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This application is related to U.S. Patent Applications entitled “High Purity Coriolis Mass
Flow Controller,” “Flowmeter for the Precision Measurement of an Ultra-Pure Material Flow,”
s “Methods of Manufacturing a PFA Coriolis Flowmeter,” “Manufacturing Mass Flow Meters
Having a Flow Tube Made of a Fluoropolymer Substance” and “Compensation Method for a PFA

Coriolis Flowmeter,” each filed on the same day as this application. The entire disclosures of the

referenced applications are incorporated by reference herein,

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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processes. 1s 2. DESCRI PTI ON OF RELATED ART Many i ndustries such as

semi cond ¥ films in guieise prtteras the pelishinga Glms icrefuee apaditatfiimeic p gledae nieice ahd Ui d
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and aggr dkedlepring efiserferes & rehidvg uasededifills, tphriclpsead| chiomical cantuminant ik tdot ee,
accurate, conpact, and real-tinme fluid delivery and/or blending systens.
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waf er Surssdgnsial oppratiogs ok veafar erp dore incnelgeatiohe 19 May 2006 WO 03/ 046489

PCTI US02/ 37778 -2 creation of thin filnms with some form of chem cal

deposi tion OrFofrlel:gin%le? %%{grriﬁpag-M%hgn?cgls ﬁlhnag'iga%ox? t(ffxb]i}”% 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




of films in precise patterns, the polishing of filnms to reduce deposited
films to a planar surface and the cleaning of surfaces to fﬁﬂﬂyg M,pneeded
films, particles and chem cal contam nants. The tool can ei'the %e st and
al one ogdpeQrpprated with other tools in a cluster structure where

mul tiple s sequential operations on the wafer are ddi'UEAE | ocati on.
For exanple, Chem cal - Mechanical Planarization (CMP) is a critical process
in the sem conductor industry that involves a process to flatten the wafer
surface of a sem conductor by applying an ultra-pure fluid containing
smal | abrasive particles and a reactive agent between the wafer surface
and a polishing pad. In nost applicagtons, 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 renoving critical wafer
st ruct ur egless teyritks whirhcan reieare the fradad s figm the gless rtonhé materizbffowr Geidatei n an
unaccept abl e waf er surface. The polishing rate of the wafer is highly
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of cont angnag j | i igrating fr the flow tube wall. This

rel eased mt%éa({a&%%%bpg%ﬁ’g Q@h@fgﬂﬁéﬁ%ﬁ%ﬁe’%?‘e é’ﬁ‘fk-conductor wafer to be

defective. The same is true for a 19 May 2006 WO 03/046489 PCT/ US02/ 37778
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t he material row._The sane is also true [ ow tubes forned of
convent i Goak afdl PohthGiBant 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




Because prevention of ionic contam nants is critical, the magjority of CW

processes utilize peristaltic punps along with a suitable ﬁhﬁ? E&f'ty
tubing material to supply fluid to the polishing s pad. Wile h& ¢l ean

f|OM/2RéP non-intrusive characteristic of peristaltic punps is acceptable

f or (ﬁﬁﬁvdg%tions, the use of these punps to attéﬁ%ﬂgﬁﬁwgﬁntrol fluid
flowrate is very inaccurate since they are operated open-loop wth no

fl ow measurenent feedback Another process used in the sem conductor
industry requiring accurate control of fluid flows and a contam nant free
environment is the photolithography process. As is known in the io art,

phot ol i t hography is a process that -d@pplies a light sensitive polynmer, known
as resist, to the wafer surface. A photonmask containing a pattern of the
structures to be fabricated on the wafer surface is placed between the
resi st cowsnechfirfeicoaddionand icgit rewmty inmoe-fundieeing degiods andepfineersiablossiort he  resi st
by either weakening or strengthening the resist polynmer. After the resist

i s expos éu sengcondugtet produgdte waf er is devel oped with the application of fluid
chem cals that renove the weakened resist. is Anodification of this
process applies a host of new liquids to the wafer surfg&g%to create filns
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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 fo 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.




to apply a precise volunme of fluid to the surface of a stationary or slowy
spinning wafer. After 5 the liquid application, the wafer rfbtl@Itai ?poqspeed IS
rapidly increased and the liquid on the wafer surface is spun 3 he
edge. A“%ﬁkﬂmhﬁjn, consi stent thickness of liquid remains fromthe center
of the'wWarer to the edge. Some of the variables thatPSAfPEY i qui d

t hi ckness include the resist or dielectric viscosity, solvent
concentration in the resist or dielectric, the anount of resist/dielectric
di spensed, speed of dispense, etc. 10 The track will also provide

addi tional processing steps after |kfuid application that changes the
liquid to a polynmer using a bake process that al so renoves any solvent in
the film Dielectric filnms can also be exposed to other chem cal

t r eat nerfughdropedodiverdkyt dn evdnidailyi @lifratiomof the ptvap prpperequisd| Othesprobletsur €. The
track also controls the environnent around the wafer to prevent changes in
hum di t yassetiated Wtk cakdat fuiddeived et invoRe cadfamiafios of the MuidffoRc fheddingt he
performance of the film 15 Track system performance is determ ned by the
accur acyutapthattieReat abi | ity of liquid delivered to the wafer surface in
addition to mnimzing defects in the filmcaused by voids, bubbles and
particles. Problens associated with currently available fluid delivery
.'syst enms usedAdditiqaslah@ss epicalliCimporant MRBeserisHustenncindeathp héed dbd Raigtinienc| ude t he
inability to provide closed |oop flow neasurenent, 20 the inability to
provisde fiaid paspenty deftLsuth ab fldwokede] HQY idmpeddiire,baREly, Qltndik) afirfguré) eAliiledessur e of
the punp system variances in the volunme of tubing used in the punp, and
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Further, periodic weekly or even daily calibration of the punp may be

requireqs G&efiaP ROLRES raRBHeG! iRk h deAltbRGErs § | dsGird Shdn¥fifids SYSt €S
i nvol ve contam nation of the fluid fromshedding ‘tubing particles.

Addi t i ORGlpefa@id QrfontsYcR o CBnbiatloM B fre Hbfuhdhes 48 SCoohiR Ushichd B%albdlfih Wide the need

for real-tine
fluid property values, the use these instruments can be expensive, have significant space

10 requirements, require increased maintenance, and provide a greater potential for fluid leakage and
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.




5 fluid property data such as flow rate, fluid tenperature, viscosity,
density and pressure. Wiile all of the foregoing fluid proq@hggeéo&én be
measured using a conbi nation of various instrunents such as M ferenti al
pressure transnmitters, visconeters, densitoneters, pressure transmtters,
tenperature el enents or a conbination of the instrunents and a contro
systemto calculate the fluid propgrty values, the use these instrunents
can be expensive, have significant space io requirenents, require increased
mai nt enance, and provide a greater potential for fluid | eakage and process
contam nation. .Therefore here.is a need for an efficient, conpact and
cont ani nant Afﬂpglgpﬁ?g P&?Ii’rggf?hflﬁesf‘ll?ﬁehseaﬁjlr RIIRTRS a?t‘@ ejof eztchéh‘fdoc;}pé]beoi ng
industrjies. ln other processes there is an increased need for a real-tine
bl endi H&j‘ni g8 kel addirde e gessely Tinsrsaviess a Ve mEpeise Roghedgert thy velmsepiat h. 1 n
addi tion, blending based on a volunetric basis is is generally unacceptable
~ since thegicess) with epediiivpgemnesisiofivessel heightbased on nol ar ratios. Current

bl endi ng net hods i nclude adding multiple fluids to a container on a weigh
scale in an off-line manner, as shown in Figure 1. Multiple fluids, A

t hrough N, fUnéwupgieln the aoent dhtoleproduttipn metbet! @n rasult Bidad wudior t@IEte dfui d i s
allowed to run through a flow valve 13 at a tine. The scale total is

exam nég fmalgreductrbeinp evailetds wist nawtiod: Since havirdguodlitde fraducheeimbrddatl shithe val ve
13 is closed. The 20 sane process is repeated with the remaining fluids.
Event ualptogessalotv) dxtra Brodhdd istalisys pRidabdae thearife 080 prddu& il be 1@Covet bddl € of any
fluid has been added the process nust continue until the proper nmass of
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very precise kno e Vo e vessel crenments
of ves eight. Unfortunately, the current, batch producti.on. nethod can
resul t gsi%%lv{%g’g’r?ﬂ% 5 ?nuf%som}%i tﬁ? %Ed H'I‘X%‘r? R ‘%le’hgef Vebt DRAEqUs BisrRE LUHRY abl e when
needed ?ince avin% t?olittle product avail abl e woul d shut

be disposed of in a controlled and costly manner.

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;




a process down, extra product is always produced, neaning sone product wll
be left over and not used. Since these products often hav gglig@#fd shel f
life (e. g. several hours) this excess product nust be di?@ Thi s

di sposal is costly for several reasons. The product is typically uses very
expensi ve chem cals, and the fluid m xture can often be very hazardous
nmeaning it nust be disposed of inng controlled and costly nmanner. As

t echnol ogy devel ops, the need for ni pul ati on of the blending fornmulas
based on the differences in the product requirenents, and additional new
mat eri al conqgnents continues to _increase, thus requiring a greater need
for flexibl & Coxeksmaslonmeter dnilid sompuniGatien wish the ﬂ‘ﬁ’é CO%ngdF‘ﬁ%d? bl endi ng
systems. Anot her inportant factor includes the need for accurate pressure
control to ensur Eopelispawnisieriuying aliny-abe made ef PFA e Jogwis favesetero t he
processing tool. Thus, there is a need for fluid delivery systens that

addr ess shortconbﬂgﬁhaasowbauﬁmﬂwith the prior art. SUWMARY OF THE

| NVENTI ON According to a first aspect of the present invention, there is
provi ded a #&lcotmblletekdentiigya st SiBnalC MERbMtEBOrecaving M bl siglal demi ce; 19
May 2006 -7 a Coriolis mass flowreter in fluid comrunication with the flow

control device, {H@oriblY fidithderlsh@WIBIRE 2B BuiButlsleQiy b URGIMBLRQf PFA, the
Coriolis flowreter providing an output signal; a controller receiving a

set poi nt signal, dde, SRk ﬂlelfﬁﬁv Joﬁﬁ’(ﬂ'd\é{rl@ﬁg mvﬁﬁg E}P}eg&)h%}@ thel ogtg%l the

Coriolis flomneter and providing a contro out put si | ow
control device, M@ﬁ %h .the fl ow control device output varles in response
‘to the control put signal . :

According to a second aspect of the present invention, there is provided a recirculating

fluid distribution system, comprising:

a fluid reservoir;

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




According to a second aspect of the present invention, there is provided a
recirculating fluid distribution system conprising: a fluﬁﬂmﬁ??ﬁkVOir; a
di stribution conduit in fluid conmunication with the reservoir, e

di stribution 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 flowreter ip fluid communication with the flow
control device, the Coriolis flo fer having a fl owtube nmade of a

hi gh-purity plastic material, the Coriolis flowreter providing a output
signal; a pressure.transmtter in fluid communication . with the Coriolis
nags f1 owret er, fﬁ%ﬁ16H3%§ﬁ?€°ﬁh§ﬁ@ﬁ?lPngb?%WlH?Hﬁm§W16dFﬁﬁ?“§Pﬁhal; a
controller receiving a sefpoint signal, the controller receiving the out put
signals from thE" eSO QdTLwpigHhHBe distribyfipncardup essure transnitter and
providing a control output signal to the flow control device, wherein the
f1 ow cont r of PhEality ef teekdsen flavo copirp! Faypes, cqch of theited drap Haasputigledevigest he
control output signal to naintain a predeterm ned pressure and flow rate
in the distribut bong oeirguiith;a resppdtive tool dryp;@hd t ool drop fl ow control devi ces,
each of the tool drop flow control devices being in-line with a respective
tool drop; amthraitpbimoal drby Cofiolisandss Ab@MeteiRf éa0h iof theass dkdpovdiRlierass each of
the tool drop Coriolis nmass flowreters being in-line with a respective
~tool drop, the t@ekmeeRbefapii-Rid withHBspectivk WMMBIE! he S8 {oRPnssf | OW-t ube
made of a high-purity plastic material, the tool drop riolis mass

flowreters eac h' RbRMEERGCHIh v - BbIR&de of a high-purity plastic material, the
| tool drdp Coriolis mass flowmeters each providing an output signal;

wherein the controller receives the output signals from the tool drop Coriolis mass
flowmeters and provides control signals to the tool drop flow control devices.

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




wherein the controller receives the output signals fromthe tool drop
Coriolis mass flowneters and provides control signals to HBQWﬁﬁ?bmprOD

fl ow control devices. According to a third aspect of the prese

invention, there is provided a fluid delivery system conprising: a
reservoir having an inlet for receiving a gas to pressurize the reservoir
and an outlet for dispensing fluidxcontained in the reservoir; a first
flow control device connected to the reservoir inlet; a second flow control
device in fluid comunication with the reservoir outlet to control fluid

flow out of the reservoir; a Corjoli sg flowreter in fluid communication
with the se@oRdTPiBVEETHRE 8sehawt é@?’i ‘{’%ea’éo?‘itwtiségnf‘lf‘ oeﬁ%tﬂé‘? %ﬁaﬁ’/lilsng a

fl ow-tube nade of a high-purity plastic mnmaterial, the Coriolis flowreter
provi di ng an out pQP™siehad the grepedegsmaitter thesonieqllsr peviding cowe! edrthe
reservoir inlet, the pressure transmtter providing an output signal; and
19 May 2006 -7b &igedntortbt fist andecedingifloy eoniseltdsuicest to gpmyrid pressaretofiéheout put
signals fromthe Coriolis flowreter and the pressure transmtter, the
control | er provi disergoic anitthoflovonatemf fluiddrogntak seséreoit.he first and second fl ow
control devices to vary the pressure of the reservoir and the flow rate of
fluid fromthe reservoir. In an enbodi nent of the present invention a fluid
del i very sy#t emeinhadimele ofahd pewnt ewaitionla fleidi devera sfsani Blciudesn@glewf | ownret er
having a fl owtube made of a high-purity plastic material, and a

cont 1 obdrol desiee A Gasiolds nRts SN E@itidr BAVirla floh8bdTRdde OF 4 B hoy R8s mRERy, des
output signals to the controller indicating, for exanple, nass flow rate,

t enper gidy @ntrde/s86h AGTED YnRES YEEOBRNS ﬂggvlmgm%&%%tpu dhfis (J e contr ol

devi ce receives a setpoint signal and the er output signals, and

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 device 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




provi des a control output signal to the flow control device to vary the
control device's output in order to provide the desired flﬂﬂhgaﬁaxior t he
fluid delivery system The Coriolis nmass flowneter's fl ow tube %ay e made
of the high-purity plastic material to prevent transferring unwanted (e.g.
nmetal) ions to the process fluid. Perfluoralky (PFA) plastic is a suitable
material for the flow tube. The flow control device may be enbodi ed by,

for exanple, a control valve, a punp, or a controlled pressurized
reservoir. In exenplary enbodinments, the control valve may be a pinch

val ve i I i [ stepper. notor ctuator. ln.accordance wth
anothe?ggéggﬁﬁﬁégfﬁgg @ﬁépwﬁzeﬁgﬁ%nFmgn?éé?ﬂgﬁngiﬁﬁm?ﬁﬁfddes?Pﬁbution
system i ncl udes a‘LlﬁiS Qgservohr and ﬁﬁdistributjon condquit in fluid
commun PEEPFEHRR RN e RS ARFH P Ve AUFSFPIB At & SHRRILSIRASa pl ural ity
of tool drops for providing fluid fromthe reservoir to tools attached to
the toSPPYrsggyals ﬁ,&n’ftPBQP%ﬁg@B’FneiféWdc@? PESUFF Egsgittera prdapddesit 900l punp or a
pi nch valve, is in fluid comunication with a Coriolis mass fl owreter that
has a 99PNEsenRDEGhe flow coftrabdetiethie vamdide diowaconirglhlepioe putputpb astiitgn mat eri al . A
pressure transmtter is in fluid communication with the Coriolis nmass

f | owrepwrdctermined ptassukd sad flowese ingbe distsibdtjpaicoidusi gnal and out put signals from
the Coriolis floweter and the pressure transmtter, and provides a control
out put signal to the flow control device to vary the flow control device
out put to nkidetadancewithpnabetcabodined EresawhtongNuid BOMer sfstni, hchile
distribution conduit. I n accordance with anot her enbodi mrent of the

i nvent  fearvor Habitid £h iblel forv@kiing ¥ $4s98 bredsibAc U @Sserdoif 82 8H ¥iRtef foP@¥pendnan i Nl et

for receiving a gas to pressurize the reservoir and an outlet for

di spensing 19 May 2006 WO 03/ 046489 PCT/ US02/ 37778 -8




fluid contained in the reservoir. Afirst flow control device is connected
to the reservoir inlet and a second flow control device |s dIUIaf bt}b

comuni cation with the reservoir outlet to control fluid of the
reservoi %46Cig)JIO|IS mass flowneter is in fluid communi catlon with the
second "Y1 B EEntrol device. The Coriolis flowreter RSIUS%EE t ube made of
a high-purity plastic s material, such as PFA A controller receives a

set poi nt signal and output signals fromthe Coriolis floweter, and

provi des control output signals to the first and second fl ow control
devices to vary the pressure of the8reservoir and the flowrate of fluid
fromthe reservoir. BRI EF DESCRI PTI ON OF THE DRAW NGS O her objects and

advantages of the invention will becone apparent upon reading the io
fol | owi rilyidhentaindddul theessemvoipt Adirst fovel canproinievied i vamemed to Hehesedbi@ileags i N whi ch:
Figure 1 schematically illustrates a prior art off-line blending system

Fi gure 2 sesond flow cottroll devipe dsnin Sloideominingd@kiby with thd sésedbic Batlcttd dorirel |RY | very
systemin accordance wth the present invention; Figure 3 is a perspective

vi ew of flawGat bftthd Resdrvoivve Uetiolis ks bwaneli Blin BulE Cbmibric@ion wilethe komUi t abl e
for use in the various enbodi ments of the present inventi on Fi gure 4

schemat ifload doyitrol| devigé. r athe CodolRi MhnekR S 2 I HBwARKOMSIRNGE Wek- a&{eesent
invention; Figure 5 is a block diagramillustrating aspec a real tine,
hi gh spumiaterialDdueabinFg. SYdohdler febeiRE & P[Q; HQu WEREh ﬁlleonBlﬂe present
i nvention; 19 May 2006 WO 03/ 046489 02/ 377 Figure 6 1s a bl ock

di agr amplokherst g\t cinB el duﬁid{ %zﬂaﬁ% thi s beabdd ﬂ%WdoH@;l ﬁéﬁ&&?ﬁ;@A

accordance with enbodi nents of the present 1 nvention

schemt mreaarésa{ueAfltmssre%ﬁﬁnméﬂmm&%h&aﬁ&m%wransmtter in accordance

with aspects of the present 1nvent

BRIEF DESCRIPTION OF THE DRAWINGS
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;




Figure 7B illustrates an alternative enbodi ment of a hi gh purity pressure

transducer containing an encapsul ated sapphire sensor; g];br g g a bl ock
di agram concept ually illustrating aspects of a high purity flui elivery
systemfor a process tool in accordance with enbodinents of the present

i nventi SYP 9 I‘Q"ﬁ‘ﬁ?e 9 is a block diagram conceptual |y iR4TESP¥HT#¥ng aspects of
an alternative high purity io fluid delivery systemfor a CMP process tool
i n ‘accordance with enbodi nents of the present invention; Figure 10 is a

bl ock diagramillustrating a closed-1oop fluid delivery systemfor a
spin-on process in accordance wth-esbodi mrents of the present invention;
and Figure 11 is a block diagramillustrating an alternative closed-|oop
fluid delivery system 15 for a spin-on process in accordance with

enbodi ment s diguiche ipracblegkt diaghne rihis@ating\WirdcRaildtiag ifaide BikttiBiion SysssGeptible to
various nodifications and alternative forns, specific enbodi nents thereof
have bemc@mmeﬂmmn@ﬁgmbsgnﬂmeﬁm dravm ngs and are herein described
in detail. It should be understood, however, that the description herein of
specific enbodinents is not |ntended to I|mt the invention to the
particul ar f Bigom 7 shénosiedly illstfateed Higheputi frbyure QRGMIR: DAHcOAGAEDwith

PCT/ US02/ 37778 -10 contrary, the intention is to cover all nodifications,
equi val efspedis ofithel pRkdntinviatisnyes falling within the spirit and scope of the
invention as defined by the appended cl ai ns. DETAI LED DESCRI PTI ON OF THE

INVENTION Il lustrative enbodi nents of the invention are described below. In
t he int er est Figiire CiBailluitsates a8 altednatirt lembOdlinetit &F a0higla Pun@te tpeddurd PRdsaBRAT at i on
are described in this specification. It will of course be appreciated that

in the demahiapsamcapsilatedyapiie kenget ual enmbodi nent, nunerous i npl ement ati on-
speci fic decisions nust be nmade to achieve the devel opers' specific goals,
such as conpliance with

Figure 8 is a block diagram conceptually illustrating 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




systemrel ated and busi ness-related constraints, which will vary from one
i npl enentation to another. Mreover, it wll be appreci at @ tQﬁ%O?yCh a
devel opnment effort m ght be conpl ex and 10 ti me- consuni ng, #1

neverthel ess be a routine undertaking for those of ordinary skill in the
art haV|ﬁH}fﬁ%’benef|t of this disclosure. Figure 2 §Eﬁ@ﬁﬁ%ﬁ% A1y
illustrates a fluid delivery system 100 i n accordance with exenpl ary
enbodi ments of the invention. The nass fl ow based delivery system 100 is
suitable, for exanple, to control the flowof fluid to a tool or a work
pi ece supported by a tool, such as aipelishing pad 1s of a CW°P systemor a
track used for sem conductor spin-on applications. In general, the system
100 includes a flow control device 110, a nmass flowreter 112, and a

cont r ol | entrdr§ Ahe fillestion ditb otel sl mddifcatias, eiqhiesents, HEtaperhAibesThlbipakithiCfE esent i ng
a desired paraneter, such as mass flowrate. The controller 114 al so
recei vessphi aml sogpetof S givedtiof ssalafiiel @y fe@uppBdearclakb2. The flowneter 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. TheDETARLEDDESCRIFAONSOE MBI INVENTION has an el ectronic
interface, and nmay conprise, for exanple, a 19 May 2006 WO 03/ 046489

PCT/ US02/ 377 MBistrafite @ntogiatehts 0fvthb iriveitdg a) destiibédvVitow eln (IR ikresisticlagilyl er . The
setpoint input to the controller 114 is typically an electronic signal,

such @as mat St fedturediof 30 Btusb ingplalentionqrddeSdribad in W Hecifatidn © BRI bfcoudEbPOi Nt :
interface could also be used. The controller 114 may al so include a valve

overTi depp Mﬁ&dﬁhﬂ,mvﬂa%@l@&eﬁ%@hﬁf SBRhonl SRR, THRErob MhiplehBRatiant 1ol 1 er
114 that causes the controller 4 to, 5 ignore the set p0| nt and fully open

or cl 0sqpdcdiR dbdisols GRRbHE Mhddls YinkSe aalgevel Eér? n{)&@% g{i:egsr %1%? %féggghdgé@% for

shuttlng the flow off or purgi ng the syst ments, such

as f1ui Qugel fyRlYand WRLREE ref R ¢ mass
f | owmret er 112 1s pref erégﬁfea %or 0 %ﬁh%g‘@ﬁf‘)ﬁ%v\m Ohgﬁ.‘kh‘g&?‘mn lrErbr:lss
flownet ghorhe. 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




generally preferable over a volunetric floweter since the desired chem ca
reactions typically are io driven on a nole (nass) basis. Vﬁgﬂgeg@kp flow
rate measurements can be made and corrected to standard cond! t16ns
resulting in the equival ent of a nmass neasurenent. However, additional

i nf or mat O 48% equired (fluid density, tenperature, PSHEBH37FRessur e)
maki ng the neasurenent nore difficult and costly. Mass flow rate
measurenents are typically nore accurate than volunetric neasurenents

whi ch are converted to a nmass neasurenent and, this accuracy results is in
a higher quality final product. Thisiwould increase the process yield and
thus inprove the profitability of conpanies utilizing this invention. Many
applications; such as those associated with the sem conduct or,

phar mac eptopartdnal-iftaghal-deiiative DY bonplldrn LBt seipsiss inpROMI the cddidildr @ ipat h (al |
surfaces wetted by the process fluid) of fluid delivery systens be

const r uctygichligfan BlegfonRUignily suck B B0 4Y20ASdAIr @5 EkiBD tword TBA Shbilafc t O
protect the 20 purity of the chemi cals used. Plastics are desirable because

the ul t rsappidt BiefR@doR SsoUseethed. N Thé Gontdfd 189 Y Gis8 rinérl;ﬁg & vahv@Rvberiad 1 on

processes can be contamnated if nmetal ions are | eached or renoved from

met al  f | @ibrk URRE Y8ditidhaidionalid &h i ] hPcesses.
H gh 19 May 2006 WD 03/ Al %céir’/lt%ghgz 3@%%&9??139%g?°??‘§%@g’gg&5?g°sti cs are

thus useghdrd¥nt Ree: %@kﬁ %@&@ bR S QERGLAL 10 IR 15 ohdARed €7 ring

unwanted (e.g. rmeta e process material ditron, the snooth
surface g fidh ' E@Huf acturing of a plastic flow tube
reduces the a *?W%B%p%g%gﬁags 0 attach to the tube and contam nate the
fluid with organic materials. s The wetted path of the flowreter 112 is

- designed sucty dhag ?ﬂlﬁodm&s,rh‘acl%s%ﬁ%eﬁ@fyes\ﬂt pr A&lpt%iecthl fb?en&ﬁ%@%ﬁég%/ngar bor

bacteria. A suitable high purity plastic'is uor

| tabl ¢ | > PEA : Y el
copo mﬁamassgewﬁ ef?l?ﬁlp?ég%f%%ggﬁoh&ﬂ%a%o@%v}rﬂ vy V)%;iﬂﬁgggsr Qlmeiem ca

1) CLer
resi stance and nechani ca rties. oril nat e -[550| yners

such PV%Eneﬂﬂg prlgﬂ;l‘:a%le%(f& a@oﬁlgleﬁ‘l% iﬂ%‘%&!&t@f since the desired chemical reactions typically are

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

C

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




In addition to using high purity materials, the high purity flow path _
shoul d have a constant 10 dianeter and no intrusions or rrullgtM dd6l

paths - a dual tube sensor or a curved flow path should be ‘avoi Thi s

m nim zes pressure drop, reduces the shear rate on the fluid to a mninmm
whi ch |¥chg "5l in some industries and applicati on®CTUSO2(EE prevent s
plugging with certain materials, such as slurries. A suitable Coriolis
mass fl owneter having a fl owtube made of a hi gh-purity plastic is
material is shown in Figure 3. The Coriolis flowreter 50 has a fl ow tube 52
inserted through legs 67, 68 of a bage 51. The flow tube 52 is preferably
made of PFA. Pick offs LPO and RPO and a driver D are coupled to the flow
tube 52. The fl owneter 50 receives a process material flow from a supply

tube 54 mig @idePhEScstaieihlid 03 trhedd TR HSOMRE G Benerlly et tahsdtisgube 52.

The flowtube 52 is vibrated at its resonant frequency with material flow

by the dmb¥féd (g OIS IoﬁsStH el pbessPdaleRAl $n AHitEE theEblob@MRIBERE ﬁnéﬁ%lﬁféhted by pick
of fs LPO and RPO whi ch apply signals over conductors 62 and 64 to neter

el ect ronj g3 n{aﬂﬁécuﬁiﬁg%las% H6W nflefeRida ME i tgefﬁab@ﬁﬁo%;cp% £BRBe BRF Ween the
Coriolis 19 May 200 03/ 046489 PCTI US02/377/8 -13 | ections and

applies @9 Erﬁiﬂét &hﬁﬂiﬂlvﬁthl?;f gon. Suitable Coriolis flowreters having
hi gh purilﬁt T’ow tubes ar g’gs osed in detail in the incorporated
application entitled "Fl ovvrret er for the Precision Measurenent of an

U trag Pure Mafjeiah plth 8o fchifud:h 2% Bk o0 ;!mlﬁ o RBPELSEe 2

control valve. As with the mass fl owneter purlfy

appl i cat,00s5ud Repankte & aﬁl?rhgﬂiﬁn%gﬂa@cd@ P?I& I?Jréaﬁé EA{}@{]}{HC X 1 10

m ni m ze contam nation of t reover, COI’lt
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exanpl e 2 tﬂu%hﬁ%ﬁéd poly%e%euch%\/a&]yﬁﬂadglso duftabid’ .
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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
minitum, which is critical in sdme 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




i0 purity chem cal environments could be used. For slurries, however, such
a valve is not the ideal solution. Pinch val ves have provenlgtlglafgoc% good
solution to slurry control. A suitable pinch valve 120 in accordance with
the pregeisl ntion is conceptually illustrated in_FEigure 4. An actuator
122 forces g“grlggren 124 onto a flexible tube 126 and agd HIP'%37F&f er ence
surface 128 to pinch the tube 126 closed. The tube 126 is preferably nade
of a high purity plastic such as PFA- The Is tube's flexibility allows the
tubing walls to conform around any trapped particles or inperfections in
the walls to provide a tight seal. The flow path is straight through,
mnimzing pressure drop and turbulence. The fluid contacts only the flow
tube 126 preventing wear or corrosion of the other valve parts and
pr event i $8echignszand @ppiienentpi sigoals wked: therewl. USuityble Botidlie flowmeaen thavibghigpur i ty
applications, such as sem conductor polishing operations. 20 The actuation
of knowrPupiyilob tuhes e dis¢lesedimudetail ip th incitmindter] applizaticarekitled fHlovanere fartbevn pi nch
val ves have a manual actuator with a nulti-turn handle, but this type of
val ve wdinbcisiondMeaeenicdt dfy URGOGraMated BibaG489 PCT/ US02/ 37778 - 14 conducive to
cl osed | oop flow control. O her pinch valves are used for dispensing
applications in batch processes, in which the anmount of material dispensed
i s control | eBhexfovt ¢vatroli dedce Hatmay emprisk w@ontiob vabve. AEhith thomsss fotvmated ow
dynami cally controlling the flow rate. A valve that has only two states can
be cont rld?,lietigh purip ppplicatignsvibe gantrol desiics mndt be nad@ bl Agerials That vill Riniad Ve
.actuator. In one enbodi nent, pul se-wi dth nodulation (PW) is used to
control cotgmivaionef tieiMid. sMarbvesvibel ciitrol @svee atld REbull ROMEERIWE WeveShonal at a
frequency above the valve's nmechanical response frequency. The duty cycle
of the plagusatherestageant fhild tm ORcLNAING @LidikkCor raibink Parid Bk bleRE ParBiblesC UT I ENT
sent to the device. For exanple, if the PW signal operates between 0-12
vol ts, @fhelfidiy, cycle = 0 volts, 50% duty cycle = 6 volts, and 100% duty
cycle = 12 io volts. The "averagi ng" takes place because the signal is at a
frequency above the valve's

. 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




mechani cal response frequency. The position of the valve is based on the
average current that is supplied. The resulting supply vol tgﬂ\%e @ '
proportional to the pulse width of the signal. If the signall f”ég e6ncy is
too low,_ the valve will have tine to respond conpletely to on and off

si gnal s B0y a pul sed flow output, which is genePSIU§I2%43t8desirable. A
typi cal pinch valve 15 actuator is a solenoid, which has a spring el enent
with a preload adjustnment that determnes the current required to close

t he sol enoid. Adjusting the pre-load on the valve spring can inprove the
val ve's control range. In other inplEmrentations, the sol enoid plunger
elenment is replaced with a spring-suspended plunger. The spring-suspended
pl unger mnimzes the non-linear valve response due to friction, which

M ni m zesndubige foyckseiles) fovedirele @theb pinch vabeswaused fon dispenaly Hpivalianai d- 20
actuated pinch valves. 19 May 2006 WO 03/046489 PCTI US02/ 37778 -15 An

al t er natbatel prpEsses acWhitiothé irtoubl Bilneediblrdibéresl is edntaiiRd Gy ih8 tilng tHibe dalwt epper
notor actuator, which translates a controlled, determnistic angul ar
rotati ofs dn0 Thisldbd3@af alld Ayrtinicully ddMtralling WY fivwag@! type arrangenent. Stepper
controllers can be designed to produce a specific nunber of steps
proportional to an anal og signal input. Backlash, and thus val ve hysteresis
can be 5 ni nimilweeitlattips ey twoustdi@rcanbe @REGIRD bY AfpRinaGARing eaentl@Siolage t hat

m nim ze backl ash. A stepper notor generally provides imunity to

t enper ataithe varchcbies Skiloe Bhbbdineh paRSwidtbhldaRlaBR P WM SSuseCda0AES ten t he

pi nch tubing. A stepper notor is a nmeans to control position, so the

st epper vilge. PWRLES Qcldvad B Senbridtidgh® sqhrdGlhve WiBhal ok o Hldubnedt 2R GHE VaRlese, the
pinch tube is an integral part of the system- current is applied to the

val ve agdotiakied respbiiss reditiby. © THE Qb ofcl b the PLdhGNist $HABd tdHbehhih®sidi NChes the

tube. If the tube propérties chandge due to tenperature or pressure, the

amount  theoprind RB1tsde O @Rmrer® Reht kO U debige. f b&y\éxﬁﬁkl@ M%%Wsﬁwgde&tescr]anges'
Moreover, a stepper actuator can remain at the€ Tast position to provide
fast respRam®-1LRoRS bty tguse bRatosRurb Bitle S é¥olts, Aha foobd dbFhycte = 12

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.




delivery cycle. The Coriolis flowreter 112 and flow control device 110 may
be configured as an integral 15 unit, housed in a single I 116,
and additionally the controller 114 nay al so be housed in ?ﬁﬁwgg%@%
enclosure 116 to provide an integrated high purity, Coriolis mass flow
cont r ol MEFUOK4% it abl e high purity, Coriolis mass fIRSHUESEBATSEI ler is
disclosed in additional detail in the incorporated application entitled
"High Purity Coriolis Mass Flow Controller.” Alternatively, the flow
control device 110 may conprise a variable output punp, such as'a 20
peristaltic punp. In still further eMbodi nents, a pressurized vessel or
reservoir in which the pressure is varied to change the flowrate of fluid
di spensed fromthe vessel functions as the flow control device 110. For
exanpl e, ref dnrditagative abprgathetoZhe WNdbiroll&s Sd18663d! is k3 GisdTd Vstdpper iddtbrabl y 19
May 2006 WO 03/046489 PCTI US02/ 37778 -16 pressurized to vary the flowrate
of {1 ui cacetot, iwhighttReslit@SdorBblled, dbRrmifiaRan@lldri:B@tidnNe af tnbb darf bW HyaAL € i N
this manner nmaybe in addition to, or in place of, the illustrated fl ow
control wemiges tipkQuraspetibne. Rlehfr O@filoNSs Eah QW IERNE R prétRld £§ecifd Rinibscussed in
further detail herein belowin conjunction with further "exenplary

enbodi MeyFtsiep® propbiional V& B kb Sonbl ﬁ%lﬁ.e BackibshUgldr @hE5a1w HyRdresid bdfBoeD! €ndi ng
system 200 1 n accordance with aspects of the present invention. The

i 11 ustr ahigghi ' [ | ks b sed to
addr ess shg?f%%%?ﬁggﬁggégEggggﬁﬁﬁrTﬁ%%%g@%ﬁgg%ﬁart. A%w?%gsgpéiggﬁey

factors gi& gifedr q;,r&v‘ﬂies HafdheRY So {eglﬁérgtuieea%ggfegﬁue &%aﬁ%&%@%?lﬂa | c%/ﬁfléet y flow

pat h, and anothef “Is a mass flow rate suremen the system

200 i nclydes Cari al | . havi ng, hi gh puri.ty i tic fl
Cubes o Vg i gl ats” WREAEC G s R B Bl G BBt E i 7'

measur e t ot be d as.a feedback.of. the actual bl end
concent ra Ené: ﬁﬂ%ﬁ%sﬁgﬁgl é)mg#ij Elﬁ%l‘g‘i itga pmgh va?ve, the pinch tubelsanmgegr pag of the

system — current is applied to the valve actuator, which applies force to the pinch tube, which

~ 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




bi nary solution of a heavy conponent such as an acid with water. Solids
concentration in a slurry can also be nonitored using thel@%ﬁﬁ%ﬁéﬁﬁ
nmeasurenent. In addition to mass flow rate and density, theé Wreters 212
may be configured to provide additional neasurenent OUtRPt signals, such as
is a teﬂﬁﬁ??gﬂwh measur enent. Using the mass fl owret &% §%@”5ﬁlom5

real -time, on-line blending of multiple fluid streans 220. As noted above,
a mass flow rate nmeasurenent is preferred over a volunetric flow rate
measurenent since the desired chemi cal reactions are typically driven on a
nol e (mass) basis. The real tinme bl-ewdi ng system 200 further includes flow
control devices 210, such as the 20 pinch valves described above. The
flowmmeters 212 provide output signals indicative of, for exanple, fluid

f 1 ow r atpeessuriectiie vat thedloarnste dBAuRl dxifing the tréberveiod NIS @oh@dlling 1k AuRbAEracn
pre-determ ned 19 May 2006 WO 03/ 046489 PCT/ US02/ 37776 -17 or real-tine
fluid st @Banheday BS @ aBiqhab, B inikicd OE HIRS iBustcitBPE0@inirél dedée X104 Se@Nds
control signals to the flow control devices 210 in order to supply the

desi r ed ;namB4E AGH coltRNBRsbeS Arkl tifcubRd & B defdil A6In bbIBw i bshjuRBRAGH:h t he
various fluids 220 are nmerged to forma single fluid streamthat is

provi deduriter GeSpARyRRbsRAGiof thé hfentibn. M Xi Nng chamber 218 may further be
provi ded to achieve 5 conplete blending of the fluids 220. Additionally,

check val ves (not shown) may be provided to ensure the individual fluid

streams 220 Bigge GQBusE_ﬁtQé@@éaPﬁﬁ@ﬂeﬂﬂ? I\%ﬁeﬁi@b@ﬂi&d@&ﬁm&@ﬁtﬁ%&ﬁéc@b&“%ﬂ supply
pressures. A man-machi ne-interface ) may further be provided. The MM

provi depregdht invetiih.! ARl Gated syshin BBy, ESHTERN r&RlaRSnl Misy/Bissielp and
status of input and output signals as well to as providing predeternined

al arms Wik tsﬂﬁtckfﬁingﬁas%cia@ed%iﬁigﬂhé”m&da&.”P’Htlea'%é %baiéeé’%&g BRS necliaafUr €MeNt

falls outside of an accepted rangée of val ues. dition, the input and

out Put  o3idt0ahele PELNRCNOR'S ¥ Bigh iy "R PR bkt Blowl & ¥k HbeOffiecan al | be

connect ed over a single pair
measurement. Accordingly, the system 200 includes Coriolis flowmeters 212 having high purity

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




fieldbus cable. Further, in certain enbodinents, the systemis also capable
of calibration, testing and nmaintenance of the systemvia 1t9“?£ﬂ§9@(56r ol l er
214, as well as configuration and selection of the rs pre-contigured

bl endi ng,d(ﬁ@iaﬁs. Wil e the system 200 invention as illustrated in Figure 4
shows the fTowneter 212, flow control device 210 andC&8i%3(Fer 214 as
separate conponents, it should be appreciated that various conbi nations of
t hese conponents nay be configured as an integral wunit in a conmon
enclosure. Arecirculating fluid distribution system300 is illustrated in
Figure 6. The distribution 20 systef-300 includes a Coriolis flowreter 312
having a flow tube made of a high purity plastic material as discussed
above. The flowreter 312 is in fluid comunication with a flow control

devi ce, °§tfehtimeiuid syes fow epte Astpoinpparameters thercostmllerd 14 sauis euntroleiend8H. A
controller 314 receives 19 May 2006 WO 03/ 046489 PCT/ US02/ 37778 -is

neasur efierflovseagivell dsvitas @9 itherdér to\snpliethe ddsRedambunhef ndaisinidto £ sk t t er

330, and provides a control signal to the valve 310. The controller 314,
Cor i ol i ietd. olanthis eran®t, 2he pariossuids 2202uns dieget to Bk a aingle fdldvredd GhatiRy be

i ndi vi dual conmponents, or may be conbined as an integral flow and pressure
cont r ol pRoyledina ®@mion eselniy 216 & hfixieiht@ben 218 hasi Klriked bB Brodigkd M6aicHEvet 0 a
plurality of tool drops 350 via a conduit 351. The tool drops 350 are each
connect adhmett bermling ef the didy 220t oditidhaly,sdhedk vaFesint|sBeWH) Ry b@fn‘éﬁhélﬂto or QW
tool to provide fluid to the tool 352. A distribution nodule 354, such as a
punp, ensmeuthaindisididl dhid stred 320 Qurd st oliBtnihar il Buel 1B vaKARnd RenRY steah 300.
Alternatively, an inert gas such as nitrogen may be supplied to the

I eser vosuppl3 pfesdufes.pr essuri ze the reservoir 316 and circulate the to fluid.
The Coriolis mass floweter 312 allows a user to nonitor flowrate in the
system 300. Via the mass flow and pressure control system a mninmm

pressure cam hendmititedito@de IMMVER GhayOfurther be provided. The MMI provides an
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




the tool drops 350 to elimnate pressure based di spense fluctuations that
could affect the performance of the associated tools 352. I@ﬁhﬂ?h@d@” zed
version of the pressure/flow controller is can be used to maintain a
Pressur Quad s flowrate to each tool to conpensate faor variations in
| oop pr g‘ésuré@%uch pressure/flow control |l ers associ a"%éél%&%’ "h8each t ool
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 density neasurenent which can be used as a feedback of the
actual blend concentration when the-Blend is a bi nary 20 solution of a
heavy conponent such as an acid with water. Solids concentration in a
slurry can al so_ be nonitored usi n% the density neasurenent. 19 May 2006 WO
03/ 0464 deFapiepegsignaly frompthe flowmeten H240d it psepsuse Gowsmitep 33 lancdbprevidesti gh purity
systemthe entire flow path nust be made of a high purity, chemcally
i nert/ r oyl sigmal tosthe valvg 310 FTheipaatrolisr 314, Enwalis Sawingter 312 pressue rensduchi gh purity
pressure transmtter 330 with the wetted process connection including the
pr essur 3@ papyavgFad Hay op individoal edmparents for may be ginbinsil @s an infegtal fow padr i ty
pl astic. A key requirement of any instrunentation wused in a high purity
di-st ri buréstwe eopisal@ystdns t hat none of the devices can be a source of |eaks.
Threaded connections are avoi ded; the preferred nethod of nmking process
connections is the use of a face to face seal. Fabricating the process
connect i on 36esgueir Hi canteinhfidtope ddivered topl phusaliticof tord Stope3SOtvive condir e are no
t hreaded connections, which can be a source of |eaks. 10 The pressure
t r ansm G36erTiIB3®! freps 3fbase eacksenamotablh i aiespe@HS tooldiZahchmy clemingpetetinguct ed of
pol ypropyl ene since it is not part of the flow path. A pressure chanber 360
const r uor €d4fofooktohprgbide fuid ité yhenmoledseal A distibutivn ri¥dAlei 34,n@eli eda ippmp,he sensor
hol der 358. The pressure chanber 360 defines

circulates fluid from the reservoir 316 through the system 300. Altemnatively, an inert gas such as

nitrogen may be supplied to the reservoir 316 to pressurize the reservoir 316 and circulate 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.




a process fluid in-take guide 361 extending therefrom To provide stable
pressure measurenent performance, a ceramc pressure sens rr_]%62 i s, bonded
to a high purity diaphragm 364 (for is exanple, 1 nmthick ?y%h(gﬁ any
rel-axati on of the plastic (also called creep) is conpensated for by

el ast om¥O B%48s 366 situated on top of the cerani c PSEASH37EE2, whi ch

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
transmtter 330 is PFA or another suitable high purity plastic material. An
alternative pressure sensor 331 is-dbBewn 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 extemste i nto the pressure chanber 360 in such a way 19 May 2006 WO
03/ 046489 PCTI US02/ 37778 -20 that the fluid pressure squeezes the sensor
370. An advant age of the approach shown in Figure 8B is no fixed

ref erence, sAicimtaisabaves toukchigvest highcunityesystems theegtine o fathromatosumadeaf pr essur e
measur enent. The encapsul ated pressure sensor 370 is an integral part of

t he pr esiphheritgvhedesly imeQesinlt infterinah NBibtire FAexdhendaticaldf illastaien g highpudiye of hi gh
purity plastic. 5 Figure 8 is a block diagramconceptually illustrating
aspect s pRfsure fRinghitteB30twiths thel vditadeprbosss sonnedi@t aedit}Oihé pressbre@dphppmcess t ool
in accordance with aspects of the invention. The delivery system 400

pr ovisdegoné@ddidalbnt &ﬂa%ﬁgieﬁ@éfh%ﬁ%ﬁﬁ% Qlasﬂbﬁ%ﬂfe?r Feﬁfﬁrer@b’trcffa@iﬁqﬁhnﬁx_&aﬂoﬁact ive
agent 421 and slurry 422, to a process too 52 for application to a

seni congduatios nai ity dfuli@Plystb B St dote of H6ldeARS cih WAL SdurcelnGiks. and a
polishing pad. Peristaltic punps 411 are in conmunication with io each of

the f1 uirf34 Ecﬁ?lgcﬁﬂ%%éla%&d@dé%mb&fﬁd@ﬂe&@@oﬂnﬁﬁﬂg g}&e&&&h&h&% id1fe bdae t ool

452. Furt her, purity riolts flowreters 412 are placed in-line with

each ! uf deR0H £i6e b PaBiNdaflfhy B ook Qiabdliof a6d BRI gl hidck 8P Bild,00P System

can t hen be achieve roug use control ectroni nd/ or

sof twar g, ZUER 1RiFe fe £ &reg&)e'atc&ﬂl&n%ﬁs, which can be a souree 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




Another fluid delivery system401 is shown in Figure 9, in which control
val ves 410, such 1is as the pinch valve disclosed herein abl%\zlﬁ 35 used in
conjunction with the high purity Coriolis mass flowreters 4 £5“achi eve

hi gh puwé%m"&g sed loop control in a CWP process. In certain enbodi nents,
the process tool 452 could supply an on-off signal t&“d4R3Ei vi dual fluid
control loop if the control |loops are set at a desired flowate. D fferent
waf ers, however, may need to be processed differently and thus require a
20 different "recipe' of fluids be delivered to the polishing pad. The CAP
process tool 452 could command a parE@cular flow rate by using, for

exanpl e, standard industry protocols such as a 4 19 May 2006 WO 03/ 046489
PCT/ US02/ 37778 -21 20mA signal, to each controller. As in the system 300
shown i nthgithpuflud @Bessur equetdes tho sdnsarATD.d Annmvantaye efaheapprbach diotvh &1 Bigdre r Ci pe
and the controller 314 device would control the delivery rates. The main
control |8 18hd fwed sefetenw, sadhess andurddy Ltrdenirg! isOfeqiifed ! B2l achirkl® R&sR§cCESSary.
Figure 10 shows a cl osed-loop fluid delivery system 500 for a spin-on
process ms@glerhant. dTheSnpailxsdgidssire Qhsod 390 BGh iritdrdl patbOth@piebsifedhinfar Pr OCESS.
A reservoir 518 is pressurized with an inert gas, such as nitrogen, which

i s suppl3sedndsis songiniédPhiyof & Gigléhiboe of High PlrpFASE:fl uid in the reservoir 518
maybe contained within a polymer bag 519 to isolate the fluid fromthe
pressurizing gas. In other enbodinments, a diaphragm nay be used to isol ate
the process Figukd if klookidm@ragadnceprualy IBBHMIMG 2o 610] highthe BRlidivery OCat ed
within the inert gas supply conduit to controllably adjust the io inert gas
- bei ng s uppdni 4ab fopa OMP [1068¢ 1661 1 aBdoBdandt FittPLPRBUT TG, ViRl dBveRP0 i S
capabl e of receiving an output signal froma liquid delivery coritroller

514 t hatsysaelj 40BtpSovidas vaiesd fuidMfoPbralR, wité! 446, safhiabt STl 1949@%{; based on

a pressure signal received froma first pressure transmttwer The

contr ol Idafry 337 (3 iphses tbdl AP abliRhioR o b UEmBIEREN08 OTHE Bhot YRlafy 550 to
increase or decrease the pressure of the reservoir 518, bas on a
predet et WIFGSTHR HEhPsRhe GRS HC pumps 411 are in communication with
10 each of the fluid sources 420,421,422 to pump the respective 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-




15 to the output of the pressure transmtter 53 OGa. The reservoir 518 is
connected to a high purity Coriolis mass fl owreter 512 via]@qg%%ﬁé@?
conduit, through which the process fluid exits the reservoir : poi nt
of use filter 560 is provided to filter process fluid being applied to a
spinnin(fivqf\’%‘ﬁ'liﬁ4 | ece 562, which is controlled by a sﬁFﬁ“@@%ﬁT@ller 564. 20
The Coriolis floweter 512 in the fl ow path neasures the actual flow rate
and provides a signal to the liquid delivery controller 514. If the flow
~of fluid is lowthe pressure applied to the 19 May 2006 WO 03/ 046489

PCTI US02/ 37778 -22 liquid inside theélreservoir 518 is increased to provide
nore flow. Increased pressure for liquid delivery nay be necessary due to
pl uggi ng of the point of use filter 560 or in the tubing carrying the

li qui d. 28m4cigdalancadhtdontgolier. eAsinrtke yyeias G0 sto8aln Bige 6. s MR tobeudlddownst r eam
of the flowreter 512 neasure the differential pressure required to drive
t he | i quiectht dommagha differerdt ravipemtdethe sonfrdier 3 hdevicd wwnld adneroletheldetlverf mtegnt i al .
pressure neasurenents provided by the floweter 512 and pressure sensors
530b, 53(the main cdnerolis 81k ses ot retenand duitl Reioyins@b8int s wtestalie 1 ui d, since the

| ength of the tube is known. The viscosity neasurenent woul d indicate any
changes to the chemcal structure of the fluid. A control valve 510

- control s thefigurolp shatve a glosdedieoilubtdeliverf byaient 500 dorcaosptoral processguad is af r om t he
liquid delivery controller 514. A stepper driven valve would maintain | ast
i 0 posi phaoresishot dielectdoifuidodppidatianlirocesi A Feseroglr DS ik posane vathnhimektl er as the
liquid delivery controller 514 or a separate controller, provides control
si gnal s gispsuchas gipbgden Odtidh i© kippliedShds @ipply abiME6it. PTRYpro&Ss fudd iltvesedloRoi Nt to
the delivery controller 514. A fast acting fluid on/off valve 509 is
further 51p0swedstlandd withe Qﬁﬂ:ﬂﬂnﬁ beaf 515 REisSIRE Bie \RidrfromlBe prasseRig gagrbmdi nent s,

which is activated by the liquid is delivery controller 514 to turn flow

on/ of f baeeshRBinichs, 4 SpHri@RIRY e bl tilifed AR préRitt fiRd k6 Rl Bas. A
pressure control valve 550 is located within the inert gas supply conduit to controllably adjust the

.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




The liquid delivery controller 514 maintains in nenory a table of liquid
delivery pressure and flow rates as would be provided by tjag rg re
sensor 530b and Coriolis flowreter 512, respectively, correlated wth
variousﬂ@ﬂﬁj&%gps of the control valve 510. Based on fluid demand

requi r eNent<*¥% om the tool controller 515, the Iiquif§T§EYHE8y control | er
514 provides optinmal 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 is2shown 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 anmount of liquid
i s bei ngliaiphsiddhé Rsdritfr 518 KinfeR6Fto pp&ide ¥k Bbw A TherdiBli Prds@e Y MRSY St ENB
are typically open | oop, and any plugging of the system5 downstream of the
punp t hadeliveREnpalieafcdsbty @R MpRIMAS IR pint bf =0 8RISs6 Bin tiletts Nery tot he
wor k piece. The signal fromthe riolis floweter 512 allows the liquid

del i ver ying Qulid Oldebind Srhd thikd pe i 38nsbiiCs30BSIR! lh)gﬁeiaﬂlf add v Pk nd O Provi de

a higher output pressure to conpensate for t ncreased head pressure.
PR e r R R R S R e
Ceach ngaharer o pRDER Al rilny RelefEplil QUL BERARTRE 1Y A cora 1 <
Clai o Hat ey SR 06510 Sl e otk e BRe. R e RBBbhen <
consi dor i ey o DeCieBO S B S (RS B RER RCBLPIGy, L e

s Protegthl P RYAN. Mfdl vife D Sftoid £ il kile S1Fe 5o Ridh Qo

signals from the liquid defivery controller 514. A stepper driven valve would maintain last

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.




19 May 2006 -24 CLAIMS: 1. A fluid delivery system conprising: a flow
control device; a Coriolis mass flowreter in fluid comunic %892&6 h the
flow control device, the Coriolis flowneter having a flowtube” made of
PFA, th riolis s floweter providing an output signal; a controller
recei vi ﬁvgoqémgﬁg‘#époi nt signal, the controller receivi nﬁ'%ir’i‘ﬂéé}b’ﬁ"t”ﬁut si gnal
fromthe Coriolis floweter and providing a control output signal to the
fl ow control device, wherein the flow control device output varies in
response to the control output signal. ro 2. The fluid delivery system of
claim1, wherein the flow control deédi-ce conprises a valve. 3. pinch

val ve. The fluid delivery systemof claim?2, wherein the val ve conprises a
4. The fluid delivery systemof claim3, wherein the pinch val ve conpri ses:
i s an act uat A alfemativegspim-ondflidogetiveny syeiehny50¢ dnshewt édFigureii bt &y the deloksr ence
surface positioned generally opposite the ram a high purity, flexible tube
posi t i orgsenb 80IERNCorlolls Aewmadd 12He dowdsaemnofa neteribgpenp 511 Hhact fab i d

delivery systemof claim4, wherein the actuator conprises a 20 sol enoid.
6. The fidodbadi Ahedhiniei 6 aSyfeltRHe fprope@dnibuds, of BiiRd £ béingd Applicdad tatvaik pierepri ses a
.562. Prior art metering pump systems are typically open loop, and any plugging of the system
5 downstream of the pump that increases the head pressure will change the fluid delivery to the
work pi_ece. - The signal from the Coriolis flowmeter 512 allows the fiquid delivery controller 514

to change the operation of the pump 511 to provide a higher output pressure to compensate for

the increased head pressure.

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.




stepper notor. 7. The fluid delivery systemof claim1, wherein the flow
control device «conprises a punp having a variabl e out put. 1%@[?500%006 -25
8. The fluid delivery systemof claim?7, wherein the punp conprises a
peristaltic punp. 9. The fluid delivery systemof claim1l1l, wherein the flow
control device conprises a reservoir, thg reservoir being selectively
pressurizable. 5 10. The fluid delivery systemof claim9, wherein the
reservoir inclygdaps@d bag situated therein for containing a fluid. 11. The
fluid delivery systemof claim1, wherein the controller conprises a PID
control l er. 12.1The Affuiddlclivsry sysfew, copptisieg:of claim 1, further conprising:
io a plurality of the flow control devices; a plurality of the Coriolis
mass fl ownet er sa flamdomtraidavicry chanber in fluid conmunication with the flow
control devices; wherein the controller varies the outputs of the flow
control devi cesaCordlismayfowmetarie dait esmintsicktibh witt the Sdwiddirol deviegd. The fluid
delivery systemof claiml1, wherein the output signal provided by the

Coriolis mass fl| owngheColislil fod@feter hABSS 2 HoMILRY MadeSasPF LB Coridid. The fluid
delivery systemof claiml1, wherein the output signal provided by the

~Coriolis mass fl owWngjoRimetd? ploifif af olidpi Shrdensi ty neasurement. 15. The fluid
delivery systemof claim1, wherein tphga ouf put signal provided zo by the
Coriolis mass f] QUARNIE rdcbiGihy dCRiint lsighd] HRMRSEBHA RodiS tHe CRR: -

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.




16. Arecirculating fluid distribution system conprising: a fluid
reservoir; 19 May 2006 -26 a distribution conduit in fluid g Bhgat i on
with the reservoir, the distribution conduit having a pIuraI|t$ of tool
drops for providing fluid fromthe reservoir to tool's attached to the tool
drops; a flow control device; 5 a Coriolis mass flowneter in fluid

comuni cation wi-th-the flow control devige, the Coriolis flowreter having
a flowtube nade of a high-purity plastic material, the Coriolis flowreter
providing a output signal; a pressure transmtter in fluid comunication
with the Coriol igs mapge fli@\d8ReR systefn6F dMiRSE Wilkrdid £He Sptinipt @mpBikedvd di ng an
output signal; io a controller receiving a setpoint signal, the controller
recei ving tgqaut pubp. signals fromthe Coriolis flowreter and the pressure
transmtter and providing a control output signal to the flow contro

devi ce, wher el ng_t herJ @ik GARLYAsielf W 6Rind 4! Phirsd3hd Aw bhifcFgBgase Lo the

control - out put SI gnal’ to main napre gat’erm ned pressure and flow rate
dovi cos,  oSERPE RHabPn i BB lE ) breuteBlhe LTRg' 0T e with o
espect e 0oLy ORrn i BRL Sk B Uit SRR BBRY, 1 e
each havi ngebSPHERETHLOREIATAE S0 gh  pur i ty pl astic material. the ool

drop Coriolis mass fl owneters each provjdingl1 ) .
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 plurality 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. a
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;




an out put signal; 19 May 2006 -27 wherein the controtler receives the
output signals fromthe tool drop Coriolis mass flowret erslmgygé(%vl des
control signals to the tool drop flow control devices. 17. The
recirculating fluid distribution systemof claim16, further 5 conprising
a plurality of tool drop controllers, each of the tool drop controllers
being associated with a respective tool-2drop flow control device and a
tool drop Coriolis mass flow neter, each tool drop controller receiving
the output signal fromthe associated tool drop Coriolis nmass flowneters
and provi di ng caedistribitisi agpndditsin floidtcommuaisstivaivathehe feseovoird theplidtdibaioc ont r ol
devices. io 18. The recirculating fluid distribution systemof claim 16,

wherein the flow cogndgl holing € plueaiep of 5% [pplfdtcﬂ}oﬁﬁh @luidl fom khe
recirculating fluid distribution systemof claim16 erein the pressure

transmtter conpri Sel%servdﬁ-t§%mttamgddsfhetb§dﬁ) gressure chanber including a
di aphragm situated in the sensor hol der, the pressure chanber and

di aphragm const p 46 @enefl ddidsi gh purity pI astic; a pressure sensor bonded to
t he di aphragm and an o-ring situated between the di aphragm and t he sensor

hol der. ;20. The, (RGHGhtsAldvikerdy il Hﬁd%ﬁ&nﬁh@ﬂfoﬁ %h%yesﬂo%othgfg&ic@ 16,

wherein’the 20 pressure transmtter nmpri ses sensor a pressure
chanber situated in }hg,59930%miRl gﬂdg a flow-tube made of a high-purity plastic

material, the Corioﬁs ﬂomneter providing a output signal;
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;




a pressure sensor encapsulated in a high purity plastic material extending
into the pressure chanber. 19 May 2006 -28 21. The recirculgai,pgodd ui d

di stribution systemof claim20, wherein the pressure sensor IS
constructed from sapphire. 22. A fluid delivery system conprising: a
reservoir having an inlet for receiving a gas to pressurize the reservoir
and an s outlet for dispensing fluid ce#fained in the reservoir; a first
flow control device connected to the reservoir inlet; a second flow control
device in fluid conmunication with the reservoir outlet to control fluid
fl ow out of thewhesgn theotantroller @egeives the outpyt sifkala/diesn dhe fool ddopiGbricisnmuni cat i on
with the second flow control io0 device, the Coriolis flowreter having a

fl owtube made of a nmsgllowometetsyandpprasitiesccanrbesigmls, tot the tGalr drop iflowf | ownet er
provi di ng an out put -signal; a pressure transmtter connected to the
reservoir inlet, theoptddedess. transmtter providing an output signal; and
a controller receiving a setpoint signal and the output signals fromthe

Coriolis is flpwretme Antcddig PR6iESdswibiticAn Sytdnt 66F claft® kR er
provi ding control output signals to the first and second f1'ow control

devi ces st OcMﬁﬁﬂéinga%lurﬂft)%ﬁﬂébﬁ?s% céﬁlﬁalliél‘é‘,sél'zh’ef the 884 dfdpCeohirO¥rd il OF 1 uid

fromthe reservorr. 23." The fluid delivery systemof "‘claim 22, further

COMpr1 S1N0aRohiER A 3 redpbBRRTHAI! by BOMNBELAdeliCo bilP o iEAUYP Lol | ©F . 20

24. The flurd Ivery systemof clarm he préssure transmtter

S connect Gt Rob Metdr8&h iRl afdy! Lthrofl WG e buch iRl 'sdk fhe™SS
| 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.




25. The fluid delivery systemof claim23, wherein the pressure transmtter
is connected to the reservoir outlet upstream of the Cbrioub%dg?ngﬁ
flowmeter. 19 May 2006 - 29 26. The fluid delivery systemof clalm?22,
further conprising first and second pressure transmitters connected to the
reservoir outlet upstreamand downstream of the Coriolis mass fl owreter
respectively. 27. The fluid delivery systgm of claim 26, wherein the
controller calculates s the viscosity of fluid flow ng through the system
28. The fluid delivery systemof claim22, wherein the controller further
controls a tool 2ior Prooesailatng Sluid distriputiomesystath, ofTblainf 20| dhelethithery system
of claim22, wherein the controller conprises a fluid delivery controller,

t he syst empressirl esnsardsgmniiticred feont @pphigontrol | er that controls 10 a tool
for processing a work piece, the tool controller providing the setpoint

signal to the bbui dAdieidideiveyy §aBih! @npBking:30. The fluid delivery system of
claim?22, further conprising a filter connected to the reservoir outlet.

31. The fluid dghdsiQbi hit AT foftetdiihegasit ﬁ%@g;&@g&%’gﬁ]g@ﬂoag

situated is in the reservoir for containfng urd delivery

system qf claim 22, &\{? 56&%{;'&\%@@%@&%@9%&%@&_ device conprises a

pi nch valve. 33. The ul y system o m’22, wherein the second

flow control  de¥isfRoG QS Sfe BollehEd {018 R sir inlet;

a second flow control device in fluid communication with the reservoir outlet
to conf.rol fluid flow out of the reservoir;
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.
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26.  The fluid delivery system of claim 22, further comprising first and
second pressure transmitters connected to the reservoir outlet upstream and
downstream of the Coriolis mass flowmeter, respectively. |

27.  The fluid delivery éystem of claim 26, wherein the controller calculates
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
a tool 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
in 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 systém of claim 22, wherein the second flow control

device comprises a metering pump.




