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UL gri'*tor %%3,%51%, &\ﬂetngcaﬁ-ﬁecﬁlgﬁkaﬁtPléQl)éri%tfogethP) 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 most applications,

20  the polishing pad rotates at a controlled speed against the semiconductor to flatten the
surface. Over-polishing the wafer can result in altering or removing critical wafer
structures. Conversely, under-polishing of the wafer can result in unacceptable wafers.
The polishing rate of the wafer is highly dependent upon the delivery rate of the fluid
and the total amount of fluid delivered during a polishing operation.

25 Another process used in the semiconductor industry requiring accurate control
of fluid flows and a contaminant free environment is the photolithography process. As
is known in the art, photolithography is a process that applies a light sensitive polymer,
known as resist, or photo resist, to the wafer surface. A photomask containing a
pattern of the structures to be fabricated on the wafer surface is placed between the

30  resist covered wafer and a light source. The light reacts with the resist by either
weakening or strengthening the resist polymer. After the resist is exposed to light the

wafer is developed with the application of fluid chemicals that remove the weakened
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cons1stent thickness of liquid remains from the center of the wafer to the edge. Some

of the variables that affect liquid thickness include the resist or dielectric viscosity,
.0  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

25 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.

The fluid control element is thus a critical component of such systems to insure

50  proper delivery of the process fluids. A need exists for an efficient, compact and

contaminant free fluid control device to address shortcomings associated with the prior

art.
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measurement device. The pinch valve has an actuator with a plunger operatively

connected thereto. The plunger is situated adjacent the elastomeric tube, and a
2 reference surface positioned generally opposite the plunger so that the elastomeric tube
is squeezable between the plunger and the reference surface. A pressure containing
member is situated about at least a portion of the elastomeric tube. |
The mass flow measurement and control device may further include a
controller receiving a measurement output signal from the flow measurement device.
25 The controller provides a control output signal to the pinch valve actuator in response
to a setpoint signal and the measurement output signal. In certain exemplary
embodiments, the pinch valve is situated in the enclosure. In other embodiments, the
pinch valve elastomeric tube and the pressure containing member extend outside the
enclosure, The pinch valve elastomeric tube may be positioned downstream or
30  upstream of the flow measurement device.
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:
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Figures 8 and 9 are block diagrams illustrating flow measurement and control

devices employing a pinch valve in accordance with an exemplary embodiment of the
invention.
While the invention is susceptible to various modifications and alternative
20 forms, specific embodiments thereof have been shown by way of example in the
drawings and are herein described in detail. It should be understood, however, that the
description herein of specific embodiments is not intended to limit the invention to the
particular forms disclosed, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope of the
s  invention as defined by the appended claims.
DETAILED DESCRIPTION OF THE INVENTION
Tlustrative 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
50 actual embodiment, numerous implementation-specific decisions must be made to
achieve the developers’ specific goals, such as compliance with system-related and
business-related constraints, which will vary from one implementation to another.

Moreover, it will be appreciated that such a development effort might be complex and
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metal flow tubes due to a variety of mechanical and chemical processes. Plastic

20  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 flow tube reduces the ability of bacteria to attach to
the tube and contaminate the fluid with organic materials.

25 In such high purity applications, the tube 126 is preferably made of a high
purity elastomer or plastic. A suitable high purity elastomer is silicone (cross-linked
polysiloxane) as it is chemically resistant and has the proper chemical properties.
Other suitable tubing materials are PVC (polyvinylchloride, Tygon), Polypropylene and
Fluorocarbon Rubber (Viton). A variety of fluorinated polymers such PVDF and PTFE

s0  are also suitable. For example, PFA, a mixture including PFA materials, and silicone
are suitable materials for the tube 126 in high purity applications. Moreover, in

exemplary embodiments of the valve 100, there are no places where stagnant fluid can
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permanent set if the valve plunger 126 is pushed against the sleeve material long
2  enough to permanently deform the material. Such a deformed configuration of the
sleeve may cause control problems. This type of deformation may occur, for example,
with valves having a normally closed configuration, in which the plunger 126
compresses the flow tube 126 and sleeve 230 for long periods of time. Removing the
portion 232 of the sleeve 230 in the illustrated location allows the plunger 126 to
25 directly contact the flow tube 126, while maintaining the pressure containing properties
of the braided sleeve 230. The sleeve material can be mechanically cut (scissors,
cutters, etc.), thermally cut (to prevent unraveling of the material), etc. to achieve the
desired opening geometry. Thus, the sleeve 230 acts as a "holder" for the tube 126.
The sleeve 230 also offers pressure containment for the flow tube 126 and maintains an
0 increased pressure rating of the portion of the flow tube 126 contained within the pinch
valve body.

Figure 4 illustrates a pinch valve 300 in accordance with another exemplary

embodiment of the invention. In the pinch valve 300, the pressure containing member



permanent set if the valve plunger 126 is pushed agai nst the sl eeve
material |ong 20 enough to permanently deformthe material. Such a deforned
conf i gur awoon/08291 he sl eeve nmay cause control problens. ParasSoypssof

def ormati on may occur, for exanple, W th valves having a normally closed
configuration..in i 3% b&RTRE geeRibE Nes! | W patbienld26 and
sl eeve 23OCOF5)PS?SO?‘| uﬁ%ﬁr% Sggmg% %?lgﬁgl.l&égﬁo@#ng the portion 232 of the

sl eeve 230pipddiniét,i 1 mbsividatpetypresdine eingnireapscet] va thé fioganbel 26 anceither
directly contact the flow tube 126, while maintaining the pressure

cont ai ni nepiderafies aateaor b32.t he brai ded sl eeve 230. The sl eeve material can
be mechanical Iy cut (SgGi c e e Nse§ Bhe bFf obE event
unravel i ng of tIHeoléflrgteg}cqogﬁé)%n%séfL I(I:e %%Sﬁgez%qng%@n% Izlneeh{bgeg?rb%dseopeni ng geonetry.

Thus, the gligaeambiaGitaied absutahé flowdebs 126)r Fomhexamples thofiow titeel 26 mewe 230
al so offers pressure contai nnent for the flow tube 126 and intains an 30
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t he pré%su?@tad‘i?m‘? it Gr r conprises one or nore 5 rigid nenbers

situated about fibEref I50WhEWea Imfch RalveeX@0Pine acddidanick owithube &2fptary  be
inserted through™a bore defined by such a rigid structure to provide

pressure eobddimenteoftthe pressufcinventioarthgcdises atrigid member snclpding BYR BieRPhg

menber surrounds. th flow tube. Haowevefr, 11 | 1= ' he
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Figure 7 shows the valvé 400 with only

shape of the flow tube 126, such that when the upper and lower members 431, 432 are
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sandwiched about the flow tube 126, the grooves 440 receive the flow tube 126 to
20  provide pressure containment.

In the illustrated embodiment, the upper and lower members 431,432 further
define an opening 442 that receives the lower portion of the actuator 122. The upper
and lower members 431,432 are held together by any appropriate means to form the
pressure containing member 430. In tests conducted on one embodiment using 0.25

25 inch silicone tubing for the pinch tube 126 with the clamshell pressure containing
member 430, the pinch tube 126 did not burst until the pressure exceeded 200 psig.
As noted above, the two-piece clamshell arrangement is exemplary; the rigid pressure
containing member may comprise a single member, or several members.

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

50  known pinch valves have a manual actuator with a multi-turn handle, but this type of
valve would not be conducive to closed loop flow control. Other pinch valves are

used for dispensing applications in batch processes, in which the amount of material



upper nenber 431 of the pressure containing nmenber 430 in place. The upper
and | ower nenbers 431,432 each define a groove 440 that generally
correspora® iBoOs2be  shape of the flow tube 126, such that pearsos/wssupper
and | ower nenbers 431, 432 are sandwBched about the flow tube 126, the

grooves 440 recei.ve the. flow t hde T assy fof@néwi nment .
I'n the il PIEBFISEY &Y CQH%@&qdné%tt?gﬁﬁgéﬁg%eﬁean ell)gsev\g? member s 43(1),432 further

define and9&‘?ﬂi:e1?lg cBiollihathe Reeiden 4 domtihaomsmanoett i on of the actuator 122.
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means to form thealvepthetshas enly brie siatastgn be seeroledpy arpHW‘E%Yagyl\é%r?gu(é@ed on
one enbodi nent using 0.25 25 inc | 1] ' b wnbe 126
with the OFpKagsItPt %@‘é‘h?é"%‘ht gﬂ ?ﬁf?enégfﬁ&%ﬁ“n@ﬁ“l%o‘?ﬂﬁ‘héﬁg?‘ﬁﬁﬂpﬁbe 126 did
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arrangenent is exenplary; the rigid pressure
cont ai ni ng‘reqﬁémgrabnm/t}reovqivd’sme&hmwéglf@aspmqu%‘iy‘ sgb%rdgﬁ' F?@‘E%BF the The

actuation of known pinch valves is usuyal e - ok f one 30
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pr ocesses, 5004 dulyi gllet-hé wotsuand d00%eduy icéle 3l 5399 B 3PE381 8
di spensed is controlled by the ti t hat 1he yal B ' @se not
al | ow wdyrr&aﬁec%ﬁcmgﬁec@ﬁt%%/ai ithgt tahgg‘i‘}‘*&%’ ARYE ﬁ‘% ‘\éaq‘ééo%t‘?é%ﬁ‘%%@fr‘ﬁ ng?e. A
val ve thate s, gnl ol b alrafie Gae Aebano tid sdrday canphyhais sappliedg

I
current age to the valve actuator. In one enhodi nent, pulse w dth
modul at i onTHeRWMitingSsupplyusbtdgé is peaprrtional tchibe palse @f.ldtbmhesSl%@Li eved by

generating a sg{z%g wav? Si gg%c}as;tq?* fl{ﬁg%{%g%vg%ﬁeh&‘)geﬁl\ﬁ | 3 'n%ggﬁphani cal

response frequ nal"I's varre tg ternine
ey 27 PRS2 SUSACCRa s o ol gl || {1
cycle 5 6 J@iriile. AngbidAQct walve aytuker is A dlenold, gyhicm@s-aépgp%lpwgm kes i 0
e o e b S SRR I R oo
o £ Al PEBRR 0 R Baeug volira, el s 1o
val ve Wi | | ofh@y emplesenthtionsps phediolenoid plunger element is rep aced with a spring-
suspended plunger. The spring-suspended plunger minimizes the non-linear valve
20 response due to friction, which minimizes the hysteresis and dead band common in
available solenoid-actuated pinch valves.
An alternative approach to the PWM-controlled solenoid is to use a stepper
motor actuator, which translates a controlled, deterministic angular rotation to a linear
ram drive by a worm gear type arrangement. Stepper controllers can be designed to
25  produce a specific number of steps proportional to an analog signal input. Backlash,
and thus valve hysteresis can be minimized by any number of appropriate worm gear
designs that minimize backlash. A stepper motor generally provides immunity to
temperature and pressure fluctuations, which may cause changes in the pinch tubing.
A stepper motor is a means to control position, so the stepper is immune changes in
30 the pinch tubing. With a pinch valve, the pinch tube is an integral part of the system —
current is applied to the valve actuator, which applies force to the pinch tube, which
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



conpletely to on and off signals creating a pulsed flow output, which is
generally not 15 desirable. A typical pinch valve actuator is a sol enoid,
whi ch haswe o3fps83i2ag el enent with a prel oad adj ust nent that pdatEs0s9386 t he
current required to close the solenoid. Adjusting the pre-load on the

val ve spring can inprove the _val ve. 18 lor&RA Bast Fddporik RBrachieving
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system - current is applied ta the valy t | AR dagsedityr ce to
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hi gh- puri t{ erral "to prevent contam nation of the pgoceﬁs fluid
caused by A controller 114 receives a setpoint signal and an output signal from the

o

flowmeter 112. The controller 114 conditions and processes the signal from the flow
2  meter and outputs a control signal to the pinch valve 100 to vary the flow rate of the

process material based on a comparison of the setpoint and measured flow rate. The

setpoint input to the controller 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 available from Red Lion
25 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 causes the
controller 114 to ignore the setpoint and fully open or close the valve 100. This
feature is often used for shutting the flow off or purging the system. In Figure 8, the

s  controller 114 is shown as being positioned inside the enclosure 101, providing a
completely integrated flow control system. In other embodiments, however, the

controller 114 is external to the enclosure 101.



transferring unwanted (e.g. netal) ions to the process material. Suitable
high purity plastic nmaterials include PFA, PVDF and PTFE. As noted herein
above, thwopBsi?97 val ve 100 may al so i nclude conponents neda/usb3/eo3Bi gh
purity plastic material to prevent tWansferring ions to the process
material. In the bl ock .di i ] the d¢qcya1006nd $ abown as
bei ng situat edﬁ%%&yﬁﬁvgq%b?ékﬁgﬁeﬁetg%ﬁgwgtgﬁdegﬂlol. In sone enpodjnents,
portions B o ah¥EagaRst Lhangent live prebsnes. The valve dORenths RAFHOIES| de

0\
sur f ace ol?rftﬁe encl osure 101, as in_the enbodi nts,sh i Laures 2, 4
and 5. A eitiet npitieem ofthe ﬁ@@%ﬂ%@@e@r%&ﬁ%g}?ﬁ“‘s‘f‘ r‘%ifeéna‘pﬁén“os&eg"&% lgsnl?gnal
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si gnal r-an control signal to the pinch
val ve 100l.QideAh¥ Wilesek kiatdbeprefsutdreariationsedingeuser iThis hedpsethelior the
conparison 01! the setpoint and neasured flow rate. The setpoint input to
the cont r @bwvenetdrl¥ 2ifson preseue changas #1dBcfusHPeS- sj gnal such as a 0-5V, 4-
20mA signal or digital signal. t Lifove ehdoibtritieebhlacascihel d al so
be used. A suil ﬁﬂ?ag“%‘zafpSWﬂ?&élgrﬁ@r%F%&@sh% nodel P48 pr oceZs control | er
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114 may al so eature commonly known as yal ve overtide e an
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causes the  controller 4 t0o | [e ot ROt o nertid YhowREOtREr Cl ose
t he valbve limgtionyare th"é‘é?%lutroet%les&ga?lfeorf\‘ ct?gsetg&%lg? og r?S? ? ing the flow of f or

purgi ng tzﬁans&sggﬁhhéd] P CRis belB®. 30t @otherafblecevidehd that topatiedarbei ng
positioned i'nSide the enclosure 101, providi %a C rrﬁl etel y.i.nt eg[reat ed
f1 ow cont realbodishmndisdosedtaheve map deiatteradsor medledand all SUCh XIHAIGNY &€ 114 | s
external to the enclosyre 101. .03/ 2 / h t&&npPi nch
val ve 100 coasidgred sathimerscapg ?%Bﬁof)%%l xZeanﬁ(% ﬁ%& an% ’i]tteé)lg%o provi des

a buffer agaj £549h \d tRE cREESEGw. The val ve 100 can be positioned
ei t her upsS P%lg%te{)eﬁ]i?%ggénass flowmeter 112 as shown in Figure 8, or

downstreamas in the enbodi mrent shown in Figure 9. Cenerally, it is
preferable to have the valve 100 on 5 the side that will see the |argest
pressure variations during use. This helps shelter the flow neter 112 from
pressure changes and fluctuations. The particul ar enbodi ments discl osed
above are illustrative only, as the invention may be nodified and
practiced in different but equival ent manners apparent



to those skilled in the art having the benefit of the teachings herein.
Furthernore, no 10 limtations are intended to the details of construction
or desi grwbas®sszoshown, ot her than as described in the clrarmsobedsew. It is
therefore evident that the particul ar11 enbodi nents di scl osed above nay be
altered or nodified and all such variations are considered within the
scope and spirit of the invention. Accordingly, the protection sought
herein is as set forth in the clai ﬁ%ﬂ&#@y WO 03/ 085297 PCT/ US03/09381 11
CLAIMS WHAT IS CLAIMED IS: 1. A control "valve, conprising: an elastoneric
fl ow t uh&VHATRAS CRABMED; IS2 pl unger operatively connected the actuator, the
pl unger being situated adjacent the flow tube; a reference surface

posi ti oned genler al I‘§/°%‘Hf§8§ﬁ]ﬁ’6 OPISIN8hger such that the elastoneric tube

i s squeezabl e e ger and the reference zo surface to control
fluid flow thragﬁeté t’%éitc?ﬁg\;/)va‘tﬂgfbe; and a pressure containing nmenber situated
about sat | eastanactatdrj on of the flow tube. 2. The control valve of claim]l,
wherein the pressure containing nmenber conprises a braided sleeve. 3. The
control val ve %oPluggesioperatively cpanestadnibe sewigton, the abingar heing siteaterd pdiagent
conprises a pluralijygof ;nings. 4. The control valve of claim1l, wherein
the pressure containing nenber conprises a rigid nenber receiving at | east
a portion of taheeftleotd tsiligce positibredC gierally ¥pdosRe Othe ChlahgBrdsuchh@iagithe t he
rigid nenber conprises first and second nenbers sandw ched about the flow
tube. 20 6. A mass clasivnaicatilie dfevieerable chstivean theeplupger eahth¢ gefetence an

encl osure; a flow r L vVige situated in e enclosure; and a pinch
val vel%i ncl udi ng anrgg ac;étt§%ﬂﬁrg@%%wﬁhrg@lhﬁﬁ%wdﬁ Grffdni cation with the
fl ow nmeasur eneyyresdan cofiairitly Mehbé stiiatdd bod afleBdt W R B3 Howakle,

2. The control valve of claim 1, wherein the pressure containing member

comprises a braided sleeve.
3. The control valve of claim 1, wherein the pressure containing member
15 comprises a plurality of rings.
4. The control valve of claim 1, wherein the pressure containing member
comprises a rigid member receiving at least a portion of the flow tube.
5. The control valve of claim 4, wherein the rigid member comprises first and
second members sandwiched about the flow tube.
20 6. A mass flow measurement and control device, comprising:
an enclosure;
a flow measurement device situated in the enclosure; and
a pinch valve including an elastomeric flow tube in fluid communication with the
flow measurement device, an actuator having a plunger operatively
25 connected thereto situated adjacent the elastomeric tube, and a reference
surface positioned generally opposite the plunger such that the elastomeric
tube is squeezable between the plunger and the reference surface, and a
pressure containing member situated about at least a portion of the

elastomeric tube,



25 connected thereto situated adjacent the elastoneric tube, and a
reference surface positioned generally opposite the plunger such that the
el ast omerwo 038207 i s squeezabl e bet ween the plunger and tRETNSI®IBACE
surface, and a pressure containing nenber situated about at |east a
portion of the elastoneric tube. WO 03/085297 PCT/US03/09381 12 7. The
mass fl ow neasurenent and control device of claim®6, further conprising a
control ler r ec'7cei vi ﬁqa&eﬁﬁw B LreQutPYhd Sdogftal devieen dfhelafnh oy fiethenr enent
device, the contr er providing a control output signal to the pinch valve
act uat Orcoh@risi_!ilg%%%ﬂﬁ@ﬂ& PecRivires Poiemturanan abtpahsignd &omethe dlosBRISUBTYh

signal. 5 e mass fl ow neasurenent and control devjc i m:6,
wher ei n deliee, fenamirpl¢rveroviding g sapial PHPPHEER dPolis rpér}éhQ.sal%g&hgég gﬂ 11?| ow

measur enent and contrgl . devj LR ekiehd) the pinch valve
el ast oneFFROMEYIPR quﬁtg%g‘réé@&%eg%ﬁ’g% ni’oﬁgmrre%b_er ext end out si de_the
encl qsure. i0g10. fiRemaRsiow mustRaRnr emt nonten dlevion tof slaineli whersin Beai m 6,
wherein the pinch valve elastoneric tube is positioned downstream of the
f1 ow nmegsinchevabvetis dignataskin thejencipserenass f1 ow measur ement and control device
of cl aim 6, erein the inch v 1 fevicd R disimPeSwhéreinethe
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upst ream of e fl s evl ce. A control valve, conprising:
15 an e'g@ﬁ%tﬁ UBiL CldslRiiricUiaBe Al @6t pragsare bonthinpgamphbergertensh episidey ey
connect ereto situated adjacent the flow tube, and a reference surface
posi ti onadlaggereer al | y opposite the ram such that the el astoneric tube is
squeezabl e between_t he pl unger and n@eq,-c%%ffaﬁgl gyomgmrfﬂie fluid
f 1 owl® hr ough {®e f]rﬁwgsoﬁo atﬁﬁasﬂartﬁneggﬁgégggﬁgr eséure contai nment of the
flowt ubﬁ"mch valve elastomeric tube is positioned downstream of the flow measurement device.

U

11.  The mass flow measurement and control device of claim 6, wherein the
pinch valve elastomeric tube is positioned upstream of the flow measurement device.
12. A control valve, comprising:

15 an elastomeric flow tube;
an actuator having a plunger operatively connected thereto situated adjacent the

flow tube, and a reference surface positioned generally opposite the ram
such that the elastomeric tube is squeezable between the plunger and the
reference surface to control fluid flow through the flow tube; and

20 means for pressure containment of the flow tube.



