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BACKGROUND OF THE INVENTION
o 1 FIELD OF THE INVENTION

The present invention relates generally to fluid delivery systems, and more particularly, to
improved fluid delivery systems and methods that are suitable for the direct application of ultra-
pure fluids to a wafer surface in processes such as CMP, photolithography and dielectric

processes.

15 2 DESCRIPTION OF REIATED ART

Many industries such as semiconductor, pharmaceutical, and bio-technology experience
flnid delivery problems due to the typically low flow rates, the use of abrasive and aggressive
chemical fluids, and the need for contaminant free, accurate, compact, and real-time fluid delivery

and/or blending systems.

20 Generally the semiconductor industry uses the word “tool” to refer to a system comprised

of pieces of hardware that perform an operation on a wafer surface. These operations include the
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the cleaning of surfaces to remove unneeded films, particles and chemical contaminants. The tool

can either be stand alone or incorporated with other tools in a cluster structure where multiple

s sequential operations on the wafer are done in one location,

For example, Chémical—Mechanical Planarization (CMP) is a critical process in the
semiconductor industry that involves a process to flatten the wafer surface of a semiconductor by
applying an ultra-pure flnid containing small abrasive particles and a reactive agent between the
wafer surface and a polishing pad. In most applications, the polishing pad rotates at a controlled

10 speed against the wafer to flatten the surface. Over-polishing the wafer can result in altering or
removing critical wafer structures, Conversely, under-polishing of the wafer can result in an
. tmacceptable wafe; surface. 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.

In addition to fluid flow rate, prevention of contaminants in the fluid being applied to the

15 polishing pad is critical. It is a problem in some applications that the instruments used to control

the process are a source of contaminants fo the process material. This is undesirable for use in
systems where material an ultra high of purity must be delivered to a user’s application. For -

example, the metal flow tube of a typical Coriolis flowmeter can be a source of contaminates.

This is the case in the fabrication of semi-conductor wafers, which requires the use of material

20 that is free of contaminants including ions migrating from the flow tube wall. This released

material can cause the chips on a semi-conductor wafer to be defective. The same is true for a
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is related to U S. Patent lications entitled "H gh Purity Coriolis Mass
Because prevention of QBP contam:tnantsnis critical, the majority of %MP processe% utilize

peristaitic puraps along with a suitable high purity tubing material to supply fluid to the polishing
5 pad. While the clean flow path non-intrusive characteristic of peristaltic pumps is acceptable for
CMP applications, the use of these pumps to attempt to control fluid flow rate is very inaccurate

since they are operated open-loop with no flow measurement feedback

Another process used in the semiconductor industry requiring accurate comtrol of fluid

flows and a contaminant free environment is the photolithography process. As is known in the

10 art, photolithography is a process that applies a light sensitive polymer,‘ known as resist, to the
wafer surface. A photomask containing a pattern of the structures to be fabricated on the wafer
surface is placed between the resist covered wafer and a light source. The light reacts with the
resist by either weakening or strengthening the resist polymer. Afier the resist is exposed to lght,

the wafer is developed with the application of fluid chermicals that remove the weakened resist.

15 A modification of this process applies a host of new liquids to the wafer surface to create
films that will become an integral part of the final semiconductor. The primary fimction of these
films is to act as an insulator between electrical conducting wires. A variety of “spin-on”
materials are being evaluated with a wide varety of chemical compositions and physical
properties. The key difference between the lithography process and the spin-on deposition is that

20 any defect in the film (such as a void, bubble or particle) is now permanently embedded in the
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dielectric viscosity, solvent concentration in the resist or dielectric, the amount of resist/dielectric

dispensed, speed of dispense, efc.

10 The track will also provide additional processing steps after liquid gpplication that changes
the liquid to a polymer using a bake process that also removes any solvent m the film. Dielectric
films can also be exposed to other chemical treatments to convert the liguid film to the proper
solid structure. The track also controls the environment around the wafer to prevent changes in
bumidity or temperature and chemical contaminants from effecting the performance of the film.

15 Track system performance is determined by the accuracy and repeatability of liquid delivered to
the wafer surface in addition to minimizing defects in the film caused by voids, bubbles and

particles.

Problems associated with currently available fluid delivery systems used it processes such
as CMP and spin-on applications include the inability to provide closed loop flow measurement,
20  the inability to provide an accurate fluid delivery rate based on changing head pressure of the

pump system, variances in the volume of tubing used in the pump, and pulsations from the pump.




For exanpl e, Chem cal - Mechanical Planarization (CMP) is a critical process
in the sem conductor industry that involves a process to f LeBngde waf er
surface of a sem conductor by applying an ultra-pure flui cOnt &1 ni ng

smal | agﬁﬁﬁimﬁsparticles and a reactive agent between the wafer surface
and a pOd BMHY pad. In nost applications, the polisHTFSBH Botates at a
controlled 10 speed against the wafer to flatten the surface.
Over-polishing the wafer can result in altering or renoving critical wafer
structures. Conversely, under-polishing of the wafer can result in an
unaccept abl e wafer surface. The pol +§hing rate of the wafer is highly
dependent upon the delivery rate of the fluid and the total anount of
fluid delivered during a polishing operation. In addition to fluid flow
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process contamination. Therefore, there is a need for an efficient, comj)act and contaminant free

solution to fluid delivery systems in the foregoing industries.

in other processes there is an increased need for a real-time blending system 6f multiple

fluids requiring a high-purity flow path. In addition, blending based on a volumetric basis is

‘15 generally unacceptable since typical blending formulas are based on molar ratios. Current
blending methods include adding multiple fluids to a container on a weigh scale in an off-line

' manner, as shows in Figure 1. Multiple fluids, A through N, flow into a container 11 placed on a
scale 12. One fluid is allowed to run through a flow valve 13 at. a time. The scale total is
examined and when the desired amount of Fluid A has been added, the valve 13 is closed. The

20 same process is repeated with the romaining fluids. Eventually, a total mixture is obtained. Iftoo
much or too Little of any fluid has been added the process must continue until the proper mass of

each fluid, within some acceptable error band, has been added.




Anot her process used in the sem conductor industry requiring accurate
control of fluid flows and a contam nant free environnent fOSMIahEOO

phot ol i t hography process. As is known in the io art, photolit oﬁrapﬁny is a
process that applies a |ight sensitive polynmer, known as resist, to the
waf er surface. A photomask containing a pattern of the structures to be
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the film (s rignately, i qirrent b productipamethed @) résglt mow pednanenttilyofenbedded
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increased and the liquid on the wafer surface i's spu e edge. A very
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As technology develops, the need for manipulation of the blending formulas based on the
differences in the product requirements, and additional new material components continues to
increase, thus requiring a greater need for flexible, accurate and contaminant free real-time
continuous blending systems. .Another important factor includes the need for accurate pressure

control to ensure proper blending and accurate fluid flow rates to the processing tool.

Thus, there is a need for fluid delivery systems that address shortcomings associated with

the prior art.

SUMMARY OF THE INVENTION
According to a first aspect of the present invention, there is provided a fluid delivery
system, comprising:

a flow control device;




10 The track will also provide additional processing steps after liquid
application that changes the liquid to a polyner using a ﬁ@ﬁﬁjgﬁﬁgfss t hat
al so renoves any solvent in the film D electric filnms ca 8 exposed
to other chemcal treatnents to convert the liquid filmto the proper

solid structure. The track also controls the environnment around the wafer
to prevent changes in humdity or tenperature and chem cal contam nants
fromaffecting the performance of tHe film 15 Track system performance is
determ ned by the accuracy and repeatability of liquid delivered to the
wafer surface in addition to mnimzing defects in the film caused by
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shedding tubing particles. Additional factors typically inportant in these
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flowrate, fluid tenperature, viscosity, density and "pressure. ile all of

t he foregoing fl&%gngggﬁerties can be neasured using a conbination of

various instrunen sach as differential pressure transmtters,

visconeters, dqﬁgitoneters, ressure transmtters, tenperature elements or
iftd
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fluid prqQperty . val ues, the use these instrunents can be expensive, have
signifﬁ@ﬁﬁ?w@ﬂéPﬁyﬂﬁmﬁ@ﬁﬂﬂﬁﬁ%ents, require increased mai ntenance, and
provide a greater potential for fluid | eakage and process contam nation.
Theref ore, #Hedeesprzoi need for an efficient, conpact and contani nant free

a distribution conduit in fluid communication with the reservoir, the distribution conduit
having a plurality of tool drops for providing fluid from the reservoir to tools
attached to the tool drops;

a flow control device;

a Coriolis mass flowmeter in fluid communication with the flow control device, the
Coriolis flowmeter having a flow-tube made of a high-purity plastic material,
the Coriolis flowmeter providing a output signal;

a pressure transmitter in fluid communication with the Coriolis mass flowmeter, the
pressure transmitter providing an output signal;

a controller receiving a setpoint signal, the controller receiving the output signals from
the Corislis flowmeter and the pressure transmitter and providing a control

output signal to the flow control device, wherein the flow control device output




solution to fluid delivery systens in the foregoing industries. In other
processes there is an increased need for a real-tinme bl endi of
multiple fluids requiring a high-purity flow path. In addiggmﬁyﬁﬁﬁghding
based on a volunetric basis is is generally unacceptabl e since typica

bl endi ng formul as are based on nolar ratios. Current bl ending nethods
include adding nultiple fluids to a,container on a weigh scale in an
off-line manner, as shown in Figure 1. Multiple fluids, A through N, flow
into a container 11 placed on a scale 12. One fluid is allowed to run
through a flow valve 13 at a tipe. The scale total js. exam ned and when

t he dgsi red amoun neosfmlfffﬁoase,&oﬁg%c%@ﬁogaﬂeﬁgnafﬁ%n\?’ﬂ%aﬁe emupgsed. The
20 sane process is repeated with the_renainin% fluids. Eventually, a total
mxture is obtai ﬁ&d?’ﬁ?ﬂ oy ratgifcthe gistipgonicpidiile of any fluid has been added
the process nust continue until the proper mass of each fluid, within sone
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know edge of the volune of the vessel with small increnents of vesse
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too nuch or too little of the final product being avail abl e when needed.
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: According to a third aspect of the present invention, there is provided a fluid delivery

system, comprising:

a reservoir having an inlet for receiving a gas o pressurize the reservoir and an outlet for
dispensing fluid contained in the reservoir;

a first flow control device connected to the reservoir inlet;

a second flow control device in fluid communication with the reservoir outlet to control
fluid flow out of the reservoir;

a Coriolis mass flowmeter in fluid communication with the second flow control device,
the Coriolis flowmeter having a flow-tube made of a high-purity plastic
material, the Coriolis flowmeter providing an output signal;

a pressure transmitter connected to the reservoir inlet, 1;he pressure transmitter providing

an output signal; and




conti nuous bl endi ng systens. Another inportant factor includes the need for
accurate pressure control to ensure proper blending and a%%{z[?%%oéé ui d
flowrates to the processing tool. Thus, there is a need for I'd delivery
systens that address shortcom ngs associated with the prior art. SUMVARY OF
THE | NVENTI ON According to a first aspect of the present invention, there
is provided a fluid delivery system conprising: a flow control device; 19
May 2006 -7 a Coriolis mass flowreter in fluid comrunication with the flow
control device, the Coriolis floweter having a fl owtube made of PFA, the
Coriolis flomﬂ&ieﬁ rgrovi di ng_an outgut signal; a.controller receiving a

€

set poi nt si §nalTONR LM 81 FRPIF S8Beh, MK PR SERes Srgh dbe £eBRATS ¢ he
Coriolis flowreter and providing a control output signal to the flow
control devi ce, JANEIEF A the Prersyls tegsmittel theespnedlcppropding vaniiob8uPH r esponse
to the control output si gnal . According to a second aspect of the present
i nvention, ther esiggalpioghe Hetan seennd dlow eanirplglevicesuip dramtitet pricdsureiofthesy st em
conprising: a fluid reservoir; a distribution conduit in fluid
communi cati on wi tésetvbieandgbeflororate, of flhid fobinsthe rdseroion conduit having a
plurality of tool drops for providing fluid fromthe reservoir to tools
attached to the tool drops; a flow control device; a Coriolis mass
fl owret er i i hh ginbodimentunditb@piesnt wivedtioh hee fliki alsticepn bysadm theluiges fTotve
Coriolis flowreter having a flowtube made of a high-purity plastic
mat er i adntrol device, a Coriolis mass flowmeter having a flow-tube made of a high-purity plastic material,

and a controller, such as a PID controller. The Coriolis flowmeter provides output signals to the

controller indicating, for example, mass flow rate, temperature, and/or density measurements of a

process fluid. The control device receives a setpoint signal and the flowmeter output signals, and

provides a control output signal to the flow control dévice to vary the control device's output in

order to provide the desired flow rate for the fluid delivery system.

The Coriolis mass flowmeter’s flow-tubc may be made of the high-purity plastic
material to prevent transferring unwanted (e.g. metal) ions to the process fluid. Perfluoralky
(PFA) plastic is a suitable material for the flow tube. The flow control device may be embodied
by, for example, a control valve, a pump, or a controlled pressurized reservoir. In exemplary
embodiments, the control valve may be a pinch valve having a solenoid or stepper motor

'actuator.

In accordance with another embodiment of the invention, a recirculating fluid distribution
system includes a fluid reservoir and a d.istribution conduit in fluid communication with the
reservoir. The distribution conduit has a plurality of tool drops for providing fluid from the
reservoir to tools attached to the tool drops. A flow control device, such as a variable output

pump or a pinch valve, is in fluid communication with a Coriolis mass flowmeter that has a




the Coriolis floweter providing a output signal; a pressure transmtter in
fluid comunication with the Coriolis nmass flowreter, the RIGS5Y66%
transmtter providing an output signal; a controller receiving 3 S€et poi nt
signal, the controller receiving the output signals from the Corislis

fl ommeter and the pressure transmtter and providing a control output
signal to the flow control device, _wherein the flow control device output
19 May 2006 -7a varies in response to the control output signal to maintain
a predetermned pressure and flowrate in the distribution conduit; a
plural gty p.:fl ow.control devi.ces, each of the tool dragp flow
controﬁgﬁgg%kégﬁéﬁgf%gmﬁ%ngﬁé&ﬁtch”%%Fésﬁgc?F%%Et%%Fmg?ﬁﬁ? gnﬂ“@ plurality
of tool dro rioli ss. flo ters, each of the tool drop Coriolis nass
fl OWF%’P@“IE%E?%%@ “i“b?-tﬁ‘? ﬁgmﬁ\ﬁs WS%IH?‘@?B‘*@C{’? %1"1'{"8% "GV EHE SRRt BA! #op
Coriolis mass _ flowreters each havin%ra fl owtube made of a high-purity

pl ast i SuREsagnply from; the Cogiglis flogmsisr et the pressuppisagsmitterapist mp¥dectenselovi di ng an
out put signal; wherein the controller receives the output signals fromthe
t ool dPWPuLGHiRblo] tBe e sontfol daiest lerwnathd fowosoniel slevion butplt tgingaddis at o t he

tool drop flow control devices. According to a third aspect of the present
i nvent pedetermied @rassuqamd Viowede & the distdbd@hicyeluiy. system conprising: a
reservoir having an inlet for receiving a gas to pressurize the reservoir
and an outlet for dispensing fluid contained in the reservoir; a first

f1 ow cont r ol aeyrdane: withrunethérethbbdimédy eoftieSiaventiins a fhid @dliverd sysee0 Adlufidsow cont r ol
device in fluid communi cation with the reservoir outlet to control fluid

f1 ow outes@foithaging @SEENEHrEceivihg ©R4sItO bleSufiR SR résbOUMBLGA olifet fof SikgtnGRpmuni cati on
with the second flow control device,




the Coriolis floweter having a flowtube made of a high-purity plastic
material, the Coriolis flowreter providing an out put Signal@”ﬁﬁfﬁ&@fure
transmtter connected to the reservoir inlet, the pressure %ran miter
providigﬁ)l}3 D Qut put signal; and 19 May 2006 -7b a controller receiving a
set poi nt' si-gnal- and the output signals fromthe Cori QT&5%Y5{met er and t he
pressure transmtter, the controller providing control output signals to
the first and second flow control devices to vary the pressure of the
reservoir and the flowrate of fluid fromthe reservoir. In an enbodi nent
of the present invention a fluid deFBvery systemincludes a flow control
device, a Coriolis mass flowreter having a fl owtube nade of a high-purity
plastic material, and a controller, such as a PID controller. The Coriolis
f | ownet ehidnoniineds theuesparoir.sA drsaflew tantrbhieviceis bétediddeto therrekeaik infig andf OF
exanple, mass flow rate, tenperature, and/or density measurenents of a
process # deciind floW leentmd dévice lis i duidcemmesieiive #itaths eés8bin buthkl @ @hiraMid he

fl owmet er output signals, and provides a control output signal to the flow
control fidemiutef thorevavoir. tA Cotels infad flod@sict B i 18 bethuridationowilemhe koddr ovi de t he
desired flowrate for the fluid delivery system The Coriolis nass

f 1 owret dlowscohirelitetidh e THRNCoBBls MRiHneR: hh1& AdlvthbePibdet o PhdRbindly plgiceri al to
prevent transferring unwanted (e.g. netal) ions to the process fluid.

Per f | suomkdeyl, st sAFAD | B@hir6llet Scdked bl bkl ol Sodbls bl te! Qpolfgube.  The
fl ow control device may be enbodied by, for exanple, a control valve, a

punp, OMoRmeeR ddPrdvifds %ﬁﬁﬁdﬁfﬂu{flﬁ&ak F5RE M9 dhd selc{i'ndQ% gt?cﬁ Yevice{RQdyTENt S, the

control valve nmay be a pinch val've having a sol enoi st epper tor

ACt Ut Ok e ACRRCIERGir Wi e RPN ASFRO R QF t he [ nvention, a

recirculating flurd distribution systemincludes a fluid reservoir and a
distribution conduit in fluid comunication with the reservoir. The

di stribution conduit hgERpMsERHON OF TERBRAWIRGST OF Providing fluid from
t he

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

10 following detailed description and upon reference to the drawings in which:
- Figure 1 schematically illustrates a prior art off-line blending system;

Figure 2 is a block diagram schematically illustrating a fluid delivery system in accordance

with the present invention;

Figure 3 is a perspective view of a Coriolis flowmeter having a high purity flow tube

15 suitable for use in the various embodiments of the present invention:
Figure 4 schematically #llnsirates a pinch valve in accordance with the present invention;

Figure 5 is 2 block diagram illustrating aspects of a real-time, high purity blending system

in accordance with embodiments of the present invention;




reservoir to tools attached to the tool drops. A flow control device, such
as a variable output punp or a pinch valve, is in fluid colwgtﬁ%é on with
a Coriolis mass flowreter that has a 19 May 2006 - 7c flow'tu nmade of a
hi gh- puri t%/ | astic material. A pressure transmitter is in fluid
conmmuni ¢4 %’ﬁﬁﬁth the Coriolis mass flowneter. A cofTHSP% ™ Becei ves a
setpoint signal and output signals fromthe Coriolis floweter and the
pressure transmtter, and provides a control output signal to the flow
control device to vary the flow control device output to maintain a
predeterm ned pressure and flow rate9-n the distribution conduit. In
accordance w th anot her enbodi nent of the invention, a fluid delivery
system includes a reservoir having an inlet for receiving a gas to
pressurize t [Figufees s \tOblockatideran ilusichtRl 4 edcirblilsing Muid GsthiblitiMa syt Gn WO
03/ 046489 PCT/ US02/37778 -8 fluid contained in the reservoir. Afirst flow
control gestiaee with @sboniaehteef theprésee ifve@phvoi r inlet and a second flow
control device is in fluid communication with the reservoir outlet to
control fluid flow out of the reservoir. A Coriolis mass flowneter is in
fl ui d communFigaiei 7Anschiériakicallin dlusteated Athighf Jueity aire @hnsth@dst Beccofi@cdSaih ol i S
fl owmreter has a fl owtube nade of a high-purity plastic s material, such as
PFA A compaclbof the prestinv@fiord set poi nt signal and output signals fromthe
Coriolis flowneter, and provides control output signals to the first and
second flow control devices to vary the pressure of the reservoir and the
flow rate of Fighni 7B fllusiritcs v ateseive embodiie BIF aDEGCPIRY | peddbued- tridgiudadRAW NGS
. Ot her objects and advantages of the invention wll becone apparent upon
r eadi ng dol@ining fn dnoipsded@pphat sdnkod description and upon reference to the
drawi ngs in which: Figure 1 schematically illustrates a prior art off-line
bl ending system Figure 2 is a block diagramschematically illustrating a
fluid deli veFigus$s4 ebtodkrdiagt@odoceptually iflustrating aspects of a high purity fluid delivery

system for a CMP process tool in accordance with embodiments of the present invention;

Figure 9 is a block diagram conceptually illustrating aspects of an alternative high purity
10 fluid delivery system for a CMP process tool in accordance with embodiments of the present

invention,

Figure 10 is a block diagram illustrating a closed-loop fluid delivery system for a spin-on

process in accordance with embodiments of the present invention; and

Figure 11 is a block diagram illustrating an alternative closed-loop fluid delivery system

15 . for a spin-on process in accordance with embodiments 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
described in detail. It should be understood, however, that the description herein of specific

embodiments is not infended to limit the invention to the particuiar forms disclosed, but on the




with the present invention; Figure 3 is a perspective view of a Coriolis

fl owreter having a high purity flow tube is suitable for §e”!'
vari ous enbodi ments of the present invention; Figure 4 schlejlma |€%¢)§b§

illustrates a pinch valve in accordance with the present invention; Figure
5is a HFH?@“ﬂghgran1iIlustrating aspects of a real FERVSRTER purity

bl endi ng system in accordance with enbodi nents of the present invention;
19 May 2006 WO 03/046489 PCT/US02/ 37778 -9 Figure 6 is a block diagram
ifllustrating a recirculating fluid distribution systemin accordance with
enbodi nents of the present inventionioFigure 7A schematically illustrates a
high purity pressure transmtter in accordance wth aspects of the present
invention; Figure 7B illustrates an alternative enbodi ment of a high purity
pr essur econfrapshiiatention oo icasrenillgodifications, 2dq fivdldbtse shd @ pdtivesealBpnsiin thEi gure 8
is a block diagramconceptually illustrating aspects of a high purity fluid
del i ver yspirB ysi sespefodthe tvédiibh gy defiRd By tHe@ppehdbd@RBAr dance Wi th enbodi ments of
the present invention; Figure 9 is a block diagram conceptually
ill'ustrating aspects of an alternative high purity io fluid delivery
system for a CVP pr oDETAILED DESCREPTIONIOR GREANVENINONdi nent s of the present
invention; Figure 10 is a block diagramillustrating a closed-loop fluid

del i very sysilmsrafiod ensbodidefits 0fithe RIvORRDE Sre descRBEIBEM OR th ihiBrefndF@MALiFENT S Of
the present invention; and Figure 11 is a block diagramillustrating an

al t er natioy gl fedt@eest-ah Bl frhpibnidnteb@Ini AvedeYorB¥Sih @B spdoichtfn. B Wil bf\cogle BE OCeSS i N
accordance w th enbodi ments of the present invention. Wile the invention

| S suscepprelihtad ek i el debSopiestiof hAJLIP RiSuaR BiiboindeRt! MbrdEs fHipleHBntaREC fi C
enbodi ments thereof have been shown by way of exanple in the draw ngs and
are her qp&ific decisions must be made to achieve the developers’ specific goals, such as compliance with
system-related and business-related constrainis, which will vary from one implementation to
another. Moreover, it will be appreciated that such a development effort might be complex and

1o time-consuming, but would nevertheless be a routine undertaking for those of ordinary skill in the

art having the benefit of this disclosure.

Figure 2 schematically illustrates a fluid delivery system 100 in accordance with exemplary
embodiments of the invention. The mass flow-based delivery system 100 s suitable, for example,
to control the flow of fluid to a tool or a work piece supported by a tool, such as a polishing pad

15 of a CMP system or a track used for semiconductor spin-on applications. In general, the system

100 includes a flow control device 110, a mass flowmeter 112, and a controller 114.

The controller 114 receives a setpoint signal representing a desired parameter, such as
mass flow rate. The controller 114 also receives an output signal from the flowmeter 112. The
flowmeter signal is conditioned and processed by the controller 114, which then provides a

| 20 . control output signal to the flow control device 110 so as to vary the fluid flow rate. The

controller 114 is electronic and has an electronic intetface, and may comprise, for example, a




described in detail. It should be understood, however, that the description
herein of specific enbodinments is not intended to limt tg?éﬁwgggion to
the particular fornms disclosed, but on the 19 May 2006 WO 03/ 4%

PCT/ US02/ 37778 -10 contrary, the intention is to cover all nodifications,
equi val REM48 alternatives falling within the spEFEUS®A78cope of the

i nvention as defined by the appended clai ns. DETAI LED DESCRI PTI ON OF THE

| NVENTION Il lustrative enbodi nents of the invention are described below In
the interest of clarity, s not all features of an actual inplenentation
are described in this specification-114 wll of course be appreciated that
in the devel opnment of any such actual enbodi nent, nunerous inplenentation-
speci fic decisions nust be nade to achi eve the devel opers' specific goals,
such as p:opmﬂidnatnmegmidehvaaw@m}rw@ﬂoﬂetr.edmrsetpbusinﬁﬁ&%-m@ banemercqasé r ai nt s,
which will vary fromone inplenentation to another. Mreover, it will be
appr eci afygichlly Aftletinl sendeeh apFoOmEY, albRR!sighhidita Hgtt ¥Rl eX pRfthald

ti me-consum ng, but woul d neverthel ess be a routine undertaking for those

of or di nRipyint lierthcel dduldhilso B dsed)adhe ordiidfer DGR GHab talsBindiltle S b3 vasdy € Figure
2 schematically illustrates a fluid delivery system 100 in accordance with

exenpl ar g NHRAY AR IdifonA sighll s deMURD te @BntroR S 1 tsc%aklgag ﬁe RaRR er?ﬁll kovery

system 100 i's suitable, for exanple, to contro oW 0 luird to a

tool O oADK seRiofiE &n El% &Y th@ﬂB@S&mof&gﬂe . aI‘hR%ahﬁ@fsB BB 15 of a

CVWP systemor a track used for sem conductor spin-on applications. In
gener al g f BgHiSVAL +9 ]ﬁ@% flow control device 110, a mass

f I ownet e{r] 112, ang%oco%t D tg‘?%%i . The controller 114 receives a setpoint
signal representing a desired paraneter, such as mass flow rate. The

- controller 1%&41&6}1160%&%}1%&%@% MBQMQ%I 0%5&9‘5253%263%%%5%?5%“2' The

fl owreter signal 1s conditioned an cesse 14, which

th j j | he f trol devi 110
ae 1o v S Moyl 001 & Brer P Rl DOl A e MR 1 e hae
an el ec tgreﬁkpdllff p}eﬁ}aﬁfefo%%’ voﬁﬂlgtrﬂ%Xwglgtgp Wiles o dgs%erad &é%lrga’ctio%s typically are

10 driven on a mole (mass) basis. Volumetric flow rate measurements can be made and corrected to

standard conditions resulting in the equivalent of a mass measurement. However, additional
information is required (fluid density, temperature, and/or pressure) making the measurement
more difficult and costly. Mass flow rate measurements are typically more accurate than
volumetric measurements which are converted to a mass measurement and, this accuracy results
15 in a higher quality final product. This would increase the process yield and thus improve the

profitability of companies utilizing this invention.

Many applications, such as those associated with the semiconductor, pharmaceutical, and
bio-technology industries, require the flow path (all surfaces wetted by the process fiuid) of fluid
delivery systems be constructed of high purity, chemically inert/resistant, materials to protect the

20 purity of the chemicals used. Plastics are desirable because the ulira pure chemicals used in the '-
semiconductor wafer fabrication processes can be contaminated if metal ions are leached or

removed from metal flow tubes due to a variety of mechanical and chemical processes." High
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proportional -integral -derivative (PID) controller. The setgguﬁg h@ﬂgt to

t he controller 114 is typically an electronic signal, such~as A

4- 20mA sh%ﬁ or a digital word. A pneunatic setpoint interface could al so
be usedWOTH@*¥htroller 114 may al so include a val ve EE¥FSHE8 feat ure,
where an additional signal is sent into the controller 114 that causes the
controller 114 to, 5 ignore the setpoint and fully open or close the flow
control device 110. This feature is often used for shutting the flow off
or purging the system In certain enmgodi nents, such as fluid delivery
systens for chem cal blending applications, the nass floweter 112 is
preferably a Coriolis mass flowneter. A direct mass flowreter is generally

pr ef er abjuityOit@le pihsHA| A Bilid 1ded fil MVRBARENS MEE 1Hid BendRBY prebnGRMIIGAN I €act i ons
typically are io driven on a nole (mass) basis. Volunetric flow rate

measur e m&hrﬁed-‘(ég R& 1RG0 FiDréceds nakehifd 1 Mditivh, IARHMGRARLE fli@NshefegS Ul Ling i n

the equival ent of a mass neasurenent. However, additional information is

requiredyfsk hﬂhﬂacgﬁﬂé of ¥ plastu@ ARe LB féﬁ&es ﬁ@% iRy ﬁ aBierid fo@hacl R b Shivk B

measurenent nore drfficult and costly. ow rate neasurenents are

typi cal '%nt%ﬁzﬁeﬁ%‘ﬂﬂfd%ﬁo%g’%ﬁ Mehumetric measurenments which are converted
to a mass neasurenent an ﬁms accuracy results is in a higher quality

final product. This would increase the process yield and thus inprove the

profifabili tThe%et@@ﬂﬁ@ﬂf!ﬁéﬂé&dﬁtérﬂﬂgdéslgn cﬁu&i’ﬁ&td lﬁﬁnom cARield &AL 1 ons;

E:Jght 2(5: t hose associ at eg W th tI e sem coln ctor arnaceuti caf, ?'?gd o

the. pronR ey R RHI . RHYHE g ol IR %E@é%h*sf%a?%*‘i G on
P Y. O LBl b B LBl o r%“i'h% cal s
17 ot A PR SRS bRl S P RORE PP RPARERS Ou Dhes qwe to a

vari ety of nmechani cal and chem cal processes. Hi gh 19 May 2006
In addition to using high purity materials, the high purity flow path should have a constant

10 diameter and no intrusions or multiple flow paths — a dual tube sensor or a curved flow path
- should be avoided. This minimizes pressure drop, reduces the shear rate on the fluid to a
minitmum, which is critical in some industries and applications. It also prevents plugging with

certain materials, such as slurries.

A suitable Coriolis mass flowmeter having a flow-tube made of a high-purity plastic
15 material is shown in Figure 3. The Coriolis flowmeter 50 has a flow tube 52 inserted through legs
67, 68 of a base 51. The flow tube 52 is preferably made of PFA. Pick offs LP0 and RP0 and a
* driver D are coupled to the flow tube 52. The flowmeter 50 receives a process material flow from
a supply tube 54 and extends the flow through a connector 58 to the flow tube 52. The flow tube
52 is vibrated at its resonant frequency with material flow by the driver D. The resulting Coriolis .
20 deflections are detected by pick offs LP0 and RP0 which apply signals over conductors 62 and 64

to meter electronics (not shown), which determines the phase difference between the Coriolis




WO 03/ 046489 PCT/ US02/ 37778 -12 purity grade plastics are thus used in
these industries since this generally prevents transferri ng]thla ed (e.g.
netal) ions to the process material. In addition, the snooth surface finish
i nher e”WonFb4§4Qf manuf acturing of a plastic flow tube reduces the ability
of bacteria to attach to the tube and contaninate tR&™ P Rith organic
materials. s The wetted path of the flowreter 112 is designed such that it
has no cracks, crevices, etc. that could harbor bacteria. A suitable high
purity plastic is PFA (perfluoroal koxy copolyner), which is an advanced

f1 uoropol ynmer with superior cheni catl¥esistance and nechani cal properties.
A variety of fluorinated polyners such PVDF and PTFE are also suitable. In
addition_ to usi ng high purity materials, the high purity flow path should
have a cifestignstand applisy ewipt eignalmiisedathéreen: USsiitells Corolimfbwingibe hivigyhiglat hs - a
dual tube sensor or a curved flow path should be avoided. This m nimzes
pr essur eoudiydlew tuhesiere disclosedinslbteihin theitm@rmmtddrapplichtitin@dndted Slowmaénforthe Whi ch i s
critical in sone industries and applications. It also prevents pluggi ng
with cdirecision Maasusenieat of an 8ilteiPusesMiatbinl Flo@s. A suitable Coriolis nass

fl owreter having a flow tube nade of a high-purity plastic is material is
shown in Figure 3. The Coriolis flowreter 50 has a flow tube 52 inserted

t hr ough | egs Tig7ilove®nipl devibeabl g coriprise b lcantrol vihee, T with the mise flatvinpterrade  of
PFA. Pick offs LPO and RPO and a driver D are coupled to the flow tube 52.
The fd ovid@tie high Qurite egplivatiensathgcantralsdevica nestiba lmafié ofvndtedathad vellpPlnizd ube 54
.and extends the flow through a connector 58 to the flow tube 52. The fl ow
t ube 52ontgmivition af ¢ie fakd. | Merevws,ohaBéntiol @ELLENAY shduldbe@Eigkedab niveow by the
driver D. The resulting Coriolis 20 deflections are detected by pick offs

LPO and pRROvitkfeatgaaupiijid sinGomdcsand 6 lidis 64 6bi aiha 18 treath QadBILLT

el ectronics (not shown), which determ nes the phase difference between the
Cori ol i $nthOfiidy 2006 WO 03/ 046489 PCTI US02/ 37778 -13
For example, an all-plastic diaphragm valve made from plastics that are acceptable in high
w  purity chemical environments could be used. For slurries, however, such a valve is not the ideal
solution. Pinch valves have proven to be a good solution to slurry control. A suitable pinch valve
120 in accordance with the present invention is conceptually illustrated in Figure 4. An actuator
122 forces a ram 124 onto a flexible tube 126 and against a reference sutface 128 to. pinch the
tube 126 closed. The tube 126 is preferably made of a high purity plastic such as PFA. The
15 tube’s flexibility allows the tubing walls to conform around any trapped particles or imperfections
in the walls to provide a tight seal. The flow path is straight through, minimizing pressure drop
and turbulence. The fluid contacts only the flow tube 126 preventing wear or corrosion of the
other valve parts and preventing metal contamination of the shury in the case of high purity

applications, such as semiconductor polishing operations,

20 The actuation of known pinch valves is usually bi-stable — on and off. Some known pinch

valves have a manual actuator with a multi-turn handle, but this type of valve would not be




defl ections and applies output signals based thereon. Suitable Coriolis

fl owmmeters having high purity flow tubes are disclosed in @e@ai k%df t he

i ncorporated application entitled "Flowneter for the Preci'si-Of sur ement
of an Utra-Pure Material Flow. "™ The flow control device 110 may conprise a
cont rol WHPRIE®As with the nmass flowneter 5 112, inPRTYEOYFIFBty
applications the control device nust be nmade of materials that wll

m ni m ze contam nation of the fluid. Mreover, the control device 110
shoul d be designed to have no places where stagnant fluid can collect and
no sliding or rubbing parts that couldd create particles in the fluid. For
exanpl e, an all-plastic diaphragmval ve nade from plastics that are
acceptable in high 10 purity chem cal environnments could be used. For

sl urri espnducwetvetosedloatfloay acairsle Otlter pinch valves dreh@sad fo dispenéi wpplRbmbinval ves
have proven to be a good solution to slurry control. A suitable pinch valve
120 in daichpoemnes ivvwhith théemepnestenkerhliispeiséddfconfolled BE M tibe kHaythe Vst rat ed in
Figure 4. An actuator 122 forces a ram 124 onto a flexible tube 126 and
agai nst ison ahizdeRest Sluw ipaeicBlohLolRipMdidwae, t ube 126 closed. The tube 126
is preferably made of a high purity plastic such as PFA- The |Is tube's
flexibility allows the tubing walls to conform around any trapped particles
or inperfectAcslee thitrhat bidy twal sifestean By @virslizd 8y bppBirls vagRk cufdaeof JoRigepat h i s
straight through, mnimzing pressure drop and turbulence. The fluid

cont act so thakjivel damatot. ORY oaél Bibolidfent) pevSHlih HhdWaRm (PWMH K8 ioQBned] tehe ot her
val ve parts and preventing netal contam nation of the slurry in the case of
hi gh pukilie/ PWRID iablddve®BE genSiafikl £ Squir@haoO SHE hiof _fraﬂlelaozfab&@ tePRial! ons. 20
The actuation of known pinch valves is usually bi-stable - on and off. Sone

Known  piuagianical absp@isse TreMSondy. MeifhY &l 1E2LO FheW; ki taelRttangll e, but
this type of val ge \?\oulqdnﬁyot be fga%tacy 2008\%1 go%%%%%é% d%{&l%)l%gg%/ 37778 -14
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10 volts. The “averaging” takes place because the signal is at a frequency above the valve’s

mechanical response frequency. The position of the valve is based on the average current that is

supplied. The resulting supply voltage is proportional to the pulse width of the signal.

If the signal frequency is too low, the valve will have time to respond‘completeiy to on and

off signals creating 2 pulsed flow output, which is generally not desirable. A typical pinch valve

15 actuator is a solenoid, which has a spring element with a preload adjustment that determines the
current required to close the solenoid. Adjusting the pre-load on the valve spring can improve the
valve’s control range. In other implementations, the solenoid plunger element is replaced with a
spring-suspended plunger. The spring-suspended phmgér minimizes the non-linear valve response

| due to friction, which minimizes the hysteresis and dead band common in available solenoid-

20  actuated pinch valves.




is on. This does not allow dynanmcally controlling the flow rate. A valve
that has only two states can be controlled by applying varyllgqg g%d’éent or
voltage 5 to the valve actuator. In one enbodi nent, pul se-W fh“hodul ati on
(PW is used to control the valve. PWMis achieved ly enerating a square
wave si YPO44%Y frequency above the valve's nechani @J%SP%‘gﬁénse
frequency. The duty cycle of the signal is varied to determ ne the
appropriate voltage or current sent to the device. For exanple, if the PW
signal operates between 0-12 volts, 0% duty cycle = 0 volts, 50% duty
cycle = 6 volts, and 100% duty cyclel5= 12 io volts. The "averagi ng" takes
pl ace because the signal is at a frequency above the valve's nechanical
response frequency. The position of the valve is based on the average
current that Absaltersativplapmidach Tloethe @R com@IG RikdnpidVie [t age a | skeppdrapsed | onal to
the pulse width of the signal. If the signal frequency is too low, the

val ve W deluatof) webich itiBslde o @apellRE deRMithiSicRinyuldrQo@fond @ lnG rank GRHyS Creating
a pulsed flow output, which is generally not desirable. A typical pinch

val ve 15yanigeatt@fe anGngdmseml § pesal contldililca 8 desighBd iotBodibe BRliicMiddera Pr el oad
adj ustment that determ nes t current required to close the sol enoid.

Adj ust i ng siep€ pibéribBath Q{Uaﬁéft% HBhlViBpuR PIBAIHash2bhd Y OMR fyBEresivv &V S control
range. In other inplementations, the solenoid plunger el'ement Is replaced
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~ 10 - pinches the tube. If the tube properties change due to temperature or pressure, the amount the

“tube closes, and thus the flow rate with a solenoid, changes. Moreover, a stepper actuator can
remain at the last position to provide fast response to achieving setpoint at the start of a fluid

delivery cycle.

The Coriolis flowmeter 112 and flow control device 110 may be configured as an integral

15 unit, housed in a single enclosure 116, and additionally the controller 114 may also be housed in
the same enclosure 116 to provide an integrated high purity, Coriolis mass flow controller. A
-suitable high purity, Coriolis mass flow controfler is disclosed in additional detail in the

incorporated application entitled “High Purity Coriolis Mass Flow Controlier.”

Alternatively, the flow control device 110 may comprise a variable output pump, such as a
20 peristaltic pump. In still further embodiments, a pressurized vessel or reservoir in which the
pressure is varied to change the flow rate of fluid dispensed from the vessel functions as the flow

control device 110. For example, referring to Figure 2, a fluid reservoir 118 may be \}ariably




notor generally provides inmmunity to tenperature and pressure fluctuations,
whi ch may cause changes in the pinch tubing. A stepper nDH@ﬁWLiZ@} ans to
control position, so the stepper is inmune changes in the pinc ubi ng.
Wth a a;nch val ve, the pinch tube is an integral part of the system -
current VO34 ed to the valve actuator, which appl BEYUB®EE8t 0 t he pinch
tube, which to pinches the tube. If the tube properties change due to
tenperature or pressure, the anount the tube closes, and thus the flow
rate with a sol enoid, changes. Moreover, a stepper actuator can renmain at
the |l ast position to provide fast r€$ponse to achi eving setpoint at the
start of a fluid delivery cycle. The Coriolis flowreter 112 and fl ow
control device 110 may be configured as an integral 15 unit, housed in a
si ngl e ensivpisedie viry the flordatadttivid eahiag the résh®oic 018, rGhirelling tHAluieSovadas0 be
housed in the sanme enclosure 116 to provide an integrated high purity,

Cori ol i s$n tiRSSanhdr @y BORtaldHidn@s, .or A plscd iof, Ak Muskhtg A Edutr)l de@ey 110) iSGchmass f 1 ow
controller is disclosed in additional detail in the incorporated

appl i catalt@hativ8 fibw lcilrol tllviths 42! disduse®R fufthérdefyR hisreilt beNdy GO BdnfuRbtdAwith
Alternatively, the flow control device 110 may conprise a vari abl e out put

punp, s YatheAseMplare GmB&tirhedlsdF fnk Gvdidg®. 1 n still further enbodinents, a
pressuri zed vessel or reservoir in which the pressure is varied to change
the flowrate of fluid dispensed fromthe vessel functions as the flow

contrsol  devi Eigurd 301tuskrits £¥aRNEhebled es;rgtéxﬂqom ¢h Fc8rdine Kith Asplebttliof theeSEr VOI I
118 may be variably 19 May 2006 WO 03/ 046489 PCTI US02/ 37778 -16 pressurized

to vary IpPeIQ&t fdveioh. atrRe Milistfated ishie@iis tighGutile cbifRiBh Y&istant 1sh8 maSOBHséOlol i NY the

fluid flowrate in this manner nmaybe in addition to, or in place of, the
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are discussed in turther detalil hérein belowin conjunction wwth further
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bl endi ng system 200 1 n accor present 1 nvention.
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10 plastic flow tubes as described above. The Coriolis flowmeters 212 provide a density

measurement that may be used as a feedback of the actual blend concentration when the blend is 2
binary solution of a heavy component such as an acid with water. Solids conceniration in a slurry
can also be monitored using the density measurement. In addition to mass flow rate and density,
the flowmeters 212 may be configured to provide additional measurement output signals, such as

15 aiemperature measurement.

Using the mass flowmeters 212 allows real-time, on-line blending of multiple fluid streams
220. As noted above, a mass flow rate measurement is preferred over a volumetric flow rate

measurement since the desired chemical reactions are typically driven on a mole (mass) basis.

The real time blending system 200 further includes flow control devices 210, sach as the
. 20 pinch valves described above. The flowmeters 212 provide output signals indicative of, for

example, fluid flow rate, temperature and density to the controiler 214. Based on pre-determined




address shortcomi ngs associated with the prior art. At |east two key

factors are needed to achieve these features. One is a high b?qflﬁflow
path, and another is a mass flow rate nmeasurenent. Accordi ng| % e system

200 i nCWﬂ)ﬁﬁﬁm&&Li olis flowreters 212 having high purity io ;Pl astic flow
tubes as déscribed above. The Coriolis flowneters 215’0%@18?%(&73861 density
nmeasurenment that may be used as a feedback of the actual blend
concentration when the blend is a binary solution of a heavy conmponent
such as an acid with water. Solids concentration in a slurry can also be
moni tored using the density measuremént. In addition to mass flow rate and

density, the flowreters 212 may be configured to provide additional

measur enent out put signals, such as is a tenperature neasurenment. Using
the mas$r fqabWPeﬂDU&%remﬂo‘waltmoinéWamatm the@oatfollere L kenrigiéangolafgnstutot | pl e
fluid streams 220. As noted above, a nmass flow rate nmeasurenment is

pr ef er r & fnpyvegontiohdsvicasel P incorfléraw snppliethe desirediamovensf indekeftihe desil ed

chem cal reactions are typically driven on a nole (mass) basis. The real
time bl @sek nly iy stapwer, ABO vdrions féds 220cire) dherged toofaine aBingle Ifuldesiea® $ha2 %0, such as
the 20 pinch valves described above. The flowreters 212 provide out put

si gnal s piowded tita cpemoh corfdoit 20 arplising dhbadbed 28 @y fAkeR be bROVRET Rtadhigeand
density to the controller 214. Based on pre-determ ned 19 May 2006 WO

03/ 0464 8@k bltERZ /0B e Abids 220. Qxdditiondlly,t dhedk velvel (ot shdvad Maf bOWokiédoS et poi nt
paranmeters, the controller 214 sends control signals to the flow control

devi cesei@ thaindivided Abid stredpi! 220 ke nsl ephibblad B vafiatBhEROREN fledtind tO @
work piece. In this manner, the various fluids 220 are nmerged to forma

si ngl e $dpply@ressufeeam that is provided to a common conduit 216. A m Xi ng
chanber 218 may further be provided to achieve 5 conplete blending of the
fluids 220. Additionally, check valves (not shown) may be provided to

ensure the iMmdiavidclide-iftbrticel (MMIPaRy &eher el proGiliedC 0Tha WINR tiesliddk!Gnt O
variations in fluid stream supply pressures.
interface that, for example, communicates the values and status of input and output signals as well
- 10 as providing predetermined alarms when the value of a programmed input signal or other
| measurement falls outside of an accepted range of valﬁes. In addition, the input and output
signals between the various components of the system 200 can all be connected over a single pair
fieldbus cable. Further, in certain embodiments, the system is also capable of calibration, testing
and maintenance of the system via the controller 214, as well as configuration and selection of the
15 pre-configured blending recipes. While the system 200 invention as illustrated in Figure 4 shows
the flowmeter 212, flow control device 210 and controller 214 as separate components, it should

bg appreciated that various combinations of these components may be configured as an iutegral-

unit in 2 cornmon enclosure.,

A recirculating fluid distribution system 300 is illustrated in Figure 6. The distribution
20 system 300 includes a Coriolis flowmeter 312 having a flow tube made of a high purity plastic |
material as discussed above. The flowmeter 312 is in fluid communication with a flow conirol

device, such as a pinch valve 310, and a pressure transmitter 330. A controller 314 receives




A man- machi ne-interface (MM) may further be provided. The MM provides an
interface that, for exanple, communicates the values and st@fygy 9Hpg NPuUt

. ot . y
and output signals as well to as providing predeterm ned al arns en the
val ue o ammed i nput signal or other measurenent. falls outside of
an acceé‘@%@%ﬁ%e of values. In addition, the input 8}[@82?%& signal s
bet ween the various conponents of the system 200 can all be connected over
a single pair fieldbus cable. Further, in certain enbodinents, the system
is al so capable of calibration, testing and maintenance of the systemvia
the controller 214, as well as confTb?U‘ration and selection of the rs
pre-configured bl ending recipes. Wile the system 200 i nvention as
illustrated in Figure 4 shows the flowreter 212, flow control device 210
and contP@frEensjgnaly fromethe favmetsiopidome thespressure Srusmitier 33 aphprowdsst ed t hat
various conbi nations of these conponents may be configured as an integral
unit i n ANt sigashtocthe vabee 318, The eastrplier 314a Covdis flpwinefordi 181 mressue iransdusyist em 300
is illustrated in Figure 6. The distribution 20 system 300 includes a
Cor i ol i $3f pesrane a0 e b individgal xompanants, b enayrhiel eondfined ah pryintegiat flawy agl ast i ¢
material as di scussed above. The flownreter 312 is in fluid conmunication
with a firswrewnireleysiendevi ce, such as a pinch valve 310, and a pressure
transnmtter 330. A controller 314 receives 19 May 2006 WO 03/ 046489
PCT/ US02/ 37778 -is measurenent signals fromthe flowreter 312 and the
pressure tr aféaerveind 1639naingfidd iorbe délivered @ 2 phusality ofitod ideppai3S0tvin & dveduital ve 310.
The controller 314, Coriolis flowreter 312, pressure transducer 330 and
val ve 38061 nHy tenddionsi3Spiach eath eoomotable it stespectivertopl 18 sochrds b nlexhingseteingi nt egr al
flow and pressure control system s A reservoir 316 contains fluid to be
del i ver o CMP wobtoupratiie fuidfto theobold¥5epsA dbfibutioa modalridy, énch 3654 pudifie t ool
drops 350 are each connectable to a respective tool 352 such as a cl eaning,
et chi ng ciraiateSihd troml the wseproinsil 6 ehrdughi it systend 100, AGahatively, an Mefliphd subtbast | on
nodul e 354, such as a punp, circulates fluid fromthe reservoir 316
t hr ough nitdegensysyttensupiliod to\hk eéserabit ¥BI i, prédbunizé) B tres@R6ir SUE Mhdadreulate the

10 fhad.

The Coriolis mass flowmeter 312 allows a user to monitor flow rate in the system 300.

Via the mass flow and pressure control system, a minimum pressure can be maintained at each of

the tool drops 350 to eliminate pressure based dispense fluctuations that could affect the
performance of the associated tools 352. A miniaturized version of the pressure/flow controller

15 can be used to maintain a pressure and mass flow rate to each tool to compensate for variations in
loop pressure. Such pressure/flow controllers associated with each tool could be individua}ly

operated, or the controller 314 could act as a master controller.

As noted above, the Coriolis mass flowmeter 312 can provide a density measurement
which can be used as a feedback of the actual blend concentration when the blend is a binély
20  solution of a heavy component such as an acid with water. Solids concentration in a slurry can

- also be monitored using the density measurement.




nitrogen may be supplied to the reservoir 316 to pressurize the reservoir
316 and circulate the to fluid. The Coriolis mass fl owret rl@é% @%%OMB a
user to nonitor flowrate in the system 300. Via the mass Tl %

pressure control system a mninmum pressure can be naintai ned at each of

t he t oo™ HPHIYER50 t 0 el i ninate pressure based di spe®§EFUSIXETBat i ons t hat
could affect the performance of the associated tools 352. A mniaturized
version of the pressure/flow controller is can be used to maintain a
pressure and mass flow rate to each tool to conpensate for variations in

| oop pressure. Such pressure/flow cdftrollers associated wth each tool
could be individually operated, or the controller 314 could act as a
master controller. As noted above, the Coriolis mass flowreter 312 can
provi de a demsiety measurenent which can be used as a feedback of the
actual blend concentration when the blend is a binary 20 solution of a
heavy conponent such as an acid with water. Solids concentration in a
slurry can Ad soedoboveptu dchieeech high pujtst dysterd desinting Sowgethrmesebd madedf vy 2006 WO
03/ 046489 PCT/ US02/ 37778 -19 paste As noted above, to achieve a high purity
syst em thigh p6iity,| chemicallo \WMepratdintontimitedk Figale 7af sckematidatithillpmiet y highperitycal | y
inert/resistant material. Figure 7A schematically illustrates a high purity
pr essur @rebdurt @aibrhitte 338 3Athwhé Frefiddeprv@ist @andatiaciadadigone peisu@ndiaphabudi ng t he
pressure diaphragm 5 constructed out of a single piece of high purity

pl astsi C oontréiced onBoRY sirBI¥BRke SiThighMirity PRstCU RERY adghitdhentuFes) ihsdrumedthtiph purity
distribution systemis that none of the devices can be a source of | eaks.

Thr eadegsq N R a6hi RS @ifuadPiyite is fbiendas of Bk defcaRiN R Gdurd¥bdfiles. pr ocess

connections is the use of a'face to face seal. Fabricating the process

connect irfi, 36 Qofbtltioff arPavaidl ke pRESECE mBthoPbtBeking proBss Hebsub Ry méhgre are no
t hreaded connections, which can be a source of [ eaks.
of a face to face seal. Fabricating the process connection 360 out of a single piece of plastic

assures that there are no threaded connections, which can be a source of leaks.

10 The pressure transmitter 330 includes a sensor holder 358, whiph may be constructed of
polypropylene since it is not part of the flow path. A pressure chamber 360 constructed of a high
puritjr material such as PFA is nested in the sensor holder 358. The pressure chamber 360 defines
a process fluid in-take guide 361 extending therefrom. To provide stable pressure measurement
performance, a ceramic pressure sensor 362 is bonded to a high purity diaphragm 364 (for

15 example, 1 mm thick PFA) and any relaxation of the plastic (also called creep) is compensated for
by elastomer o-rings 366 situated on top of the ceramic sensor 362, which maintains the ceramiq

| sensor against the plastic diaphragm 364 with a constant force. In this manner, the entire wefted

part of the pressure transmitter 330 is PFA or another suitable high purity plastic material.

An alternative pressure sensor 331 is shown in Figure 7B. The pressure sensor 331 uses a
20  small capacitance pressure sensor 370 constructed from sapphire. The sensor is encapsulated in a

high purity material such as PFA 372 and extends into the pressure chamber 360 in such a way




10 The pressure transmtter 330 includes a sensor hol der 358, which nay be
constructed of polypropylene since it is not part of the ffmaﬁ%(% A
pressure chanber 360 constructed of a high purity material 'such as PFA is
nested | &_ygﬁ@ nsor hol der 358. The pressure chanber 360 defines a
process in-take gui de 361 extending therefrom PFEYSPHT8e stabl e
pressure measurenent perfornmance, a ceram c pressure sensor 362 is bonded
to a high purity diaphragm 364 (for is exanple, 1 nmthick PFA) and any
rel axation of the plastic (also called creep) is conpensated for by

el astonmer o-rings 366 situated on tepdof the ceram c sensor 362, which

mai ntai ns the ceram c sensor against the plastic diaphragm 364 with a
constant force. In this manner, the entire wetted part of the pressure
transmi ttheirtheaBad pressief Aquoezenitho bémsor 350i tAabbiweaniabobl theldpptoscipihast ircripmé eri al . An
alternative pressure sensor 331 is shown in Figure 7B. The pressure sensor
331 usesSHis 20 fwélkfemapacidhamce MIES SHHGuree iS AGuikd Ofof ARG Gr@shr r om
sapphire. The sensor is encapsulated in a high purity material such as PFA
372 and mesheentat. | THeGntp Slapsigea i€ s BT a8 §flostdd p&t6Hhe piaire klafay 2006 WO
03/ 046489 PCTI US02/ 37778 -20 that the fluid pressure squeezes the sensor
370. An 380vmiis agenefedoiitora BRFOFSR oFhighpurinpiftigure 8B is no fixed
reference, such as a sturdy structure, is required for accurate pressure
measur enent. The encapsul ated pressure sensor 370 is an integral part of
the pressur eFigiraiter blodkGRhganttohGpualSlvstiaing dspedd ofa high pkiRdtu Riege of high
purity plastic. 5 Figure 8 is a block diagram conceptual I'y illustrating

- aspect s spdenf 4t gha OME prcdsd 460Kin A8edrdkBEeYwittS¥pEBBr R ntdlio? FRMIRrAress tool
in accordance with aspects of the invention. The delivery system 400

Provi desyswai 400uSovidesiiaious s, BXSERDR, G490, ddlinSo tRAM A1 heRCt i Ve
agent 421 and slurry 422, to a process tool 452 tor application to a

sem condhiy 422,k Bhoocst 1ol 9P Nor aiichibh ¥ o shlEd RS VO BE (SHRRRLE, and @

pol i shing pad. Peristaltic punps 411 are in comunication Wt each of

I MR

452. Further, high ‘purity are
-eachyf | Wl oP A BGE sduPoeP 0428 G2 BGimb kh%%s{ae%\?e fluids to the tool 452, Further, high

purity Coriolis flowmeters 412 are placed in-line with each fluid source to provide mass flow rate
feedback. A closed loop system can then be achieved through the use of control electronics

and/or software, such as a PID controller.

Another fluid delivery system 401 is shown in Figure 9, in which control valves 410, such

15 as the pinch valve disclosed herein above, are used in conjunction with the high purity Coriolis
mass flowmeters 412 to achieve high purity, closed loop control in a CMP process. In certain
embodiments, the process tool 452 could supply an on-off signal to each individual fluid control

loop if the control loops are set at a desired flowrate.

Different wafers, however, may need to be processed differently and thus require a
20 different “recipe” of fuids be delivered to the polishing pad. The CMP process tool 452 could

command & particular flow rate by using, for example, standard indusiry protocols such as a 4-




f eedback. A closed | oop system can then be achi eved t hrough the use of
control electronics and/or software, such as a Pl D control{ggi, her
fluid delivery system401 is shown in Figure 9, in which control val ves
410, su i s the pinch val ve di scl osed herein above, are used in

conj uncﬁbo%maﬁ“ﬁ% the high purity Coriolis mass fl owrgC&l§OBIF8t o achi eve

hi gh purity, closed | oop control in a CVP process. In certain enbodinents,
the process tool 452 could supply an on-off signal to each individual fluid
~control loop if the control |oops are set at a desired flowate. Different
waf ers, however, may need to be procddssed differently and thus require a

20 different "recipe' of fluids be delivered to the polishing pad. The CAP
process tool 452 could command a particular flow rate by using, for

exanpl e 20wAaigdalrtd eachchostrolier. pAoingleodysters 300 stmeman Bighe Mty CAID®oMOURI3/ 046489
PCT/ US02/ 37778 -21 20mA signal, to each controller. As in the system 300
shown i meklygemmatd a diffeeEiiRipe @and the caetrdller ABY delvige wouldrasnttolahelddifeey mtes. r eci pe
and the controller 314 device would control the delivery rates. The nain
cont r ol IThe mai domrelia 314 ew floatess Md duifl katiosini@l-tnsad icds@l -t i Ne as necessary.
Figure 10 shows a cl osed-loop fluid delivery system 500 for a spin-on
process used in a s photoresist or dielectric liquid application process.

- A reservoir Hgse iGshowe s sloseddedp thid delieany sysiemtS0Q &sr,a spinedn pascessivsedoigan, whi ch
is supplied via a supply conduit. The process fluid in the reservoir 518
maybe cphdteredint dr dieledaticliquidoapplicasen fra@ssS 19 rds@vois H18aik @rebdigzel mithdin firetm t he
pressurizing gas. In other enbodi nents, a diaphragm nay be used to isolate
t he progsssuch bmittoden Owhithie spplied vh a PIPEIF SoHARI CURY frodesy/Blidva thbRsehwirl ocat ed
within the inert gas supply conduit to controllably adjust the io inert gas
bei ng sypphiyad chtaibdicnil@sLEo ek baplso 108@atP R FBidfnC B8 bre@liriipl e 1850 is
capabl e of receiving an output signal froma liquid delivery controller

514 t habihedémbatigneki € ai_aﬁir%g'npﬂlapbe LA to VidaYe tha HodelsOMiPRER thO ol Oge based on
a pressure signal received froma first pressure transmtter  530a. The

cont 1 ol bRt bnAfliik! %0 i9160aRA Slithin A 10t dal SipBly SR B GRASIAY 2@k R 550 to

i ncrease or
.10 imert gas being supplied to the reservoir 518. The pressure control valve 550 is capable of

receiving an output signal from a liquid delivery controller 514 that adjusts the position of the
valve 550 from open to close based on a pressure signal received from a first pressure transmitter
530a. The controller 514 adjusts the position of the pressure control valve 550 to increase or
decrease the pressure of the reservoir 518, based on a predetermined pressure setpoint compared

15 to the output of the pressure transmitter 530a.

- The reservoir 518 is connected to a high purity Coriolis mass flowmeter 512 via an outlet
conduit, through which the process fluid exits the reservoir 518. A point of use filter 560 is
- provided to filter process fluid being applied to a spinning work piece 562, which is controlled by

a spin controller 564,

© 20 The Coriolis flowmeter 512 in the flow path measures the actual flow rate and provides a

signal to the liquid delivery controller 514. If the flow of fluid is low the pressure applied to the




decrease the pressure of the reservoir 518, based on a predeterm ned
pressure setpoint conpared 15 to the output of the pressuq@ﬂﬁgw%thter 53
Ca. The reservoir 518 is connected to a high purity Coriolis SsS owrTet er
512 via_an @g}&ﬁt conduit, through which the process fluid exits the
reservol? BP$4 point of use filter 560 is provi dedTFEIT8r process
fluid being applied to a spinning work piece 562, which is controlled by a
spin controller 564. 20 The Coriolis flowreter 512 in the flow path
nmeasures the actual flow rate and provides a signal to the liquid delivery
controller 514. If the flow of fluid22s |ow the pressure applied to the 19
May 2006 WO 03/046489 PCTI US02/ 37778 -22 liquid inside the reservoir 518 is
increased to provide nore flow. Increased pressure for liquid delivery my
be neceslkpidyinsiéahd Rs@vdit00s 0inGbastd® POIRIm@E AUFE HdrdabeBpr QR OF lid t he
tubing carrying the liquid. Second and third pressure sensors 530b, 530c
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pressure required to drive t qui d through the flowreter 127 The fl ow

rate andngliier Sabdnd! snd RHRS pidisbre BAGH' SOBBAG EOURIEA Dhnfeifin[draferet €7 512
and pressure sensors 530b,530c can be used to determne the viscosity of

the flui ghwndtePSE hidSurt 81 AinBrefta prhslglﬁ'e éég?edité ﬂ@%&ﬂ%lgﬁw\& ﬁ:&%%vtngtgr of the

measur enent woul d 1 ndicate any changes to t struc
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10 position.

A tool controller 515, which may be the same controller as thé liquid delivery controller

514 or a separate controller, provides control signals to the spin controller 564 and also provides

a flow setpoint to the delivery controller 514. A fast acting fluid on/off valve 509 is further
provided at the outlet of the reservoir 518 in some embodiments, which is activated by the liquid

15 delivery coniroller 514 to turn flow on/off based on the requirements from the tool cbntroller 515
The liquid delivery controller 514 maintains in memory a table of liquid delivery pressure and flow

rates as would be provided by the pressure sensor 530b and Coriolis flowmeter 512, respectivelf,
correlated with various positions of the control valve 510. Based on fluid demand requirements
from the tool controller 515, the liquid delivery controller 514 provides optimal settings of

20 pressure on the fluid and control valve settings to provide ther proper amount of fluid during the

time the valve 509 is open.




The liquid delivery controller 514 maintains in nenory a table of liquid
delivery pressure and flow rates as would be provided by tﬂpN@ggﬁﬁyre
sensor 530b and Coriolis flowreter 512, respectively, corréla W th

vari ous {@%&hg s of the control valve 510. Based on fluid demand

requi rements ~fromthe tool controller 515, the |iquf§T¥&%37&8y controller
514 provides optimal settings of 20 pressure on the fluid and control valve
settings to provide the proper anount of fluid during the tinme the valve
509 is open. 19 May 2006 WO 03/ 046489 PCTI US02/ 37778 -23 An alternative
spin-on fluid delivery system 501 i-€3shown in Figure 11. In the delivery
system 501, the Coriolis flowneter 512 is downstream of a netering punp 511
to act as a feedback nmechanismto assure that the proper amount of liquid
i s bei ng apphi elertativet dpm-oncfhuid deliece systef2301 Br shown & Figured br imthe deliverysy st ens
are typically open | oop, and any plugging of the system5 downstream of the
punp t haystdnn 601 diseSoriolie Abvarader 12 98 downstitbdnt of hargeng peng b1 th ahelassery to the
wor k piece. The signal fromthe Coriolis flowreter 512 allows the |iquid
del i ver Yeegkuak medhbifidm o kdsurelthur GldgRger dnitania@@quid is Geingippliddeo flieMpribfidcet 0 provi de
a higher output pressure to conpensate for the increased head pressure.
The par 5 Ubddr AHRAGnTBNLS sydleSE b TRGcaBPEpes 1dpCand| ahy Bhifgdg dPEhOBbY¥m as t he
invention may be io nodifi'ed and practiced in different but equival ent

MBNNGr S JBRRALANLE e phdlP 88t Bkbdsbelle hihdipARuid Will\dhiigddnd Mfd BERaTité Rl the
teachings herein. Furthernore, no limtations are intended to the details

of Cons%ﬂ@éivéc@.ln TRY sigh@Sh Gl Eh,SIER ASHAME: 518 LilRHs thd WRlid Alvag TehttdpeOsun t he

clai ms bel o t 1s therefore evident that the particular enbodi nents

di sclo : d @bk ikQNs are
cgisidzgggﬁ%%ﬁﬁi t éﬁgggéé %ﬁg?g%ﬁgﬁ$é%ﬁg?ﬁgg?ﬂag%??%ﬁhﬁc %% Fﬁglj, t he
i's prot %fé%?éase%‘ﬁb’a%?es&% einis as set forth in the clains below 19 My
2006 )

The particular embodiments disclosed above are illustrative only, as the invention may be

10 modified and practiced in different but equivalent manners apparent to those skilled in the art
-having the benefit of the teachings herein. Furthermore, no himitations 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 and

all such variations are considered within the scope and spirit of the invention. Accordingly, the

15 protection sought herein is as set forth in the claims below.




-24 CLAIMS: 1. Afluid delivery system conprising: a flow control device;
a Coriolis mass flowreter in fluid communication with the fﬂgMa?Q?pgol
device, the Coriolis flowreter having a fl owtube nmade of PFA “the
Coriolis s flownmeter providing an output signal; a controller receiving a
setpoint signal, the controller receiving%yhe out put signal fromthe
Coriolis floweter and providing a control output signal to the flow
control deviceciwpgegein the flow control device output varies in response
to the control output signal. ro 2. The fluid delivery systemof claiml1,
wherein the floWw confiluid dglivencsystesooepipiisiess a val ve. 3. pinch valve. The
fluid delivery systemof claim2, wherein the valve conprises a 4. The
fluid delivery sflstveontofl detiget m 3, wherein the pinch valve conprises: is an
actuator having a ramoperatively connected thereto; a reference surface
posi ti oned genes Ebliglisepeofdvnaettie fnid bdmBukit4bn pithithie/fovF tadurbldegicé, ube

positi oned between the ramand the reference surface. 5. The fluid

del i very system of chaCpkdlis @ictr MadifiSa ASWHEbO Mald BIOPF S afe Boricdd SOl enoi d.
6. The fluid delivery systemof claim4, wherein the actuator conprises a

stepper Jiotor. 7. ThiwhletrGro¥ehig¥SbHpSyiagM Of claim 1, wherein the flow
control device ’

a controller receiving a setpoint signal, the controller receiving the output
signal from the Coriolis flowmeter and providing a control output signal
to the flow control device, wherein the flow control device output

varies in response to the control output signal.

10 2. The fiuid delivery system of claim 1, wherein the flow control device
comprises a valve.
3. The fluid delivery system of claim 2, wherein the valve compiises a
pinch valve.
4, The fluid delivery system of claim 3, wherein the pinch valve comprises:
15 an actuator having a ram operatively connected thereto;

a reference surface positioned generally opposite the ram;

a high purity, flexible tube positioned between the ram and the reference

surface.
5. The fluid délively system of claim 4, wherein the actuator comprises a
20  solenoid.
| 6. The fluid delivery system of claim 4, wherein the actuator comprises a
stepper motor.
7. The fluid delivery system of claim 1, wherein the flow control device

comprises a pump having a variable output.




conprises a punp having a variable output. 19 May 2006 -25 8. The fluid

delivery systemof claim7, wherein the punp conprises a q@@ug ?b%ic punp.
9.. The fluid delivery systen1of claim1l1, wherein the flow contro evi ce
conprises a reservoir, the reservoir being selectively pressurizable. 5 10.
The fluid delivery systen1of claim9, wherein the reservoir includes a bag
situated therein for containing a fluid.241. The fluid delivery system of
claim1l1, wherein the controller conprises a PID controller. 12. The fluid
delivery systemof claim1, further conprising: io0o a plurality of the flow

control devicesg a pray filid dyivefy dyoemGT dldhi % wikdn fHeQpMiip! @iprisdngd a m xi ng
chamber in fluid communication with the flow control devices; wherein the

controll er \uaghas ,;nl;ije outputs of the flow control devices to achieve a
predeternlned f|UI m xture. is 13. The fluid delivery systemof claim1,

wherein the out gut Sigyily B A5em BY chil 10RéBh i B7 Sofitp LT i nel udes

a mass flow ate neasurenen l'ui d de |very systemof claiml1,

vvhere! n th%gx%ﬁﬁs%yare%rg&?lth e&&@q}%ﬁ%tgﬁ?&g y%@ fse mass fl owneter includes

a fluid de nmeasur erren |very syst em of cIa|n11
ol uded a1 ui 01 enp i, PRV 8t HE i Dvooreh 0 el PR T o
di stributi %ag S ateﬁntﬁere pp‘r;én%mmgg 2 1. fluid reservoir; 19 May 2006
11.  The fluid delivery system of claim 1, wherein the controller comprises a
PID controller. |
12.  The fluid delivery system of claim 1, further comprising:
10 a plurality of the flow control devices; |
a ﬁ!urality of the Coriolis mass flowmeters; and
a mixing chamber in fluid communication with the flow control devices;
wherein the controller varies the outputs of the flow control devices to achieve
a predetermined fluid mixture.
15 13.  The fluid delivery system of claim 1, wherein the output signal provided
by the Coriolis mass flowmeter includes a mass flowrate measurement.
14, The fluid delivery sjstem of claim 1, wherein the oﬁtput signal provided
by the Coriolis mass flowmeter inciudeé a fluid densif;'y measuremént. |
15.  The fluid delivery system of claim 1, wherein the output signal provided
20 by the Coriolis mass flowmeter includes a fluid temperature measurement.
16. A recirculating fluid distribution system, comprising:

a fluid reservoir;




-26 a distribution conduit in fluid comunication with the reservoir, the
distribution conduit having a plurality of tool drops for grouidhsmg fluid
fromthe reservoir to tools attached to the tool drops; a flow control
device; 5 a Coriolis mass flowreter in fluid comunication with the flow
control device, the Coriolis floweter having a fl owtube made of a

hi gh-purity plastic material, the CorioeRkés flowreter providing a output
signal; a pressure transmitter in fluid communication with the Coriolis
mass flowneter, the pressure transmtter providing an output signal; io a
control | er receiadistiputiorseehihit in fluidicgmatunicitiva vdihnhe eicdnair, theakistribution t he out put
signals fromthe Coriolis flowreter and the pressure transmtter -and

providing a control ctitihavitigonglurdliey bhool d@ps Eangrodling @vidcRomwher ein  the
fl ow control device output varies in response to the control output signal

to maintain a pr edetﬁgm@&gtmm@bﬁ@taﬂﬁtgélgygpg;ate inthe 1s distribution
conduit; a plurality of tool drop flow control devices, each of the tool

drop flow contrglgowdemidigsidaei ng in-line with a respective tool drop; and a
plurality of tool drop Coriolis mass flowreters, each of the tool drop ‘

Coriol i g mass Ehﬁi‘i@ﬁ%ﬁa&éﬂ@% Q’ﬂlﬁﬁiﬁicﬁﬁtmm%ﬁiﬁﬁuﬁtﬁ etfof-go%tllopgévicgrOp’ the

tool drop 20 Coriolls nas ownet ers eac aving a oWt ube made of a
h a1 Pt BESRR hoy bl bABl £A80SELRLY HORBuMA BIR o ° ° "
! eceives the output ol gnpls AR e mroatiofa Sotmt Uens:
a pressure traﬁsmitter in fluid communication with the Coriolis mass flowmeter,
the pressure transmitter providing an output signal;
10 a controller receiving a setpoint signal, the controller receiving the output
signals from the Coriolis flowmeter and the pressure transmitter and
providing a control output signal to the flow cpntroi device, wherein
the flow control device output varies in response to the control output
signal to maintain a predetermined pressure and flow rate in the
15 distribution conduit;
a plurality of tool drop flow control devices, each of the tool drop flow control
devices being in-line with a respective tool drop; and
a plurality of tool drop Coriolis mass flowmeters, each of the tool drop Coriolis
mass flowmeters being in-line with a respective tool drop, tile tool drop
20 Coriolis mass flowmeters each having a flow-tube made of a high-purity

plastic material, the tool drop Coriolis mass flowmeters each providing

an output signal;




mass fl owneters and provides control signals to the tool drop flow control

devices. 17. The recirculating fluid distribution system Oflmﬁ%ﬂbd@’
further 5 conprising a plurality of tool drop controllers, each of the
tool drop controllers being associated with a respective tool drop flow
control device and a tool drop Coriolis mass flow neter, each tool drop
controller receiving the output signal f2bmthe associated tool drop
Coriolis nass flowneters and providing control signals to the associated
tool drop flow control devices. io 18. The recirculating fluid distribution
syst em of cl ai nwhegin dlecgastroller ireceivesthe output sighalsdem tke toohgmop giolis pi nch
valve. 19. The recirculating fluid distribution systemof claim16, wherein
t he pressure transninaseflowoeiers selsprovidessemsrok siggmlsdier thei tsoladrpp dlwsur e chanber
including a diaphragmsituated in the sensor holder, the pressure chanber
and di aphragm const rcomstt@dedéesa hi gh purity plastic; a pressure sensor
bonded to the diaphragm and an o-ring situated between the di aphragm and

the sensor hol der. 2fke fadRculfimg ' Suik alibiiButionUisgteth SAfY ichats | 1) swsdrem of claim
16, wherein the 20 pressure transmitter conprises: a sensor holder; a

Pressurq cRaiRRingSighi#atPer jobl &Jagcaﬁm&rs, deh Qﬁt%hé tc?ozﬂfdgfc;ogﬂfr?lrﬁf&ﬁﬁe oressure

encapsul ated in a high purity plastic naterial exten

chamber . 1 bl QIR a rédbedive 1361urb s Bbl dhdt!ddftod bt € 1041kt RUGRN System of

cl ai m 20,
mass flow meter, each tool drop controller receiving the output signal from the

associated tool drop Coriolis mass flowmeters and providing control signals to the
associated tool drop flow control devices.
10 18.  The recirculating fluid distribution system of claim 16, wherein the flow
control device comprises a pinch valve.
19.  The recirculating fluid distribution system of claim 16, wherein the
pressure transmitter comprises:
a sensor holder;
15 a pressure chamber including a diaphragm situated in the sensor holder, the
pressure chamber and diaphragm constructed of a high purity plastic;
a pressure sensor bonded to the diaphragm; and
an o-ring situated between the diaphragm and the sensor holder.
20.  The recirculating fluid distribution system of claim 16, wherein the
20  pressure transmitter comprises:
a sensor holder;
a pressure chamber situated in the sensor holder;
a pressure sensor encapsulated in a high purity plastic material extending into

the pressure chamber.




pressure sensor is constructed fromsapphire. 22. A fluid delivery system
conprising: a reservoir having an inlet for receiving a gaqggqapgﬁﬁ§urize
the reservoir and an s outlet for dispensing fluid contained 1'h the
reservoir; a first flow control device connected to the reservoir inlet; a
second flow control device in fluid conmunication with the reservoir outl et
to control fluid flow out of the reservegr a Coriolis mass flowreter in
fltuid conmunication with the second flow control 1o device, the Coriolis
fl ommeter having a flowtube made of a high-purity plastic material, the
Coriolis flowreRér pThyirairadetapg fiwid distibstignsistemaoc) clams Ro.ewhdrsinhd t t er
connected to the reservoir inlet, the pressure transmtter providing an

out put si grméssurasdbsar icanithrtdddiont @ggtiinel Ng a set poi nt signal and the out put
signals fromthe Coriolis is flowmeter and the pressure transmtter, the

control I er provigi ngA@@idideery HitbBdonprigih@l S to the first and second flow
control devices to vary the ©pressure of the reservoir and the flow rate of

fluid fromth Phdvinedd i i i m 22,
uid fromthe peSeRYPhivingld nﬂ&[f?ra{]egé#% eggds'g% Efek’suﬁ)féfh@ RsBivoit b 41

further conprising a pressure nected to the reservoir

outlet. ,20 24. The féddmgp?%de%{_ﬁﬁéyﬂlﬁ&/a}n&meggn %Fées@,éﬁdmwmr ein the pressure

transmtter s connecte reservolr ou stream of the

Coriol is Mass 1) QUL APaelSo ML flodEl (her, sigst em of claim 23, wherein.

the pressure transm s connectedt voir outlet upstream of
Systom of ol ai nf B0 T REvicL SR 4G Priuionins vk R eeppasuire
transmtters connecttggogﬁ%l h&]}gﬂggileﬁrs/f(%germé)e%olmet upstream and
a Coriolis mass flowmeter in fluid communication with the second flow control
10 device, the Coriolis flowmeter having a flow-tube made of a high-purity
plastic material, the Coriolis flowmeter providing an output signal;
a pressure fransmitter connected to the reservoir inlet, the pressure transmitter
providing an output signal; and
a controller receiving a setpoint signal and the output signals from the Coriolis
15 flowmeter and the pressure transmitter, the controller providing. control
output signals to the first and second flow control devices to vary the
pressure of the reservoir and the flow rate of fluid from the reservoir.
23.  The fluid delivery system of claim 22, further comprising a pressure
transmitter connected to the reservoir outlet.
ke 24.  The fluid delivery system of claim 23, wherein the pressure transmitter
is connected to the reservoir outlet downstream of the Corjolis mass flowmeter.

25.  The fluid delivery system of claim 23, wherein the pressure transmitter

is connected to the reservoir outlet upstream of the Coriolis mass flowmeter.




downstream of the Coriolis nmass flowreter, respectively. 27. The fluid.
delivery systemof claim26, wherein the controller calculagfgm'§06§e
viscosity of fluid flowi ng through the system 28. The fl ui eylvery
system of claim 22, wherein the controller further controls a tool for
processing a work piece. 29. The fluid delivery systemof claim22, wherein
the controller conprises a fluid delivepy.controller, the systemfurther
conprising a tool controller that controls 10 a tool for processing a work
. piece, the tool controller providing the setpoint signal to the fluid

del i very controbkber . TROfuid hielivery isghtele | of it 22y Firthet @bmprisig HiRe .and Ur t her
conprising a filter connected to the reservoir outlet. 31. The fluid

delivery syséoaf PfessitenitdhsAdtierd UWohhi@iedC @6Dthé SieftBvalr RAfletS upstah@dand S i n the
reservoir for containing fluid. 32. The fluid delivery systemof claim 22,

wher ei n t NeioSRaRAR df kWA hAS floWRtler, PespQiDdy. S€S a pi nch val ve. 33. The
fluid delivery systemof claim22, wherein the second flow control device
conprises a net 41 NOTRURRY delivery system of claim 26, wherein the controller calculates
5 the viscosity of fluid flowing through the system.
28.  The fluid delivery system of claim 22, wherein the controller further
controls a tool for processing a work piece.
29.  The fluid delivery system of claim 22, wherein the controller comprises
a fluid delivery controller, the system further comprising a tool controller that controls
10 atool for processing a work piece, the tool controller providing the setpoint signal to
the fluid delivery controller.
30. The fluid delivery system of claim 22, ﬁ;rth:;r comprising a filter
connected to the reservoir outlet.
| 31.  The fluid delivery system of claim 22, further comprising a bag situated
15 m the reservoir for containing fluid. |
32, The fluid delivery system of claim 22, wherein the second flow control
device comprises a pinch valve.

33.  The fluid delivery system of claim 22, wherein the second flow control

device comprises a metering pump.






