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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
0 1. FIFLD 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 RELATED ART
Many industries such as semiconductor, pharmaceutical, and bio-technology experience
fluid 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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chem cal deposition or fluid coating process, the etching of filns in
preci se paptoaomass t he polishing of filns to reduce deposi tred/tfsot/aw78 0 a

pl anar surface and the cleaning of surfaces to renove unneeded fil s,
particles and chem cal contam nants. The tool can either be stand al one or
incorporated with other tools in a cluster structure where multiple 5
sequenti al operations on the wafer are done in one |ocation. For exanple,
Chem cal - Mechani cal Pl anarization (CWP) is a critical process in the

sem conductor industry that involves a.h%bcess to flatten the wafer surface
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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
unacceptable wafer 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 to 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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| eaded ions fromthe glass into the naterial flow. The sane is also true
for the fwowstuaes fornmed of conventional plastics. Becau®eTarsewgrrs on of
ionic contamnants is critical, the majority of CWVMP processes utilize
peristaltic punps along with a suitable high purity tubing material to
supply fluid to the polishing s pad. Wile the clean flow path
non-intrusive characteristic of peristaltic punps is acceptable for CW
applications, the use of these punps to attenpt to control fluid flow rate
is very inaccurate since they are oper'aﬁ'ed open-loop with no flow

measur enent feedback Anot her process used in the sem conductor industry

requiring accurate control of fluid,K6 flo and contam nant, free
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structures to be fabricated on the wafer surface is placed between the
resi st covered
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is that 20 any defect in the film (such as a void, bubble or particle) is

now per manent | yAggmgr%q&%sg &eé Elqethg\@el%%n%f}&éﬁigdugg /relzi%é %Zczgage control 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. After the resist is exposed to light,

the wafer is developed with the application of fluid chemicals 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 function 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 variety 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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devices and a financial loss for the sem conductor producer. Both of these
processeswpa@4@Bace in a tool called a "track." The purpesa/ush2/stiestrack
is to apply a precise volune of fluid to the surface of a stationary or
slowy spinning wafer. After 5 the liquid application, the wafer rotation
speed is rapidly increased and the liquid on the wafer surface is spun off
the edge. A very thin, consistent thickness of liquid remains fromthe
center of the wafer to the edge. Sone of the variables that affect |iquid
t hi ckness include the resist or dielectric viscosity, solvent
concentration in the resist or dielectric, the amount of resist/dielectric
di spensed, speed of dispense, etc.. .10 The track wilJ .al so QVi.
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dispensed, speed of dispense, etc.

10 The track will also provide additional processing steps after liquid application that changes
the liquid to a polymer using a bake process that also removes any solvent in the film. Dielectric
films can also be exposed to other chemical treatments to convert the liquid film to the proper
solid structure. The track also controls the environment around the wafer to prevent changes in
humidity or temperature and chemical contatinants from affecting 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 in 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.



-5 Further, periodic weekly or even daily calibration of the punp may be
required. OQther problens associated with current fluid delivery systens

i nvol ve cwotoaidsti on of the fluid fromshedding tubing partiset/sw7s

Addi tional factors typically inportant in these industries include the need
for real-time 5 fluid property data such as flowrate, fluid tenperature,
viscosity, density and pressure. Wiile all of the foregoing fluid
properties can be neasured using a conb_i;gti on of various instruments such
as differential pressure transmtters, visconeters, densitoneters, pressure
transmtters, tenperature elenents or a conbination of the instrunents and

a control _systemto calculate the flui.d property values, .the use these

i nst r umentythernpesigdis ey ioﬁé‘,’enﬁgg%wé‘nbﬁ‘ﬂf"? Pig‘ﬁtpug%é’&‘"’é( b equishi Pgl??é R ?ems
require increased maintenance, and provide a greater potentjal for fluid

| eakage amsbocipied vdthscusisnt Bid delivepnsysteme invplye contamimation ef e fluidyfrom shedding
efficient, conpact and contam nant free solution to fluid delivery systens
in the foteygmgidasdustries. In other processes there is an increased need
for a real-tinme blending systemof multiple fluids requiring a high-purity
flow path. In addition, blending based on a volunetric basis is is

general | y unacAdgitiannl dacsirm dypidaltpinedrtabl mntieseginfustrivs | ingudgr the eede for graltiimicar
rati os. Current bl ending nmethods include adding multiple fluids to a

cont ai ner figid propeety Patasoet & flow ate, Ahill témpeeaturpvismsity, dsnsith awdhpriessufel girhite 4l
Multiple fluids, Athrough N, flowinto a container 11 placed on a scale

12. One flogitd foregcihd MNE ProperiiesthntbB RbgRedusig A oMblndBonl st vatiod ihdtfirentERech
scale total is exam ned and when the desired amount of Fluid A has been

added, t h%? Vﬂilﬁgleen&a’j I9esGir®S Glnsmlties, 2 issiiBeR! 04 Sifonheters, CRRALGE Wahdhitt&l§,
remai ni ng tluids. Evgntually, a total mxture is obtained. If too nuch or
too littl | Ui S . . j Lot he
pr oper - madesriti ottt 3 coiBFRAGHGEle WAL RS intol SOl B Buldst e
added.

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, compact 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 of 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 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 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 remaining fluids. Eventually, a total mixture is obtained. If too
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.
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to nmeasure the volunme of each fluid of the blend as it is being added to
t he vesseWwo o3loi@sy equi res a very preci se know edge of thepealusom3fiis t he
vessel with small increments of vessel height. Unfortunately, the current
bat ch production nmethod can result in too nuch or too little of 5 the
final product being avail abl e when needed. Since having too little product
avai |l abl e woul d shut a process down, extra product is always produced,
meani ng sonme product will be left over @hd not used. Since these products
often have a limted shelf life (e.g. several hours) this excess product
must be di sposed of. This disposal is costly for several reasons. The
product is typhoeth¢nknowsapprpashyusex péavel sgasot e measrsthe yalpmeted epchufludd of seur e
can often be very hazardous neaning it nmust io be disposed of in a

cont r ol | ebllemha it Bdeing addeurterthe Yessd.eThin odqoigys alesrp prpise kidvdedge @fl tHeomlume of
mani pul ati on of the bl ending fornmulas based on the differences in the
product r éguwesselngft snallamdernahel dfivessell hefpty mat eri al conponents continues to
increase, thus requiring a greater need for flexible, accurate and

contam nant free real-tinme continuous bl ending systens. Another inportant
factor i ncl udetnibhignatdgdhd QirreBLiRithaireduRkios Siethed chbrefiinltod mubh 8NBL Nietlgsfoper
bl endi ng and accurate fluid flowrates to the processing tool. Thus, there

i's a needifehalgrodue: 15%%{% HaTlableSyivch @Edel NSHhcead (e B RIOFb eI hNEIhIeNeRa sRited
with the prior art. S RY OF THE I NVENTI ON Tn one aspect of the present

| nvent i 0N, grddkit dbuACkEpani ¥ ATRIGLUASS Aol NoRB R wABNISGE oo

Coriolis ownet er havi ng tube ma -purity plastic

mater i al , ngtnlgseg. S5RY e%%lp?gducﬁuqcé%n%%vgﬁﬁ)fngteﬁ QR&F ﬁ%el (%.rgi sé%?al ggﬁljs)ohﬁssexcess
fl owret er provides out put” sighals to e
product must be disposed of. This disposal is costly for several reasons. The product is typically

uses very expensive chemicals, and the fluid mixture can often be very hazardous meaning it must

10  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

15 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
In one aspect of the present invention a fluid delivery system includes a flow control
20  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



WO 03/ 046489 PCT/ US02/37778 -7 controller indicating, for exanple, nmass
flowrate, tenperature, and/or density neasurenents of a process fluid.
The cont rwb odevi48® recei ves a setpoint signal and the fl owmeEtEso2/surput
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 5 The Coriolis nass flowneter's
flowtube is made of the high-purity plastic material to prevent
transferring unwanted (e.g. netal) ions to the process fluid. Perfluoral ky
(PFA) plastic is a suitable material for the flow tube. The flow control

devi ce may be_enbpodi.ed , for exanple, a control | ye,..a pu or
control | e “HPE%@’E‘@‘?%@ f?t’)‘)e/?‘é‘inl? i?@ssﬁwe‘;?@nmf’ﬂ? W&Zfiﬁé‘ﬁ?@' mgaﬁ'g%h’%tﬁtofgl
valve is a pinch valve having a solenoid or stepper notor actuator. io,ln
accor dancroggst fuidt e conirobdevicegecaiveaa seipint sigmal and thetlowmeier-quinyy siepgls.gond
distribution system includes a fluid reservoir and a distribution conduit
in fluid pomded eentiobeutpittsignahe thelew gontrol devigrstodiast the sontiob dedemsiontputias a
plurality of tool drops for providing fluid fromthe reservoir to tools
att ached odet therovadd theldesped flow fdtefor terfluiddeliday sysesm. such as a vari abl e

out put punp or a pinch valve, is in fluid communication with a Coriolis
mass flowneter that has a flowtube made of a is high-purity plastic
material . A prBssQomolis maass fibtvineter’s flowrtubé isi Wadeoofinthe ihightpiuaty pladtic miterial to
Coriolis mass flowreter. A controller receives a setpoint signal and

out put si graedns trhisBmiidEnviaated @b Smethl) e BE peotdsstiiail. (Feefhimudlley (PFAN pluktidier ,
and provides a control output signal to the flow control device to vary

the flow gqfitabienafieii S WbRUhbd OTHERIOW Bhitoldle Pt SRR B AR Bﬂ,@éﬁ EaghpRN g
flowrate in the distribution conduit. 20 In accordance with still further

aspects of. .t Reh %nédnglpzor?a Ed oo Blel Bt RYSVEM HL@JEA eRbodifaft Vak
having an inlet 1or recéiving a gas to pressurize the reservolr and ‘an

outlet f Oéongljofga?\peslls 7 9inch valve having a solenoid or stepper motor actuator.

10 In accordance with other aspects of the invention, a recirculating fluid distribution system
includes a fluid reservoir and a distribution 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 flow-tube made of a
15 high-purity plastic material. A pressure transmitter is in fluid communication with the Coriolis
mass flowmeter. A controller receives a setpoint signal and output signals from the Coriolis
flowmeter and the pressure transmitter, and provides a control output signal to the flow control
device to vary the flow control device output to maintain a predetermined pressure and flow rate

in the distribution conduit.

20 In accordance with still further aspects of the invention, a fluid delivery system, includes a

reservoir having an inlet for receiving a gas to pressurize the reservoir and an outlet for dispensing



WO 03/ 046489 PCT/ US02/ 37778 -8 fluid contained in the reservoir. A first
fl ow control device is connected to the reservoir inlet and a second flow
control dwoi0sm44489in fluid conmmuni cation with the reservoiPCTAs02/&1778 0
control fluid flow out of the reservoir. A Coriolis mass flowreter is in
fluid conmunication with the second flow control device. The Coriolis

fl owreter has a fl owtube nade of a high-purity plastic 5 material, such as
PFA. A controller receives a setpoint 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
flowrate of fluid fromthe reservojr. BRI EF DESCRI PTI THE W N

Qt her obj élb‘lds“’&%le%\fgﬁfeéar@%“ 'o?‘ f{'ﬂéfoi‘”n‘i?@ﬁ?li CHS ‘10“5‘&6?%'%‘ ﬁ?ﬁ@gﬁﬁ\ﬁbﬂﬁs
reading the zo follow ng detail ed description_and upon reference to the
drawi ngs iarkesgiddlew qungal device deinchid Femmmyumicatipn waththe esersoip putkyt tycentes fluidi ne
bl ending system Figure 2 is a block diagramschematically illustrating a
fluid del ifloerout of theaeseirvoirack Codeliscmass Wiowmetends iprfugleermnuniagion with thei sgoensl 3
is a perspective view of a Coriolis flowreter having a high purity flow
tube is dlow ednkrel tieviceus @he rCdriolis Vlawimetes hesrhoftbwraibe snafe dfthe hiphqmeityt plastic
invention; Figure 4 schematically illustrates a pinch valve in accordance
With the pigsRNbudhAY@FAI Mcontrbild ¥ERivs 4 SetbildlsREX a8d a@Hasidohls Sk tBE Coolis
aspects of a real-time, high purity blending system in accordance with
enbodi mentggwiferd NBd PFRRRE EortfdY SRt QnalVd M LR BB ST HolWddirdIdediBes toVary
Figure 6 is a block diagramillustrating a recirculating fluid distribution

systemine pressure of the reservoir and the flow rate of fluid from the reservoir.

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 illustrates a pinch valve in accordance with the present invention;

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

in accordance with embodiments of the present invention;



accordance with enbodi nents of the present invention; Figure 7A
schematically illustrates a high purity pressure transmtter in accordance
wi th aspeotes/oeds8t he present invention; 5 Figure 7B il | ustPCatese2/30778
alternative enbodi ment of a high purity pressure transducer containing an
encapsul at ed sapphire sensor; Figure 8 is a bl ock diagram conceptual |y
illustrating aspects of a high purity fluid delivery systemfor a CW
process tool in accordance with enbodi negts of the present invention,;
Figure 9 is a block diagramconceptual ly’illustrating aspects of an
alternative high purity io fluid delivery systemfor a CMP process tool in
accordance with enbodj nents of. the present invention; Figure 10 is a bl ock
di agram il | ust Ffn§ 4 & dmmﬂﬁﬁ-ﬁPﬁF@mﬂéiF@€F§m§¥s@@ﬁ1%ﬂﬁmﬁm§pﬁﬁmﬁh“1
process in accordance w th enbodi nents of the present invention; and Figure
11 i s a blagekdanrepith pnpodiments efithepregent nvendionat | ve cl osed-1oop fluid
delivery system 15 for a spin-on process in accordance wi th enbodi nents of
the present invention. Wile the invention is susceptible to various

nodi fi cati ons HigdrealA sehemetically ilysinaies & pighipurity presshisdiavemitisr inhaseerdhndgawith
been shown by way of exanple in the drawi ngs and are herein described in
det ai | . | taspchswf thelpeesemtdmvestimod, however, that the description herein of
specific enbodinents is not intended to limt the invention to the
particular forns disclosed, but on the WO 03/046489 PCT/US02/37778 -10
contrary, the Figuen?Bdiuststes ancdteentiad embodintatceft 4 digh, pwiyipreshent tsansdueer
alternatives falling within the spirit and scope of the invention as

def i ned byofithiaingpp em@pshiAédsapphireSenkéd; LED DESCRI PTI ON OF THE | NVENTI ON

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 intended to limit the invention to the particular forms disclosed, but on the



Il'lustrative enbodi nents of the invention are described below. In the
interest of clarity, 5 not all features of an actual inplenentation are
descri bedwpro3li4go speci fication. It will of course be appCaaisart/agr’s hat in
t he devel opnent of any such actual enbodi nent, numerous inpl enentation-
speci fic decisions nust be nmade to achi eve the devel opers' specific goals,
such as conpliance with systemrelated and busi ness-rel ated constraints,
which will vary from one inplenentation_hg_ another. Moreover, it will be
appreci ated that such a devel opment effort m ght be conplex and io

ti me-consum ng, but would neverthel ess be a routine undertaking for those
of ordinany skiL$ in the art ha in%,the benefit of this disclosure. Figure
2 schermt i Py ¢ {rR0fipnisde cqver pll medifisptions eguivglents and elerngiivetlalling ahio the  n
exenpl ary enbodinments of the invention. The nmass fl ow based delivery

syst em 100Piri and scopmpldhe mpention andafined by e epnendediclaime | ow of fluid to a
tool or a work piece supported by a tool, such as a polishing pad is of a

CWP systemor a track used for sem conductor spin-on applications. In
general, the system 10BETASLERDESCRIFFIONAFAHE NYENIIONO, a mass

flowmeter 112, and a controller 114. The controller 114 receives a setpoint
si gnal repr esefliustigtiva abodmedtspdthamyention stecdeseribed relow. flnabe médrest off blerity,
controller 114 also receives an output signal fromthe flowreter 112. The

f 1 owretser net gihhtutes of amatitiial anstemeatediop arcdsaBed Bythis Beecifemiono Tt €1l cFtéursevbé ch
then provides a 20 control output signal to the flow control device 110 so

as to var Yppreciafell thadl if 1he\detddRnent BEanyCREH dhd] @fbdditheitS nBhREIS ﬂgélé‘méiﬁéiiohas

an electronic interface, and may conprise, for exanple, a WO 03/046489

PCT/ US02/ 3¢l decidibnd il BE a8 achiB{E@E BlvelphisY @elHE ocddd Rleh GBS hHah& wigh he
setpoint input to the controller 114 is typically an efectronic 5|gné,

> put to the control TS typrcal i ;
i or f ace ot AP PR roka 2ok Bkl Bt Q) T TrpRERAR D

override another. Moreover, it will be appreciated that such a development effort might be complex and

10  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 is 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 interface, and may comprise, for example, a



feature, 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
t he fl ow worBied4sdevi ce 110. This feature is often used fPaT/Gshustiing t he
flow off or purging the system In certain enbodinents, such as fluid
delivery systens for chem cal blending applications, the mass flowneter
112 is preferably a Coriolis mass flowreter. A direct nass flowneter is
generally preferable over a volunetric H)]Io_v\net er since the desired chem cal
reactions typically are io driven on a e (mass) basis. Volunetric flow
rate measurements can be made and corrected to standard conditions
resulting in the equival ent of a mass neasurenent. However, additjonal .

i nf or mat i giopQtPnshinisez-dervative) (N sqoniyoller.e ey SRR, RHA o e spRiEQligr dyf4 is
maki ng the nmeasurenent nore difficult and costly. Mass flow rate )
nmeasur enerfygically antalqsirenic| signalp echascup-ale 4120m sigaall eretdigital mesd uAepienmgtic
whi ch are converted to a mass neasurenent and, this accuracy results is in
a hi gher cpatploint yntérifasalcopidoadsecbe uFeddi sTheo adndroilerct Hamey alse ipdolees valyé evetridnd
thus inprove the profitability of conpanies utilizing this invention. Mny
appl i cat i desyreswhéte as additiel shambigisait édo Wetcontirdller $ B4ihatosadses tigr controller 114 to
phar maceuti cal, and bio-technology industries, require the flow path (all
surfaces Vigﬁdremet@b’tﬁbihﬁarﬂriﬁkﬁe@%nf& dlogh) the flow!cuhieol dedtd V@Y YTHE/84t6i¥Es fen used
constructed of high purity, chemcally inert/resistant, materials to

prot ect tr}grg,gttﬁﬁrtﬂetfyov@gﬁogpﬁurg@gmecs%gm'used. Pl astics are desirabl e because
the ultra pure chemcals used”inh the sem conductor wafer fabrication
processes can be contamnated if nmetal ions are | eached or renoved from
metal flow t ubes s tfhdlinaid Sich 8RR GRlenR TSt GRAILCALIREAPFRARSH
H gh WO 03/ 046488 PCTI US02/ 37778 =12 pur i tygygrea e p‘?las .E:acs narg ?ﬁlﬁ’? Used
in these i i i I eral l-vi- p ransferrin n

(o g. ot o RSt hGiFmBETEr b rBreBRSY ol Myl 0% o ity SBRHRE FE
finish i nhgeeglg iy preferable over a volumetric flowmeter since the desired chemical reactions 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 fluid) 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 ultra 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 the manufacturing of a plastic flow tube reduces the ability of bacteria
to attach to the tube and contam nate the fluid wwth organic naterials. 5
The wett edopaks4ed the fl owneter 112 i s designed such thatPCrtushz377n®
cracks, crevices, etc. that could harbor bacteria. A suitable high purity
plastic is PFA (perfluoroal koxy copolyner), which is an advanced
fluoropol ymer with superior chem cal resistance and nechani cal properties.
A variety of fluorinated polymers such Fi DF and PTFE are also suitable. In
addition to using high purity materials, “tthe high purity flow path should
have a const ant io di aneter and no intrusions or nmultiple flow paths - a
dual tube sensor a curved flow path, should be_avoided. This m nim.zes
pressure MUBY, grﬁ@"dﬂé%s rfethyh ased méheée dustries singsi st gnerally proyentniransfirane i s
critical in sone industries and applications. It also prevents plugging
with cer tuaivantadi(ees. imetal) ionsfotheproedsumptiedal. Imaddifionathie smoothisorfacs finish eret

fl owmreter having a fl owtube nade of a high-purity plastic 15 material is
shown i n F tgemeandiactitisg Gox pladtic $lofv tolwnmedweres 810 ability of badtenu tolaiechsd thetwbe amld
through legs 67, 68 of a base 51. The flow tube 52 is preferably nmade of

PFA.  Pi ck cahtbminafRehefidld Rt oagaicanatetaisver D are coupled to the flow tube 52.
The flowneter 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 fl ow

tube 52 is vilmhaweledpath bSthe AsamamRt 117 8 desiiey siwhithat lifttae ho afaclts] eravibes, ttae
driver D. The resulting Coriolis 20 deflections are detected by pick offs

LPO and R'?Qt%hl@*ha%l? |b){ct§ﬂi£ ngl s%1t£BI@51gH POHY IS iOBF AN PerfitforodIRo blymer),
el ectroni cs (not shown) h determ nes the phase difference befween the

Coriolis %%%é Eggé%ﬁceﬁg[[ Hggfyﬁéy WB s yeri fcfhgﬁfckﬂ%&étﬁ’f%g aﬁﬁ‘ﬂle i gcél%?}%]l{l y'Ut

si gnal s base Cori o owret er s VI ng
flow t ubes, g Al SEhased dof 5h Ak VBB PP RRLHAREPP! Ot on et 1 ed

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
minimum, 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 LPO and RPO 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 RPO which apply signals over conductors 62 and 64

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



Preci sion Measurenment of an Utra-Pure Material Flow " The flow control
device 110 may conprise a control valve. As with the nass floweter 5 112,
i n high paoisyp4@ppl i cati ons the control device nust be nma@eTafSomstresi al s
that will mnimze contam nation of the fluid. Mreover, the contro

device 110 shoul d be designed to have no places where stagnant fluid can
collect and no sliding or rubbing parts that could create particles in the
fluid. For exanple, an all-plastic diaph;agm valve made from plastics that
are acceptable in high io purity chem cal environnments could be used. For
slurries, however, such a valve is not the ideal solution. Pinch valves
have proven,ta be ood solution to slurry control . A suitable pinch.valve
1507 b accsnsinmcat PRt @t ceans bwd it Seibbicatic dorpeien Butedidh | n
Figure 4. An actuator 122 forces a ram 124 onto a f|exible tube 126 and
agai nst a PrERdloshubesae digclesed ideial mthednrorposated anplication eptitled chloweter fqgrike 126
is preferably made of a high purity plastic such as PFA. The 15 tube's

fl exibi | i tRyecagiangVigasuiementyddian §liigPure MaerigbRlowy'm ar ound any trapped particl es
or inperfections in the walls to provide a tight seal. The flow path is
strai ght throu%h, m nim zing pressure drop and turbulence. The fluid
contacts only theflpweantreltdeviee 61¢hmey eemirisg agestroloalve o rsowithothe ofass fiewmeeher
val ve parts and preventing nmetal contam nation of the slurry in the case of
hi gh puri tly2, iapghi maty appéicateus theaeniselndevio dwstt tor mpdd ofshatadplothetr will winsnize2 0
The actuation of known pinch valves is usually bi-stable - on and off. Sone
known pi nebntamibti@s ohehéefluid. "BIBtedver Ghdl dérRfol \dedibe @10THduid bl fdkidhad @ Bavebnd
this type of valve would not be WO 03/046489 PCT/ US02/ 37778 -14 conducive
to cl osed pleaPwhdreWasat Al carftdMRE: Al A6 _Qlidiﬁ‘% ¥eRIBILE phEEhal QuIdUrSRE PN
applications in batch processes, in which the anount of material dispensed
is controllgdahy the tinme that the valve

For example, an all-plastic diaphragm valve made from plastics that are acceptable in high

10 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 surface 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 slurry 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



is on. This does not allow dynamcally controlling the flowrate. A valve
that has only two states can be controlled by applying varying current or
vol t age WOt03/04d4389 val ve actuator. I n one enbodi ment, pul seCmwso3Trogiul ati on
(PWM is used to control the valve. PWMis achieved by generating a square
wave signal at a frequency above the valve's nechanical response
frequency. The duty cycle of the signal is varied to determ ne the
appropriate voltage or current sent to tjhe 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 cycle = 12 10 volts. The "averagi ng" takes

pl ace because th i | is at requency above the yalve's nechani ca
response f Plé(ﬁlﬁ'é{ﬁ g‘y&%ﬂi‘%@‘%“f F‘Bﬁmi)f Sﬂ'ﬁ'épl{}%ﬂ yep areisedior dispenFins émi‘F%fﬁ’é‘s n
current that is supplied. The resulting supply. voltage is proportjional to
the pul se PRicRPIPCETes ﬁ\ewlggbﬁhs Aoy of Wétegi%gieﬁawfb @cfa@ﬁfak?ed ¥ thedng thg, the yadve
valve wi |l have tinme to respond conpletely to on and off signals creating
a pul sed 9 @w Bigdegs notglpwlynamiepdly epnirqlipgibs fleveste. abl e. A typi cal pinch
valve 15 actuator is a solenoid, which has a spring elenment with a prel oad
adj ustment that determnes the current required to close the sol enoid.

Adj usting the pralvedha hanoninéwe gptes capbd engtreliad hympplying vaning custienteorsyoliaget r ol
range. In other inplenentations, the solenoid plunger elenent is replaced
with as speithegalvesgoatde dinging gbodindite pdgr width modpeiod SEWMLIn ged toicontril thes

t he non-linear valve response due to friction, which mnimzes the

hyst er esi salaeid Piiddds behieled dngereratingay sjubi@blvavessidnangti 4lfre@RnGCiboaé @ wivath
val ves. WD 03/ 046489 PCT/ US02/ 37778 - 15 An alternative approach to the

PWM cont r aleblesicsiotspétise ﬂrﬁué&y.u_sﬁh@ @Rt BRES ofth I'signalC isUddiRE  toWMt6rthine the
translates a controlled, determnistic angular rotation to a |inear ram

drive by goordfHidR 968ge lofRGureht RRORITRRL devick CAREex&RAL," P hE PR AipnhCoflERéINed
to produce ‘a specifiC nunber
between 0-12 volts, 0% duty cycle = 0 volts, 50% duty cycle = 6 volts, and 100% duty cycle = 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 completely to on and

off signals creating a 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 plunger minimizes the non-linear valve response

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

20  actuated pinch valves.



of steps proportional to an anal og signal input. Backlash, and thus val ve
hysteresis can be 5 m nim zed by any nunber of appropriate worm gear

desi gns twato3mudBari ze backl ash. A stepper notor general | YCEruso2/s3s8
immunity to tenperature and pressure fluctuations, which nmay cause changes
in the pinch tubing. A stepper notor is a neans to control position, so the
stepper is imune changes in the pinch tubing. Wth a pinch valve, the
pinch tube is an integral part of the _ ystem - current is applied to the
val ve actuator, which applies force to the pinch tube, which io pinches the
tube. If the tube properties change due to tenperature or pressure, the
amount the tuhe ¢l oses, and thus t ow. r at ith a sol enoid, changes.
vor sover | a st ABRIeTEET, APBPakal theoRMCHTolbE splaiid Joi7 uFDA Hepner Ghtclo
fast response to achieving setpoint at the start of a fluid deliver%

cycl e. Thacesprgvhich wamsiaies aasontaliedg determinigticanaelaoiotaieyte @ lingay ramydrive by a
configured as an integral 15 unit, housed in a single enclosure 116, and
addi t i onaWoymigear ypmanapigement.] Breppercoatrellerpeanthsdssignadrio pratucea pireciéia abmbern e
116 to provide an integrated high purity, Coriolis mass flow controller. A
sui t abl e i glepp prapoytion@oto ad iasalogasigndl lugrt.c dBeckiash, eind itbusdvahe! lnstedesisncan be
additional detail in the incorporated application entitled "H gh Purity
Cori ol iss Misitizetl Gy afp ilihisdr lof Gppropidie woah icv| desigisBatl thidithiobdckiash. d&\stepperl 10
may conprise a variable output punp, such as a 20 peristaltic punp. In

still furthes: smbel FRRIRs ifniis S UbhgestuMesRieireRhire MRRAANGs! whith Wy Cudeche
pressure is varied to change the flow rate of fluid dispensed fromthe

| f ' i .
Fi qure z?r&géﬂﬁ?ﬁ%ﬁ? 8%‘5‘?6‘%’%\ Wlf?%&%%"é Y%ﬁ%ﬁﬂj%%g’%%")%éhm Sp i UBHs! 19775
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in place %;cls’teng heculrrlerlltulg ta{)ﬁlteg(%o ftllleo‘%hg:eoz{g:a{a%r, g\’ﬁl\éh %Sphjég' (gdrces ’yocﬁxe 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 controller is disclosed in additional detail in the

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

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 variably



alternative flow control devices are discussed in further detail herein
below in conjunction with further exenplary enbodi nents of the invention.
5 Figure WOilBlowaBy ates a real -ti me bl endi ng system 200 i nrPegamozarice W th
aspects of the present invention. The illustrated systemis high purity,
corrosion resistant and nmass based to address shortcom ngs associated with
the prior art. At least two key factors are needed to achieve these
features. One is a high purity flow path, and another is a mass flow rate
measur enent. Accordingly, the system 200 i ncludes Coriolis flowmeters 212
havi ng high purity 10 plastic flow tubes as descri bed above. The Coriolis

flowmeters 212 ovi de_ a_densit .measurenent th a

f eedback @fesﬁ‘ﬁ‘ée‘g forvasy the flay date B%E@Ht%?“ﬂ’clg r?ﬁﬁ@ﬁ“%% nﬁ%’étﬁ‘gml ﬂma'ﬂ??&’rrﬂte
solution of a heavy conponent such as an acid with water. Solid

concent r att} Gis magner may heriy additien tg) eionplacaeh theoitesiraiedifioy ‘i"l‘?@‘”d@ﬁ‘é’? fy0. Such
nmeasurenent. In addition to mass flow rate and density, the flowreters 212
may be coanlft¢rgative dlowocontrol/davises digi discossed inrintber @qﬁ@lnlner@mbdgw i jcgRianosion syidh as
15 a tenperature measurenent. Using the mass flowreters 212 all ows

real -ti me furter btemplab emishidingenaf of hd itveptien.f | uid streans 220. As noted above,
a mass flow rate neasurenent is preferred over a volunetric flow rate
measur enent since the desired chem cal reactions are typically driven on a
nol e (nass) baBigsre Tlikisirged a treaireime! Wendioggsystymt 200 iA Gécdrdarich evithi aspeatisl of tHel ow
control devices 210, such as the 20 pinch val ves descri bed above. The

f1 ownet er predd? iifeliord e TR lRstiat&d GBRMSis iiphi Sy, Worrdfion f@istanexamphs, babdduiod
flowrate, tenperature and density to the controller 214. Based on

pre-deter ghied MO+QIOAOAS RS wiPARE %71317 gxt - At 1604 twRkeyt faBBrsl Al fdedddr RAM

flow rate setpolint paranmeters, the controller 214 sends control signals to

Llh:n{jlegwf GORLK Oe%e%tgge%. 2806 118 aCKiGR pulify HHRPan LA Sk 8 2HRYM R  rate

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 a
binary solution of a heavy component such as an acid with water. Solids concentration 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  atemperature 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, such 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 controller 214. Based on pre-determined



piece. In this manner, the various fluids 220 are nerged to forma single
fluid streamthat is provided to a conmon conduit 216. A m xi ng chanber
218 may fwotodeucse provi ded to achi eve s conpl et e bl endi ng@cafusona777$ ui ds
220. Additionally, check valves (not shown) may be provided to ensure the
i ndividual fluid streans 220 are not contam nated due to variations in
fluid stream supply pressures. A man-nachine-interface (Mvil) may further
be provided. The M.V.Q provides an intgrface that, for exanple,

comuni cates the values and status of input and output signals as well io0
as providing predeterm ned al arnms when the val ue of a progranmed input
signal or oth i

. asurenent falls outside of an acc range of val ues.
" adai ¢ Shptme g SEER Bty et et o s BO iR 20 a8 B BB R -
of the system 200 c all he .conpected over a single pair fieldbus cable.
Furt her, %??%P%tw?g%ﬁdi%}ﬁﬂgf of fs Bﬁglﬁ]dﬁgf% uE‘a?fa@?‘\S‘e%ﬁ“’éa‘PiabW%lﬁ on,
testing and nmaintenance of the systemvia the controller 214, as well as
confi gur aPieeh Hhthisswpet,i thy vetous Hlids228 age asreerl o femn pisioslei finid slaeanpthat is
Wil e the system 200 invention as illustrated in Figure 4 shows the
f | ownet er provitled to awommon cotdud A6 c A mixingashdmben 18 ohdyefirtiig bepsoddedap atkgeve
conponents, it should be appreciated that various conbi nations of these
conmponent somplyte béendiog bf the rfiadls 220.aAdditibedly atheckivdltesi(fotahcwnimay enabdded ©. A
recirculating fluid distribution system300 is illustrated in Figure 6. The
di stri but essore 2@ ifdiEE@MNI0sticaBl 296 Sreandt0fonfihinsatdd QIBtREiattohs i Aid@redmf | ow
tube nade of a high purity plastic material as discussed above. The
f 1 ownet er g@bR fréssi@s. f | ui d communi cation with a flow control device, such
as a pinch val've 310, and a pressure transmtter 330. A controller 314
recei ves WD 03/046489 PCT/US02/ 37778 -18 nmeasurenent signals fromthe

flowreter 312 Anflad-h@cHiERh VRO Thiyt &ithdcBe #BAIR OViHeRnR 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 values. 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
be appreciated that various combinations of these components may be configured as an integral

unit in a common 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 control

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



control signal to the valve 310. The controller 314, Coriolis flowreter
312, pressure transducer 330 and valve 310 may be individual conponents,
or may bewoonlbiqed as an integral flow and pressure cont PCT/GYEBEM s A
reservoir 316 contains fluid to be delivered to a plurality of tool drops
350 via a conduit 351. The tool drops 350 are each connectable to a
respective tool 352 such as a cleaning, etching or CMP tool to provide
fluid to the tool 352. A distribution mggdule 354, such as a punp,
circulates fluid fromthe reservoir 316 through the system 300.
Alternatively, an inert gas such as nitrogen may be supplied to the

reservoir 316 to pr.essurize,the reseryoir,316 and circul at he, 10.fl ui d.
e ort ofieengtee? FERTED B ing BEwhERE L2 shd BierprfRShedienitid} Fad, Mg plNides 4 &

syst em 300. ia the mass fl ow and pressure cantrpl syst a mninu
pressure G%mgélg%it‘?\fh&ivﬁg’a 34p- gg‘é ﬁ‘”E?O?lert Hé: PBH&JS&}%W%QQ}&HGS@M%{HH er
pressure based di spense fluctuations that could affect the performance of
t he assocPa? el vadvs 3103may benindivifluak epnmppaents &F &1aybe spmpined Ay a utgesdl Hogiand
controller 15 can be used to nmaintain a pressure and nmass flow rate to each
tool to compemsemngolsystemari ations in | oop pressure. Such pressure/flow
controllers associated with each tool could be individually operated, or
the controller 314 could act as a master controller. As noted above, the
Cori ol ss mass Alresarmoirey1630@aipafiuip tobe drlivereditnas plusalityed saol drops 850 vinachndiin be
used as a feedback of the actual blend concentration when the blend is a

bi nary 20550Th tooindrofs F0hesearh canpanidaito Sresgectn taol 382 isachvds taltleasing retchigl i ds
concentration in a slurry can also be nonitored using the density

measur emet CMID1653/10484\&% Red/1HS02 4601 388 A WBtritR@si @odule 354, such as a pump,

circulates fluid from the reservoir 316 through the system 300. Alternatively, an inert gas such as
nitrogen may be supplied to the reservoir 316 to pressurize the reservoir 316 and circulate the

10 fluid.

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 individually

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 binary
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.



As noted above, to achieve a high purity systemthe entire flow path nust
be made of a high purity, chemcally inert/resistant material. Figure 7A
schemat i cablog/oid4Bustrates a high purity pressure transm PCEFUSBB87708t h t he
wetted process connection including the pressure diaphragm5 constructed
out of a single piece of high purity plastic. A key requirenent of any
instrunmentation wused in a high purity distribution systemis that none of
the devices can be a source of |eaks. _Jhreaded connections are avoi ded;
the preferred method of maki ng process connections is the use of a face to
face seal. Fabricating the process connection 360 out of a single piece of
pl astic assures that there are no threaded connections, which can be a
source of | eak®t® o The pressure transmtter 330 includes a sensor hol der
358, which may be constructed of pol ypropylene since it is not part of the
flow path. A pressure chanber. 360  constructed of hi,gh ur i tertal
such as PFA i sPhBXedabqve ttol‘?éi’@}é%g Bgﬁ WBY‘Q@P’ stem ghe E‘I‘ﬁlée B&‘@é’% r%usiﬁ8%g§ "ggo
defines a process fluid_ in-take guide 361 extegﬁéng,t erefrom To Brovide
stabl e pr bighpretynehesiqallyrneit/resigant Marasak cFigure Jéy sghep WE&%‘HW‘%&%@ ¥ i s
bonded to a high purity diaphragm 364 (for 15 exanple, 1 nmthick PFA) and
any rel axgatessare tanstrteer 3BA ovithcthe avasted Pagcessdeonnectipy inclrdpgnihe RERsUER) dfaghragmy

el astomer o-rings 366 situated on top of the ceram c sensor 362, which

mai nt ais ns cé3uaed autiof a smglepixce afEgnpurity plastjsl dskéyorediireplentaafanB Batrygentatign
constant force. In this manner, the entire wetted part of the pressure
transmtt gsed38Q high Ry Qistribubibh eystedulist thld wonbiodthepdividey cil bes bisouncatofdéabs.. An
alternative pressure sensor 331 is shown in Figure 7B. The pressure sensor

331 uses gpreRfbdBRldctiGRRACIVORIREGhOHRRHYE MefBh 5OMal8HDpo6Rs tornedtes fsitbimise
sapphire. The sensor is encapsulated in a high purity material such as PFA

372 and exbg %@ th PR ﬁt?.g‘f %1:15@%%&%@@&@ orfRllidnBettah & aV‘ﬁNgléA@e&gépﬁlﬁﬁﬁg

PCT/ US02/ _ ressure squeezes the sensor 370. An
advant age agereg it BER 28 thth%e%é’ﬁ"' co'nﬂec't:iblgsl,J Ufiich can be a source of leaks.

10 The pressure transmitter 330 includes a sensor holder 358, which may be constructed of
polypropylene since it is not part of the flow path. A pressure chamber 360 constructed of a high
purity 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 ceramic
sensor against the plastic diaphragm 364 with a constant force. In this manner, the entire wetted

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



8B is no fixed reference, such as a sturdy structure, is required for
accurate pressure neasurenent. The encapsul ated pressure sensor 370 is an
i nt egral weros/oed48e he pressure chanber 360 and is construeCeFdsous7ed a
single piece of high purity plastic. 5 Figure 8 is a bl ock diagram
conceptually illustrating aspects of a high purity fluid delivery system
400 for a CWVP process tool in accordance with aspects of the invention. The
delivery system 400 provides various flyids, for exanple, water 420,
surfactant or reactive agent 421 and slUrry 422, to a process tool 452 for
application to a sem conductor wafer. The tool typically includes a wafer
support an l.i shin ad. Peristaltjc u s 411 e in comuni catj on
with 10 eé&%a]Eﬁpf?‘fl%feFﬂug‘? g‘l“é‘&?? g@s‘feﬁ?ﬁ 71%1 V%“B‘gslﬁ’ﬁﬁ’et%’éﬂ%a%% i 1) &1 ds
to the tool 452. Further, high purit Cbrlolls flowmeters 412 are pl aced

i n-1ine wi%Bh iedehtixadureiererasr dtch @s i Firdse srugares (i equised fof casauratek preasure

cl osed | oop system can then be achi eved through the use of control

el ect r oni aeeasueragntr Tho broapsudatedspredsurgssensoPB TP somtintegriakepart dftbe peassurd dhaghber
delivery system 401 is showmn in Figure 9, in which control valves 410, such
15 as t he 390 andisvedstrectdd ool cfaasthgleaieee 0f biplopaity plagticused i n conjunction with
the high purity Coriolis nass floweters 412 to achieve high purity,
closed | oop control in a CVWP process. In certain enbodinents, the process
t ool 452 coul dFigump® i asblodkndiapidm sogepthallydllasaeting aspécts shaeigh putity flid rikively

|l oop if the control |oops are set at a desired flowate. D fferent mafers,

however, ‘Ryern@00l fdr, ORIPHREES 3631 il bédoRdaB8d With 8§Hcts R Shd UKD dhe Hlive
different "recipe" of fluids be delivered to the polishing pad. The Cl\/g

process t @, exft 260 FRVIIES vARITEREs, Foihinbie Uvatkr iioo\é\(xrf‘a%{aﬁt &yrea@fv@ dgent 351 and

exanpl e, andard i ndustry protocols such as a
PCT/ US02/ 1, t t 00
shown in g{hﬁgr&gzﬁ% ﬁ%%\/éb? I2 fof %@@&I&n%% Je%éoﬁﬁuct&‘swéf& 'Pﬁe P {y%[paﬁ%

includes a wafer support and a polishing pad. Peristaltic 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 fluids be delivered to the polishing pad. The CMP process tool 452 could

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



merely command a different recipe and the controller 314 device would
control the delivery rates. The main controller 314 sets flow rates and
fluid ratwod3ioms4s®al -ti me as necessary. Figure 10 shows aPcitasenst7oop fl uid
delivery system 500 for a spin-on process used in a 5 photoresist or
dielectric liquid application process. A reservoir 518 is pressurized with
an inert gas, such as nitrogen, which is supplied via a supply conduit.
The process fluid in the reservoir 518,qay be contained within a polynmer
bag 519 to isolate the fluid fromthe pressurizing gas. In other

enbodi nents, a diaphragm nmay be used to isolate the process fluid fromthe
gas. A pressure control valve 550 js |qoca W thin.the iner S .supply
Qondut ¢ | SORBMERh FBFD QUTIEE. A 48 ER oo smLTBdt s, PR SguP 3qgeR
reservoir 518. The pressure controql valve 550 i s capable of _receiving an
out put si GRE TOREANE 2 41%15% rRRe; a&@#sﬁ ceaﬁﬁ?l}eaﬁi%ﬁevscfﬁq“ma@n&ai e fdippgates
position of the valve 550 fromopen to close based on a pressure signal
recei ved FThomaia cpptrafler pHesets flosv rapes gachiluid gatios maed-timprs ngesRtaRol | er 514

adj usts the position of the pressure control valve 550 to increase or
decrease the pressure of the reservoir 518, based on a predeterm ned
pressure set pofigerec@rabaved clossi-logp flhid dslivesysystsm $Q{efop eespBIRIeproPesh uspdtip &r
530a. The reservoir 518 is connected to a high purity Coriolis nmass

f 1 ownet er pBat@resistooratielentrid kxuid application pradesso udyhresshiotrd 18He preswiesiswith am thesxi t s
the reservoir 518. A point of use filter 560 is provided to filter process
flui d bei pg, aphlas eitrdgen awligh BBRUpIGedwiala ppplgeohddt, THei rbcesslddint thelrésedoby a
spin controller 564. 20 The Coriolis flowreter 512 in the flow path

neasures §emaebdledntdihedWitht @F@l ef¥a@ 511 9 €8 isdlateSh@fhall fiogh thB Prebdudiblingl gk Inver y
controller 514. If the flow o luidis lowthe pressure applied to the WO

03/ 046489 RET LSRR 7B diapiRRarh by b LRAI HEisSAE FESRIMR i Horl thel HAT eASEd
p
to provide nore flow. ‘Increased pressure for liquid
pressure control valve 550 is located within the inert gas supply conduit to controllably adjust the
10 inert 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



delivery may be necessary due to plugging of the point of use filter 560 or
in the tubing carrying the liquid. Second and third pressure sensors

530b, 530cwopsis@am and downstream of the flowreter 512 nwayurse2/s11es
differential pressure required to drive the liquid through the flowneter s
512. The flow rate and differential, pressure nmeasurenents provided by the
flowreter 512 and pressure sensors 530b,530c can be used to determ ne the
viscosity of the fluid, since the length,of the tube is known. The

vi scosity neasurenent would indicate anyz%hanges to the chem cal structure
of the fluid. A control valve 510 controls the flow rate of the process
fluid via control signals fromthe liquid delivery controller 514,

st epper drliayidrinsidg the rofstMod Haiiningreased 48 provide mevei figwpn] cmafqéd?re%fﬁtf%hq@
515, which may be the sane controller as the liquid delivery controller

514 or a sisprarnimey bentaessatyedue to phaggide of thempom bf viedilter §6Q or intike wping carrying
controller 564 and al so provides a flow setpoint to the delivery

control | erth®liduidA Saehd aed ithigd brassule cerfsofsf 530h)58ec bPBream dndr ddvenstregmn @fitbled
at the outlet of the reservoir 518 in sone enbodi ments, which is activated
by the |i ogwindt& 542 Ineuiythe dffereptihigieshikd rdq@irédponirivé the/liquid alirbisid lonmblee
requirenents fromthe tool controller 515. The liquid delivery controller

514 maint ad19s THE APWTREY aidl difibreia® bresdudiindastlRlled rpymme@.soswhs 180hefel 312 ahdt €S
as woul d be provided by the pressure sensor 530b and Coriolis flowreter

512, 1 eSPeGLYLlnsars G0 ShALEA b 1Y BEbAYS @Qwhwseyamg e Bt ve

510. Base meand requirenments romthe tool contto

| iquid deliyv ntroll r o\ et.tings e on
the fluid gngﬂ%o%&P 8va ve se@gfng?m%%mgfg@y em' %eﬁwﬁ%rgaﬁg %§ afgyﬁbld
during the, tine | ve 509 i /046489 [ US02/,3.7.778
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elivery signals from the liquid delivery controller 514. A stepper driven valve would maintain last

10 position.

A tool controller 515, which may be the same controller as the 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 controller 514 to turn flow on/off based on the requirements from the tool controller 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, respectively,
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 the proper amount of fluid during the

time the valve 509 is open.



system 501, the Coriolis floweter 512 is downstream of a metering punp 511
to act as a feedback nmechanismto assure that the proper anount of liquid
i s bei ng wppBiogdst o the work piece 562. Prior art neteri RgTASOP3ITYSt ens
are typically open | oop, and any plugging of the system5 downstream of the
punp that increases the head pressure will change the fluid delivery to the
wor k piece. The signal fromthe Coriolis floweter 512 allows the liquid
delivery controller 514 to change the_gggration of the punp 511 to provide
a higher output pressure to conpensate for the increased head pressure.
The particul ar enbodi nents di scl osed above are illustrative only, as the

invention may be io0 podified an racticed in different b i val.e
manners appar eftf atentE ey ﬂ‘}l‘égelg’ﬁryt jyster 101 lﬁg@%“&eﬁ%urﬁg%eﬁﬁ # heoaéhtvgrg
teachings herein. Furthernmore, no limtations are intended t Lhe details
of const r sxstémAObrthe &nrighs Aewmptar § kb iindoBIsHEN™ (9f FnMSEr R BWFP %é P fct g 2
clains below. It is therefore evident that the particul ar enbodi ments

di scl osedfaiick meeanim talaswmretiatche progeransyniefdiquid)is beingeapplied todhe WAL Riscs
considered within the scope and spirit of the invention. Accordingly, the
15 pr ot ec56DN PEELIGH nchging ipamp Systsnssat tfpicatly open Iobp, anfl anyrpluggingwf thaeystem
03/ 046489 PCT/US02/ 37778 -24- CLAIMS: 1. Afluid delivery system

conpri si NQowndrehtn QW tE BlhP thadl @i¢teasss the hedi grbdsere il chidgewhe flaid delivefry to the
communi cation with the flow control device, the 5 Coriolis flowmeter

having a uo?ﬂ"efeb@erﬂ%aﬁfmtﬁtﬂ@ Ry b Mett SB dllewiBiequRl delivr® corfbiilenod 4s

fl owreter providing an output signal; a controller receiving a setpoint

signal, the o288 {h%ldpgxrati&? GBI bigp 5RE tPHRME aHigRAbuthatOFedstR 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 limitations are intended to the details

of construction or design herein shown, other than as described in the claims below. It is
therefore evident that the particular embodiments disclosed above may be altered or modified 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.



Coriolis flowreter and providing a control output signal to the flow
control device, wherein the flow control device output varies in response
to the cowDrodlo46489 out put signal. 2. The fluid delivery sysrarmo377¢$ ai m 36,
wherein the high-purity plastic material conmprises PFA. 3. The fluid
delivery systemof claim1, wherein the flow control device conprises a
valve. 4. The fluid delivery systemof claim3, wherein the val ve
conprises a pinch valve. 15 5. The fluigsdelivery systemof claim4,
wherein the pinch val ve conprises: an actuator having a ram operatively
connected thereto; a reference surface positioned generally opposite the
ram a hi%p pur}ty, fl exi ble tube positioned between the ram and the

ref erence e. 6. The fluid delivery systemof claimb5, wherein the
actuator conprises a solenoid. 20, 7. The fluid delivery systemof claim§5,
wherei n t he actduidstelivasyiystede OBPS$M8pper motor. 8. The fluid delivery
systemof claim1, wherein the flow control device conprises a punp having
a vari abl e outpflew copaddeviee6489 PCT/ US02/ 37778 - 25 9. The fluid delivery
systemof claim38, wherein the punp conprises a peristaltic punp. 10. The
fluid deliverya Gosibhsnmfs Sbwinated in Whidr edmmuyrtieation ovithcthet flaw caetiel cdevicenhei ses
a reservoir, the reservoir being selectively pressurizable. 11. The fluid
delivegy system of @drlisnfld@metshaswiga fbe-tnmsmadeodfira hiple-buidty plaatibagtesial thet ed
therein 5 for containing a fluid. 12. The fluid delivery systemof claim
1, wherein the contggidligflowRBRF poiding aRottpaOdigrabl | er .

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

10 output signal.
2. The fluid delivery system of claim 36, wherein the high-purity plastic material comprises
PFA.
3. The fluid delivery system of claim 1, wherein the flow control device comprises a valve.
4, The fluid delivery system of claim 3, wherein the valve comprises a pinch valve.
15 5. The fluid delivery system of claim 4, wherein the pinch valve comprises:

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.

6. The fluid delivery system of claim 5, wherein the actuator comprises a sblenoid.
20 7 The fluid delivery system of claim 5, wherein the actuator comprises a stepper motor.
8. The fluid delivery system of claim 1, wherein the flow control device comprises a pump

having a variable output.



13. The fluid delivery systemof claim1, further conprising: a plurality
of the flow control devices; a plurality of the Coriolis mass fl owreters;
and 10 a wixBfge4ehanber in fluid communication with the flPewusons170$

devi ces; wherein the controller varies the outputs of the flow control
devices to achieve a predetermned fluid mxture. 14. The fluid delivery
systemof claim1l, wherein the output signal provided by the Coriolis mass
flowreter includes a nass flow ate nmeasygenent. 15 15. The fluid delivery
systemof claim1l, wherein the output signal provided by the Coriolis nass
flowmeter includes a fluid density neasurenent. 16. The fluid delivery

f _cl h . [
1wt or i nol Dhecid o i dn R R, ol BRI SR RSB, 0 1o
fluid distribut t a.fl e 3 489
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reservoir, the distribution conduit having a plurality of tool drops for
provi di ngraserpie the servoiebeingssslogiavely nressvwaPe.  att ached to the tool drops: a
flow control device; 5 a Coriolis mass flowneter in fluid comunication
with the fil.ow Thofuidieliveryisgsem oRdainCH); mditein the wspreeieincdes ahys aitates ihergie
made of a high-purity plastic material, the Coriolis flowreter providing a
out put ssi girabataining a fluid.

12.  The fluid delivery system of claim 1, wherein the controller comprises a pid controller.
13.  The fluid delivery system of claim 1, further comprising:
a plurality of the flow control devices,
a plurality of the Coriolis mass flowmeters; and
10 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.
14.  The fluid delivery system of claim 1, wherein the output signal provided by the Coriolis
mass flowmeter includes a mass flowrate measurement.
15 15.  The fluid delivery system of claim 1, wherein the output signal provided by the Coriolis
mass flowmeter includes a fluid density measurement.
16.  The fluid delivery system of claim 1, wherein the output signal provided by the Coriolis
mass flowmeter includes a fluid temperature measurement.
17. A recirculating fluid distribution system, comprising:

20 a fluid reservoir;



a pressure transmtter in fluid conmunication with the Coriolis nmass
flowreter, the pressure transmtter providing an output signal; 10 a

cont rol | ewOreao&i48® Nng a set point signal, the controller re®eraisay3tne out put
signals fromthe Coriolis flowreter and the pressure transmtter 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
to maintain a predeterm ned pressure angg_flow rate in the distribution
conduit. is 18. The recirculating fluid distribution systemof claim17,
further conprising: a plurality of tool drop flow control devices, each of
the tool drop fl.ow control .devices Dbei.ng in-Line wt 1V I
drop; and a pl atjfilémpltltipnocfon%&n %11%601%1};?1% XS Wln%lstge f%ﬁﬁ?)r\)’mq%?t gzr; ?ﬁﬂ-@gﬁéﬁn g?&dﬁ &le
tool drop Coriolis mass flowreters being in-l.ine wth a respective tool
drop, the tool drof20Bs jagiylityRf 001280?5] gﬁnﬂ?@?‘g‘g @H@hgﬂlg\f&ﬁégsﬁwwo%tf’ e
made of a high-purity plastic material, the tool drop Coriolis mass

f1 owret ers each pr Giteelieddp e teldpws; si gnal ; WO 03/ 046489 PCT/ US02/ 37778
-27 wherein the controller receives the output signals fromthe tool drop
Coriolis mass afléwesmetobdsviend provi des control signals to the tool drop
flow control devices. 19. The recirculating fluid distribution system of
claim 18, furth@orickspiaiss lomatepliniflaidi tcommudnicatiooiwitir thp foontconstdl elesice,etheh of
the tool drop controllers being associated with a respective tool 5 drop
fl ow control devi cegyfls Bowmeler Biviiy £A6WwAkbeSmidRset of highwpurity @tasticematieridlpthie
drop controller receiving the output signal fromthe associated tool drop

Coriolis mass fl owgElRsasRtetf R¥libinBd oufpandig@l; signals to the associated
tool drop flow control devices.
a pressure transmitter 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 control 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 distribution conduit.
15 18.  The recirculating fluid distribution system of claim 17, further comprising:
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, the tool drop Coriolis mass

20 flowmeters each having a flow-tube made of a high-purity plastic material, the tool

drop Coriolis mass flowmeters each providing an output signal;



20. The recirculating fluid distribution systemof claim17, wherein the
flow control device conprises a pinch valve. io 21. The recircul ating
fluid di swoioblosisen system of claim 17, wherein the pressulPETIUSAN3IE t er
conprises: a sensor holder; a pressure chanber including a diaphragm
situated in the sensor holder, the pressure chanber and di aphragm
constructed of a high purity plastic; 15 a pressure sensor bonded to the

di aphragm and an o-ring situated betwegn_the di aphragm and the sensor

hol der. 22. The recirculating fluid distribution systemof claim17,
wherein the pressure transmitter conprises: a sensor holder; 20 a pressure

chanber situateg i.n the sensor holder: a pressure senso capsul.ated in a
hi gh purity pl ¥8¢F8 t&?ﬁtcé?lﬂir er éﬁ‘feg’ﬁﬁli%%eg OPWE S’lgﬂags @s@ﬁ’r g’(’?rcaﬁofpnggp &S\I\Bass
03/ 046489 PCT/ US02/ 37778 -28 23. The recircul tin? flujd disé@lbution
system of cl ai m 22, flapresters and previdessoaiipleisgaly ke oo dff’(?#ié’ﬁ"f‘ﬁ’@fr F1C8m
sapphire. 24. A fluid delivery system conprisin%: a reservoir having an
i nl et for 1Pecelhe regireulajing fluid gistalation; systemind dlaam By Birthen pomprising a Platalifyopf s
di spensing fluid contained in the reservoir; a first flow control device
connect edtdod didpecanereiery,odach iofiktettpol drop controllers being associated with a respective tool
s drop flow control device and a tool drop Coriolis 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.
20.  The recirculating fluid distribution system of claim 17, wherein the flow control device
comprises a pinch valve.
10 21.  The recirculating fluid distribution system of claim 17, wherein the pressure transmitter
comprises:
a sensor holder;
a pressure chamber including a diaphragm situated in the sensor holder, the pressure
chamber and diaphragm constructed of a high purity plastic;
15 a pressure sensor bonded to the diaphragm; and
an o-ring situated between the diaphragm and the sensor holder.
22.  The recirculating fluid distribution system of claim 17, wherein the pressure transmitter
comprises:
a sensor holder;
20 a pressure chamber situated in the sensor holder;

a pressure sensor encapsulated in a high purity plastic material extending into the pressure

chamber.



a second flow control device in fluid conmmunication with the reservoir
outlet to control fluid flow out of the reservoir; a Coriolis nmass

f | owret erworosfokassed communi cati on with the second fl ow concalusdeyi7ce, the
10 Coriolis flowreter having a fl owtube made of a high-purity plastic
material, the Coriolis flowmeter providing an output signal; a controller
receiving a setpoint signal, the controller receiving the output signal
fromthe Coriolis flowreter and providigg control output signals to the
first and second flow control devices to vary the pressure of the
reservoir and the flow rate of fluid 15 fromthe reserv0|r 25. The fluid
delivery s st em of cl N her essur ns .
connect ed? ¥ %rercgg@etglgl fuiiq rq utl?rhéysﬁxbgi ﬁ?‘gﬂ aﬂ’sere t%e rer%(s)l{}rl 3%1%155{ in
out put si gnal to the controller. 26. The fluid delivery system of cl aim 24,
further céﬂ%ﬁmgp‘?lﬁ"l&sﬁ?@é@ure transmtter connected to the reservoir
outlet. 20 27. The fluid delivery systemof claim26, wherein the pressure
transmttéf i sAdlithéelivery system, gempriager voi r out | et downstream of the
Coriolis mass flowreter. WO 03/046489 PCT/US02/37778 -29 28. The fluid
del i very syst earsérvoir Aaving 8y inleh & eeagivitge gos ée pressurizs the sefervoarand gn euitpiden ed
to the reservoir outlet upstreamof the Coriolis nass flowneter. 29. The
fluid delivery syst dispendingfhdid corRdnedfin tetreservoirnpri sing first and second
pressure transmtters connected to the reservoir outlet upstream and
downst ream of 1 g GO icBhttd dBRE&SconfeciddavmRiedervoirasipgect i vel y. 30. The fluid
delivery systemof claim?29, wherein the controller calculates the

viscosity of ; qecond 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
10 Coriolis flowmeter having a flow-tube made of a high-purity plastic material, the
Coriolis flowmeter providing an output signal;
a controller receiving a setpoint signal, the controller receiving the output signal from the
Coriolis flowmeter and 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
15 from the reservoir.
25. The fluid delivery system of claim 24, further comprising a pressure transmitter connected
to the reservoir inlet, the pressure transmitter providing an output signal to the controller.
26.  The fluid delivery system of claim 24, further comprising a pressure transmitter connected
to the reservoir outlet.
20 27.  The fluid delivery system of claim 26, wherein the pressure transmitter is connected to the

reservoir outlet downstream of the Coriolis mass flowmeter.



fluid flow ng through the system 31. The fluid delivery systemof claim
24, wherein the controller further controls a tool for processing a work
pi ece. 10wB23/04da89 f |l ui d delivery system of claim?24, wher@ca/ushze3wentrol |l er
conmprises a fluid delivery controller, the systemfurther conprising a
tool controller that controls a tool for processing a work piece, the tool
controller providing the setpoint signal to the fluid delivery controller
33. The fluid delivery systemof claim2#4, further conprising a filter
connected to the reservoir outlet. 15 . The fluid delivery system of
claim 24, further conprising a bag situated in the reservoir for

Co 21 el i gl Bt 5 R R S ORI,
system of reCsle?vlogp o%ﬁet u\ll\)@t?éa% of tﬁeh Eonoqlg (r)ng(sjs f&olvs(z)n\g\étecr(.)nt rol.
29.  The fluid delivery system of claim 24, further comprising first and second pressure
transmitters connected to the reservoir outlet upstream and downstream of the Coriolis mass

5 flowmeter, respectively.

30.  The fluid delivery system of claim 29, wherein the controller calculates the viscosity of
fluid flowing through the system.

31.  The fluid delivery system of claim 24, wherein the controller further controls a tool for
processing a work piece.

10 32.  The fluid delivery system of claim 24, 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.

33.  The fluid delivery system of claim 24, further comprising a filter connected to the reservoir
outlet.

15 34.  The fluid delivery system of claim 24, further comprising a bag situated in the reservoir for
containing fluid.

35.  The fluid delivery system of claim 24, wherein the second flow control device comprises a

pinch valve.

36.  The fluid delivery system of claim 24, wherein the second flow control.



