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30 March 2007 -1 FLOW CONTROL SYSTEM BACKGROUNDY 42reh 2007
THE | NVENTION 1. FIELD OF THE | NVENTI ON The present
invention relates generally to fluid fl ow and control,
and nore particularly, to s a fluid flow control
system suitable for use in ultra-pure or corrosive
applications. 2. DESCRI PTI ON OF RELATED ART Many
industries such as sem conductor, pharnmaceutical, and
bi o-technol ogy experience -iffduid delivery problens due
to typically low flow rates, the use of abrasive

chem cal fluids, the wuse of corrosive chem cal

fluids, and the nggdWUONDROBIYRIRMfree, accurate,

conpact, and real- io tinme fluid delivery and/or
bl endi ng syst SECKEROEND Y EHE BNeeNoONVechani cal
Pl anari zation (CMP) is a critical process in the

. sem conductor industry that involves a process to

1. f{EELBOE TERMENEIONace of a sem conductor. |In nost
applications, a slurry-coated polishing pad rotates at
a Thepiesent inechtiop exlatessgpacmiiy to fihi flowemdaonitblcindmotepaticuladly, to
flatten the surface. The slurry contains chemcals

a fluid Bew camol gystetnpaitsble forose il Diraparzios sdrrasi@apationds
abrasives that work with the polishing pad to

2. RESORIPEION QFOREPATHIEARYUr f ace. For CWP to work
perfectly, the mechanical and chem cal polishing nust
Wivakiy irdgQtidieduch b séeniBGHdu@ar) habAscRil, and Bio-BHOBEP etRrience

thi s bal ance can cause danage to the wafer or reduce

fluid Yél@tr§l-prdblenishiie @o typidaQy MW ratds@8 uﬁé bf ﬁfr@s‘i\téechemlcal fluids, the
polishing is mechanical and it would be |ike polishing’

use ofdoRdSivedHeRich PACRAREA the nbed BESHital a'hpgcﬂal Cdhrait, Lhipact, and real-

nmost of the polishing is chem ca nthe 1o

umeﬂlﬁdayﬁc bhsd/& Hlend goli shing rate of the wafer is
hi ghl'y depende?}nt H&Ssgn%te delivery rate of the

For example, Chemical-Mechanical Planarization (CMP) is a critical process in the

semiconductor industry that involves a process o flatten the wafer surface of a ssmiconductor.
In most app!icatioils; a shurry-coated polishing pad rotates at a controlled speed against the
semiconductor wafer to flatten the surface. The siurry contains chemicals that soften the surface
chemically as well as abrasives that work with the 'polishing pad to meché.nica]ly polish the

surface. For CMP to work perfectly, the mechanical and chemical polishing inust work together

" in a delicate balance ~ any changes to this balance can cause damage to the wafer or reduce

yield. If thers is no slurty, 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
fluld and the total amount of fluid delivered during a polishing operation.

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

| displacemcnt_ pump, such as a peristaltic pump, to draw the slurry from a vessel and apply it to




fluid and the total amount of fluid delivered dul4Mgreg 2007

pol i shing operation. For processes such as CML, the
slurry delivery systemtypically includes a positive
di spl acenent punp, such as a peristaltic punp, to draw
the slurry froma vessel aq%_apply it to 30 March 2007
-2 the polishing pad. The punp noves the fluid at a
nore or |ess constant rate depending on the speed of
.he punp,..though the perjstaltic punping action causes :
the Poﬁ&i}ﬁ%é) AL 1o TR Wevss e it /BOJF o Igyseconsippicate depending on the
peristaltic punp is a volunetric fluid delivery
. speed efithe prmpnidougioiba penstalfic pinipingaction cavisesa plsatignngthe fluid delivery
condi tions such as the punp tube age, the punp tube
rate. Sisoeptiegierictltict fanp fis i eblgmopRsiliidadelivel Py, Maé @mount of fluid
speed, the level of fluid in the vessel, punp

varies Al Q{aﬁgin%rl%on@{tigns Wheé’svﬂ"x%ipdrﬁb Hﬁa@%g&'\{'ﬁe %Flp?t‘gﬁg k&hperature, the

processes,” fluid such as slurry IF uppllec
i oD P RSl ST B Rt 580 1B on, e
tools may b riven fromthe sa | oop. Pressure . .
iHOFIp¥ <> dB Kl STplan PERRESTeBoftuid SHElS a% plypyyis supplied in a

) Thi s change in |oop pressure may affect the slurry )
circulating averhead loap. Sucbt thery lanps aco afier doven with e admaatudteddiaphragm
Al'l of these influences on process flowrate are

pump. BevéreMEMP toolsanaicClee dvfear fromehe sime [0WP. Presuee isds Joop my change
Therefore, there is a need for fluid delivery system

when dnBabolBdldi8 SRES,. TR dHaRRE NYRopdieQatengd aY‘f'eEtrlh? BRirRf IO rate on
art. SUMVARY THE | NVENTI According to a first

amﬁhmﬁﬁgﬁﬁhngtﬁéﬁﬁh§%§$§@$pinvention, there is provided a

ow con em > conprising: a substantially
ri.gid.vessel having first and second epds; .the first. .
é%gogﬂleﬁ%f@ﬁus%rrfﬁﬁ B0 peRcsEs Moy aia @rea?ﬁqaem fo rsfeceayater yield in CMP
outlet; a process fluid reservoir situated in the
‘processes.gllaprgioss ghereris a need for fluid delivery system that addresses shortcomings
associated with the pn'or art.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there is provided a flow control
system, comprising: a substantially rigid vessel having first and second ends; the first end of the
rigid vessel having an inlet and an outlet; a process fluid reservoir situated in the rigid vessel in
- fluid communication with the inlet and the outlet; a drive fluid reservoir situated in the rigid
vessel; a diaphragm positioned in the rigid vessel that separates the drive fluid reservoir from the
- process fluid reservoir, such that movement of the diaphragm in a first direction causes process
- fluid to be drawn into the inlet and movement of the diaphragm in a second direction causes
" process fluid to be expelled from the outlet; and a pump in fluid communication with the
. working fluid reservoir to selectively meter working fluid into and out of the working fluid

-+ reservoir, such that metering working fluid out of the working fluid reservoir displaces the




fluid communication with the inlet and the out | ef®Mgreh 2007
drive fluid reservoir situated in the rigid vessel; a
di aphragm positioned in the rigid vessel that
separates the drive fluid reservoir fromthe process
fluid reservoir, such that novenent of the di aphragm
ina first direction causes process fluid to be drawn
into the inlet and novenent of the diaphragmin a
second direction causes mgocess fluid to be expelled
fromthe outlet; and a punp in fluid conmunication
wth the working fluid reservoir to selectively neter
working fluid into and out of the working fluid

dlaphragﬁﬁﬁ Ql'ié’ ﬁ’t'sf ) g&htotcﬂg&r % lﬂ?m\f@ﬂllé' Iﬂ& o ll‘ﬁe@erﬂl%tw&fcin% Bid into

wor Ki ng f reserv aces BpiC R Gy
. the workl C}lgr%%ut'l .I‘%Sﬁl%?n‘ M?fp?aceszt?zg élé (}ﬁ h ! a 1rect10 h?ct exgegprocess fluid ‘

ri ng working f|UId into the morklng f|UId
ﬂnn”hePg@grvoir di spl aces the di aphragmin the second
dlr ion to expel process fluid fromthe outlet.
gﬁ”ﬁ tag £5ond aaReshat shepmgsenbinvention, thergds Prowidsd # gpethod of
there I's provided a method of controlling the flow of
controlling the ﬂywtqf shirgipa @GP todl Hatludingiproydiog iadiispgsakle bad preloaded with
di sposabl e bad preloaded with slurry; situating the
slurry; sitliatipg gheebdispdsalge bag fin dudl coommunicatiatiwith aistunryaoulet rooynecting the
outlet; connecting the CWM tool to the slurry outlet;
CMP tocintd tel slapsiongett ad diddippsablie: diRposableebdgeto skpil rsYurfyr Gidin the
the disposable bag to the CMP tool at a desired fl ow

disposable@ag to e CMEicdDatlaictirddidwiragpect of the present
invention, there is provided a flow control system

A&Sﬁdﬁ%eﬁ*) Qtl’ﬁﬂp tp@&t Ma{hley rEde gw¥ Rt elthe'i@?g r'?:@ﬁle@% flow control

I nl et and an ou rocess rese vol r

system ﬁdlﬁd’é@t eguﬂs{gm{lgl% Pﬁﬁ[ ﬁesgas llt %n Ililei! Qnr{ Flg toqltlet A process fluid

ommuni cat1 on e |n
osi,tioned,in the ri

. reservmrtl%gﬁl %g\}lénﬁ)&ﬂgl%yestsﬁé’m%% uid ﬁ%lﬁlalgplcatlo%l with! the 11%ef and%e 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 me inlet and the outlet. The inlet and the outlet may include inlet and outlet




in a first direction causes process fluid to be %95%%912007
into the inlet and novenent of the novable nenber in
a second direction causes process fluid to be expelled
fromthe outlet. The process fluid reservoir may
include a bl adder situated in the rigid vessel in
fluid communication with me inlet and the outlet. The
inlet and the outlet may jnclude inlet and outlet 30
March 2007 3  check va]%es respectively, to contro
rom;of the process fluid into and out of the process
reservoir. In certain enbodi nents, a syringe
check Valb‘iﬁrrfﬁsp%c‘%%i t9yrentrolfiay phibe prasess Aad s andhous of Sieprrpessstluid
a cylinder wwth a plunger slidably positioned in the
reservoir.cy| i nder. A stepper notor, for exanple, actuates the
pl unger. I n other enbodinents, a di aphragm punp
Inaentam gabsditments, aiseinige pinap & empléyed, aduhdtigidvesseethus Sonaprises
di aphragm that separates a drive fluid reservoir from
a cylindertigh RrGRes shddbiy Eosﬁ@&%ﬂ\dﬁlthe clidefPA isfepbr tbtérdfor example,
communi cation with the working fluid reservoir to

actuates th8 9111%@&4 Ih%tlrier IR meMRY, Kid hfalgm Sl &%gaﬁexﬁq& uldl, ¥h&ein the

king fluid reservoir. nbodlnents of the present

movable ﬂléu}%l?e‘i]s gén g@nﬁqﬂ}% g d vJ‘ea'lls‘ésw% gﬁﬂ% ﬁhléls%:g%rgé% Isﬁ%}‘x} e 0[ﬁ'ocess fluid
def yjned t hereb X
reservor. Aborfly i 1 °°mﬁn%fgﬁ%le°n ‘zlﬂaﬁgp‘agr}eﬁgeﬁs@gwswg. ? gdpttyely
and i n fluid conmunication
meter workjpg ﬁ“‘? %Pge W? Wlifeselxo%r king fl uid
reservoir is situated in the ri vessel and
Embadinent phIthg psesenb imvestiomep e@ sﬂqw weoatrob Sesterm| having a
The rigid vessel defines a working fluid inlet, such
_substantiallyirégid wesskl, ngthf 4 piagessefbuid wotleti defined Herehor 14 ﬂgxlbllemrelcess fluid
reservoir conpresses the process fluid reservoir to.

reservoir, fotpiaktapegceslispbkable baheietitwared it olig hidid erepdedamdsis in fluid
fluid outlet. A punp is connected to the working

communicdtio iviitH fhle@irodeds fITRI Qitlen A \Wikih P Glufd fé’s&vb@ﬁ@mhﬂﬁed in the rigid
wor ki ng fluid

vessel and substantlally surrounds the process fluid reservoir. The rigid vessel defines 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. A pump

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

TEServoir.

Embodiments of the present invention provide a method of controlling the flow of
slurry to. a CMP tool that includes providing a slurry reservoir containiﬁg 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 shurry 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,




reservoir. Embodi ments of the present invention 30 March2007
provide a nethod of controlling the flow of slurry to
a CWP tool that 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 fromthe slurry reservoir to the CW
tool at a desired flow raté4-The slurry may be
provided in a disposable bag. Alternatively, a supply
of slurry may be connected to a slurry inlet in fluid

an outlcovatvencanmected tovittershirheowletisrcjosed and wqredetedminad volume of the shurry
val ve connected to the slurry inlet is opened, 30

is dravivhfrolm #eOsturry 4upplydutol tht sWaty fesemdire C Collagise théelulyUresatvoir then
outlet is closed and a predeterm ned vol unme of the

mclude%' dbditlg thS IMEBYRIvE rﬁﬁ‘ Aﬂﬁmél %'Rﬂldé id“PﬁvExﬁesl from being

sl urry reservolr. se t e s urry reservoir t

crawing iy W Jurfy 5 r‘f%gﬁa%& Ines a%""a} B SREN B defryt oo

nt o .t.he sIurr e[ voir nd allowing the slurry to
E% cgriain) pxsnpl ﬁ‘éﬂm o l@ﬁr?@r fnd % ipAvably member are

enbodi nent s, the slurr reserv0|r and a novabl e nenber
situatechinen rigid vesseld Collapsing ghesslvay seservotiimaz beiasgomplished by myoving the
. reservoir may be acconplished by noving the novable
movableeminsbseriin aafifst diséctidhs €C pledeterningd 8dhings of thedluepy isndeawdh from the
the slurry is drawn fromthe slurry supply into the

slurry sibply itto"tRS Mr&s&%mmaﬁnghﬁe HRVEble SndHREE $H a lsfeofd direction. Tn

second direction. ot her “exenpl ary enbodlnents

e Y SIS Ay (o o

collas he. sl urr res rvoj,r BRIEF DE.SCRIPTI(]\I(]:
shid is by Rieeians HERn Falose ik sorm serdBes of 1 ho

i nvention wll becorre apparent upon readi ng the .

fol lovi ng JBRIEFQESCBBITIN OF THE DRAWINGE ence 1 o

t he drawi ngs in which: '

Other objects and advantages. of the invention will become apparent upon reading the

.. Tollowing 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 gccordance 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. generaily illustrates .a flow control system in accordance with a further
_ exemplary embodiment of the present invention.
‘While the invention is susceptible to variousmodiﬁpations and alternative forms, specific

-e.mbodiment's ‘thereof have béen shown by way of -example . in -the: drawings and are herein




Figure 1 is a block diagram conceptually ill ust r%? M%Ch 2007
a flow control systemin accordance s wi th aspects of

the present invention. Figure 2 generally illustrates

a flow control systemin accordance with an exenpl ary
enbodi nent of the present invention. Figure 3

generally illustrates a flow control systemin

accordance with another ex&nmplary enbodiment of the
present invention. i Figure 4. generally illustrates .

a flow control systemin accordance with a further

descnbecbnedﬂhﬂ,r Wit ehinddibeenidefooiN BowewRs Shbat tHeV@RLH M f specific
: the-invention is susceptible to various nodificati ons

embodinent 8 hbEibRidsd % tlﬁﬁtrtﬁe nm duI tocth]ejﬁilt%ﬁtag‘i‘&grr& Eciés ,a% on the

have been shown. exa

o S 1050 0 b i i
iments is not intended to

speci f.i c
theSPmtfigﬂiﬁe(tOpFﬁitqe WPBW&‘%‘F&?Y%%HPG edrelaigsns di scl osed,
but on the contrar the intention is to cover all
modi f | c&?EBﬁ@EPdaEgﬁR@TK?N@Em&Nmf al l'i ng
within the spirit and scope of the invention as
Iigsirative entbpdivheniaghthe ientibmaeRles GEEAIelRy, DESERIRHAN clarity,
OF THE INVENTION Il lustrative enbodi ments of the
not all fedturesof o actasldnthbasdntdton AREIQMbAdin BE §P9$£Eé&§)5. H will of course

clarity, not all features of an actua enen
our se

be appreéiaRddane’ iPqHe | feveldh ghef/ u8§n§ Lt Vfcwngnlﬁgug h Dumerous

be appreci at ed that

implemen%%ﬂ oKD 89&1#]'3 H’ﬁg’ %i‘éatemcg@ge egrtgipggrgggm%gllﬁfclg%als, such

ecCl ST ons

as complis ecific als such as conpliance with
: pliglie with Suftpaaleisd fod hupimesslesheanstraints Wil vayifobrm one
wi_ll vary from one

implementation to another. Moreover, it will be appreciated that such a development effort
might be complex and time-consuming, but wou]_d nevertheless be a routine undertaking for
those of ordinary skill in the art having the benefit of this' disclosure.
Figure 1 is a block diagram conceptually ﬂlustratmg portions of a flow control system
| 100 in accordance with aspects. of the present iﬁvention. The exemplary pump system 100
shown in Figure 1 includes a substantially rigid vessel 110 that incltxdes an inlet 114 and an
outlet 116 positioned generally at one side of the rigid vessel 110, A process fluid reservoir 112
is_s‘itttai;téd in the rigid vessel 110 in fluid communication with the inlet 114 and the outlet 116.
To expel process fluid from the pfocesé 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 embodiment's‘, a movable member 120 is positioned in the rigid vessel 110,

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




i npl enentation to another. Mreover, it wll be 30 March 2007
appreci ated that such a devel opnent effort m ght be
conpl ex and ti ne-consum ng, but woul d neverthel ess be

a routine undertaking for those of ordinary skill in
the art having the benefit of this' disclosure. Figure
1 is a block diagram conceptually illustrating
portions of a fIOM/controI'§§Sten1 100 i n accordance

with aspects of the present invention. The exenplary
. punp system 100 shown in Figure 1 includes a
Figure ) sauseh progessyfividgi2d (fessenple sluridor nsecinual €Y EByprocesskto be drawn
- 114 and an outlet 116 positioned generally atone side
into thefinlethkl 4r vigiadsupgpds 6ibe 120. Moymune of thd miosable sember 120 1 a second
is situated in the rigid vessel 110 in fluid
directi®OOY G gtiti 28 Ehvivinlin Figré 1) edllapdet tBO dedeP®iOLID Rid ckbies the process

To expel process fluid fromthe process fluid
; r F

fuid 1 P frdeh U et 116 REE ol o193 Vi EplocksS ube 125. An actuator
certain aodi nment he pracess .fluyid reservoir 112

130 self GRS wEReeR pEb b RblE Piakes 1M 6 and thus,

e inlet 114 is not provided. In_certain enbodi nents,

iﬂﬁb@@w@%hﬁ‘é? valyes f]sS,]dasqI? pEvaded af thednlei §l4andtheequtlet 116.
110, vch that novenent of the novable nenber 120 in a

When th¢ mowable membend 20 ismbvae th dliet lefisis shown i Rigdte \aheontlzoclfeck valve
-6 Figure 1) causes process fluid 122 (for exanple,

117 closbsinind/ iHeoinlétSeheck valveMA 5popeas Sajowifig RRe Brcvest fliidt 122t feenter the
inlet 114 via a supply tube 123. Mvenent of the

vprocessr@liié bbk £, r_slhgal}? g?é%?ﬁgo a[gﬂbé E&He%f‘ (fok x Oc,rif the process

right as shown in I"apses thereservol
Buid 1724¢ s e HOREE bbie) Bofe doon asiste) Br arfi oy BEaunfie The process

. upe 125.. An actuatqr _s 130 selectively controls .
fluid 132, mBRiedo ROy PHekPRn| Boerienss Db loadiesis iafkpondi of variation in
check val ves 115,117 are provided at the inlet 114 and
mean pressireoon pressutd pulsatighdn thepeocesy fuideupplyb Becaizo thespumyysxstem 100 is
to the left as shown in Figure 1, the outlet check
volumettit! il @ature, air bubbles are not differentiated from fluid.

Air collection and purge can be accomplished by several methode. For example, the use
of an accumulator, or holding tank, prior to the inlet valve to store fluid and allow the air bubbles
to rise to the top, while the process fiuid sinks to the botiom. The “bubble-less” process fluid is
then d:rawp 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




117 closes and the inlet check val ve 115 opens, 30 March 2007
allowing the process fluid 122 to enter..the process
fluid reservoir 112. The supply pressure nay be
anbient (for exanple, if the process o fluid 122 is
supplied froma bottle), positive (loop pressure) or
negati ve (for exanple, the _process fluid 122 is
supplied froma bucket). THe process fluid |oading is
i ndependent of variation in nean pressure or pressure
) ulsation in_the process fluid supply. Because the
during vensthereol 0Bhuss any upsireetirinfudnces fromrpressaier vaniatibh esplugging
B are not differentiated fromfluid. Air collection and
filters witi mjeffectrthb proaess diuid Howaeske hiring deliviky. "BLREEy, tROictuator 130 can
exanpl e, the use s of an accunul ator, or holding
overcomb afik dokBant i | 421, Q: SE AT . LU
al | gw t he ai rﬁlgjlgﬁeggb I?Eoo&%i ds/eglg]tho %tthsg t?cl)%llﬂ%% z?géjmmanded flow
the. process fluid sinks to the bottom The

rate.
"bubbl e-|1 ess" process fluid is then drawn into the
inlet 114 fr he bottom of the tank. In other
Pl 8 Al dfiiraen o Sphirojcsiviepagiin accomaica with cxemplary
bodi relggse air bubbles - sone predetern ned vol une of
embodimgnisof de mvgnigpn. sTheyflewwsontelsysiom 200sincindes a kfingerphmp 201, In

_ anot her predeterm ned volume is purged off the top
the pump(siyefemi M0y theisigidkvassl ds & bylirslep] (hdvirpky genbhalyr@ifdimichdds-section.
process fluid is then dispensed. Wen the novabl e

The cylinderidrhat 2fe iefd By RANdes HBSaIE B andShe BN 118 »Elllgﬁ Efet'c%)gnected

to deliver process fluid to the process t 00l _
to the suppl AtbeCIBCHd i in ngC
the sulgly BibeRRGRIIE Bookruby 125 Vi B8 e Bl bt offE Vetves 115117,
; 0 from,the sypply of process fluid 122
respetvdl SURRETAPR S Ol Bl o3l ot 32 ey
a u eamj nfl uences from pressure variation or -
210. ThefgageP 206 55 fidable 4t e eoiinger 2001wk dettenqyemmsatof e piubger 220 fo
] flowrate during delivery. Generally, the actuator 130
the right a5 {Husteptast indtigura Ryresittarin tpracess fluitll heipcapellehirbm the ‘cglinder 210,
design limts) to naintain a commanded flow rate.
through the outlet 116 to the process tube 125. As noted above, the cylinder 210 has a generally
uniform cross section, so the volumetric flow rate is directly proportional to the plunger velocity.
_ In exemplary embodiments, a linear drive stcpiaer 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 avéilable 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
pl_unger force adjusts to the level required to keep the plunger 220 moving at.the commanded

rate. In certain implementations, the motor cturent is monitored and used as.an indication of

problems-in the process, such as downstream filter plugging. If the current becomes eéxcessive,




Figure 2 generally illustrates a flow control sfg%MﬁFM2007
200 in accordance wth exenplary enbodinents of the

i nvention. The flow control system 200 includes a

syringe punp 201. In the punp system 200, the rigid
vessel is a cylinder 210 having a generally uniform
cross-section. The cylinderg 210 has one end t hat

includes the inlet 114 and the outlet 116, which are
connected to the supply tube 123 and the .process tube

+ V] ' t._and ou t check vglves, 115 117 .
the sysiehd i fhs U0 bOkeR o ikaniPel b OGS, i ool g futor used is based
B ite.the.inlet/out]et, end of the cylinder 210. . .
on sovetERBolT kol Binghafet ity bl B lereomespiebe e prporias, ipid viscosiy,
g .ddth t novenent of the plunger 220 to the right as '
e denSIY&e-at ed in Figure 2 results in process fluid being
exgel led fromthe cylinder 210, through the outl et
14 bladdent2@ ipsipwtedsn b eyliiier 208 sudt #balt ia omefJuid kemmunication with
cylinder 210 has a generally wuniformcross section,
the inletol thand/ deuomlet i1¢6 ftb formathe procdts ITREA rdseRAPPIL. dRathe illustrated
to the plunger velocity. In exenplary enbodi nments, a

embodilicA€ dhe Bladded 253 ?doﬁ%né@{ooﬂls %%gtf&ile@ QﬁH‘?lg&lt@ %gﬁgﬁl%r% grsuch that the

pl unger 220 via a piston to actua
process 1K, sk o PR S e ot o g By T o1 g e pinger 220.

even if e gdownstream pressure changes. A _Hybrid .
Thus, nfivgept of e aGEeT Sen Ape Aireeiiph (1 b PR sbewh ia Figure 2) causes fluid
avai | abl e from Haydon Swi tch and Instrunment Conpany,
to be drpwp iptodthp bladder 13 apdimewsmeent of fixecplunger dn tHeosppasitel direetipn (to the
) the plunger 220. The punp system 200 can respond to
- might asishowndn Féguré 2) dansespfhvid @6 beaspelidd fbrh\thé BIRA@RH D12 OTisd Huid supply
as the plunger force adjusts to the level required to

tube 1286RRednfetd HWIER' inf? 0 ﬂoviatn%é et Bﬁecﬁ%%”gfgsaﬁdah% olitikt 116 is

certain inplenentations, not or curren

' . n.i.ndi gatio f problens in
connect%fﬁgi t%?ggogg%%se %%@%@% tcﬁgcjcrﬁa[lﬁr% tr plugging. If
t.he curregt X \beﬁggﬁls excessive, 30 March, 2007 the .
| ’!‘3@( apRYjcatiors, guc 05 ABTOs1atRs With any semicpnductorcpropesses, require
The particul ar actuator used is based on several
the flowrpath (alksurfaces wietted pybthe givoesiss Enid)aif dtuid detiverst syséems be constructed
: pressure, outl-et pressure, fluid viscosity,
of high purity, chemically inert/resistant, materials. In the slurry applications, such as CMP, -

abrasive particles could build up in the tubing forming a hard “stone” of abrasive material. If
| this stqne then bfoke ﬁ:_ee.ﬁ'om the tube and went on the wafer, the wafer would be scraiched 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 chgck 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

: Véxfiety. of: fluorinated polymers such- PVDF and PTFE are also suitable. Moreover; these.




fluid density, etc. A bladder 212 is situated in°f Mgreh2007

[ 210"such that it is in fluid eemmuni cation
Wo\%\ﬁ“‘ﬂﬁ%ﬂ he inlet 114 and the outlet 116 to H@/¥H2003428397
process fluid reservoir 112. In the illustrated
enbodi nent, the bladder 212 is fastened to the
inlet/outlet end of the cyhinder 210 such that the
process fluid, such as slufry, is isolated fromthe

interior of the cylinder 210 and the plunger 220.
in a one direction (to

st LU S vegent of the plunger .
materials %g ?%’fq%cgs a‘é‘*@\‘ﬁ‘r ‘{OrFOF—' E“d‘art@ gothex-partcles.  Thei pevents paeticle build up
and cl. dr amﬁ@i ntQ the bl adder 212 and novenent of the plunger
anc cloggipe phuligs dusstosachybyildan.on (to the right as shown in

Figure 2) causes fluid to be expelled fromthe bl adder
Figure 3Tillustratesi mﬂhmpémmrﬂaiﬁeﬂdﬂ%dn&opﬁmﬁﬁt tﬁpa&é& ance with

inlet 114 via an inlet check val ve 244, an e outlet

embodiméit§ of the peRetenictioh OThE Skl . via an
outl et check val ve 246. gyﬁar?ggg%%fl‘glggﬁé% ragin Aymp 301 and uses

a pump 38D QS @n3SRGpE AN -ME ..seni conduct or. cesses,
P require the quoa pa?ﬁ%‘ssﬂ?ﬁ&‘?g%f‘%%ﬁﬁ }fdo define the
. id). of. flui.d delivery systens be

process ﬂgigi%g%?ﬁbé{ fel ) %Cgﬁ H’rﬁ'ﬂa CP PR Withthe inlet 114 and the outlet 116
inert/resistant, materials. In the slurry _

and the ’é‘E"‘*‘Eﬁi“E’aPP‘hﬁﬁs‘? eckictalees EVR117. ablnabighe purtyt applicstionyltie wetted
build up in the tubing formng a hard "stone" of

componengyyre Sibyisated fremi ahigh phirityt plasticséuenas PRAN br oke free from
the tube and went on the wafer, the wafer would be

A workigfhed resoctoiCn0lid degast i e BBpAES LY he FllSacm 320, The

filters are typically used to r arge pa
pump 330Mich@d aGRIBS Al Ec% t]% gp system 200, such_as the
bl adderquB12, thg in %]%t 2 g@ﬁ%ﬁ/vei?'u@? ‘I&@?ﬂ& fwddnteged out
£ th nd.t he suppl.y and process tubes o
of the work Big 130 Tty 4B, Qnsteily R iesmemtbl Apilasichors wate or o, i
. ubtabl.e hi rity plastic is PFA (perfluoroal koxy
desirable £ the Working i, Pt dheleaine stoviing it outafdowprieng Middreservoir
. superi or chem cal resistance and nechani cal
- 340 displagss dhe-digphragm A20 i firstydindotibh (or the eigRCsDMWRBE FISHE) to draw
PVDF and' PTFE are al so suitable. Mreover, these 30
process fluiaint R0t 114. Metering working fluid into the working fluid reservoir 340

lisplaces the diaphragm 320 in the opposite direction to expel process fluid from the outlet 116.

| Figure 4 'ilIu_stm:ates a fluid control system 400 in accordance with further exemplary
:mbodiments of the presept invention. The system 400 includes a substantially rigid vessel 410
‘hat defines a process fluid outlet 116 thereﬂ:rough. A flexible process fluid reservoir 412 is
eceived within the rigid vessel 410 and is in fluid communication with the process fluid outlet
16. Rather than using a movable member to collapse the process fluid réservoir 412, a Work’ing
uld is pumped into:the-ﬁgid vessel 410 to collapse the process fluid reservoir. A working fluid.
~ sservoir 440 is defined in the rigid vessel 410 that substantially surrounds the process fluid

gervoir 412. * The rigid vessel 410 also defines a. working-fluid inlet 442. - Working fluid
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"non-stick” and thus, do not tend to gather particles.

The prevents particle build up and clogging of

filters due to such build up. Figure 3 illustrates

anot her exenplary flow control system 300 in

accordance with enbodi mentf of the present invention.

The system 300 enpl oys a diaphragm punp 301 and uses

a punp 330 as an actuator. A diaphragm 320 is situated

inside a rigid shell 310 to define.the pr ' |
received éafe m%wrkmlggzﬂm sery o4 copmarse R Rms e Eésx‘?m;‘}t"# 42 to expel
g the inlet 114 and the outlet 116 and t inlet

processo i t22 Hsestropa torough £5s Propess Aokt GrHep 1B, o &' Blomf 30, such es

applications, the wetted conponents are fg&ghﬁang& .
meterirfr pump ohiagéyringei oy | is Kongected, toh theswpskiog & gindf2 to metering
fluid reservoir 340 is defined on the opposite side of
working R DingPihe 3eTking Gluid heservoitri#03 Ahe prowdss fAvidal Roisithusaxpelled from

i spl acenent punp, selectively nmeters working fluid

| ir £ IRGhE lsath6 rite 36 thoiworidds fluid entering the
the progéébr%}g@rugcf‘%s, ir A0 NRb¥RAIdINGhE s riddg

an |1 nconpressi ble fluid, such as water or

. Oid,.is degitable for the working fluid. Thus,
working ol Rl M 1o £1 uid out of the working fluid

' 40 di spl he di aph i et . s

I P BB PRSI R P agtef oy Bt n bigh
fluid into the inlet 114. Mater Ki

purty bbb Hicaod i f b oot g sedgs M, e tes may be

the di aphragm 320 in the opposite direction to expel
preloaded origs thef proceds ffiuidy suble as shirst, and e alf Hghtetoginsure no air bubbles are
illustrates a fluid control system 400 in accordance

presenﬁ%éh the pkdtRss MKATH pasvided wHhiae 'F)fﬂﬁﬁiss Birttichethp beg ery be disposable,
i nventi on. The system 400 includes a substantially

imsuring pi1 G S5 st S pRcoBCHIE IS UL OF & B b yally edces

_ 212 | 7 i ved wit hi h e S i

the nupbéa of SRR AL 5 SRR, e PP dRad Bhyfeaf g imt e fhocess fid
Rat her than using a mgvabl e menber to,coll apse the

is manyfactured ond theitime Edwinfrorncedto theprogsskjook
The process fluid outlet 116 may have a filter 446 associated therewith. In systems 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 ultrasonic mixer, to agitate the process fluid
ihrough 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 benéﬁt 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




uid is punped into the rigid vessel 410 to coIIdﬂ%Maszog?
the process fluid reservoir. A working-fluid :servoir

WO Y PBBetined in the ri gid vessel 410 that PCT/US2003/628397

and all

substantially surrounds the process fluid servoir

412. The rigid vessel 410 also defines a working fluid

inlet 442. Working fluid 30, March 2007 received into

the working fluid reservoit® 440 conpresses the process

fluid reservoir 412 to expel process fluid 122

Qgrefnon1throu thewgafcess fluid outlet 116. A punp
varglions are gonslgere i they seapeyand ispizit of the rigeentiomp Actardingly,

connected to the working fluid inlet 442 to nmetering

the proteggon savghithersin is astsot fotth imtheldlaigs beloid r eser voir 440.

The process fluid 122 is thus expelled from the
process fluid reservoir 412 at substantially the sane
rate as the working fluid entering the working fluid
reservoir 440. In certain enbodinents, the process
fluid reservoir 412 is a disposabl e bag, which in high
purity applications, is fabricated froma high purity
pl astic such as PFA. The bag nay be preloaded with
the process fluid, such as slurry, and be air tight to
insure no air bubbles are present when the process
fluid is provided to the process. Further, the bag may
be di sposable, insuring a clean system and fresh
process fluid. The use of a disposable bag drastically
reduces the nunber of surfaces that are contacted by
the process fluid between the tine the process fluid
is manufactured and the tinme it is introduced to the
process tool. The process fluid outlet 116 may have a
filter 446 associated therewith. In systens using i a
di sposabl e 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. Sonme inplenentations enploy a m xer
448, such as an ultrasonic mxer, to agitate the
process fluid through the process fluid reservoir
412. o
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The particul ar enbodi nents di scl osed above are 30 March 2007
illustrative only, as the invention nay be nodified
and practiced in different but equival ent manners
apparent to those skilled ia the art having the
benefit of the teachings he &n. Furt hernore, no
limtations are intended to the details of
construction or design herein shown, other than as
described in the clainms below. It is therefore
CLA®YS:dent that the particul ar enbodi nents di scl osed
above may be altered or nodified 30 March 2007 WO
2004/ 030860 PCT/ US2003/ 028397 -11- and all such
varg at i r jdered within the scope and spirit
1. ogj#ﬁéagﬁéé ﬁ%ﬁg%a gg#%ingly, the protection sgught
he ssYstantislyasgid@kssebhidving first frel ekbaidandiel ow. 30 March

2007 -1 AIMS, 1. A flow,control system
cgﬁmtﬂiﬁ @%’h& rigigh ¥esarldiexingyoinlsy andpautiet having first
ag gm%@s%cmﬂd £RUSoir ithd1&d ful the Hgﬁmss%i ird fid ch@flin¥ &€ With the inlet
having an 1nlet and an outlel; a process fluid
and the estetyaairivediujdimserioir nitydterd nithe degdessssl; in fl uid

co ication with the inlet. apd th thet;a.drive .

FF b ggaegoped e e veive HET opghips it e A ot fom the
proces3 RSP AGLA HaNRRveredt DE (e Aaghrat®s fifd fifsbairection causes process

separates the drive fluid reservoir fromthe process

fluid tp badehwreinter the inlet and arpviement ofshediephragn in pscedingd gieetinn causes
Iy a firs |Iecti process 10 fluid to be
pmces&:}lé“vf/lntoibr‘?teop(?:1 eéi |°rwgikoglﬁl§§’§§%enent of the diaphragmin
aa pe@p Ndfldidreesinnaiication s6th the aoassy fllidiresehwib®e selcpivdlptheter

fromthe outlet; and_ . . . . . .
working fluid into and out of the working fluid reservoir, such that metering working fluid out of

the working fluid reservoir displaces the diaphragm in the first direction to draw process fluid
into the inlet and metering working fluid into the working fluid reservoir displaces the
diaphragm in the second direction to expel process fluid from the outlet.

2. The flow control system of claim 1, wherein the i gid vessel comprises a cylinder.

3. The flow control system of claim 1, wherein the inlet and the outlet include inlet and

~ outlet check valves, respectively.

4. The flow control system of claim 1, wherein the diaphragm is fabricated from PFA.

5. A method of controlling the flow of slurry to a CMP tool, including:
providing a disposable bad preloaded with slurry;
situating the disposable bag in fluid communication with a slurry outlet;
connecting the CMP tool to the slurry outlet; and
collapsing the disposable bag to expel slurry from the disposable bag to the CMP tool at

a desired flow rate.




a punp in fluid communication with the working f?%ﬁ%"°h2007
reservoir to selectively neter working fluid into and
out of the working fluid reservoir, such that netering
working fluid out of the woyking fluid reservoir
di spl aces the diaphragmin the first direction to draw
process fluid 15 into the inlet and netering working
fluid into the working fluid reservoir displaces the
di aphragm in the second direction to expel. process
6. T ITheahdthedwft ddmos)tWiRtein the ddpesdblovaLanta mbvabismembalare situated
claiml1, wherein the rigid vessel conprlses a
in a rigyf} veseRlrand whprgn cqila@smggw digprsalle bag sempsisss mavingthg movable
1nanMQ%f§Eﬁt Necigpl et and the outlet include inlet and
outl et check val ves, respectively. 4. The flow contro
systemof claiml1, mhereln the di aphragmis fabricated

fr m Pliﬁ«%j fgﬁiﬁé@% wrer?équ‘ dl (F:?g’?e ol '@.? a{'e afngloélivvessel and

Wheré?h 5,61%@@1 Qh@ﬁgpd%ﬁﬁk %‘Q Qﬁnﬁi‘lsteg‘ pehBingY w&‘lddééﬁdlﬂ‘ th thB®igid vessel.

di sposablle ba conmuni catiron wth a slurry
outlet; connecting the CWP tool to the slurry outlet;
and collapsing t he di sposabl e bag to expel slurry from
the di sposable bag to the CWP tool at 30 a desired
flowrate. 30 March 2007 -13 6. The nethod of claim
5, wherein the disposable bag and a novabl e nenber are
situated in a rigid vessel, and wherein coll apsing
t he di sposabl e bag conpri ses noving the npvabl e
menber in a first direction. 5 7. The nethod of claim
5, wherein the disposable bag is situated in arigid
vessel, and wherein collapsing the di sposabl e bag
conprises punping a working fluid in the rigid vessel.




