 PCT/ US2003/ 028397 -13 10. The flow
cont r dnddheewlet:mdc| ai m 1, further conprising a drive
fluid reservoir situated in the rigid vessel. 11. The
fd ovade twanhbes \positioned irc thei mgid Gessehesueh that eovemeab b€ the movable
menber conprises a diaphragmthat separates the drive
f1 ui d maskesrviaid fiks Getlich PhReLEDcbdsulild B IR H@ivh. in® the inlet and
12. The flow control systemof claim1l1l, wherein the

di aphrtﬁ'&}'&rie%t bakld matade Bfeﬁmep i s%dmﬁcﬁ&rp%lﬁgy?fogéss fluid to

systemof claim11, further conprising a punp in

cormuq)ee Fvél?e@l f{é’ﬂlttﬁe &Eﬁtwor king fluid reservoir to

sel ective er workimg fluid into and out of the
r fluid reservoi uch t hat rrete wor Ki n
2. ?ﬁﬁrf@%ﬁﬂm&?‘ ST L g PRIFE (oBeidrel BPaphae ey Rder

3. The flow control system of claim 1, wherein the process fluid reservoir includes a bladder
situated in the rigid vessel in fluid communication with the inlet and the outlet.

4. The flow control system of claim 2, wherein the movable member comprises a plunger
slidably positioned in the cylinder.

5. The flow control system of claim 4, further comprising a piston connected to the plunger
for activating the plunger.

6. The flow control system of claim 5, further comprising a stepper motor operatively
connected to the piston for actuating the plunger.

7. The flow control system of claim 1, wherein the inlet and the outlet include inlet and
outlet check valves, respectively.

8. The flow control system of claim 4, wherein the plunger is fabricated from PFA.

9. The flow control system of claim 3, wherein the bladder is fabricated from PFA.
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di aphragmin the first direction to draw process fluid
into the inlet and netering working fluid io into the
wondaioagseb | ui d reservoir displaces the di aphr agarius2dobe28397

second direction to expel process fluid fromthe
outlet. 14. A flow control system conprising: a
substantially rigid vessel; a process fluid outlet
defined by the rigid vesseT1 15 a flexible process
fluid reservoir situated in the rigid vessel in fluid
communi cation with the process fluid outlet; and a

10.  Wbe Kowgcdnkrol systens ef vlaim 1sfurthat esmpuisinge driveifldidesaedir situated in
substantially surrounding the process fluid

the rigid @ssgélvoi r, the rigid vessel defining a working fluid
inlet, such that working fluid received into t he

11, MRé kﬂ(ﬂ;@ ddnttbf! SESH BRI AaimOTH! %?lléw dtt?ﬁer e 51‘?&{111113& omprises a

20 reservoir t expel process roug

. e 15. Th flow c nIroI stem
diaphra R SEETRs e el B PRl fhe e DR Bientels o
e. working fluid inlet for neterjng workin f|UId
12 THE BopiremEl RPieh PIUn He T oo DRI 8D fom PEA.
PCT/ US2003/ 028397 -14 16. The flow control system of
13. Ehaflawieentrpligystasm of elajm il &, further danhprisingo pamp tie dluidocanreunication
process fluid outlet. 17. The flow control system of

with the hairking 4luid tesedveir to galpstiv@iyngietsr xerking riluid %ito Gnf oAt 68the working
fluid contained within the process fluid reservoir. 5

fluid redeBvoirl, RAcH HRVRHOkorkBt BN 6t &f @k 'ﬁoh?mg“ﬂiﬁ& ?és@rvbﬂechsplaces the
m xer conprises an ult rasonl c m xer.

diaphraSRATh e FYd iR tochﬁ bless %gc{ ﬁit(g tﬁeh%%eg%ﬂ'xé I%Qergllgu%grkmg fluid

eservolr conprises a I spos

n
into the SVok iﬂng fhad %és%{{}m cﬁgﬁaces e d1aphragm in the second direction to expel process

fluid from the outlet.
14. A flow control system, comprising:
a substantially rigid vessel;
a process fluid outlet defined by the rigid vessel;
a flexible process fluid reservoir situated in the rigid vessel in fluid communication with
the process fluid outlet; and
a working fluid reservoir situated in the rigid vessel substantially surrounding the process
fluid reservoir, the rigid vessel defining a working fluid inlet, such that working
fluid received into the working fluid reservoir compresses the process fluid
reservoir to expel process fluid therefrom through the process fluid outlet.
15.  The flow control system of claim 14, further comprising a pump connected to the

working fluid inlet for metering working fluid into the working fluid reservoir.
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a substantially rigid vessel; 10 a process fluid
outlet defined by the rigid vessel; neans for
woanmi4aBeieng a process fluid situated inside thecriug2as/ 028397

vessel ; neans for nmetering the process fluid fromthe
rigid vessel through the process fluid outlet. 21. A
nmet hod of controlling the flLow of slurry to a CW
tool, conprising: is provF&|ﬁg a slurry reservoir
containing slurry; connecting the CVP tool to a slurry
outlet in fluid conmunication with the slurry

16.  rBediarorentramiisten Afsidinnlg, fithes pompijsing gdiligpFenneeted to the process
expel slurry fromthe slurry reservoir to the CVP too

fluid catlet. @ desired flow rate. 20 22. The nethod of claim
21, wherein providing a slurry reservoir containing

17, SEHerlohy cSﬂtﬁmrdy?n%ﬁ} oCAMAEL 4, i fifthér Soiyt sYngOnizeel Yo Mixindy Process fluid
slurry inlet in fluid comunication with the slurry

contmdeﬁ%ﬁ{h\{ﬂ'd{e r}%% ?19 r??é?@oqp PCT/ US2003/ 028397 - 15

ening a ve connected to the slurry inlet;

&ﬁﬁfw el G185 i LR i R B YOI EToF pprasonic mixer

slurry fromthe slurry supply into the slurry
19, seiorsiconiral systerTiE i Hdd verein ahwgéﬂn&ﬁ@rdemaewmr comprises a
collapsing the slurry reserv0|r conprises: closing
disposatikebagil et val ve; and opening the outlet val ve.

20. A flow control system, comprising:
a substantially rigid vessel;
a process fluid outlet defined by the rigid vessel;
means for containing a process fluid situated inside the rigid vessel,
means for metering the process fluid from the rigid vessel through the process fluid
outlet.
21. A method of controlling the flow of slurry to a CMP tool, comprising:
providing a slurry reservoir containing slurry;
connecting the CMP tool to a slurry outlet in fluid communication with the slurry
reservoir; and
collapsing the slurry reservoir to expel slurry from the slurry reservoir to the CMP tool at
a desired flow rate.
22.  The method of claim 21, wherein providing a slurry reservoir containing slurry
comprises:
connecting a supply of slurry to a slurry inlet in fluid communication with the slurry

TeServoir;
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24. The nethod of claim 21, wherein the slurry
reservoir and a novabl e nenber are situated in a
woigidsessssel , and wherein col | apsing the sl ur PgT/US2003/028397
reservoir conprises noving the novable io nenber in a
first direction. 25. The nethod of claim 21, wherein
the slurry reservoir is situated in a rigid vessel
and wherein collapsing the slurry reservoir conprises
punping a working fluid into the rigid vessel. 26.
The method of claim 22, wherein: the slurry reservoir
erenEgnialst valne pdsectad to Seslvatyddletn a rigi d vessel ;
15 collapsing the slurry reservoir includes noving the
ndusibg en oetidi enlvie cometied 36 tidi sheey outiet; andovi ng t he
novabl e menber in a second direction to expel slurry

fdr@ﬂir%h@ pRédidrhinddeeRaMe | I the sy EVR) HROLuAY Q;u?%l?\r"{l}ﬂg the slurry

a predeterm ned volune of the slurry fromthe s
suppl Ykt @t he slurry reservoir includes noving the
nmovabl e nenber in a second direction. 20 27. The

25, BRGNS oFL R R SRS S BBl s
dcilc?ser?gs %gliglep ?a%vec; %Qctl aining sturry.
opening the outlet valve.
24.  The method of claim 21, wherein the slurry reservoir and a movable member are situated
in a rigid vessel, and wherein collapsing the slurry reseﬁoir comprises moving the movable
member in a first direction.
25.  The method of claim 21, wherein the slurry reservoir is situated in a rigid vessel, and
wherein collapsing the slurry reservoir comprises pumping a working fluid into the rigid vessel.
26. The method of claim 22, wherein:
the slurry reservoir and a movable member are situated in a rigid vessel;
collapsing the slurry reservoir includes moving the movable member in a first direction;
moving the movable member in a second direction to expel slurry from the slurry
reservoir to the CMP tool and
drawing a predetermined volume of the slurry from the slurry supply into the slurry
reservoir includes moving the movable member in a second direction.

27. The method of claim 21, wherein providing a slurry reservoir containing slurry includes

providing a disposable bag containing slurry.



