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of the referenced applications are incorporated by reference herein.

BACKGROUND OF THE INVENTION
v L FIELD OF THE INVENTION

The present invention relates generally to fluid flow measurement and control, and more
particularly, to Coriolis mass flow controllers that are suitable for use in ulira-pure or corrosive

applications, or other applications not compatible with standard metal Coriolis flowmeters.

2. DESCRIPTION OF RELATED ART
15 Many industries such as semiconductor, pharmaceutical, and bio-technology experience
fluid delivery problems due to the typically low flow rates, the use of abrasive chemical fluids,
- the use of corrosive chemical fluids, and the need for contaminant free, accurate, compact, and.

real-time fluid delivery and/or blending systems.

A fluid delivery system generally consists of three components: fluid propulsion, flow
20 measurement and control, and a user interface. Many present systems use a positive
displacement pump, such as a peristaltic pump, to perform all three tasks. The pump propels the

fluid from the storage container to the process or reactor. The pump also moves the fluid at a




fluid fromthe storage container to the process or reactor. The punp also
nmoves the fluid at a 19 May 2006 WO 03/ 046675 PCTI US02/ 377919 \ngayRHE OF

| ess constant rate depending on the speed of the punp, though tf){e
peri st altd ing action causes a pulsation in the ' |ivery rate.
The uselrve(li)ﬁg'tﬂfear ace consists of adjusting the punp's K %fglg'gglsi nmpl y
turning the punp on and off. This method does not provide very precise

fl ow control and the punping act i@ and the internal geonetry of the punp
can contamnate or s harmthe fluid. The peristaltic punp provides no

cl osed | oop feedback on the flow nmeasurenment. In_ addition, since it is a
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The sane process is repeated with the remaining fluids. Eventually, a total
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changing the volume of fluid delivered with no change in pump speed. When the process
o requires precise fluid delivery it is also common fo verify the delivery rate by manually
measuring the amount of the fluid on a scale or graduated container over a period of time. A
typical batch blending system is 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
s 13 is closed. The same process is repeated with the remaining fluids. Eventually, a total mixture
is obtained. Tftoo much or too little of any fiuid has been added the process must continue until

the proper mass of each fluid, within some acceptable error band, has been added.

Another known approach uses a level sensor to measure the volume of each fluid of the
blend as it is being added to the vessel. This requires a very precise knowledge of the volume of

20  the vessel with small increments of vessel height.

Chemical-Mechanical Planarization (CMP) is a critical process in the semiconductor

industry that involves a process to flatten the wafer surface of a semiconductor by applying an




20 the vessel with small increnents of vessel height. Chenical - Mechani cal
Pl anarization (CMP) is a critical process in the sem conduci@yy, bg@éJst ry
that involves a process to flatten the wafer surface of a sem conductor by
applyin y 2006 WD 03/046675 PCT/ US02/37791 -3, ultra-pure fluid
. cont ai nigvrfgd}g%ﬁg%ended solid particles and a reactive apé:g 503%17 en the wafer
surface and a polishing pad. In nost applications, the polishing pad
rotates at a controlled speed adainst the seni conductor to flatten the
surface. Over-polishing the wafer can result in altering or renoving
critical wafer structures. Conversely, under-polishing of the fer can
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art, photolithography is a process that applies a light sensitive polymer, known as resist, or photo
10 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
‘.Neakened resist. Accurate and repeatable resist delivery is essential to properly transfer the

15 pattern. The resist must be contamination free as any “dirf” on the surface will cause a defect in

the final pattern.

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 vatiety of “spin-on”

20 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

| any defect in the film (such as a void, bubble or particle) is now permanently embedded in the




films that will becone an integral part of the final sem conductor. The
primary function of these filnms is to act as an insulator 9§N¥§§BO

el ectrical conducting wires. A variety of "spin-on" 20 materials are being
evaluated with a wide variety of chem cal conpositions and physi cal
properties. The key difference between the |ithography process and the

spi n-on deposition is that any def-ect in the film (such as a void, bubble
or particle) is now pernmanently enbedded in the 19 May 2006 -4 structure of
t he sem conductor and could result in non-functioning devices and a
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place in a tool called a "track." The purpose of the track is to apply a

Pr eGioste YQhidoRIuOhr plolidd, t 0 the surface of a stationary or slowy spinning
waf er. Additional chem cal processing steps may be used to convert the

liquid to the proper structure. After the liquid application, the wafer
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processing steps after liquid application that changes the liquid to a
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The track also controls the environnent around the wafer to prevent changes

i n oadsrgitaceds spunefirbe edagr & vandhichemsisht hzkt@asphbatié rdmomiehf tet i ng t he

performance of the film Track system performance is determ ned by the

acc yeeryofahe watep eathalzidkd. tSyme fof khequaridbleethat it litwid tileknewaiheudstef ace in

addition to mnimzing defects in the filmcaused by voids, bubbles and

par tésidt @8 diclectric viscosity, solvent concentration in the resist or dielectric, the amount of

resist/dielectric dispensed, speed of dispense, etc.

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.

* The track also controls the environment around the wafer to prevent changes in humidity or
temperature and chemical contaminants from affecting the performance of the film. 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.

Therefore, there is a need for an efficient, compact and contaminant free solution to fluid

delivery systems to address shortcomings associated with the prior art.

SUMMARY OF THE INVENTION
According to a first aspect of the present invention, there is provided a mass flow

measurement and control device, comprising:




Therefore, there is a need for an efficient, conpact and contam nant free
solution to fluid delivery systens to address shortcom ngs ﬂfﬁﬂ,bﬁ§§d wth
the prior art. SUVMMARY OF THE | NVENTI ON According to a first asgec of the
present invention, there is provided a mass flow measurenent and contr ol
devi ce, conprising: 19 May 2006 -5 an enclosure; a Coriolis mass flowreter
situated in the enclosure, the CorSolis mass flowreter including a

fl owtube made of a high-purity plastic material, a driver coupled to the
flow tube for vibrating the flow tube, and a pickoff coupled to the flow
tube for memebsge;Coriolis deflections of the vibrating flow tube; and a

pi nch valve including a tube in fluid conmuni cation with the flow tube, an

act uat or a B8MbIRgmAss ABWRABEF Shiav@l ¥ BRNIRELSE, {thtFﬁio@is %ésgaﬂo%ﬂnﬁgi acent the
tube, and a reference surface positioned generally opposite the ram such

that the tube j,Su4:§ qﬁ&gg the . 1| reference.surface. The
fl ow tube andlpiHéhgga ve Efg@?%ﬁgfﬁﬁﬁgﬁgéﬁﬁéﬁﬂ%%%%ﬁbg*%§§ F%lg= from PFA.
Further, thes onprise i ngle tube., T i.nch yvalve tube may
be fashi oned 1& Ptéfré‘%)ﬁgwm@?eegf %&ﬁtﬁgégﬁ?ﬁﬁb& ?n%salﬂ?}‘ogimgiﬂ?‘?ﬁoo%‘&ﬂ"ﬂ control i er
~that receives set poi.nt _sjgnal, and a out put _signal fromthe Coriolis

f1 ownet er andtﬁﬁvg Evﬁﬂgxﬁg%%ﬁ??ﬁwsﬁﬁPﬁﬁ@“‘P%ﬁ%ﬂu@%aﬁhe pi nch val ve
actuator in response thereto. The controller may be situated in the
encl osur & Piggh @ktecpeuding ¢ febedn dluidspemmypigaion with the fiewh tubsl 9 asteagorhe
positioned within the enclosure, or attached to an external surface
t hereof . BRI ElilaDEgeRlamTthi@Iy TonDRARNMES situated adjacent the tube, and a

reference surface positioned generally opposite the ram such that the tube is

squeezable between the ram and the reference surface.

The flow tube and pinch valve elastomeric tube may both be fashioned from PFA.

Further, these tubes may comprise a single tube. The pinch valve tube may be fashioned from
a more flexible material, such as silicone. A controlier that receives a Setpoint signal and an

- output signal from the Coriolis flowmeter and may provide a control output signal to the pinch
valve actuator in response thereto. The controller may be situated in the enclosure, or external
thereto. Similarly, the pinch valve may be positioned within the enclosure, or attached to an

external surface thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
Other objects and advantages of the invention will become apparent upon reading the

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 illustrating a mass flow measurement and control device in

accordance with an exemplary embodiment of the invention;




O her objects and advantages of the invention will becone apparent upon
reading the follow ng detailed description and upon referepegt9ohhe
drawi ngs in which: Figure 1 schematically illustrates a prior art off-1line

bl endi ngysipig Figure 2 is a block diagramillust raﬁéi?z%? ss flow
g

measur enment and control device in accordance with an enbodi nent
of the invention; 19 May 2006 WO 03/ 046675 PCT/US02/ 37791 -6 Figure 3 is a
bl ock diagramillustrating a nass’Tl ow neasurenment and control device in
accordance with another exenplary enbodi nent of the invention; Figure 4 is
a block diagramillustrating a nmass flow nmeasur enent an% C ntg% device in
accor dafigres tsa blodkudiagram idystratingd nasnfiasy PEBHICTGH 30deonfigle T8 s Figure 5
is a perspective view of a high purity Coriolis nmass flowreter in

ac GREfiadee withhhdiha spaplsay embodimenrof hedevenigdpent i on; Figure 6 schematical ly
illustrates a high purity pinch valve in accordance with aspects of the
present. invention; Figure 7 is a block diagramillustrati a nmass fl ow
nmeasur e e Aa Blotk disgramiditustratingna mags MWWHWO&HO’S "4ry

enbodi ment of the invention having fluid inlet and outlet connections on

ON€, . Sirfnc fvith ATuARY bxeRiplaly GubliBernt of the pyestivect i ve view of a Coriolis mass
fl owreter and pinch valve assenbly in accordance with aspects of the

invention; Figure 9A schematically illustrates a high purity pressure
L ransdugag B if6 Gelssafeevietdf 2 ligh bimity (osisknmassrlieymetenin accordance

with aspects of the present invention;

Figure 6 schematically iflustrates a high purity pinch valve in accordance with aspects of

the present invention;

Figure 7 is a block diagram illustrating a mass flow measurement and control device in
10 accordance with an exemplary embodiment of the invention having fluid inlet and outlet

connections on one side of the device;

Figure 8 is a perspective view of a Coriolis mass flowmeter and pinch valve assembly in

accordance with aspects of the invention;

Figure 9A schematically illustrates a high purity pressure transducer in accordance with

15 the present invention;

Figure 9B illustrates an alternative embodiment of a high purity pressure transducer

~ coptaining an encapsulated sapphire sensor;

_ Tigures 10 and 11 are rear and front perspective views, respectively, of an integrated

Coriolis mass flow controller in accordance with an exemplary embodiment of the invention;




Figure 9B illustrates an alternative enbodi ment of a high purity pressure
transducer containing an encapsul ated sapphire sensor; Figi§gg,5gpand 11
are rear and front perspective views, respectively, of an integyated
Cori ol i Syd'Bss ow controller in accordance with an e enbodi nent of
the invé%tuon?“%g May 2006 WD 03/ 046675 PCTI US02/ 3779%%”%?&% 12 is an
expl oded view of the integrated Coriolis mass flow controller shown in
Figures 10 and 11; and Figure 13-¥s an enl arged vi ew of the pinch valve
assenbly of the integrated Coriolis nmass flow controller shown in Figures
10-12. 5 Wiile the invention is susceptible to variouaﬂg&difications and
al t er natFige fiDtisven expbetei fview ofdhb bditenated Soriolisrmazss fawren FSEREVE by way of
exanple in the drawings and are herein described in detail. It should be
undefpsfed 90 andyvedr, that the description herein of specific enbodinments
Is not intended to limt the invention to the particular forns disclosed,
but on the contrary, the intention is to cover all nodifications,

equi val emibsre 18 Rthnadnlaegedatdwetihd pihdh vafyewistenibly off the integrategiGariplismassscope of

t he invention as defined by the appended clai ns. DETAI LED DESCRI PTI ON OF

THE g4 NN N otvn in BlghRk 10@2.enbodi nent s of the invention are described
elow. In the interest of clarity, not all features of an actual

inplenentation are described in this specification. It will of course be

gppr eci ajgfle il &tvehitor 1 Susd@iBled vRits Alodificyticn ainl dtetnative formo pacifist , nuner ous
I's i npl ementation-specific decisions nust be nmade to achi eve the

devel BPRfgn: ?l?:?%ffﬂa@e Be&H ﬁtowﬁ%&hwaﬁ%f CRITPlE dRGRe iabings wud eme heteit ed and
busFRESS Vel ated constrai nts, which will vary from one
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

contrary, the intention is to cover all modifications, equivalents, and alternatives falling within

10 the spirit and scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

Hiustrative embodiments of the invention are described below. In the interest of clarity,

not all features of an actual implementation are described in this specification. It will of course

Be appreciated that in the development of any such actual embodiment, numerous

15 implementation-specific decisions must be made to achieve the developers’ specific goals, such
as compliance with system-relaied and business-related constraints, which will vary from one
implementation to another. Moreover, it will be appreciated that such a development eﬁ‘orf
might be complex and time-consuming, but would nevertheless be a routine undertaking for

those of ordinary skill in the art having the benefit of this disclosure.

" 20 Figure 2 schematically illustrates a high purity mass flow measurement and control
device 100 for controlling a process material in accordance with exemplary embodiments of the

invention. The control dévice 100 includes an enclosure 101 having a fluid inlet and outlet 102,




I npl ementation to another. Mreover, it will be appreciated that such a
devel opnent effort m ght be conplex and, tine-consum ng, b}g P 5
nevert hel ess be a routine undertaking for those of ordinary sSkilT Tn the

art havi“qgost,d;‘%ﬁlpenef it of this disclosure. 20 Figure %qﬁﬁ%%%yecal |y

I'llustrates a high purity mass fl ow neasurenment and c vice 100 for
controlling a process material in_accordance wth exenplary enbodi nents of
the invention. The control devic&-100 includes an enclosure 101 having a
fluid inlet and outlet 102, 19 May 2006 WD 03/ 046675 PCTI US02/ 37791 -8 103.
A Coriolis mass flowreter 112 is situated in the enclosure 101. The

Cor ij@d.i A Wagslis feviietmeterl 112 isagtuated limwhe ensospigdtdlor The APBRISHBATS y pl astic
material to prevent contam nation of the process fluid caused b

t r apS Rl M BB WaEBHaEhd Bade of abightpurityoriastic onatdnie! torpsevesisonanBAtion ‘?fy A pinch
val ve 110, al so havi ng conponents nmade of a high purity plastic material to

pre B$he6d bl Grahdasing antiiedne@c arminiphetol the piosess mafdrial. d A
Com}’l%{#rgczq[s%%ﬂ Wlath t he rovvrrgéter 112. In the block diagramof Figure 2,

L0 piith ¢ | . ' 9 iadtle matéedal o tpleventenc| osur e
101_]311]10% vglar% 530, n%%% Fl?r‘)él\frl% BSmptFRY nfidé WAkCHgE QEtycplaste 0

e € S, portions of the valve, or the entire valve, are

attach %ritﬁgo gpgfa go %létp%cgses tﬁ#érgag nQHuid BEnERGLARH VA8 Sokmeent ID] Trer 114

Peck ol Nt sirgna an out put signal fromthe flowreter 112. to
The controller 1ld. condifl f‘fbﬂkﬁ &ﬁf‘ Bafh $oRAplefelyoRiiin ¢hd | ow met er

and ek a%a"&(?%???%fengité%g@&to t gﬁva @iﬁ‘%ﬂ o var ybthe flow rate of the
process material based on a conparison t \Wat o lhehaERedr ed, f 1 ow

r at énclagyee Kt Jasome F‘Hg‘lﬁﬁ“— PIHS, PR o%?ﬁtﬁ%iv Iemf’ Qﬁ% %@*"P‘%@tg 'y an el ectronic

signal such as a 0-5V, 4-20MA signal or a digital signal. A pneumatic

setp@bmsideﬁlﬁfaéw%*é@e@bﬂl‘ﬁlgi-so be used. A suitable setpoint generator is a
nodel P48 process controller

A controller 114 receives a setpoint signal and an output signal from the flowmeter 112.

10 The coniroller 114 conditions and processes the signal from the flow meter and outputs a control
signal to the valve 110 to vary the flow rate of the process materjal based on a compatison of the
setpoint and measured flow rate. The setpoint input to the controlier 114 is typically an
electronic signal such as a 0-5V, 4-20mA signal or a digital signal. A pneumatic setpoint
interface could also be used. A suitable setpoint generator is a model P48 process controller

15 available from Red Lion Controls of York, Pennsylvania.

The controller 114 may also have a feature commonly known as valve override, where an
additional signal is sent to the controller 114. This override signal canses the controller 114 to
ignore the setpoint and fuily open or close the valve 110. This feature is often used for shutting
the flow off or purging the system. In Figure 2, the controller 114 is shown as being positioned

20 inside the enclosure 101, providing a completely integrated flow control system. In other

'einbodiments, however, the controller 114 is external to the enclosure 101.




1s available fromRed Lion Controls of York, Pennsylvania. The controller
114 may al so have a feature commonly known as val ve overri dM%l%(% an
additional signal is sent to the controller 114. This override Signal

causes oller 114 to ignore the setpoint an %& en or close
t he val ve f%&rl{rhi s feature is often used for shutti:‘nl}gch gﬂ%”?ﬁow of f or
purging the system In Figure 2, the controller 114 is shown as being
positioned 20 inside the encl osude 101, provi ding a conpletely integrated
flow control system In other enbodinents, however, the controller 114 is

external to the enclosure 101. 19 May 2006 WO 03/ 046675.-9 RCL US02/ 37791
The val wae di0c 1 Eptebulates thetflow thoonshithe depieer 108, b f @lso PERYIS AP ol s0
provides a buffer against changes in line pressure. The gﬁlsve 110 can be
POShdih @ MshcRE e piasire.cThe odlve ) canste pokitiongdesitber upsgeasd OSBRIt n Fi gure 2,
or downstreamas in the enbodi nent shown in Figure 3. Cenerally, it is

pr %Wn?&ér‘gl 1bQs BN ih ek e dob@stonnt deinshaenbddimenpishawsiaFighe 3i ar gest
pressure variations during use. This hel ps shelter the flow nmeter 112

; |r 3-1@8&%@%81? gﬁeprgféﬁaﬂﬁ% 1809 the fUaltet LDt drOms .5id& ieat oyikt sedt thedargbrhpeassus? i sti cs of

enents and mass flow neters can have sone dependence on

- operatin ressure. S} 1€ thnppessivde changeessdir e

5t r dAd r‘PuPHgtlﬁée' n’];ahésgh o&vﬁéz%ﬁttﬁlfllg?rm?gf conpeng;gi on purposes as shown
in Figure 4. Pressure 10 transducers 115, 116 are situated at the device

i nl HePSout | et 102, 103. Alternatively, the inlet transducer 115 or the

outl et transducer 116 nay be provided, rather than both, depending on the

desired _conpensation. The € BB misk okl hefedtbah IRveo be nade
i ntegr aIT%F&P?%En&?hSW%%@F %iﬁ?yé}?ﬁ fea?%ﬂgr ent to the flow neter's
Op%{)gtel gerll)éndence on operating pressure. It may thus be desirable to provide a pressure

iransducer in the mass flow controller for compensation purposes as shown in Figure 4. Pressure
1w  transducers 115, 116 are situated at the device inlet and outlet 102, 103. Alt_ernatively, the inlet
transducer 115 or the outlet transducer 116 may be provided, rather than both, depending on the
desired compensation. The pressure transducers 115,116 could also be made integral to the flow

meter 112, or be inherent to the flow meter’s operation.

Many applications, such as those associated with the semiconductor, pharmaceutical, and

15 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, mateﬁals to protect the
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. Plastic

s0  materials are corrosion resistant to a wide range of process materials. High purity grade plastics
are thus used in these industries since this generally prevents transferring unwanted ions to the

process material. In addition, the smooth surface finish inherent in the manufacturing of a plastic




Many applications, such as those associated with the sem conductor,
pharmaceutical, and 15 bio-technology industries, require {gg gy pat h
(all surfaces wetted by the process fluid) of fluid delivery systens be
constru igh purity, chemcally inert/resista Lals to

pr ot ect Q‘Ecﬁﬁe&,@%aé:i ty of the chem cals used. Plastics 2%%”@@%’?{%& e because
the ultra pure chemcals used in_the sem conductor wafer fabrication
processes can be contani nat ed i+ Ifetal ions are | eached or renoved from
metal flow tubes due to a variety of nechanical and chem cal processes.
Plastic 20 materials are corrosion resistant to a w de t'ixaﬁlgﬁ Q{thprocess
matiRis fibs.reddcghthp ubiliby ofy banthsiaip Atfashcty the tuberand cop@REale Y AECYMhdust ri es
since this generally prevents transferring unwanted ions to the process
nat&gdﬁdmatbﬂmgddition, the smooth surface finish inherent in the
manufacturing of a plastic 19 May 2006 WO 03/ 046675 PCT/ 1TS02/ 37791 -10
flow tube reduces the ability of bacteria to attach to the. tube and

cont am raje&yelB@pdih of ttle fbwietor Di2ris desipnbdsuch that it hRenaredke P PHEhH B t he
flowreter 112 is designed such that it has no cracks, crevices, etc. that
coul g DRI GET aA stitdbtd Kigh beridh pbisipis 7Y (ot TRorgaliors offd mer),
(pertluoroal koxy copolyner), 5 which is an advanced fl ugropﬁc;]la%/iggr vm]'Eh
supefr.ior. chemni ' 3eh RERFieNi chahicalprapants @sd We ty o

il u@i’lf;lgalfe% po yh%dr gﬁgu ﬁis}%?/rDF and PTFE are also suitable. In addition to
using_hj.gh pur e L PUDEWhE PYFE h@wlspatilebhoul d have a
corgg%ﬁb&diﬁg%eé%fgﬁﬁ%&%p%%%egsﬁs&msgg]r) mul tiple flow paths - a dual tube
sensor or a curved flow path should be avoided. This m nimnm zes pressure

drop, r leI(I:il:J afﬁg@h;}gi ‘%E%?E‘P},S igﬁzﬁ@a&ﬁﬁs’fﬂlyih%ht furgty IfdwTpith nstoold ave la i s

critica applications. It also prevents pluggi ng

\émeggqngqggf;{%@a%er%ﬂgg{g% h@lrx%g)ws grglﬁ&lgglesdow JaiS: a kbl ABE bebisdt GRRRuNedtlbans, it is
path should be avoided. This minimizes pressure drop, reduces the shear rate on the fluid toa
0 minimum, which is criticat in some industries and applications. It aiso prevents plugging with
certain materials, such as slurries. In certain applications, it is desirable fo make the device 100
- as small as possible. Interconnections between elements must therefore be as shori as possible.

To facilitate this, the plastic tubing may be placed inside of a close fitting metal tube, which

prevents the plastic tubing from kinking when bent to a tight radius.

| 15 .An exemplary Coriolis mass flowmeter having 2 flow-tube made of a high-purity plastic
material is shoﬁn in Figure 5. The Coriolis flowmeter 50 has a flow tube 52 inserted through

legs 67, 68 of a base 51. The flow tube 52 is made of a high pusity plastic material, preferablj
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
w58 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 motions are detected by pick offs LP0 and RPO which

apply signals over conductors 62 and 64 to meter electronics (not shown), which determines the




as small as possible. Interconnections between el enents nust therefore be

as short as possible. To facilitate this, the plastic tubi P;N{g?)éoﬁg pl aced
inside of a close fitting netal tube, which prevents the plastrc¢ tubing

from ki gki nbent to a tight radius. is An exenplary Coriolis nass
flomtg‘;ﬁﬁg’\?%g a flowtube nade of a high-purity p|5%1[¥?§92/3%1[ erial is

shown in Figure 5. The Coriolis flowreter 50 has a flow tube 52 inserted
through 1legs 67, 68 of a base 511-The flow tube 52 is nade of a hi gh
purity plastic material, preferably PFA. Pick offs LPO and RPO and a driver
D are coupled to the flow tube 52. The fl owreter ﬁgs ecei vgs, a _process

ALt Gdséiffédent Hetooen ahesOynliy motions agdapphies extpwiieals fRsed YUERRPY: b %ﬁ@‘ﬁ a
connector 20 58 to the flow tube 52. The flow tube 52 js vibrated at its

r eS@RARs Adwaskies Givink hphnpirty flaw thbeswre Bigclosed iardetadlyin the IPRIPPELY) ¢ | ng
Coriolis notions are detected by pick offs LPO and RPO which apply signals

OVeh ﬁﬁﬁ%ﬂ%ﬁ»ﬁ&eﬁl GRovithlerdr thoProgition Mehenemenn bl YiraPustaieral Flom ch
dete?n1nes the 19 May 2006 WD 03/ 046675 PCT/ US02/ 37791 -11 phase difference

between the Coriolis notions and applies output signals based thereon.
Sui t abl e s Goh bl dtiolis BusPdRiberdtat, g highghripuapplisatibhothe pingeerles E04i scl osed

in detail 1n the incorporated application entitled "Floweter for the

Preci sjon . Aidaedtithe it o Widreoter, thet veltehe Coriolis
o Ship] BT ARASASEE e willnibeifodiitin

n high purity applications the pinch valve 110 s nust

l,\)/gr ggg glFo?Jd[ %2&%%1\%% o Fi\%t %%lhéea %@}e@t@aﬁoﬂlﬁi@m adliconamdfnot $ididg of d.

e designed to have no pl aces where

stagnant fluid can.col | ect 0asl hGing AQr ' Panlve 1dtain coul d
cr eé’é@’”ﬁal"%"ﬁsc%@sc?‘ﬂgtcﬁ?%f P?flﬂg.gs nt%xféh('rﬂrilgl a%&} %}?eﬁigﬁ?j\bglﬂl Ve 120 in accordance

ot uewstaniezah Gho PSPUTISIRR R TR a A PR bk raoe s D T
i s(ijtua(éé)d%ngoca?lt eiiaos?omvgritc r1]:ul:'Eehl%6,f xlwvh(igﬁ fslﬁtl)%u%f communication with the flow fube of
10 fthe Coriolis mass flowmeter 112. A piston, or ram 124 is moved by the actuator 122 to
 selectively squeeze or pinch the tube 126 against a reference surface 128, thus varying the size of
the opening through which fluid flows 129. The tube 126 is preferabl§ made of a high purity

elastomer or plastic. For example, PFA, a mixture including PFA materials, and silicone are

suitable pinch tube materials.

15 The tube’s flexibility allows the tubing walls o conform around any irapped particies 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 shurry in the case of

high purity applications, such as semiconductor polishing operations. In certain embodiments,

s the flow tube of the flowmeter 112 and the elastomeric tube of the pinch valve 110 are the same

tube.




io the Coriolis mass flowneter 112. A piston, or ram 124 is noved by the

actuator 122 to selectively squeeze or pinch the tub '
. i e 126 I’iﬂﬁ;
ref erence surface 128, thus varying the size of the opening taggg%ﬁ whi ch

fluid fLosekass The tube 126 i ' [

B0k s is preferably made of t

o_rI pl astic. %—%’r exanpl e, PFA, a mxture including PF%JHEQ%%I?%I; yaﬁljaSt ot
s:llcone are suitable pinch tube materials. 15 The tube's flexibility

-allows the tubing walls to conf or M ar ound any trapped particles or
inperfections in the walls to provide a tight seal. The flow path is

strai ght throug.h, mnimzing pressure dr,oP and turg)ul nge. [The fluid
Sglnslgc:):'rr{m;hojudét;bﬁ of lkoow pineh valgesisawenlyi tigtahiear 0B2nC & rr%‘é"i‘eo]ﬁﬂoa"fn t he ot her
_ _ and preventing metal contamination of the slurry i

hi ghyieH Khlkss PP mamial Sudsatorsyithia multisemihewdiel but this tyrsi qféfhhvw%‘sélng'?‘?t gﬁscafﬁ °
cFr ain enbodi nents, 20 the flow tube of the flowreter 112 and the -

83 ;’igﬁg@@b I%D &1?%2 352"§p3ﬂ7d7"8 i@itﬂ%g hgl_)ﬁxat piachl {:dvenraes tseé foradispensingoappligaionhy 2006 WO
3/ - e actuation of known pinch valves is usuall
B Y e Mg sty e i ot

- , bu is type of valve would not be conducive to
%' OIS""?' ﬁltiﬁo‘?(ilﬁ éljhisp e%g({gt,lw, d%z%ﬂi'.'&ﬁly Bhififo %f’%ﬁé/ﬁﬁv fat€indetiduous ampensi ng
- app | I'mbatch processes, in ich the anbunt of material dispensed
is controlled by the tinme that the wvalve is on. This does not allow

dynami caIAI[ %%v% gﬁ*{tﬁ‘% &jhpg,vctgﬁeg LQWe l&;@ﬁtﬁ,ﬂhd\bﬁaﬁmhg Paroing comenber voltdge al ve t hat

has only ates can be controlled by applying varying current or

vol t age o the valve ac . e 1ot :
\(Ag\/\ﬁf%?esvaﬁlgéﬁu?ti}n?f]ﬁfl? 8?15#%%8&\/%“:1%&@ &EV\M i sagc i eve(%ss‘ggenetrrgttihﬁgugagqugr e
ve signal_ at -
valve.g PWM is ac 'evre %3%25 rat?n%oﬁl s%ugrte]%va\{ig lsféﬁalsat a frequency above the valve’s

mechanical tesponse frequency. The duty cycle of the signal is varied to determine the
1o appropriate voltage or current sent to the device. For example, if the PWM signal operates
between 0-12 volis, 0% duty cycle = O volis, 50% duty cycle =6 volis, and 100% duty cycle =
12 volis. The “averaging” takes place because the signal 1s at a ﬁ'eqﬁency 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.

15 T 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 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

20 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-actuated pinch valves.




mechani cal response frequency. The duty cycle of the signal is varied to
determne the to appropriate voltage or current sent to the;gigni 66q4 FOr
exanple, if the PWM signal operates between 0-12 volts, 0% duty cycle = 0
volts, 9 cycle = 6 volts, and 100% duty cycle =_ 12 volts. The
"averag?ﬁéﬁﬂgéﬁ%s pl ace because the signal is at a fr%ﬁﬂ@#@?”gbove t he

val ve' s nechani cal response frequency. The position of the valve is based
on the average current that is si&bplied. The resulting supply voltage is
proportional to the pulse width of the signal. 15 If the signal frequency
is too low, the valve will have tine to respond conpletely to on and off
signal s qmegferagve aputbaadiof thevPWiM: qoatrolledhsolsnoidsisgionteat ISFPRROIMESI rabl e. A
typi cal pinch valve actuator is a solenoid, which has a spring el enent
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t he solenoid. Adjusting the pre-load on the valve spring can inprove the
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el enen replfaced wi a spring-suspended plunger. The

Spr i%%g%wgﬁgﬂ%%gﬁ{a@ ﬁgm et t PACARR; aldd NERNaNallysercss panbe due to

fric m nimzes thé hysteresis and dead band common in avail able
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Ah APRERIAR TN ARY ga‘%ﬁpﬁ%wﬁgwﬁﬁf%%ﬁ%%‘??% solenoid is to % a stepper

not or act uat or i ch tr.ans| S ibE canrgul ar
r ot PIEhETEragY Pfcl’(\{eg;? IIPQH?@ OV%E'ge?/at%e%\%g:p?né%dég;ﬁu%tgﬁie&%r r angerrsggt . St epper

controllers _can be designed to produce L ; S

pr opdnnges inthe pinch fubing | gg“@’lpﬁ’h’ﬁgmf ﬁ&ﬂl‘?ﬁéz"gg‘fdﬁé’ %§°§?}tﬁ’?§‘f]bh§%§?§ %/Igphyst eresis
can be s mnimzed by any nupber of agprapri.ate wor f | t hat

m ni imteme ohengesds the prichiubipg - Witha pich ?ﬂﬁf‘e Rt t*ﬁ?% A g}ég‘?‘%‘%ﬂ%f %’%ﬂﬂ?o

tenperature and pressure fluctuations, which cayse. .
system — current is applied to the valve actuator, which app(iles E)%'ge fo-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 block diagram of Figure 2, for example, shows the fluid inlet 102 on one side of the

15 enclosure 101, with the outlet 103. on the opposite side of the enclosure: Figure 7 shows an
- alfernative embodiment with the inlet and outlet 102, 103 on the same end of the enclosure 10].
Such an arrangement may be particularly desirable in applications where peristaltic pumps werg

 previously used, since they typically have the inlet and outlet on the same end of the device.

A Coriolis mass flowmeter and pinch valve in accordance with a particular embodiment

2 - of the invention are shown in Figure 8. The Coriolis mass flowmeter 50 is essentially the same
as illustrated in Figure 5. The valve actuator 70 is aftached to the base 51. The pinch valve
elastomeric fube 72 includes an inlet end 73 connected to the flow tube 52. The opposite end of

the flow tube 52 is connected to the fluid inlet 54. The tube 72 extends hetween a reference
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surface 74 and the r LSt QR ( Ohodelst the iavieotar/Be aand an
out | BptruEegat gfe t'ﬂ@%‘géu%é{}&%ﬁgﬁg¥s§éﬁgﬁgct%d to a return tube 78. As

o 230@,?32%%31(;0 fehieye, a hiah, QULLLY: SHS bRBAQEmaRd bemiligypets nust be
connections is the use of a face to face seal. Fabricating the process connection 360 out of a

0 single piece of plastic assures that there are no shreaded connections, which can be a source of

leaks. -

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 bolder 358. The pressure chamber 360

y5  defines a process fluid in-take guide 361 extending therefrom. To provide stable pressure
measurement performance, & ceramic pressure sensor 362 is bonded to a high purity diaphragm

364 (for example, 1 mm thick PFA) and any relaxation of the plastic (also called creep) is
compensated for by elastomer o-rings 366 sitnated on top of the ceramic sensor 362, which
maintains the ceramic sensor against the plastic diaphragm 364 with a constant force. In this

20  manner, the entire weited part of the pressure transmitter 330 is PFA or another suitable high

purity plastic material.




high purity, chemcally inert/resistant material. Figure 9A schematically
illustrates a high purity 5 pressure transmtter 330 with the tzbge
process connection including the pressure diaphragm constructed out of a

single @i high purity plastic. A key requirenent
[ nstrurrg)r?ﬁg{ﬁ‘i‘éca)éls used in a high purity distribution s;}’ﬁTg%ogg%?lhat none of
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the preferred nethod of naking process connections is the use of a face to
face seal. Fabricating the process connection 360 out of a io single piece
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any relaxation of the plastic (also called creep) is conpensated for by
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er '3 anot her suitable high purity plastic material.

19 2006 3 i b Py pldsticAn al ternative pressure sensor
331%§a@3§msrﬁ8ﬁ4§ﬁf§gz§§§%e pre@s%‘?%y%ensor 331 uses a small

capaci tance pressure sensor 370 constructed from sapphire. The sensor is
encapsul lqitggl%s 10-12 illustrate various aspects of a high purity, integrated Coriolis mass flow

controller 400. The integrated controller 400 includes an enclosure 401 with a faceplate 402
10 comnected to a front end. Inlet and outlet connections 404, 405 extend from the faceplate 402,
along with other user interface controls 406. Situated inside the enclosure 401 are a Coriolis
mass flowmeter 450 and an electronic PID controllesr 412. A pinch‘valve assembly 410 is
attached to the back end of the enclosure 401, For clarity, the pinch valve tube is not shown in
Figure 10. Figure 13 shows the actuator 740 attached to the enclosure 401 with the pinch valve
15 tube 472 extending from connectors 471, forming a generally U shape. The provision of the
valve 410 on the outside of the enclosure 401 allows easy maintenance of the valve assembly
410, including replacement of the tube 472 as necessary. Other components of the controller 400

include an interface assembly 480, a thermal barrier 482, and a sensor spacer 484,

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

0 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 particnlar embodiments disclosed above mav _‘be altered or modified




in a high purity material such as PFA 372 and extends into the pressure
chanber 360 in such a way that the fluid pressure squeezesléﬂﬁléﬁﬁéor 370.
An advant age of the approach shown in 5 Figure 9B is no fixed i erence,
such as structure, is required for accurate measur enent .
The encgﬁgu‘g%g% pressure sensor 370 is an integral p§¢ﬁ§%#éﬁﬁb pressure
chanber 360 and is constructed O?é of a single piece of high purity
plastic. Figures 10-12 illustraté-various aspects of a high purity,
integrated Coriolis mass flow controller 400. The integrated controller
400 includes an enclosure 401 with a faceplate.402 i0.connec to a front
end. anfiall echamriatings pretcopdidered within dhesgope and 9pie, pLhe T ing %&FQ@ B ate 402,
along with other user interface controls 406. Situated inside the enclosure
401 the proteciidmrsonglit bereimds 85 set fovilnin the claimw bgloW. an el ectronic PID control | er

412. A pinch valve assenbly 410 is attached to the back end of the

encl osure 401. For clarity, the pinch valve tube is not shown in Figure
10. Figure 13 shows the actuator 740 attached to the enclosure 401 with the
pinch valve is tube 472 extending fromconnectors 471, formng a generally
U shape. The provision of the valve 410 on the outside of the enclosure
401 all ows easy nmi ntenance of the valve assenbly 410, including

repl acenent of the tube 472 as necessary. Ot her conponents of the’
controller 400 include an interface assenbly 480, a thermal barrier 482,
and a sensor spacer 484. The particul ar enbodi nents discl osed above are
illustrative only, as the invention may be 20 nodified and practiced in

di fferent but equival ent manners apparent to those skilled in the art :
havi ng the benefit of the teachings herein. Furthernore, no limtations are
intended to the details of construction or design herein shown, other than
‘as described in the clains below It is therefore evident that the
narticul ar enbodi ments discl osed above may be altered or nodified 19 May
2006 WD 03/046675 PCT/ US02/ 37791




-16 and all such variations are considered within the scope and spirit of
the invention. Accordingly, the protection sought herein iggg,96hsforth
inthe clains below. 19 May 2006 -17 CLAIMS: 1. A nmass fl ow neaSurenent and
control device, conprising: an enclosure; a Coriolis mass flowreter
situated in the enclosure, the Coriolis nmass flowreter including a

fl owtube made of a high-purity pltastic material, a driver coupled to the
flow tube for vibrating the flow tube, and a pickoff coupled to the flow
tube for sensing Coriolis deflections of the vibrating flow tube; and a

pi ncGLaEIS8e i ncluding a tube in fluid communication with the flow tube, an
actuator having a ram operatively connected thereto situated adjacent the
tube, and a reference surface positioned generally opposite the ram such
that the tube is squeezable between the ram and the reference surface. 2.

The frass ALQW MRASH:GIRR aANnEOl0L AfMisee, of claim 1, further conprising
a controller receiving a neasurement output signal fromthe Coriolis

flownetermuﬁagmggntrolIer providing a control output signal to the pinch
val ve actuator 1n response to a setpoint signal and the Coriolis mass

fl owreter putput _sigpal. 3. The nass fl ow measurenment and control devi ce of
4 S A mit et siliafed B g, OlouE T CHPISTTOSIES. The mass

claim 2, erelrn™e

- fl ow neasurenent and control device of claim1l, wherein the pinch valve is
situated in t chhécﬁag ) fwét_ube made of a high-purity plastic material, a driver coupled

to the flow tube for vibrating the flow tube, and a pickoff coupled to the flow
tube for sensing Coriolis deflections of the vibrating flow tube; and
a pinch valve including a tube in fluid communication with the flow tube, an actuator
having a ram operatively connected thereto situated adjacent the tube, and a
reference surface positioned generally opposite the ram such that the tube is
squeezable between the ram and the reference surface.
2. The mass flow measurement and control device of claim 1, further comprising a
° co_ntroller receiving a measurement output signal from the Coriolis flowmeter, the controller
providing a control output signal to the pinch valve actuator in response to a setpoint signal and
the Coriolis mass flowmeter output signai.
3. The mass flow measurement and control device of claim 2, wherein the controller is
situated in the enclosure.
4. The mass flow measurement and control device of claim 1, wherein the pinch valve is
situated in the enclosure,
3. The mass flow measurement and control device of claim 1, wherein the pinch valve tube

extends outside the enclosure; and/or




5. The mass fl ow neasurenment and control device of claim1, wherein the

pi nch valve tube extends outside the enclosure; and/or 19 Muya40@0s- 18
further conprising fluid inlet and outl et connections, the inlef and outl et
connections being situated on one end of the enclosure; and/or further
conprising fluid inlet and outlet connections, the inlet and outl et
connections being situated on oppgsite ends of the enclosure; and/or
wherein the pinch valve tube is positioned downstream of the flow tube;
and/or wherein the pinch valve tube is positioned upstream of the flow

tube; and r.el Nyt.he actuat.or conprises. a stepper notor. 6. The nass
fIOM/neasﬁg%ﬁﬁﬁ s%%ﬁg%%%F?%F“Pg@ﬁ&@mggg%FéﬁﬁW%fmﬁﬁﬁﬁ CAEHE S PAM val ve
actuator is att. Cgﬁd to an ﬂ%tsi e spraﬁce of the enclosure. 7. The nass

fl ow measur ereRt 5 ™ A 8t e oS A aj m 1, wherein the act uator
conprises_a_sol enoid. 8. The mass fl ow neasurenent and control device of
claim7, MWHesrerrrEsie Gud nlshamg quiet copeetions theiiniet andputle eongicetions heoel| at ed
signal. 9. The mass fl ow neasurenent and control device of claim2, wherein
t he control | er situglstpr prpesitegnd® dbtheentlpoird; end/orl0. The nass fl ow neasur ement
and control device of claim1, further conprising a pressure transducer in
f I ui d conwheréic deipowh valtdiubaie pdsitoned ddsastréain of Thedlom@asis; fiddwy nmeasur enent and
control device of claim10, wherein the pressure transducer is situated

- upst r eam wierdif the inokwiludrehe inpsltohed Rt @inlo e d¥ @S Bidort r ansducer is

si tuat ed downstream of the flow tube.
wherein the actuator comprises a stepper motor.
6. The mass ﬂow measurement and controlr device of claim 4, wherein the pinch valve
actuator is attached to an outside surface of the enclosure.
7. The mass flow measurement and control device of claim 1, wherein the actuator
comprises a solenoid.
8. . The mass flow measurement and control device of claim 7, wherein the solenoid is
controlled via pulse-width modulated signal.
9. The mass flow measurement and control device of claim 2, wherein the controiler
éomprises a PID controller.
10. The mass flow measurement and control device of claim 1, further comprising a pressure
| transducer in fluid communication with the flow tube.
11. The mass flow measurement and control device of claim 10, whercin the pressure -
transducer is situated upstream of the flow tube; and/or
wherein the pressure transducer is situated downstream of the flow tube.
12. The mass flow measurement and control device of claim 1, further comprising:
| a first pressure transducer in fluid communication with the flow tube situated upstream

of the “ﬂow tube; and




12. The nmass fl ow neasurenent and control device of claim1, further

conprising: a first pressure transducer in fluid comunicati®gapizphst he

fl ow tube situated upstream of the flow tube; and 19 May 2006 -19 a second
pressure transducer in fluid comunication with the flow tube situated
downstream of the flow tube. 13. The mass fl ow neasurenent and contr ol
device of claim1, wherein the higl-purity plastic material is PFA 14.
The mass fl ow neasurenent and control device of claim1l1l, wherein the tube
is made of a high-purity plastic material. 15. The nmass fl ow neasurenent

Iagdpliznt r 9 ! Sego%Mi &@ss_&‘; t?altngcglurperz Qﬂ ff’u\@(ﬁ Egriru?:ulgipa xorl? I‘,%B{ Q}lljer iﬂtox tu%l: aS?tElEiltgd material
downstream of the flow tube.
13. The mass flow measurement and control device of claim 1, wherein the high-purity plastic
material is PFA,
14. The mass flow measurement and control device of claim 1, wherein the tube is made of a
high-purity plastic material.

15. The mass flow measurement and control device of claim 20, wherein the high-purity

plastic material is PFA.






