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\D (57) Abstract: A mass flow measurement and control device (100) includes an enclosure (101) with a2 Coriolis mass flowmeter
(50, 112) sitvated therein. The Coriolis mass flowmeter (50, 112) has a flow-tube made of a high-purity plastic material, a driver
(D) coupled to the flow tube for vibrating the flow tube, and a pickoff coupled to the flow tube for sensing Coriolis deflections of
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the elastomeric tabe (126), and a reference surface (128) is positioned generally opposite the ram such that the elastomeric tube is
squeezable between the ram and the reference surface. A controller (114) may also be provided, which receives an output signal from
the Coriolis flowmeter (50, 112) and provides a control output signal to the pinch valve actuator (112) in response to the flowmeter
output signal and a setpoint signal.
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(50, 112) situated therein. The Coriolis mass flowreter (50, 112) has a
flowtube made of a high-purity plastic material, a driver {®h604psed 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

(52): A pLoch valve (o 1k EAIRIAHBRIGIRRN= o' °

An actuator (122) with a ram (124) operatively connected thereto is

Si t uat edEwagjnaaatiiM, ho BY, K6, KZIMISROIEM)C -+ UBre(ik 28 ) aiioddfithe Bmel il BF BIfR: LI f ace
(128) i sﬁg?e%fi FEEHRE HE Geridr @ qlfé/DE)p G8i t e tihes andimnbs uoliskel aitretehne obbcaigtoONeri C
tube is Eﬁ%ﬁeg%g&%%% M‘#‘?‘;Eé@ anderrEersef erence surface. A controller
(114) mayw, shﬁl  sPhBMgded, I'chirecei ves an output signal from the
Coriolis flowreter (50, 112) and provir@deSea @ aldbomd abrtapidd refiogRaduist 0 t he

pi nchPeliihede act uat or (112) in responseeVes ¢ifedesfahdotivpeitiers " snpatrgurte bgingnal  and
a set poi Htt "ErgRgiceachreror 19 May 2006 "M ERTERREET S HPRE00RE2/ 37791 -1 HI GH
PURI TY CORI OLI' S MASS FLOW CONTROLLER CROSS- REFERENCE TO RELATED

APPLI CATI ONS This application is related to U.S. Patent Applications :
entitled "H gh Purity Fluid Delivery System" "Flowreter for the Precision
Measurenment of an U'tra Pure Material Flow," s "Methods of Manufacturing a
PEA Coriolis Flowreter," "Manufacturing Mass Flow Meters Having a Fl ow Tube
Made of a Fl uoropol yner Substance" and "Conpensati on Method for a




PFA Coriolis Flowreter,"” each filed on the sane day as this application.
The entire disclosures of the referenced applications are {ggQLPapated by
reference herein. BACKGROUND OF THE INVENTION io 1. FIELD OF THE I NVENTI ON
The pre i ntion relates generally to fluid flow ngeasurenent and
control?ﬁgﬁﬁmﬁﬁfe particularly, to Coriolis mass f1 oW OO ers that are
suitable for use in ultra-pure or corrosive applications, or other
applications not conpatible with standard netal Coriolis flowmeters. 2.
DESCRI PTI ON OF RELATED ART is Many industries such as sem conduct or,

phar maceutical, and bio-technolggy experience fluid delivery problens due
to the typi cal BIGHRRIBWGOREISIMASYFEOW CONEBOId Idheni cal fluids, the
use of corrosive chem cal fluids, and the need for contam nant free,
accurate, conpa€ROSHREFERENCE TORELATEDHAPPRLETATIEONS or bl endi ng systens.
A fluid delivery systemgenerally consists of three conponents: fluid
propul si dmhis BppbivatiodOisnieassdr ITENS. Pudeht CORplications andial tHRh PuriteFhdde. Many
present systens use a positive displacenent punp, such as a peristaltic

PUMDeliverySysfel M RWmERF B tHedridisionMNBasRk NP ORI Bralilfe Mbietdl Fidw,om t he

storage container to the process or reactor. The punp al so noves the fluid

% anidBorAIARAIRAR 0BR BT FiSS * Vol Mics 155 1488t ant rate

dependi ng on the spee t he punp, though the peri tic punpling action

o A PR D el Rl ol AP 1

of a _ Spee _ np on and off. This
met 'ﬁ‘k 881%13 'i‘?&wxﬂétgrw éja%h 16l on e saind %ay as this application. The entire disclosures

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




fl ow control and the punping action and the internal geonetry of the punp
can contam nate or s harmthe fluid. The peristaltic pump pg R8s N0

cl osed | oop feedback on the flow nmeasurenent. In addition, sinCe it is a
vol umet ki l.very system the anount of fluid varie 1.1 h_changi ng
processw:(g(r'\ |%ﬁ:7gcl)ns such as pressure, tenperature, et CEC%%)Z"SS(}% tubi ng al so
wears over tinme, changing the volunme of fluid delivered with no change in
punp speed. When the process io r‘é’q‘ui res precise fluid delivery it is also
common to verify the delivery rate by nmanually neasuring the anount of the
fluid on a scale or graduated container over a period of tine. A typical
bat elorbbe s crpstaytsateependiosomihe sperd gfthe pampMhpughihe PeSAIPURE,  ough N,
flowinto a container 11 placed on a scale 12. One fluid is al]owed to run
t hr Quigdh @ubdsavpuisatioreiniBe Atid aleliveny rate. THee useminterfaest eqnsists of adipstisgdheand when
the desired anmount of Fluid A has been added, the valve 15 13 is cl osed.
The ;38 PERICE SitnphSturfiaas painpod nd ¢ Thinmethodidpes nof mevidevesnpigeift y, a t ot al
m xture 1s obtained. If too nuch or too little of any fluid has been added
t he gato 1 fRdshe %%Siﬁg%b@ioﬂ Bhd the ihtBRalnicoReEy ofhs podp eac tortdminas omi t hi n sone
acceptabl e error band, has been added. Another known approach uses a | evel
ssen%g{ LR digasure the volune of each fluid of the blend as it is being
4ddéd o e vessel. This requires a very preci se know edge of the vol une
of 20 the vessel with small increnents of vessel height.

Chemi cal ﬁ@@@ﬁ‘éﬂl& uﬂﬁ’é ?? doZ bl ked DVP)feddBack G itei Nod mesedsat i M t he
uctor 1 ndust t

sem cond at 1nvolves a process to flatten the wafer
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process conditions such as pressure, temperature, efc. The pump tubing also wears over t‘ime,

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




ultra-pure fluid containing suspended solid particles and a reactive agent
between the wafer surface and a polishing pad. |In nost appig’m%'g@%s, t he
polishing pad rotates at a controlled speed against the sem conductor to

flatten ace. Over-polishing the wafer can resuylt | |tering or
. renovi né,"t‘g"?{“?#?:% waf er structures. Conversely, underﬁa‘é{fs’logﬁ’?ﬂg of the

wafer can result in s unacceptable wafers. The polishing rate of the wafer
i s highly dependent upon the del-iery rate of the fluid and the total
anount of fluid delivered during a polishing operation. Another process
used in the sem conductor industry requiring accurate control of fluid

f 1 QUE-4RE fRidC dtitaiithg) aRperided golidh particlesrand ajreactivec agsib befPieeth #i5r process.
As Is known in the art, photolithography is a process that applies a |ight
se gﬁlif&ée\éﬁg\gg,hm{ﬁ{ﬁga& NAWosRappliedions, thopolisiing padrrotates f & tonttoied spgedraf er

su

ace. otomask containing a pattern of the structures to be

1; ﬁgrg é{gﬁf ?(;I% . ﬂ%nhmoﬂ*@ﬁ%‘ﬁnﬁgﬁg‘%@e-i evalpisindibe wakn chnesule B altericgver ed waf er

sour ce. t reacts with the resist by either weakening
or strengthening t resi fv ufidr-blidhfae dfaBé Sdafer an eesplbsed to |ight
¢ heruameng i apgh R, ?ﬁi“x’%&i B Pon of

e ap ation of fluid chem cals that renove
the weakened resist., Accurat JiB88 fion @R deliedry rité essent i al
StO%F%Eﬁa?]?“Pfeéﬁz#@rpoyﬂlgl‘%r%pogtéer?l&e@ﬁ% rEesels%t rm"?t0 be contani nation free
as any "dirt” on the surface wll .c lshn the final pattern. A
mdﬁfﬁhﬁhklﬁié?ﬁ%?mﬁi?‘go‘ﬁ? B@Edgﬁfﬁﬁd@ ggeﬁgglgﬁ%gsé%%vﬁqni quids to the wafer

surface to create films that will become an integral part of the final
e o R A A PP
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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




-4 structure of the sem conductor and could result in non-functioning
devices and a financial |loss for the sem conductor producerlgﬁg’? 8& t hese
processes take place in a tool called a "track." The purpos€e 0 Re track
is to apply a precise volume of fluid to the surface of a stationary or
slowy spinning wafer. Additional chem cal processing steps may be used to
convert the liquid to the proper -st-ructure. After 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 |iquid

I eNBiriSufel IThd Rhicoh@it& and Lol s fLhont RMndiRRIRABGiceRNIB Mfandiflqonar i abl es
that affect liquid thickness include the resist or dielectric viscosity,

sol spthe SQREEHuFBE pRBude the resist or dielectric, the amount of
resist/dielectric dispensed, speed of dispense, etc. The track will also

provi de additional processing steps after liquid application that changes

the 11 quisthel Bt el UIELes Uk Mhed i) BAIRAGS Sl DA BL 3B LLEIFRER, ANy SOl vent

inthe film rac contr envi ronne aroun e wafer to
pr event nges. Ln hum di r.. _tenperature and chem cal. contam nants from
D £ AE It e B2k Dottt e SFRE P 1 L RS PRI B SRR "
~determne the accuracy and repeatability of liquid delivered to the

waf &JRéfWP%a@én#CﬁF%fa&ﬁSflP%WSdn?ﬁ*fﬁtfwffforfg%ée iguid o the@roner #ucliised by
voi ds, bubbles and particles. Therefore, there is a need for an efficient,
conpgifter therliuidmpliptioantbe piefe rejgianspend is s2pidlyinsreasqd apd the ligpid emtbet 0 addr ess
shortcom ngs associated with the prior art. SUMVARY OF THE | NVENTI ON
Ac c ovadlirsgriacs iaspunoff thasgaech vefy thinecqusiswetthicknese nf liquid raphgrsdronsthpr ovi ded a
mass flow neasurenent and control device, conprising:

center of the wafer to the edge. Some of the variables that affect liquid thickness include the

resist or dielectric 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:




19 May 2006 -5 an enclosure; a Coriolis mass floweter situated in the
encl osure, the Coriolis mass flowreter including a flowtu g§0§f a

hi gh-purity plastic nmaterial, a driver coupled to the flowtu or
vibrating the flow tube, and a pickoff coupled to the flow tube for
sensing Coriolis deflections of the vibrating flow tube; and a pinch val ve
including a tube in fluid conmunication with the flow tube, an actuator
having a ram operatively connected thereto situated adjacent the tube, and
a reference surface positioned generally opposite the ramsuch that the
tube is @agueesadl e between the ram and the reference surface. The fl ow
tube and pinch val ve el astoneric tube nay both be fashi oned from PFA.

Further, A 0886l HAKS 15N BRlakRCintthel dloSurk VRS- %&E?b%s %{lﬁ kﬁo\éﬁhé{% tube may
be fashioned from a nore flexible material, such as silicone. controll er

that receives iﬁclﬁ&hggiﬂbgr-ﬁwﬂﬁ&e gp?h%g}pblﬁw@ystﬁc iag{ngattaL § r&%&ﬁale%mi olis

fl owreter and nay provide a contro I'gna e pInc val ve

actuator inr thereto he coptroller may be.situated in the
encl osur e, orq§3@£§§3ﬁ9“1%&F%W%@géﬁhﬁ?ﬁgﬁ§;mﬁﬁﬂmﬁwﬁéwwvafgbgﬁéGWbe
~ positioned within the enclosure, or atjtached to an external surface
t hereof. BRI E@ﬁﬁ%%@o&d%lm%aﬁwwﬁbﬁéﬁs and advant ages of

the invention will becone apparent upon_reading the follow ng detailed
descri pt ifoEntlGoBeudies atesde fuigd eqmemenicalipmyihithe fow cube, Mt gemator]
schematically illustrates a prior art off-line blending system Figure 2 is

a bl ock di agr davipg laustr epciatiyeln coestefl | thuetnedisaiede adimentathel telentandla device in
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;




accordance wth an exenpl ary enbodi nent of the invention; 19 May 2006 WO
03/ 046675 PCT/ US02/ 37791 -6 Figure 3 is a block diagramill %Ma?tzb% a nmass
fl ow measurenent and control device in accordance w th another”exenpl ary

enbodi "Ry eafliestane i nvention; Figure 4 is a block di a%{:@%éo%%ﬁ%trati ng a

mass fl ow neasurenment and control device in accorda further
exenpl ary enbodi nent of the invention; s Figure 5 is a perspective view of
a high purity Coriolis nass flowhter in accordance wth aspects of the
present invention; Figure 6 schematically illustrates a high purity pinch

val ve in accordance with aspects of the present invent 812 Fi gure 71s a
bl ock diFkmeesnis 4 blogk disgramdllustratingse Mo HEITEMERt m%&‘rﬁ&’“t‘ deviSt ®evi ce i n
ro accordance with an exenplary enbodi ment of the invention having fluid
i Nlagtorddiide ith badther exonplery embsdimentafthedingsila® t he device; Figure 8 is a
perspective view of a Coriolis mass flowreter and pinch valve assenbly in
accordance with aspects of the invention; Figure 9A schegﬁ i cal.ly

i 11 ust r a@se 2idu Bbckpdingran ifustrating e nmassofieyd mespromentadof@HRCEFR is the
present invention; Figure 9B illustrates an alternative enbodi nent of a

hi gl bk Yith a SESHer SxelnbRin ehilialimert ofithaimvestynan encapsul at ed sapphire
sensor; Figures 10 and 11 are rear and front perspective views,
respectively, of an integrated

5 Figure 5 is a perspective view of a high purity Coriolis mass flowmeter in 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;




Coriolis mass flow controller in accordance with an exenplary enbodi nent of
the invention; 19 May 2006 WO 03/046675 PCTIUS02/ 37791 -7 F@M6 24851 S an
expl oded view of the integrated Coriolis mass flow controller shown in

Fi gures, 1; and Figure 13 is an enlarged view | nch val ve
assenbl f‘g?ﬁdta géi ntegrated Coriolis mass flow cont ro?éTéﬁghg’ﬁ@%\ﬂ I n Figures
10-12. 5 Wiile the invention is susceptible to various nodifications and
alternative forms, specific embodirnents thereof have been shown by way of
exanple in the drawings and are herein described in detail. It should be
under st ood, however, that the description herein of sptgﬁgflc enbodi ment s
i's not iFpesdeds swetlovet vidweofi thy imegrasedt Corielisenass fev capiplicr 1AW Wi scl osed,
but on the contrary, the intention is to cover all nodifications,
equyigg}egm@gmd Angndl ternatives falling within io the spirit and scope of
the i'nvention as defined by the appended clai ns. DETAI LED DESCRI PTI ON OF
THE. INVENTION Il lustrative enbodi nents of the invention are described

bel ow. | Fighide3 igtinemssedofencofahs piych vaivetasseniblyf efithentsgratst Gorobt Ma|

i mpl enentation are described in this specification. It wll of course be
apPREGIBhiiict dptvniinFighfs devel opment of any such actual enbodi ment, nunerous
is-inplenentation-specific decisions nust be made to achi eve the

devel opers' specific goals, such as conpliance with systemrel ated and

‘Qusi nes syiab a S6heatashk sdicahible tokarivis wiollificwbony afd aitermatiee formsp kpastiet ati on to
anot her. Moreover, it wll be appreciated that such a devel opnent effort

m ggﬁaﬁﬁm‘éﬁ?@&e?é&f%% bhid BoRANS U Of cRathplwanlite dawags hatl ass hteina rout i ne
rtaki ng or :

und
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,




those of ordinary skill in the art having the benefit of this disclosure.
20 Figure 2 schematically illustrates a high purity nass flﬂyNﬂggﬁaéenent
and control device 100 for controlling a process material 1'n accordance

- with GXWWJMW nbodi nents of the invention. The co[}]%(rc@lfso%,ég{:e 100

I'ncl udes an encl osure 101 having a fluid inlet and o 19 May 2006
WO 03/ 046675 PCTIUS02/37791 -8 103. A Coriolis mass flowreter 112 is
situated in the enclosure 101. Th&-Coriolis mass flowneter 112 has a

fl owtube nade of a high-purity plastic material to prevent contam nation
of the process fluid caused by transferring unwanted (e.q..netal) ions to
t he 103, 0ce Toriolat muisaflownetepil HE s sitahted in g enplasarentl; n@hf’cG'ﬂg‘E}ﬁe’ﬁ'f’%s made of a
high purity plastic material to prevent s transferring ions to the process
MRt §hieileter $17 Bs b Hdwcubomudenit e Aighqurityi pléstic ratdriabiarsevent contpmingtion ¢he bl ock

di agram of Figure 2, the valve 110 is shown as being situated conpletely

Wit RlabrbdiSs AGAGChRSHLS trhfskerrihg ufiwifteda(elpo dienBribss topihe pioosss npteriehe Aval ve, or
the entire valve, are attached to an outside surface of the enclosure 101.

A CORLE Qalvgyd ! ' B lof $i BBR IpuaRdplasticonitpris tsipgeveht f rom t he
flom% 3’@1\?% 11%6’ ﬁts% ﬁ%}ﬁﬁeé’ E@m}f’oxﬁﬁﬁ RIS bof B BB pusiydplasicomitiial tsipgeve

controller 114 conditions and processes the signal

f the fl ; i&d itht t VE2. 1D t
e Sengippe e BT 0 ot B e B B B T eon of the

ess mterl a ed on a conparison of the

set point _apnd neagured, . flow : ﬂﬁ”'ﬁ b DLt Ybmbletelyh Wit ihg ol | er 114
is ﬂgﬂd?qe%q fﬂ@gf%m °§gf%“é‘ﬂ’c§h? Xalg‘?a%@alf-gsuc ggagé}ﬁaé] %tdg%ﬂ 41_11}3 R i gnal or a
digital signal. A pneungtic setnoi i r e, .0 dEed. A
sui eadpsrasBpdp ﬁ?mﬁéﬁﬁ‘ﬁ?ﬁ‘ﬁ& iP n@"ﬁr?r)kt(fg? V@ﬁg Q%?%c%@%%%ﬁ%%ﬁ%fﬁe 1s avail abl e
from Red Lion Controls of York, Pennsylvani a.

an outside surface of the enclosure 101.

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.




The controller 114 may al so have a feature commonly known as val ve
override, where an additional signal is sent to the controldggy3 Thi s
override signal causes the controller 114 to ignore the setp0|%t and fully
open or e valve 110. This feature is often u utting the
fIOM/ofPRg@%%ﬁ%ging the system In Figure 2, the contr ﬂ%@@@ﬁ 4 is shown as
bei ng positioned 20 inside the enclosure 101, providing a conpletely
i ntegrated flow control systenl'ﬁﬁ ot her enbodi nents, however, the
controller 114 is external to the enclosure 101. 19 May 2006 WO 03/ 046675
-9 PCT/ US02/ 37791 The val ve 110 regul ates the flow through Hﬁ@?pevice 100,
and it ahsQalpe DI tesiates theffiosr threuphithe devigealifednd; i alsp ﬁéovﬂfgé &  The val ve
110 can be positioned either upstreamof the mass flowrefer 112 as shown
i n'agdjg%ircﬁan%es R lidQyRgire. TR eatve h1Q o herpositipredrritherinRiieanh OFIG (%8S 3.
Generally, 1t is preferable to have the valve 110 on the side that wll see
th o{ﬁlﬁ%&l}u% SISTHI I8 Fiuyén, aitdowastrelur isnig thesembotlihent Wedwsindfigitedr the 1 ow
met er rom pressure changes and fluctuations. The operating
charact aristi fely 4 Rl 16| @B tsile Al wiksee fheduvgestipeasgiiean have
SO nﬁ@g%h%%%@%&g%bgég?g%?ﬁgkéressure. It may thus be desirabledto provi de
. a pressure, transd ' RES OMeiePNT1T Gone prdsqre chmzensad i on
5puﬁﬁﬁgﬂ§wd§“@%6@§ ?ﬁﬁ%P%g?e © Pregéﬁréﬁﬁo tTansducer s 115, 116 are
situated at the device inlet and outlet 102, 103. Alternatively, the inlet
t r AWEBEERS 115 or the outlet transducer 116 may be provided, rather than
bot h, depending on the desired conpensation. The pressure transducers

o i% 04 0\‘;#%@3@?&@1%%&5%%? of WufiPbdttrol Aohbifis bPHFARK mbleds crhave | nher ent

some dependence 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 conduct or,
pharmaceutical, and 15 bio-technology industries, require {gg gy pat h
(all surfaces wetted by the process fluid) of fluid delivery systens be

constr U%(ﬁ&&/ﬂ%ﬁ?ﬁbi gh purity, chemcally inert/resist ang Tf@@éf?%éﬁ' s to
€ ' € r

protect t purity of the chem cals used. Plastics ar | 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
fl ow tube reduces the ability of bacteria to attach to the, tube and

cont ani Mgl QueliBepdih bi ttle Mivinnetor Didris desipnedsuchthet it hAenaRRHBTHIH G t he
floweter 112 is designed such that it has no cracks, crevices, etc. that

CO%% J&ﬁfd%fti(o? d5hieRd 2A sitdb high barithipbitipisr FRA (e Rustdaliors comolymen),
(pertfluoroa

oxy copolyner), 5 which is an advanced fl uoropolyner wth
supelir,iilﬁri C%e 1GAked SRbohAEE: afth MBRFBAIdahicalprajsantd esd mecharitalty of
uBPFhaf el poly

i mers suéh’PVDF and PTFE are also suitable. In addition to

using hj.gh puri 2 SivldAEsubh BYDF WA PYFE hewlspatitebihoul d have a
corgg%ﬁb&diﬁg%eé{ﬁgﬁéﬁé\%&%pﬁt%si _gns or multiple flow paths - a dual tube
sensor or a curved flow path should be avoided. This m nimnm zes pressure

00, S At By i iy e o
't cr:]onstant diameter and no intrusions or multiple flow paths — a dual tube sensor or & curved flow
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




certain materials, such as slurries. In certain applications, it is
desirable to nmake the device 100 as small as possible. In%fg?ﬁg9@6§ions
bet ween el enments nust therefore be as short as possible. o facilrtate
this, t I L c tubing may be placed inside of a close fitting nmeta

t ube, mmﬁﬁlﬁ%%éevents the plastic tubing from ki nki nngEféﬁ?l to a tight
radius. is An exenplary Coriolis mass floweter having a fl owtube made of
a high-purity plastic mat erial ild “shown in Figure 5. The Coriolis
flowmeter 50 has a flow tube 52 inserted through |egs 67, 68 of a base 51.
The flow tube 52 is made of a high purity plastic naéﬁrial,%frﬁ%erably PFA.
Pi Clsha2é fifelee@ brebwlecRFD Goriblia mytionsend appliesowpitisicatls bived HEFeet- oW Pife 52. " The
flowreter 50 receives a process material flow froma supply tuhe 54 and
ext eRasist MAvihdiew Hafihg Ugdh purity fiow dtles 220 disdosed ipHistafl] e WEIPEBAThe | ow
tube 52 is vibrated at its resonant frequency with material flow by the
dri anonEHﬁk{d@Wv&ﬂléi& 5 PletisionMehananat of tflre Pore Majerisil Flovet f s LPO and
RPO WwnI ¢ apply signals over conductors 62 and 64 to neter el ectronics
(not shown), which determnes the 19 May 2006 WD 03/ 046675 PCT/ US02/ 37791

-11 phaS.g% gigghf‘er@&fbﬁs hRkVRSAnd:4ra 12,0n hidhi parityodpipbiersionsrilie pipght vabee Bt put

signal s thereon. Suitable Coriolis flowneters havi ngh h‘i@gh purity
flow tubes arg o SehOmetwillimAakiad bonkdinihdtfoni afabes fhid.aatcoverp pie e on

ént ini“ﬁséif Iﬁ?ffféoc'\ef\%/rre tégahf or the Precision Measurenent of an U tra-Pure Materi al
Fl ow, " ith th iali SybbleOMIBRLAT flvkd 2an bolldoi gid ousliding eppl i cati ons
thevi,ﬁ‘l’2 ﬁﬁﬂ%el g?lgf%%g@?h‘%u%%sp%%%nadg of materials that will mnimze

cont ami nati on_ of t fluid,.. ouer a..4:he Sl ishoudivd 188 designed to
havé“‘?‘i’élgpl’%e@%ﬁ@’ﬁ‘g 3% eﬁ%‘ﬁ%@ Fﬁw fchéll%1 cgpﬁée%t pgﬁ%%no sliding or rubbing

D oxthace with the prdsoat invenaon 1s SbiSpthdlly' ilfselald iflFighft &XRIRAkor 2RACH val ve

situated next to an elastomeric tube 126, which is in fluid 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.




accordance with the present invention is conceptually illustrated in Figure
6. An actuator 122 is situated next to an elastoneric tubejglyf 2@%’ chis
in fluid comunication with the flow tube of io the Coriolig rmss ownet er
112. A gi r ram 124 is noved by the actuator 1 ectively
squeezewcgf&sg?ﬁr% the tube 126 agai nst a reference sur?l%ér@%%%g%l t hus varying
the size of the opening through which fluid flows 129. The tube 126 is
-preferably made of a high purity”gﬂ'r'astoner or plastic. For exanple, PFA a
m xture including PFA materials, and silicone are suitable pinch tube
materials. 15 The tube's flexibility allows the tubin |1s. to conform
around ame ionapipe of fmowi pinels velves isrseallyekitsiables— OB ap¢ OT\a397E KOV oy de a
tight seal. The flow path is straight through, mninizing res‘iéjre drop
and pith R &NEse a THakual hmmbmﬁmmmm—mmyndl@@uﬂh@m@almwowﬁé% i ng wear
or “corrosion of the other valve parts and preventing netal contam nation
of thEnShIES Yoldd 158HEGRABEOL Ottiegpingtivalves anpysed dart dispassingsanphoabigns

sem conduct or polishing operations. In certain enbodi ntllalnt_s, ﬁgﬁahe fl ow

t ube of Reteehbdisgenidiic cantoBedoy thi éimsithghe al ve 110
arel?ﬁ%tcﬁsglﬁgésg({gh e.ﬁ%hgt%%/a%?ag%odg WO 03/ 0%6675 PCT/ US02/ 37791 -12 The
actuation of.k hi'&,l? \ lthe/fidRW rasd iafalcentinuows mamsienf f . Some
KnoWh Vebﬁ‘?’i’cﬁrhl\ig%\ég%& I d lﬁ%%%ﬁ%lbénggtﬂg%ttor with a multi-turn handle, but
this type of valve would not be conducive to closed |loop flow control.

Q her pi Cvrz]a]lv\é %\?\ﬁ%‘eh &pﬁt‘%sﬁgeg oh vdicshnsd g? alg;imﬁhg ¢aying earrent nr Yatagh

processes, e anount of materi spensed is controlled by the
time that the .valyve is . [ b aiseditd gongreinbe ol | i ng t he
| oo i Ak B SR b g

valve. PWM is achieved by generating a square wave signal at 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.




A valve that has only two states can be controlled by applying varying
current or voltage to the valve actuator. In one enbodi menigppyhges W dth
nodul ation (PW) is used to control the valve. PWis achieve y

gener at i are wave signal at a frequency above the valve's

mechani (l%l?ofué@;g%nse frequency. The duty cycle of the QW?BT’? varied to
determ ne the to appropriate voltage or current sent to the device. For
exanple, if the PWM signal operatés- between 0-12 volts, 0%duty cycle =0
volts, 50% duty cycle = 6 volts, and 100% duty cycle = 12 volts. The
"averagi ng" takes place because the signal is at a frequeg&y above the

val ve' s Anegihantice bppresotosthe AW rontglled Typtenpids ist toorseot SERRT VAPYR i s based
on the average current that is supplied. The resulting suErpIy voltage is
pr Op&ﬁfa"of) Nelich ieankaRs Bebaieolivl ddererainistib engilay metation] ® 4 Kneahans@riiedly & r equency
is too | ow, the valve will have time to respond conpl etely tomci)g and of f
si g Eﬂﬁéﬁﬁn Atk S §bnbdr @ohtRllbds ¢hn baiisiphed ® prodwealspecifitoundssi rabl e. A
typin‘géllﬁ]%l n vagﬁ\}/e act ug{)or is a sol enoid, which has a spring el enent
with a prel oad. adi fool Datlal 6L CBAUAAE, idveitos valvathysteqsis cedbe o cl ose

t he %fgﬁt%ﬁg’fog’.%glﬂg%utgts%nggﬁto e %ﬁre-dligoad on the valve spring can inprove the
valve. s control Iange, i LT R4aE B lihoR Riinindi AEHaBIEABN 0L stepperinger

el enBfels stgﬁpggeoga\kﬁoﬁﬁgggvgﬁgg-suspended pl unger. The '

spri ng- suspepded unger .m nim s | s mal H fspease due to
fri C@Pfeh,ge’\?ﬁﬁﬁ Hrﬁdﬁf’ hﬂ?&%& %et%éeg er 2@9?9‘%%& gggénl?\g%dvv%%mrg}g in available
sol enoi d- act uat ed pi.nch val ves. 19. Ma 6 6 ¢/ 37791 -13
An a¢ha&eﬁéﬁWé"%ﬁﬁ?@%h&%ﬁppﬁemwsc%ﬁ?ar%g% %@ﬁénm Z‘.’SEIB%&’B&?? a stepper
t tuator, which transl . trol l.ed, determnisti |
T o anet i 0 i 408 58 S0 A A PO

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

10 pinches the tube. If the tube properties change due to temperature or pressure, the amount the
tube closes, and thus the flow rate with a solenoid, changes. Moreover, a stepper actuator can

remain at the last position to provide fast response to achieving setpoint at the start of a fluid

delivery cycle.

The 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




wor m gear type arrangenent. Stepper controllers can be designed to produce
a specific number of steps proportional to an anal og signajg imPYbogs

Backl ash, and thus val ve hysteresis can be s mnimzed by any n er of
appr opr i gear designs that mnimze backl ash. r notor
gener al I\@i%f%@?%nes immunity to tenperature and pr essuljrdg@%%?ﬁati ons, which
may cause changes in the pinch tE ing. A stepper notor is a neans to
control position, so the stepper”it8” imune changes in the pinch tubing.
Wth a pinch valve, the pinch tube is an integral part of the system -
current is applied to the valve actuator, which a ie or.ce t he pinch
t ubgurfudei7e hnd.fhe pim ohpistoni{eot shoyen) of the gefaatpy, i apd B‘bg‘ﬂq 8@ Jé t?zgﬁ}beethgeue to
tenperature or pressure, the anount the tube closes, and thus the flow

r at eypWixhich B comieeraitela renlrandes8. 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 bl ock di agramof Fi gur& 2, for

exanpl e, Ashiowa abb, & achibve nlhizh pbeity systewibe eitife oW Pefhemuss be ARfGe2 e 101,
with the outlet 103 on the opposite side of the enclosure. Figure 7 shows
an lﬁ%ﬁ ﬂﬁg@%ﬁeﬁﬁcﬁmﬁ%@mm&t&m hBigimel St schesatioally dlustraies 2 hglOBRY t he sane
end 0 € enclosure 101. Such an arrangenment may be partiéicuhlsarly
~ desi . B 1 RALIR AR WRSrdtesi dhsdctibe inpliniis the pessupr dgpuagiy used,

st nc‘gergst%rgyaﬁ%?gﬁca%ly have the iq)nl et and outlet on the sane etr;g of the

devi ce. i, OJ. 4 lowgetigsh adyPipkelc. vaAy gey mrequirementanC @i t h a
,part@@fﬂ“@?egce)ér%o{)i{; %e%gléz ] of thlgéi %ver%r!?:pon are shown in Figure 8. The
Coriolis mass flawmetor, 30 SuGIRans bitdny id {h8: AGRELS th6 ddvidesied bé ed i n

Fi gu’inét“’ﬁl?enti*ﬁ%n 9?3\/‘8 2 %gﬁ%‘b’ %@s atyt%ached to the base 51. The pinch val ve

el astoneri ube 72 .i ncl udes _an_.inl.et,. faskik Césaw t ube 52.
The wp&@&fﬁfé@i(%n h&‘iﬂﬂe‘f ﬁ‘EmFﬁ'«S%? ?Iﬁbaé’!"g‘léd’ﬁggg%geﬁgegtr}gﬁﬁ%gﬁ he f%riod inl et 54.

The tube 72 extends betta\é\e/e%nfage ref elga%plgaedﬂ%%hé\/gngsgfé@nﬂégi&%déﬁcﬁz@@a

connections is the use 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.




PCT/ US02/ 37791 -14 surface 74 and the ram or piston (not shown) of the
actuator 70, and an outlet end 76 of the tube 72, which isl&ﬁ/%?%ﬁé@d to a
return tube 78. As noted above, to achieve a high purity systenfthe entire

fl ow pa e made of a high purity, chemcally j é; I st ant

mat er i aw.a’ |§6tgﬁg 9A schematically illustrates a high ﬂéﬂ‘f{fﬁ%} £7§9S ressure
transmtter 330 with the wetted p{ cess connection including the pressure
di aphragm constructed out of a sthgle piece of high purity plastic. A key

requirement of any instrumentation used in a high purity distribution
systemis that none of the devices can_be urce of | . eaded
connect i Amgltcinaivg peisaisel senseic3pisehayp é‘HFW’éﬁe%@d RYERYR 5@%{%53? d su-sggy
connections is the use of a face to face seal. Eabricating th ocess
congankil capagifice pressufe sensos 339 neyisuugekiam FAPHIE s (THE SRS IF aPWSEF% here are
no threaded connections, which can be a source of |eaks. The pressure

t T ang Fhiph SurifyIQatkrint Isuiders PFASIHs0d ekiohdieintodBs presyrecthamhsr 198 12 8M&td uct ed of
pol ypropyl ene since it is not part of the flow path. A pressure_ chanber 360
CONSab ifcd: @k Mifid Bré¥bigh squberdsthe hscer3Tal AsadvantegeRFiAhe sppreach SBOWRI% he sensor
hol def 358. The pressure chanber 360 15 defines a process fluid in-take

qui &fﬁ.ﬁ@% 616 Tkl GesbAaRtcC kNS aT Sy QittuCiares fsayairgdr fos scoueate prEAsts ement

per mance, a ceram c pressure sensor 362 is bonded to a high purity

g: ggl?el% %’9{%"1“%6%& %&e%sgm FSisurd séRSor IT0GK alPiforad ekt afithe pedsaxathiambent t he

So ca creep) Is conpensated for by el astoner o-rings 366

] R B R L T L S
manner, the entire wetted part of the pressure transmtter 330 is PFA or
anot her ﬂjg;l}easl lO?lzhﬁlngrateD%rIiioﬁQ' asBéc‘% bt g hf@tﬁ&iitﬁhﬂtegrated 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




19 May 2006 WO 03/046675 PCT/ US02/37791 -15 An alternative pressure sensor
331 is shown in Figure 9B. The pressure sensor 331 uses a %ﬂﬁh§2006
capaci tance pressure sensor 370 constructed from sapphire. € Sénsor is
encapsu -0 a high purity material such as PFA 3 g ends into
t he preggiggugﬁgnber 360 in such a way that the quiégﬁﬁ%'@ﬁéé squeezes
the sensor 370. An advant age of tq§ approach shown in 5 Figure 9B is no
fixed reference, such as a sturdy"structure, is required for accurate
pressure nmeasurenent. The encapsul ated pressure sensor 370 is an integral
art of the pressure chanber ,360 and is _constructed out ,of a.single piece
of Hing fail punhmg;iatmnagltei considered, within hy.s¢ope gnd SRipif gk e JAYPTtGHS ‘%S%a“‘?is‘/’ of a high
purity, integrated Coriolis mass flow controller 400. The integrated
conttheplortiohoughh bérainds asset forth inibe elaimsdelof t h a facepl ate 402 io connected
toa front end. Inlet and outlet connections 404, 405 extend fromthe
faceplate 402, along wth other user interface controls 406. Situated
inside the enclosure 401 are a Coriolis mass flowreter 450 and an
el ectronic PID controller 412. A pinch valve assenbly 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
encl osure 401 with the pinch valve is tube 472 extendi ng from connectors
471, form ng a generally U shape. The provision of the valve 410 on the
outside of the enclosure 401 all ows easy mai ntenance of the valve assenbly
410, including replacenent of the tube 472 as necessary. Qher 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 different but equival ent manners apparent to
those skilled in the art having the benefit of the teachingﬁ;pﬁggb@6
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 nents di scl osed above may be
altered or nodified 19 May 2006 W&/ ©3/ 046675 PCT/ US02/ 37791 -16 and al
such variations are considered within the scope and spirit of the

i nvention. Accordingly, the protection sought herein is as set forth in

t he CLAIMS :bel ow. 19 May 2006 -17 CLAIMS: 1. A mass fl ow neasurenent and
control device, conprising: an enclosure; a Coriolis mass fl owreter
situated in the enclosure, the Coriolis nmass flowneter including a

fl ow-tube nade of a high-purity plastic material, a driver coupled to the

F 1 ow t ubea fass NowWihadsiRBed: AR EdnY¥Y doBE cofifli@: Pi Ckof f coupl ed to the flow
tube for sensing Coriolis deflections of the vibrating flow tube; and a

pi nch vajﬁﬁma&&hyding a tube in fluid communication with the flow tube, an
act uat or aving a ram operatively connected thereto situated adjacent the

tube, and a ﬁ&%fgégn e s%rf%Ee osiﬁkoneOIgeng%géhﬁ)gp %si e t?e ram such
that the %t uBe” 's™*EqUeE2EE S BEAWRelCt &P Ehn QHRYS 815 R ur f ace.
| including a flow-tube 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




2. The mass flow neasurenent and control device of claim1, further
conprising a controller receiving a neasurenent output sigp@hﬁﬁmgﬁgthe
Coriolis flowreter, the controller providing a control output Signal to
the pinch valve actuator in response to a setpoint signal and the Coriolis
mass fl owneter output signal. 3. The mass fl ow neasurenent and control
device of claim?2, wherein the cqq%[oller is situated in the enclosure. 4.
The mass fl ow neasurenent and control device of claiml, wherein the pinch
valve is situated in the enclosure. 5. The mass fl ow neasurenent and

ube extepds outside

control dgyhge h. ladm 1, wherein the.pinch val ve
t he encl osur %;cogl ﬁ?cmo%aﬂ%%?/n g co %c?%f’[}ﬁ%\“)égWPb?icﬂ@e?tf%F CP4 et and
out | et connectiggs, t he inlﬁ£ an ou;%ﬁ} connections being situated on one
end of the encPBE{FH &b onGfyy gt the SRelaTwE: 498{%ri sing fluid inlet and outl et
connect'ionsh the inlet and outlet connections being situated on opposite
ends of tREbererpdsinetiuidimis nd aufietcennectiovs, the intehandputjes connsetions biesi t | oned
downstream of the flow tube; and/or wherein the pinch valve tube is
posi ti oned upstitasdroeppotits chdsoithesbdosuamdiddor wher ei n t he act uat or
conprises a stepper notor. 6. The nmass fl ow nmeasurenent and control device
of  cl ai m vhergihgreginh vile tpbais positmhwkdovastréaat dfithe fRwaticagdied t o an out si de
surface of the enclosure. 7. The mass flow neasurement and control device
~of cl ai mvhersih ee@inoh tA1e: talsd ibl pds@ione PR EASEIhePf HOMBD Bhdor
wherein the actuator comprises a stepper motor.

6. The mass flow measurement and control 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

comprises 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




8. The mass fl ow neasurenent and control device of claim?7, wherein the
solenoid is controlled via pul se-width nodul ated signal. 919 N3¢ 2686s flow
measur enent and control device of claim?2, wherein the controller

conprises a PID controller. 10. The nmass fl ow nmeasurenent and contr ol
device of claim1l, further conprising a pressure transducer in fluid
conmuni cation wt h the flow tube. ;31. The mass flow nmeasurenent and control
device of claim 10, wherein the préssure transducer is situated upstream
of the flow tube; and/or wherein the pressure transducer is situated

downstrea The nmass f surerren and ntroI
devi ce ofgn %ionﬁ I%esslllru\rﬂftr g(?uc%rog%lprﬂlms({]ﬁ%mg“ﬁu%t ‘gf P f4pg e r in fluid

comuni catlon th t he r{flo Ee situated upstream of t he flowtube and

19 May 2006 - 1874°E%E y 3“5%‘ fe transducer in fluid communication with

the {4 ow tr e fl tube. 13, The ss fl ow
neasLir'eneEttﬂé)Iga 'ﬂwﬁ %lr H%e%h?e o?omd?a?eng?flalm fr‘fl’%lﬁé‘ghlpawyﬁ ity plastic
mat efph@kialliSpiEA. 14. The mass fl ow rreasurerrent and control device of claim

1, wherein the tube is made of a high-purity plastic material. 15. The

massi4 | OWTFEBASY ﬂ%ﬁbﬁs@a&n@ﬁ{awo%ol%ﬁb&& oPim ¢! @hdRif the HELSE Rl S0
hi gh-purity plastic nmateri al

high-purity plastic material.

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

plastic material is PFA.




