1 FLU D FLOW CONTROL DEVI CE AND SYSTEM DESCRI PTI ON CF
THE I NVENTION Field of the invention [001] Th
invention relates to a device for controlli ngmﬂmm’mmmm”m
of fluids. Some exenplary aspects of the invention ey
relate to a flowrate control device configured 18
deliver fluids in sem conductor applications.
Background of the Invention [1002] Devi ces pre&lmﬂmmgﬂﬂ"""”I”I“"l
avai l able for controlling the flow of fluids
nunmerous and varied as the different applicati ons®G00002* -
requi ring such control. In sone instances, fluid flow
control canEbHIB FLAW GEHNTROG DENVIGEI ANDI BY ST&iMe -
applications, variations in the supply of fluid, or in
the- output conditions for that fluid, make it .
difficult to control the flowrate of the fluid

precisely and repeatably. Such variations al so nmake

it difficult to adjust to fluctuations in fluid

pressure and f| RESSRIPTIONDFIKE tINVIBENEION

difficulties, sone existing fluid flow contr ol

devi ces are not capable of both precise and repeatable

' f ionln fact, some existing fluid flow

control devices have only a limted ability to .
conpeli¥Ht] e Tiher presentiniventomn palatesatm adedicerist cemtrolling the flow
are not well suited to '
of fluids. Some exemplary aspects of the invention may relate to a flow rate

control device configured to deliver fluids in semiconductor applications.

Background of the Invention

[002] Devices presently available for controlling the flow of fluids are
as numerous and varied as the different applications requiring such control.
In some instahces_, fluid flow control can be a challenge. For example, in
some-abplica‘tions, variations in the supply of fluid, or in the output conditions
for that fluid, make it difficult to control the flow rate of the fluid precisély and
repeatably. Such variations also make it diffiﬁult to adjust to fluctuations in
fluid pressure and flow rate.

| [003] Due to these difficulties, some existing fiuid flow control -
devices are not capable of both precise and repeatable fluid delivery. In fact,
some existing fIUid flow control devices have only a limited ability to -
compensate for variations upstream or downstream, alnd are not well suited to
adjusting to fluctuating fluid conditions within the device. The limited

capability of some current designs may be attributed to a number of factors.



adjusting to fluctuating fluid conditions within the
device. The limted capability of sone current
designs may be attributed to a nunber of factors. 2
For exanple, the valves used in sonme devices may be
sufficient for controlling the flowrate of the fluid
but not particularly suitable for turning the flow on
and off. Simlarly, the conponents used in sone

devi ces. may be capabl e of negsuring the flow or
pressure of fluid, but not vefy accurate due to
fluctuations in fluid flow or pressure. [004] Sone

exi sting arrangenents do not respond rapidly to
changing flow control conditions. In sonme instances,
Eely exampleskiye siplvescisallie sdaieagevieas stay besufiserd for controlling
change in flow rate and the detection of that change.

tAe fiow ratewftthe dufdcciegioastio FOEHEAY sh@é’&eWBVt&H’nﬁé he RS on and
responsive as the flow neter or other neasuréenent
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e fol descrlgtlon .certain aspects and

flai OrPén'f‘gRtbq rf]g‘(‘/h%' EESE®t i nvention will becone
evident. It shoul d be understood that the invention,
i n i t{084br Satnesexisting arracgeimgntedpnat téspmhdaapidivtto changing
havi ng one or nore features of these aspects and
flewb odintreintanditionsot Inesorme irtktan tdws serel ABRAE hEpAihable delay
enbodi nents are nerely exenpl ary.
exists between a change in flow rate and the detection of that change. As a
result, a feedback control loop may only be as responsive as the flow meter or
other measurement device used.

[005] The present dlsclosure relates to a fluid flow control device that
may at least partlally avoid some or all of the aforementioned shortcomings of

‘existing devuces.

SUMMARY OF THE INVENTION

[006€] In the following description, certain aspects and erhbodiments of
the present- inventioh will become evident. It should be understood that the
invention, in it's broadest sense, could be practiced' without having'one or
" more features of these aspects and embodiments. In other words, these
aspects and embodiments are merely exemplary.

[007] In accordance with one aspect of the present invention, a fluid
flow control device'may include an inlet for passing fluid into the device, and

an outlet for passing fluid from the device. The fluid flow control device may



[007] In accordance with one aspect of the present
invention, a fluid flow control device may include an .
inlet for passing fluid into the device, and an
outl et for passing fluid fromthe device. The fluid
fl ow control device may 3 al so include a pressure
regul ating portion configured to receive the fluid and
to deliver the fluid at a controlled pressure. The
device may further include aflow control valving
portion configured to receive the fluid delivered by
the pressure regulating portion and to deliver the
fluid at a controlled flowrate. In addition, the
eviciaﬁgg include a flow nmeter configured to neasure
N9 PAEESWHE redelatingire tiom goafligweertelreeeivere fluid and
"controls at least the flow control valving portion
tadetven the fluid at al cendrolielepressweneisudedcbynanturfierwnclude a
nmeter. [008] In another aspect, the pressure
floageorattelng ving postiorEoffiture@ b ¢6ceiv@Yhé NGIdUISIvRred by the
pressure regulator and a regul ator pilot valve t%at
PEITB ' - t réi I ;
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| t I he.pressure of the
=PlRh. B abgE ey T Bl R Gl letiapdrasyre dhe flow
Y d, may, al so, b onfigured to control the
rd8stite i a6t 3 pantelier af apRgoleatdeastdaa flowneontrol valving
pressure neasured by the pressure neter. [009] In yet
PaRIMBsCHEjnslo, attlpast theilavo measiurecby ithe flpar mieter. may
include a flow control valve and a stepper notor
cont [@08]i g anloéhdr aspectrthe PressirbagulaBing PO 8f tHd8evice
controller may control the stepper notor, and the flow

mEstiatiudeya pRasure réfdatdramd areg@htdriibevalstthgam f rom
the flow control valve.

pneumatically controls the pressure regulator. The fluid flow control device

may also include a pressure meter configured to measure the pressure of the

fluid. The cohtroller may control the regula_t_or pilot valve, and may also be

config-ured to control the regulator pilot valve according to at least the:

pressure'measured by the pressure meter.

[009] In yet another aspect, the flow control valving portion may
include a flow control valve and a stepper motor controlling the flow control
valve. For example, the controller may control the stepper motor, and the flow
meter may measure the flow rate of fluid upstréam from the flow control valve.

[010] In still another aspect, the fluid flow control device may further

include a means for inputting a desired fluid flow rate. The controller may

control the flow control valve according to at least the desired fluid flow rate



[010] In still another aspect, the fluid flow control
device may further include a neans for inputting a
desired fluid flow rate. The controller nmay control
the flow control valve according to at |east the
desired fluid flowrate 4 and the neasured flow rate.
The fluid flow control device may al so include a
di spl ay displaying the input, desired flow rate, and
neasured flow rate. [011] In further aspect, the
fluid flow control device nmay also include an outflow
val ve portion. This portion may be configured to apply
suction via the outlet, and may further include an
%%ow val ve ée.g. suck back val ve) and a pilot
PsasHERd Bawirgtes ohie §Hid iy chatrolidevioemay also indude a
sone exanples, the controller may control the outflow
&mlﬂb’rﬁhﬁm@ymgdhesmmh tasired flew ratd, fdmawneakyitdadf g0 rhicon
is changed froma fluid shut off position to a fluid
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and the flow control valving portion are set
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luid flow c ntro eV|ce may

I medi a val vi ortion
t@%nw%ﬁ 2B 8GR o e BUEar Ve g6 etk Batovighe
er gortl on of the deV| ce including at |east
apﬁea Bﬂ ?l &'ve preupatigallyeantioling ¥he guiitem valverdy some
include a purge nedia valve and a pilot valve
S¥ABIRIG%.i thaidoptredat malyl ¢argral tiee putfigey walding portibuesuch that the
[013] - In still another aspect, the fluid flow

ootflaw walviteyposiomey chlagediffurh wdtui@ seeel poaltd to a fluid flow

configured to limt the flow of fluid fromthe devi ce
pesidion when the pressure regulating portion and the flow control valving
portion are set for desired flow conditions.

[012] In another aspect, the fluid fl_ow control device m.ay also i.nclude
an inflow port for purge media and a purge medla valvmg portion configured
to control the flow of purge media through at Ieast a portlon of the device
including at least the outlet. The purge medla valving portion may include a
purge media valve and a pilot valve pneumatically controlling the purge media
valve.

-[013] " In still another aspect, the fluid flow control device may also
include a check valve configured to limit the flow of fluid from the device via
the inlet. The device may also include an inflow port for a pressurized

substance. The pressure regulating portion may be configured to be

pneumatically controlled by using the pressurized substance.



the inlet. The device may al so include an inflow port
for a pressurized substance. The pressure regul ating
portion may be configured to be pneumatically
controlled by using the pressurized substance. 5 [014]
In yet another aspect, the fluid flow control device
may further include a pressure neter configured to
neasure pressure of the fluid. The controller my
control the regulator pilot valve according to at

| east the pressure neasured by the pressure neter.
[015] A further aspect relates to a systemfor use in
sem conductor processing. The system may include at

| east_one fluid flow control device and at |east one
seni cl@idlictoyetpmateesasnpat dbk fluith8owemintmhdesicermay further
processing tool may receive fluid fromthe at | east

iocledelaipbsslimwnstet cotfiguiey ke tedsUtd bro@iur@deteniuid. The
aspect relates to a systemfor use in the flow control

ntrsitet mdyecddttdl dse régméw#ig'ﬂg} Gailib ra?F%@irg’%gc% Eat) (st the

control device and a Secon u d

L o Vi ' omuni cati on with each
%ﬁ?ﬁ%@% m%ﬁ%%ﬁrgﬁ% @%S@I%om%é ntrol device may
i ncl | e connector, and the second fluid flow
cont 81500 T g PHace felalStora suste L Gheetibsemiconductor
configured to be coupled to the male connector. [017]
PFReeER39-e M a§Y ESoMaNdnelide at kst woedfluid Sowféanirad devize
enable the systemto be in communication with a

apdratrleast one sennicontuetdrysoomshihg todRY Hergdriidenduéteral e
connector configured to be coupled to a nale connector

prqcessing tool may receive fluid from the at least one fluid flow control
device.

[016] Yet another aspect relates to a system for use in the flow control
of multiple fluids, including a first fluid flow control device and a second fluid
flow conﬁrol device. ‘The devices may be in communication With each other.

‘The first fiuid flow control device may include a.malel connector and the
- second fluid flow contrbl device may include a female connector configured to
be coupled to the male connector. |

- [017] The system may also include a bus module configured to enable
the system to be in communication with a controlling unit. The bus module
may include a female connector configured to be coupled to a male connector
of the second fiuid flow control device. In addition, each of the first and
second fluid flow control devices may also include a means for inputting a
desired fluid flow rate. Each of the devices may further include a display

displaying the input desired flow rate and the measured flow rate.



of the second fluid flow control device. In addition,
each of the first and second fluid flow contro

devi ces may al so include a neans for inputting a
desired fluid flow rate. Each of the devices nay

further include a display displaying the input

desired flow rate and the neasured flowrate. 6 [018]
One further aspect relates to a systemfor use in
blending multiple fluids. The system may include a
first fluid flow control devi®e, a second fluid flow
control device, and a m xer, wherein the outlet of

each of the first and second flow devices is flow
coupled to the m xer. For exanple, the system may be
conf i[§dBedOse fagheoasmettrelatdésh & isystenanst L%%Ciﬁrﬁierﬁ&jiHEd
flow control devices so as to provide the m xer wt
muktiplepfl@idt) Tihe dysens. mahiaii 1 i o
havg a controll eyd%or\?vé?g@%aqg%%# rlﬁgﬁ/l é&éﬂyﬁl{%&voe, a
ge ; [  AS] f the structural
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to explain sone principles of -the 1nvention.
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[019] Aside from the structural arrangements set forth above, the
invention could also include a number of other arrangements such as those
explained hereinafter. It is to be understood that both the foregoing

- description and the following description are exemplary only.

BRIEF DESCR_IPTION OF THE DRAWINGS

[020] The accompany_ihg drawings are incorporated in and constitute
a part of this specification. The drawings illustrate exemplary embodiments, |
and together with the description, serve to explain some principles of the

invention. In the drawings,

[021] Fig. 1 is a side cut-away view of an embodiment of a fluid flow
control device in accordance with the present invention;
[022] Fig.2is atop cut-away view of the device of Fig. 1;

[023] Fig. 3 is a side view of an exemplary bus module for use with

the device of Fig. 1;



[021] Fig. | is a side cut-away view of an enbodi nent

of a fluid flow control device in accordance with the
present invention; [022] Fig. 2 is a top cut-away View

of the device of Fig. 1; [023] Fig. 3 is a side view

of an exenplary bus nodule for use wwth the device of
Fig. 1; 7 [024] Fig. 4 is a side view of an enbodi nent

of a systemincluding a plurality of fluid flow

control devices and a bus nodyle; [025] Fig. 5is a
schematic view of the fluid flow control device of

Fig. 1; [026] Fig. 6 is a schematic view of an
alternative enbodi nrent of a systemthat includes

fluid flow control devices being flow coupled to a
con‘po[ﬁ)@rﬂ . Bltd 4o 27sideivigw pf as enbodiorarttiod avsyasterofinainding a
exenplary controller for the device of Fig. 1, the
Rigralitydf Buiddeiwngomninolctevines sed Bdsusiinbluie: nunber  of

pilot valves, a regulator pilot valve, a stepper

nmot or{028] f | P\y. BEE & schita &4 3 L - ; :
DESCH Po| ON B TE S R [ orﬁg]ﬂure;f@fvecr?@ém\}wdfal\”ce of Fig.
fiow be nade in detail to several exenplary

enbodi nents of the present disclosure. Werever

poss rence nunbers will be used

t hr J@?@Lt t%ﬁeégﬁﬁ%&g% 5 Yigye& anbakieraalyeemiadimers of a
s?/g{etn% that includes fluid flow control devices being flow coupled to a
'oompon_ent_; and
[027] Fig. 7 is a schematic view of an exemplarly controlier for the
device of Fig. 1, the controller being in communication with a number of pilo;t

valves, a regulator pilot valve, a stepper motor, a flow meter, and a pressure

meter,

DESCRIPTION OF THE EMBODIMENTS

[028] Referenpe will now be made in detail to several exémplary
embbdime_nts of the present cjis‘closure. Where_Qer possibl.e-, the same |
reference numbers will be used throughout the drawings to refer to the same
or like parts. |

[029] Figs. 1 and 2 show an embodiment of a fluid flow control device
5 including an inlet 120 and an outlet 125. The inlet 120 may be fluidly
connected to a fluid source 80 as shown in Fig. 5, and may be configured to
aliow a fluid to enter the fluid flow control device 5. The fluid to be controlled
by the fluid flow control device 5 may be any fluid having properties suitable _

for permitting flow of the fluid to be controlled. The fluid may be in a liquid,



[029] Figs. 1 and 2 show an enbodinent of a fluid flow
control .device 5 including an inlet 120 and an outl et
125. The inlet 120 may be fluidly connected to a
fluid source 80 as shown in Fig. 5,. and nmay be
configured to allowa fluid to enter the fluid flow
control device 5. The fluid to be controlled by the
fluid flow control device 5 nmay be any fluid having
properties suitable for perrgtting flow of the fluid
to be controlled. The fluid may be in a liquid, 8
slurry, or gaseous form and nay have a relatively | ow
viscosity and relatively lowreactivity. Exanples of

one fluids include, but are not Iimted to, water,
Sﬁrﬁ%é’ﬁ gﬁslePHéR?”‘%i 2itd A havsppselativelydowy visduosity fandi rejatively
such as any other fluid wused in the art of
laye fieaetiitive tloramplrsiafcome figidsi0G0Ye Thet aratdcttini@d teawater,
be fluidly connected to a conponent 81 as shown in
nfolten Silicamclatiyurhecempér, gHBAY otigerdli@vefdru Lty
the fluid ??OM/ cont??ﬁ devige 5. TheM%g%%%ﬂgﬁ?Og¥hg%§d

ub&d 3n B BASSTISReNiESRHuCtOF nﬁﬁ?&g&&@ﬁ,ég type of conponent

configured to receive a f type of conponent

81 ectied t let, 1 may d d on the

appl Wi Jtnr% %‘Et\?%ﬂ% 5?‘%& B4 { 'é’%’ 19 Cg%ﬁ{z} 3rcogmnpngst §1 as

| s used. Qne exenplary conponent 81 is a .
S@@W{‘d%ﬂ:&&&mﬁm@a&#w igped te glawAliid fo existharfuid, flay

sgray-on. togl, a spin- on tool, or a tool that
copEQletrvace B ing egmaonantd! praycles siprgcessin éool, vagnyinther

chanber, or other environnent known in the art. [031]
typreoffaampofientwondigurasl todecete &floky This WS of d6thpeent?s

controller 115 (shown in Figs. 1 and 7), a pressure
coregoted ta thepoufitorRslhayddde GRS application in which the fluid
flow control device 5 is used. One exemplary component 81 is a
sgmiconductor processing tool such as, for example, a spray-on tool, a spin-
on tool, or a tool that dispenlses fluid to a wafer processing chémber, vacuum
chamber, or other environment known in the art. |

[031] The fluid flow control device 5 may further include a controller

115 (slhown in Figs. 1 and 7), a pressure regulating portion 10, a flow meter
25, and a flow control valving portioh 30. The pressure regulating portion 10,
flow meter 25, and flow control valving portion 30 are schematically illustrated
in Fig. 5. The pressure regulating portion 10 may include a pressure regulator
15 and a regulator pilot valve 20, and may be configured to recei_ve a flow of
fluid and deliver the fluid at a controlled pressure. The pressure regulator 15 |

may be, for example, a dome loaded pressure regulator or any other actuated

pressure regulator known in the art. The pressure regulator 15 may be used



25, and a flow control valving portion 30. The

pressure regulating portion 10, flow neter 25, and.

fl ow control valving portion 30 are schematically
illustrated in Fig. 5. The pressure regul ating

portion 10 may include a pressure regulator 15 and a
regul ator pilot valve 20, and nmay be configured to
receive a flow of fluid and deliver the fluid at a
controll ed pressure. The presgure regul ator 15 may

be, for exanple, a done | oaded pressure regul ator or

any other actuated pressure regulator known in the

art. The pressure regulator 15 nmay be used 9 to manage
th Bres§ure of a fl%5$,gomnstrean1of the pressure

Roe@a 6% A3° PrRiaure ef foTUid devwnsirepa pEtsopressera wautating
downstream pressure of the fluid through a feedback
PYHRN . 10rRadpnay Herrespegaivatio tha Bowmgtreamapresisues of the fluid
regul ator that is configured to be pneumatically
tbogugtoa feedbd AGRPpAST Fepmwssure Fiqlilater 16MRay 88W 4198 regulator
pilot valve 20 nay be flow coupled to a pressurized

thebBtANTigUSEULS Be Bheuidtidaf g WbAlBlie®i | Ot val ve 20 may
control a pressurized flow of a pressurized substance

f ; . | at 15

to prioaabe e st Py o i, & FirBeBRBP R IR Van® 26 mine g 4B%
PR SRR SRl B bt vave 20

r equl a{ol: pilot valve 20 may receive an electric

ARYAINTEL R Rresraresatiicsy pEa plasswized suhstantenfjorothersdurce 65
signal, cause the pressure regulator 15 to be

fadhe pressuse ceguletgrcriismgs dapneunaticalippiciuate the regulator 15,
particul ar ‘pressure of-the pressurized substance and

antereelisy thetragUiatdes By esilieh bgsariatRl fikrt priYSre 88%nstream
pil ot valve 20 nmay accept an electric signa
from the regulatqr 15. The regulator pilot valve 20 may receive an electric
signal from the 'controller 115 and, according to that signal, cause the
pressure regulator 15 tb be actuated a corresponding amount to sUppIy a
particular pressure of the p-'ress'uriz'ed' substance and thereby actﬁate th.e
pressure regulator.15. Thu.s, the .piI.ot yalve 20 may accept an electric signal
from the controller 115 and allow a regulated pressure of the pressurized |
substance to act on the pressure regulator 10 based on the electric signal.
The pressure regulator 15 may re'spond to the pressurizéd substance by
.opening its orifice or other passage a corresponding amount, thereby
regulating the pressure of th'e fluid downstream of the pressure regulating

portion 10. Thus, the fluid downstream of the pressure regulator 15 may have

a managed pressure.



fromthe controller 115 and allow a regul ated pressure
of the pressurized substance to act on the pressure
regul ator 10 based on the electric signal. The
pressure regulator 15 nay respond to the pressurized
substance by opening its orifice or other passage a
correspondi ng anount, thereby regulating the pressure
of the fluid downstream of the pressure regul ating
portion 10. Thus, the fluid q wnstream of the pressure
regul ator 15 may have a managed pressure. 10 [033]
The pressurized substance may include, but is not
limted to, nitrogen, oxygen, air, or any other gas
known in the art to be suitable for operating
pneuntt3d TApwseseirizacheybstantaimfaydncicoet bot is not limited to,
conponents. [034] Optionally, the fluid flow contro
Rigvges, Bxygan, faim, thenyiaticdugkss oM@wn o tHBBE tHIHRSSUBle for
nmeters 24 as shown in Fig. 5. A pressure neter 24a nay

rserating pp@unRRic RiR Db bitRr PLRPAOW LonBY LaibBdeRRY L1 ON

10. In such an exanple, the pressure neter 24a nay

neasu h r : f1.ui fore it enters

The pOALLOgROE e U Lo BB 8 8 e one

j Q. the caontroller 115 sq.as_tq enable the

@Jo’ﬂ?f%Pfe Li‘iﬁ“%qsfscgjhﬁﬁoﬁh%méﬁ'agéi At Bressre majan 94a may:

20, ac q£din to that sensed pressure. This may enable
%@Ca& deetreamefihapsessuse regwetingjpestient 10orn such an

fluctuations in fluid pressure occurring upstream
Esnpleaths: presguee meter 24 mayayeabs® ther prelsterenatt theeluid

be | ocated downstream of the pressure regulating

bedors ibentdds tidprekssuns regalatdrr €5 ndemay send a measurement
signal to the controller 115 so as to enable the controller 115 to control the
regulator pilot valve 20 according to that sensed pressure. This may enable
the pressure reg'ulator 15 to be adjusted for fluctuations in fluid pressure
occurring upstream, |

[035] A pressure meter 24b may also (or alternatively) be located
downstream of the pressure regulating portion 10. The downstream pressure
meter 24b may provide feedback to the controller 115 so as to enable the
controller 115 to determine how well the pressure of the fluid is being
~controlled by the pressure regulator 15. Similar to the upstream pressufe
meter 24a, the pressure measured by the downstream pressure meter 24b
may be used to control the pressure regulator 15.
[036] As shown in Figs. 1 and 5, the flow control valving portion 30 of

the fluid flow control device 5 may include a flow control valve 35 controlled by

a motor 40. The flow control valve 35 may receive fluid at a pressure



nmeter 24b may provi de feedback to the controller 115

so as to enable the controller 115 to determ ne how

well the pressure of the fluid is being controlled by
the pressure regulator 15. Simlar to the upstream
pressure neter 24a, the pressure neasured by the
downstream pressure neter 24b nay be used to contro

the pressure regulator 15. [036] As shown in Figs. 1

and 5, the flow control valvijng portion 30 of the

fluid flow control device 5 may include a flow contro
valve. 35 controlled by a notor 40. The flow contro
valve 35 may receive fluid at a pressure 11 controlled

Q¥ tqe re Iating Ffrtiqn 10, and may regul ate the

e lregt@? fegeliatingpertian 10; apdgeay reguate the fiavovate of the
control device 5. In sone exanples, the notor 40

fldchesdl pasaps fiiemftheviiovonomtod! deslicee5 35n sems gesmples, the motor
el ectric signal fromthe controller 115 and

4tbcorinoltag tiye flantcorttes vaive 3Gtaceias 40 efdtis Signkliom the
fluid flow rate based on that signal. The notor 40

aontdoticbe 18 afﬁderlﬁ@@haﬁi@bﬂ’% go%%féégtrhgg%l% BSQP C%Wrog{l'{éeﬁuid flow

type of electric notor . I'sion electri
i e I i.se,, the flow contro

8 SRt AghIE TN e PO ER B HAGRb Rl Lo
rﬁ@@%r0| val%%vionnnﬂly Fnomn in the art. [037] As
_ i Iy QB &YPRAbelectissTPiRTdg-9: nPrgcigion electria mptsr)

the fluid flow control device 5 may al so include a .
kKPPWR indherarbslikamiss, the§om eardrabwatve 35 heulprkess aay éorm of

regul ator 15 at a managed pressure, the flow neter 25
Meipr dres fiow cordrdl valver edramainly kuown upsiis @am of t he

flow control valve 35. (Alternatively, the flow neter

25 mi§3Te Anmrintiondawhsiveeand Afustated PRigs. 1, 2 and 5, the fluid
flow control device 5 may also include a flow meter 25. After the fluid exits
the pressure regulator 15 at a managed pressure, the flow meter 25 may
measure the flow rate of fluid upstream of the flow control valve 35.
(Alternatively, the flow meter 25 ma'y be located downstream of the flow
- control valve 35.) The flow meter 25 may transmit a flow rate measurement
signal to the controller 115. The controller 115 may control the pressure
regulating portion 10, and the flow control valving portion 30, according to the
measured flow rate.

[038] The flow meter 25 may be an ultrasonic flow meter capable of

detecting the velocity of a flow in a calibrated tube through doppler shift or
time of flight 'type measurements. Alternatively, the flow meter 25 may be a

pressure differential type, a coriolis type, a vortex shedding type, a hot wire

type, or any other type of flow meter known in the art.



control valve 35.) The flow neter 25 may transmt a
flow rate nmeasurenent signal to the controller 115.
The controller 115 nay control the pressure

regul ating portion 10, and the flow control valving
portion 30, according to the neasured flow rate.
[038] The flow neter 25 nay be an ultrasonic flow
net er capable of detecting the velocity of a flowin
a calibrated tube through dog@ er shift or time of
flight type neasurenents. Altérnatively, the flow
nmeter 25 nmay be a pressure differential type, a
coriolis type, a vortex shedding type, a hot wire

type, .QL..a ot her type of flow nmeter known in the
art . [P%gﬂ O%?Omﬁ LR B8R alie! floyy mater 26 sneasitres flgd flow

measures fluid flow downstream of the pressure
Fysterasm of the pressisedegalateraks) menesands gnadaswrentdnt signal to
controller 115. The controller 115 receives the

theaontreirent 181 giel cantrolladditGirebei/Bs MRS FhédsUr8inet signal in

recei ving additional signals, such as a signal
f

dalitidrl Rpoddinfy 68 e Qslinh Wittt SRindIfS i da sl relating

controller 115 then sen corresp g pressur

I S 0 lat or _pjlot e 20 and
Gt ek Sale el NORY Phe bollsofion 1 Hestpomter 25
nicates wth the controller 115 to forma -
PESCPROGRY FreSautRnd 8l Tianalarsitae regwatoradiasabie 20 and
of tgﬁ fluid flow control device 5. Fig. 7 graphically
Metor §0rresReCtMe e x Hniilie Wety, theofiowmetari2Gnecdmniunicatesmeth the

conponents that m ght be associated with the feedback
- cpogplier t4dto farmoa entieuaup Fesitavhtiospewmbntrbhether components
f eedback | oop may incl ude -
- of the fluid flow control device 5. Fig. 7 graphically illustrates an example of
communication links between components that might be associated With the
feedback loop.
[040] In other gxamples (not shown), the feedback loop may include
only the flow meter 25, motor 40, and coﬁtr‘oller 115. |
[041] In a further example, the feedback.lloop may include both the
flow meter 25 and the pressure meter 24a and/or 24b sending flow and
pressure measurements respectively to the controller 115. In such an
example, the controller 115 may determiné pressure and flow rate command
signals according to that input as well as other input (e.g., the desired flow
rate) and then send corresponding pressure and flow rate signals to the
- regulator pilot valve 20 and stepper motor 40 respectively.

[042] In still another example (not shown), the fluid flow control device

5 may further inciude a second pressure regulating portion, like pressure



only the flow neter 25, notor 40, and controller 115.
[041] Ina further exanple, the feedback | oop may

i nclude both the flow nmeter 25 and the pressure neter
24a and/or 24b sending flow and pressure nmeasurenents
respectively to the controller 115. In such an
exanple, the controller 115 nay determ ne pressure and
flow rate command signals according to that input as
wel | as other input (e.g., the desired flow rate) and
then send corresponding pressure and flow rate signals
to the regulator pilot valve 20 and stepper notor 40
respectively. [042] In still another exanple (not

sho %@ the fluid fl ow control device 5 may further
ﬁeﬁergj RPrEeR Ji byt iasated dpwhairaammef the fioocontrolkalving
pressure 13 regulating portion 10, but | ocated

rRstAB t30e ahhisfsechadfdressweneguolatinglportivgh n2er$dres a8 back
This second pressure regulating portion nmay serve as a

ras&urepregsitatoe is@gtih@bay valistbmin A6wASFe N b@%’b&’% &dhditions
downstream pressure conditions fromthe flow an

furRSRe TR W @ bFoire RAoRN 0142 4fcl 043 The 1 ui d
S5 may er u

fl ow control device urt I nc e an outfl ow
val vi i an: in ing an outfl ow val ve 45
oot 1 dOABPoTe Al fow (BRrBEA AR B Mek ryieraciiggn outfiow

f1 ow val 45 be | ocated near the outlet 125 of
VBIIAS BETHER 16 JaPii Bh udlvevas 4 ostmaliseanbiodon by a pilo
tB/e outf| ow val ve 45 may be a suck back val ve
VEi®E P Ehetcwtfmwylvwb% may vé bocabed naat tite d@Fett124 of the

may draw at least some fluid into the device 5 via
flpj fl@utqoeltroméviceFEo_rlnmme examplies, the dULRIVIQBRRL4G nidiEbe a

suction force may limt the formation of fluid _
sdclopbek valve configured to apply suction via the outlet 125 that may draw
at least some fluid into the device 5 via the outlet 125. For some exemplary
arrangements, the suction force may limit the formation of fluid droplets,
residue, or other fluid-related issueé associated with the component 81. For
example, when the component 81is a _sem.i'cond'u(:tor pfocessing tool having
‘a dispensing nozzle, sprayer, or some other fqrrﬁ of fluid dispenser, the suck
- back valve may limit the formation of fluid droplets or residue associated with
the fluid dispenser of the component. The suck back valve 45 may be
actuated when a downstream process (e.g., a component 81 in the form of a
semiconductor processing tool 81) stops demanding fluid. When actuated,
the suck back valve 45 may draw at least some fluid back through the outlet

125 of the fluid flow control device 5. As a result, the suck back valve 45 may

limit flow related issues from arising while fluid flow is stopped. For.example,



residue, or other fluid-related i ssues associated wth
t he conponent 81. For exanple, when the conponent 81
is a sem conductor processing tool having a di spensing
nozzl e, sprayer, or some other formof fluid

di spenser, the suck back valve may limt the
formation of fluid droplets or residue associated with
the fluid dispenser of the conponent. The suck back
val ve 45 may be actuated mhqg_a downst r eam pr ocess
(e.g., a conponent 81 in the flormof a sem conductor
processing tool 81) stops demanding fluid. Wen
actuated, the suck back valve 45 may draw at | east
sone fluid back through the outlet 125 of the fluid
whenthe gerponget hae asluidspeay eezitle, a shiek back valekmay ensure
valve 45 may limt flowrelated issues fromarising
avhiclae ddray of fllinWfrom thiecpey nokge wiemlie, fid ik ée
conmponent has a fluid spray nozzle, a suck back val ve

may G[Oﬂ\%eln &hel @%Bnﬁ@éé%hé’%uﬁﬂd&%?al{véﬁ ﬁ{éﬁ/ tZét)EZs\rﬁut off valve

nozzle enf|UId|f|OWIS resune A f I
P o SGoYLY LAY BTy 0 B ot KRS, e
i d [, d h I 4 be
A5l 42 04 55 BobBarei mreieat m fuidieairfip g eackiio the

@he gevi ce 5 once it has passed through the .outl et

ice Jpngptiehag Rassedihrengh the eutiebt2stamftar. thatflew of fluid
outfl ow val ve 45 may al so be configured to protect the
hesrgiepred.s Tok autiow vaild: 45 omay alsbrie coefiduredIofprotect the
damage caused by a downstream vacuum or ot her

cabmrrents by theafidid oW Bhfrbiadevidd 4Ftorh HapRade BXE5EY B85 a

the outflow valve 45 may be set to open (e.g., via

~ dewhistrelah® addumh cﬁ?&%e?"'ﬁﬁﬂoﬁﬁ‘ﬁ HYRESH Sorifigh ati ng

portion 10 and f |
[045] In some examples, the outflow valve 45 may be set to open

(e.g., via controller 115) only when the pressure regulating portion 10 and flow
control vaIving portion 35 are controlled to place them i.n a position permitting
a desired flow and a downstream process_(e.g.', comp'onent 81) demands the |
flow. The outflowl valve 45 may be set to remain closed in all other c,onditiéns.
and may also be set to close as soon as the downstream processiﬁg tool 81
--stops demanding fluid. In other examples, the outflow valve 45 may aliow the
pressure regulator 15 and the flow control valve 35 to maintain consistent
positions during start-up and stoppage of the fluid flow, and thus possibly
reduce flow variation. |

[046] As shown in Fig. 5, the pilot valve 50c of the outflow valving
portion 46 may be coupled to the pressurized substance source 65, and may

be configured to control a flow of the pressurized substance from the source



control valving portion 35 are controlled to pl ace
themin a position.permtting a desired flow and a
downst ream process (e.g., conmponent 81) denmands the
flow. The outfl ow valve 45 may be set to remain cl osed
in all other conditions, and nmay al so be set to cl ose
as soon as the downstream processing tool 81 stops
demanding fluid. In other exanples, the outflow val ve
45 may all ow the pressure rqgulator 15 and the flow
control valve 35 to mumintain'consistent positions
during start-up and stoppage of the fluid flow, and

t hus possibly reduce flow variation. [046] As shown
in Fig. 5 the pilot valve 50c of the outflow val ving

$ota IWOWGOWEI\;BM% 460U eepliatvatvee5@e ssuvé aadiscthis tsaereid
source 65, and may be configured to control a flow of

\ehee, oremsuothze tymubbo parvelob s PRt ROLHIGE kﬂnéwﬁﬁn e Lhe

outfl ow val ve 45. The pilot valve 50c may be an

miteabiivély Sé"sﬁe?ﬁé? Mm@k V&arv8 mABY, it A t'h%Pfyp%f of electric motor

open/close p tic valve knowd 1n

%Gé%%%ﬁo Yoottt BB nolBl Rtng Sl M2 T BLaq 88 adflte the

n the rt may be used to
O?ﬁ%\&t ﬁrq%é f@?‘ﬁ'?r Wﬁamé@ @éom\sa v PRer EAMAIRE Whiere the
val ve 50c. In exarTEI es where the outflow valve 45 is
oytuQw walygcAS (s seck biaek valvs, theapilet \BOvs 56¢, or alternatively one

alternatively one of the electric notors descri bed

Chlbow eleatnity mMmtonssees dribedatiovel, mdyebesedtto caRtror feca®bunt
suction that causes fluid to be drawn back into the

athelviiatee obswdtiort theit causétuilas hd @r‘bmn EQCL@H’:H%@ d%bf%e 5 via the
outflow valve 45, the controller 115 may send
outlet 125.

[047] To actuate the outflow valve 45, the controller 115 may send an
electric signal to the pilot valve 50c, causing the valve 50c¢ to allow the
pressurized substénce té pneumatically actuate the outflow valve 45. In this
way, the outflow valve 45 may be pneumatically'actuated to either shut off the -
flow of fluid, permit fluid to flow out of t_h_é outlet 125, or draw fluid back into
the devic.e 5.

[048] As shown in Figs. 2 and 5, the fluid flow control device 5 may
further include a check valve 75. The check valve may be located at or near
the inlet 120 of the fluid flow control device 5, and may permit fluid to flow into
the device 5 from the fluid source 80 while preventing fluid flow from the

device 5 via inlet 120. The check valve 75 may be any type of one-way flow

valve known in the art.



el ectric signal to the pilot valve 50c, causing the

-~ valve 50c to allow the pressurized substance to
pneunmatically actuate the outflow valve. 45. In this
way, the outflow valve 45 may be pneumatically
actuated to either shut off the. flow of fluid,
permt fluid to flow out of the outlet 125, or draw
fluird back into the device 5. [048] As shown in Figs.
2 and 5, the fluid flow conty@l device 5 may further
i nclude a check valve 75. The ‘check val ve may be
| ocated at or near the inlet 120 of the fluid flow

control device 5, and may permt fluid to flowinto
reventing

t he vi.ce fromthe fluid source 80 while

f1ui (cjl%f*PEWT*g?@Hi W gantrobdevige H may durtheninciuse a batge
val ve 75 may be any type of one-way flow valve known
medienelkng poron §6%ndrashtit aff vatvimgvportiorr ©6. deeimegs media
may further include a purge nedia valving portion 55

vahdn@ pehtign 66 imapindiudge BYUrGOMédia vBe GOIESRtrBRH By a pilot
val ving portion 55 may include a purge nedia val ve 60p

vai 50b. Smbiri@ tRe!Plut o¥fd)angn %&aﬂoﬂ glglﬁlﬂ%}lf %‘HJJES&%\BQE off

of f valving portion 65 may in e a
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at f - I k inth
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may be fl ui dlfy coupled to a purge nedia source 90 and
kﬁﬁ%}”ﬂ@ tee @ @fuffwid coptriebrnit a purge nedia to flow into

the fluid flow control device 5 and possibly also pass
t hr o (@0}t Heheoptitget meta valve 60 may be fluidly coupled to a purge

media source 90 and may be configured to permit a purge media to flow into
the fluid flow control device 5 and possibly also pass through the outlet 125 -
and into tool 81. The purge media may be a relatively pure purging media
(e.g., cleaning agent) known_ in the art of fluid control such as, but not limited
to, de-lonized wat'er, diétilled water, or diluted bleach. As shown in Fig. 5, the
purge media valve 60 may be located upstream of the pressure regulating -
portioh 10 in order to maximize the travel of the purge media through the fluid
flow control device 5. Thus, the purge media valving portion 55 may énable
the purge media to flow through at least a portion of the device 5 including at
least the outlet 125. This flow of purge media may be desired before or after
a fluid is delivered to a processing tool 81, or before a new fluid is introduced
into the device 5.

[051] The shut off valve 70 may be located upstream or downstream

of the purge media valve 60 and may be configured to start and stop the flow



and into tool 81. The purge nedia may be a relatively
pure purging nedia (e.g., cleaning agent) known in
the art of fluid control such as, but not limted to,
de-ioni zed water, distilled water, or diluted bl each.
As shown in Fig. 5, the purge nedia valve 60 may be

| ocat ed upstream of the pressure regulating portion
10 in order to maxim ze the travel of the purge nedia
through the fluid flow contr device 5. Thus, the
purge nedi a val ving portion 55 may enabl e the purge
nmedia to flow through at | east a.portion of the device
5 including at |east the outlet 125. This fl ow of

&Jhﬂs 3lama be desired before or after a fluidis
110 dp Ohe'cAUNpeesfithe fluis fley coptrobdedee 5a Feevpurge
fluid is introduced into the device 5. [051] The shut

wedia walve 600andjhédshlbofiveleuistragass phegnatisaneashtréied and
t he purge nedia valve 60 and may be configured to
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~conponents of the fluid flow control device
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co dtoc the flow of the pressurized
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shut off valves 60 and 70, respectively. The pil ot

nay besclsolsicaniesud vahwas, I@eome:dypes ofopentaiabe paév@atic
or other types of open/close pneunatic valves

vebrasoeorpianiyknowntinghamit. T asiatabrhel éﬂ‘h’é @élvé%o 70, the
val ves 60, 70, the controller 115 may send

cehtoliel ¢15nenpkel® ahhBes@ERRFIHI 6 thd Ié’épe\eﬁllééepu%?%rve 50b,
50c causing the valve 50b, 50c to allow the pressurized éubstance to
pneumatically actuate the purge media valve 60 or the shut off valve 70.

- [052] As iIIustrated in Fig. 2, the fluid rovI/ control d_evice 5 may inélude
an inflow port for purge media 140 and an inflow port for a pressurized
substance 145. The purge media inflow port 140 may be configured to accept
a flow of purge media from the purge media source 90, thus aIIowmg the
purge media to row to the purge media valving portion 55 of the fluid ﬂow
control device 5. In some examples, the purge media source 90 may include,
but may not be limited to, a fluid tank, a sump, a fluid header, or any other
type of purge media source container known in the art.

[053] The pressurized substance inflow port 145 may be configured to

accept a flow of the pressurized substance from the pressurized substance

source 65. The pressurized substance source 65, may include, but may not



50c causing the valve 50b, 50c to allowthe
pressuri zed substance to pneunatically actuate the
purge nedi a valve 60 or the shut off valve 70. [052]
As illustrated in Fig. 2, the fluid flow contro
device 5 may include an inflow port for purge nedia
140 and an inflow port fora pressurized substance
145. The purge nedia inflow port 140 may be confi gured
to accept a flow of purge nqgia fromthe purge nedia
source 90, thus allowng the “purge nedia to flowto
the purge nedia valving portion 55 of the fluid flow
control device 5. In sone exanples, the purge nedi a

source 90 mﬁy include, but may not be limted to, a

kg Hﬁ”&et’ daka NighsprassUEe BRsitanks @aurepsurizechgys bebder, d ype

of purge nedia source contai ner known in the art.
RresSyrizacegps saik @rianydtsebtyparuf eréssurvedmutistdite SBYDIP&ource
configured to accept a flow of the pressurized

‘coultainenkeown omttidiartprErEsifb#asbrs 1S has\F 8naSIBURE z)régsurized
The pressurized substance source 65, ray I nclude, but

sumtdite thFRetd bﬁié bethd Biiot@aw&%ﬁ,mgggg%§ﬂti’ﬂqg? ddvice 5,

pressuri zed gas ader, a pressuril

f pressurized substance supply source
agorwh?lg%ngﬁe&%@aﬁ&irﬁpﬁgalgﬁzﬁme i nfl ow port 145 may
enabl he, pressurized substance to flow to any of
t he pﬁ?{‘)}t %’gﬁk}%‘é’,”ﬁ’s@;'g-ébbﬁ agmbedman of the geasent imvention, a
as well as the regul-ator pilot valve 20. [054] As
NSRRRGT Gffiufg fowsontiel daviesdSdinaghe ednndutedtasher so as to be

_invention, a number of fluid flow control devices 5
ImegMieurvoatietwill danhedther. Wherscdrmdeted iMthis way, the devices 5

comuni.cation with each other. Wen connected in this

m&}yacﬂtbgetﬂe‘f lages sPpstem for use in_ the flow control of multiplle fluids. As
shown in Fig. 2, each device may include a male and female connector 150,
155, respectively usable for connecting one device 5 with another devicé 5 so
as to be in communication with each other. In addition to providing .a physical
connection betweeh adjacent pairs of devices 5, the cqnnecfors 150 and 155
may also form an electric, pneumatic, fluid, and/or other connection between
the devices 5.

[055] - The system shown in Fig. 4 may optionally include a bus module
95 configured to enable the system to be in communication with a controlling
unit (not shown). For example, the controlling unit may be a personal
computer, a server, a.programmable logic controller or any other device
known in the art to be used for the control of fluid control or other systems. To

facilitate this communication, the bus module 95 may include an internet port

105 and an Ethernet port 110. The bus module 95 may also inciude, for



may act together as a systemfor use in the flow
control of nmultiple fluids. As shown in Fig. 2, each
device may include a mal e and femal e connector 150,
155, respectively usable for connecting one device 5
wi th another device 5 so as to be in conmmunication

wi th each, other. In addition to providing a physical
connection between adj acent pairs of devices 5, the
connectors 150 and 155 may glgso forman electric,
pneumatic, fluid, and/or othe? connection between the
devices 5. [055] The systemshown in Fig. 4 may
optionally include a bus nodule 95 configured-to
enable the systemto be in communication with a
LEMRI8I RidRYICAURPT, 3 REWES RGN P aRyoteamegInectibheort or structure
controlling unit may be a personal conputer, a
kpewmrein, the gt fayreommelotieg lebegitric contpopienes or any ot her
device known in the art to be used for the control of

f I ui dosent ihcdorase acptbh%tw@yéiaeﬁﬁiesw nufn%éﬁdftfﬁﬁ&fibw Sontrol

communi cation, the bus nodul e 95 rmy i ncl ud

deﬂi@s@hzﬁ%é céﬁﬁeé’{é@t ?8 d&EttB]?c{)ér‘ﬁit i I;##a ronT\n‘glggggg other,

nodul 5°may a
ort a her connection port or
i r"iféiﬁ? U s S Y, HelPebieceingt iersafeponents
nent 05 In some alternative exanpl es,
Oﬁﬂﬁfnﬁgﬁnﬁ Bid% G?QA'JHP(% Pavtheousedit praiem wemeof devices 5 to
connected, so as to be in communication with each

b@t'ﬂeﬂomm\iomtqatjgﬂ witheapontrolling unis nodul e 95. For
exanpl e, one or nore conponents other than a bus

nmodul[@5H5 Amghdenus Ely.t4) atneddteor® ByshRIBUN 988MaP e Fsed to

to be in communication with a controlling unit.
control multiple fluid flow control devices 5, and may be coupled to a male
connector 150 of one of the deviceé 5 using a female 160 connector (Fig. l3)
configured for such a connection. When so connected, the bus module 95
may be in communication with all of the devices 5 in the éystem, and may be
used to set desired flow rates. The bus modUIe 95 may include a PC board
100 to facilitate this communication. In some examples, the PC board 100
“may receive signals, pressure méasuréments, or flow measurements from
any of the devices 5 in the system, or from a controlling unit or host. The PC
board 100 may also process any of the signals or measurements received,
and may transmit control signals to any of the devices 5 in the system. In this
way, the bus module 95 may control the devices 5 in the system individually,

or in conjunction with each other to supply a number of different fluids at

different flow rates.



[0571 As shown in Fig. 4, at |east one bus nodule 95
may be used to control nmultiple fluid flow contro
devices 5, and may be coupled to a male connector 150
of one of the devices 5 using a fenmale 160 connect or
(Fig. 3) ~configured for such a connection. \Wen so
connected, the bus nodule 95 may be in comuni cation
with all of the devices 5 in the system and nay be
used to set desired flom1rat2®. The bus nodul e 95 may
include a PC board 100 to fé&acCilitate this

comruni cation. In sone exanples, the PC board 100 may
receive signals, pressure neasurenents, or flow
measurenents from any of the devices 5 in the system
or friGweh Eenexanpleadn aremiepndietor niEmefRIuribg procdS0it may
may al so process any of the signals or neasurenents _
b%désm@djto sapply mayurnbansfiiltids ogactobt gifferstsahe p@@mbw
the devices 5 in the system In this way, the bus

vargineflO ramss. creaEebmphsh #8Yid ﬁ§rn$c lén"dhrfg 5¥’ ﬁﬂil@@ the bus

individually, or in conjuncti n Mﬁt eac
a diff rent
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t‘BI E‘ BRgVEY t“T"Ieuu|B§Uchr?es@ﬁlbarlm@@9héie%3m‘éynay supply a desired
S|nultaneously control each device 5 so as to provide
rgietive eapeuntidfiuichats desiredaelatisepipie othil sérdicoRaabtor

flowrate may be controlled to change with tine. In
nsanufaatusingmaocess.each device 5 may supply a desired

relative amount of fluid at a desired relative tine in

the $689]CoRIsI8dWHh in Fig. 4, each fluid flow control device 5 may further
include a means for inputting a desired fluid flow rate 130, and a display 135.
Fig. 4 illustrates a reset and a set button, as well as up and down buttons as
| exempla-ry means for inputting a desired fluid flow rate 130. However, it
should be understood that mahy différent forms of alternative input
configurations are possible. For example, the means 130 may include, but
may not be Iimited. to, a digital control pad, a_touch screen, a button panel, a
keyboard or key pad, an internet connection, an Ethernet, devicenet or
personal computer port, a wireless or infrared signal receiver, or any other
commonly known means for inputting data to a device. In some examples,
the tool 81 may supply information concerning a desired flow rate. In other

examples, such as that shown in Fig. 4, a user may manually input a desired

flow rate.



manuf acturing process. [059] As shown in Fig. 4, each
fluid flow control device 5 may further include a
means for inputting a desired fluid flow rate 130, and
a display 135. Fig. 4 illustrates a-reset and a set
button, as well as up and down buttons as exenplary
means for inputting a desired fluid flow rate 130.
However, it should be understood that many different
forms of alternative input nfigurations are
possi bl e. For exanple, the neans 130 may include, but
may not be limted to, a digital control pad, a touch
screen, a button panel, a keyboard or key pad, an
interﬁgb cg nection, an_Ethernet, device net or

per so H‘Blﬂo@ﬁroﬁéf {15 may belcesigeied tafacmtrad the ol control
recei ver, or any other comonly known neans for

\{ahy0g oo 30 andiontheeniessurd regadatingepentpheld) acddneing to the

tool 81 may supply information concerning a desired

ddsiwdrfive rateninptitied visethanmpkeass chMﬁbuﬂﬁugté‘élbsﬁé@ﬂGld' flbow rate
Fig. 4, a user may manual ly input a desired

130, eForZéxérﬂﬁgi tﬂé‘%oﬁﬁﬁﬂér‘ﬂ 1§rnw & d”fﬁﬂtrpéac&g’@) h%msg?f fh

control the flow control portion
Q accordln to the
delfee’s SO, e bR BRS IR g RE em sPisiey g
%F edflmdflowraE 130. For exanp th
Befil 2 BB CISh PSS i Foina RevEGRgiRsng Sout ratne
devi ce 5.s0 as to maintain the nmeasured fluid flow
r at e [PRthsUhedispjay dvmardisplaysthedspetted deaisep owi fate, the

to the inputted desired flow rate. [061] The displ ay
mesutad flomsrataymeaasurep by flew cheser 28), bt ewy oHie, infotehation

associated with either the controller 115, or-the PC board 100, a host, a user,
or any of the components of the fluid flow control device 5. The display 135
may be, but is not Ii‘mited to, an LCD screen, a digital readout, alight array, a
momtor or any other type of dlsplay device used to output mforma’uon Itis
understood that the display 135 may be color or- monochromatic, and" that it
~ may be of a different size, shape and/or configuration than that deplcted in
Fig. 4.

[062] Fig. 6 schematically illustrates ‘yet another embodiment of a
system for use in semiconductor processing. Such an exemplary system may
include at least one fluid flow control device (e.g., device 5a and device 5b)
and at least one component 81 receiving fluid from the at least one device. It
is understood that although Fig. 6 shows two devices 5a and 5b, any number
of fluid flow control devices 5 could be used in such an embodiment to supply

fluid to a single component 81 or to multiple components 81,



measured flow rate (nmeasured by flow neter 25), or any
other information associated with either the

control ler 115, or the PC board 100, a host, a user,

or any of the conponents of the fluid flow control

device 5. The display 135 nay be, but is not limted

to, an LCD screen, a digital readout, .a |ight array,

a nonitor, or any other type of display device. used

to output information. It ispaunderstood that the

di splay 13.5 may be.col or or-nonochromatic, .

and,that-it nmay be of a different size, shape and/or
configuration than that depicted in Fig. 4. [062]

Fi g. h ' [y illustrates 'yet_ another _, '
enbod@r?;’it ﬁﬂ&@%%’ﬁ?f%@ GRBPoREU L S e 6ig. 6 may be a
§Jr ocesai nt%ir Such an exenplary systemmay include at
LHEPNGHENF TP FaiaiQin QtBer pessible exargplesdvay bevea

and device 5b) and at |east one conmponent 81
GaseRPREMPtheuthart a tonlt(hey. avtheettsdn asendesnd@stol prodessing
tunge&:’z)t ood tha}mgl t hougrf?é FI&I%’] 6{6 shows two devices 5a

anl. For exaynpia rcombommént i -
coul d be usep; in suchﬁ)an enbodiﬁgnteqﬁgyggp%ﬁykéﬁ%ﬁdmam

rhixed) snd8LIBeBUBMABRYIRL Y ahQ m&g@eﬁ&gggﬁ%@ tﬁ%‘mixer

22 [063] In sone exanples, the conponen

t&i Bea L ter _processing, tool. her
> SaoyiBe B gt oAb 0N Por BiAGRER St dvion S o ob
. Q. .Qther rhan a sem conductor processing '
r“t‘%#’?&%ﬁ%@”%ﬁé&ﬁ%& ?W'%&‘?@ﬁ@ﬁtﬂ%riﬁﬁs fpigeach repplird fluid.
W@g %e. g., static mxer) and outlets of the

E%&vi rate BaY bsrcaniioliss tolahangeuptietimen Inhsuah arexatple,

provide blending of nmultiple fluids. For exanple, each
egehideyimabamaddib may supply a desired relative amount of fluid at a
desired relative time.

[064] It will be apparent to those skilled in the art that various
quifications and variations can be made to the structure described herein.
_T'h'us,_it'should be Understood that the invention is not limited to the subject
matter discussed in the specification. Ra.ther, the present invention is

intended to cover modifications and variations.




may be controlled so as to provide different flow
rates for each supplied fluid. Each flowrate may be
controlled to change with tinme. In such an exanpl e,
each device 5a and 5b may supply a desired rel ative
amount of fluid at a desired relative tine. [064] It
w Il be apparent to those skilled in the art that
various nodifications and variations can be nade to
the structure described hereioa. Thus, it should be
understood that the invention is not |imted to the
subject matter discussed in the specification.

Rat her, the present invention is intended to cover
nodi fications and variations. 23 WHAT IS CLAIMED I S

g i ontrol device, conprising: an inlet
Vb Aﬁ- & l d into the device; an outlet for
passing the fluid, framthe device;, a pressure :
regulating?'portf\gh“‘i’:ﬁﬂ\”i%ﬂﬂtr deyiCee ERMPESIG f1 uid and
deliver the fluid at a controlled pressure; a flow
control valvi ortion copfigured to receive the
fluid del i%l‘rg%‘@9p@ﬁ%‘”ﬁr%ﬂ%‘@r'@tC\'@&Lﬂ%ﬂ‘Feﬁg portion and
deliver the fluid at a controlled flowrate; a flow
meter configured to measure flow rate of the fl uid;
and a contaPuiet fosnressingithg flaid freasther deviee,ow cont r ol
valving portion according to at least the flowrate
nmeasured by the flow neter.

a pressure regulating portion configured to receive the fluid and

deliver the fluid at a controlled pressure;

a flow control valving portion configured to receive the fluid
delivered by the pressure regulating portion and deliver the fluid at a

controlled flow rate;
K f]ow meter configured to measure flow rate of the fluid; and

a controller controlling at least the flow control valving portion

according to at least the flow rate measured by the flow meter.

2. The fluid flow control device of claim 1, wherein the
| pressure regulating portion comprises a pressure regulator and a regulator

pilot valve pneumatically controlling the pressure regulator.

3. The fluid flow control device of claim 2, wherein the

controller controls the regulator pilot valve.



2. The fluid flow control device of claim1, wherein
the pressure regulating portion conprises a pressure
regul ator and a regulator pilot valve pneumatically
controlling the pressure regulator. 3. The fluid flow
control device of claim2, wherein the controller,.
controls the regulator pilot valve. 24 4. The fluid
fl ow control device of claim3, further conprising a
pressure neter configured to2#easure pressure of the
fluid, wherein the controller controls the regul ator
pil ot valve according to at |east the pressure
neasured by the pressure nmeter. 5. The fluid flow

control deyice flow opt r ol -

vaI vi ng pozr{tl onqbgﬁjp@(? ové@ﬁ)gﬁegbcﬁt |a%pvﬁ.|rﬁm cgmprlsmg
¥ not.or ontrqlllggtheflowcontrol val ve

ST RERle tEh s afirenito dadfeirsaresm I hevivg aiihs i the

controller controls the stepper notor. 7. The fluid

onyRllesrertspisdbeiregulstorpilat Nalve adroarding torat [64shthe pressure

nmeter neasures the flowrate of fluid upstreamfrom

ne@asyredvbctivet prelssuad meter8. The fluid fl ow control

device of claim1, further conprising neans for

inputting a desired fluid flow rate, wherein the

control | er5.contTieé $IU|dﬂ@NfobﬂWoPGEhb@bf\&’élHﬂ fﬂ\ﬁﬁéfe‘i’h‘?ﬁe flow
to at least the desired fluid flow rate and

cBﬁﬁ@W@l@trfg %lbﬁhcgmpg%sn%:‘? gf;k\}gjé&tﬁdl QUNEPEAG %l stQSﬁférc fhotor

claim
controlling the flow control valve.
6. The fluid flow control device of claim 5, wherein the

controller controls the stepper mbtor.

7. The fluid flow control device of claim 1, wherein the flow

meter measures the flow rate of fluid upstream from thé flow control valve.

8. The fluid flow control device of claim 1, further comprising
means for inputting a desired fluid flow rate, wherein the controller controls
the flow control valve according to at least the desired fluid flow rate and the

measured flow rate.

9. The fluid flow control device of claim 8, further comprising

a display displaying the input desired flow rate and the measured flow rate.

10.  The fluid flow control device of claim 1, further comprising

an outflow valving portion configured to apply suction via the outlet.



a display displaying the input desired flow rate and
the neasured flow rate. 10. The fluid flow contro
‘device of claim1, further conprising an outflow
val ving portion configured to apply suction via the
outlet. 25 11, The fluid flow control device of claim.
10, wherein the outflow valving portion conprises a
suck back valve and a pilot valve pneunmatically
controlling the suck back vapye. 12. The fluid flow
control device of claim1, further conprising an
outfl ow val ving portion, wherein the controller
controls the outflow valving portion such that the

out fl ow val vi n of t.i is changed froma fluid shut

of f posi ?‘i1on thCrPea{lL,upSPJdv F?'&Kﬁ&p%‘%‘f‘?"f‘ eﬁcmw’w@erem the

pressure regul ating portion and the flow control
ouHflow Walviner pertian Dompriges @ sudk back yaivecand arpliot velve.

13. The fluid flow control device of claim1, further

poeumatisaifgcomtnoliimd kiesvspek batlkwalver ge medi a and a purge
nmedi a val ving portion configured to control flow of
purge media through at |east a portion of the device

conpri sing2at ITgrsiuit iewosdhted!-delAce Jhéafml#i,%rftﬁéﬁébomprising

control device of claim13, wherein the purge nedi a

a ,%:uYﬂdW v?%ﬁd EBrtf&ﬂ”WHe?’?ilﬁ ytﬂe%ngrgllgf%ﬁttr%lgltﬁg o"i‘l?ﬁjon@ yalving

pil ot valve neunat i ca contr urge

lve e fluid fl,ow cont.rol. device,of claim1l
ool achibal fe ovtbby Ao iog s EBanger Moa a3l it of
fl.ow ?f f uig from.t he gevi ce via the inlet. 16. The
P‘P?'ﬁ%_? AW BRMRASILRA OENdhe frasswre, regutatingrportion and the
flcg:vsgggltrgll Cglving portion are sét for desired flow conditions.

13. . The fluid flow control device of claim 1, further comprising
an inflow port for purge media and a purge media valving portion configured
to control flow of purge media through at least a portion of the device

comprising at leasf the outlet.

14,  The fluid flow control device 6f claim 13, wherein the
purge media valving portion comprisés a purge media valve and a pilot valve

pneumatically controlling the purge med.ia valve,

156.  The fluid flow control device of claim 1, further comprising

a check valve configured to limit flow of fluid from the device via the inlet.

16.  The fluid flow control device of claim 1, further comprising

an inflow port for a pressurized substance, wherein the pressure regulating



an inflow port for a pressurized substance, wherein
the pressure regulating 26 portion is configured to be
pneunatically controlled by using the pressurized
substance. 17. A fluid flow control device,

conprising: an inlet for passing a fluid into the
device; an outlet for passing the fluid fromthe
device; a pressure regulating portion configured to
receive the fluid and deliveR6the fluid at a
control |l ed pressure, wherein the pressure regul ating
portion conprises a pressure regulator and a regul at or
pilot valve pneunmatically controlling the pressure

[p%@%r?éﬂ%nfﬁ%é?}f%;B%rﬂr@rp%@a‘élyl%yn‘? : ﬁléh g:&eisgﬁé iggeu;'Breedssurized

%8?&3‘?‘% r and deliver the-fluid at a controlled flow .
rate, erein the flow control val ving portion
conprises a flow control valve and a stepper notor

control ling.the flow control valve; a flow nmeter
confi gur edgltﬁ) ne%§'Hfdeﬁ(?W&99nFrQ{ dedicet gempriging; and a
controller controlling the stepper notor and the
regul ator pilot valve, wherein the controller
control s at@n igigtfot pessing gpfbrid intodhe aleviredi ng to  at
| east the flowrate neasured by the flow neter. 18.
The fluid flow control device of claim 17, further
conpri si ng aa @tetSar passng the Goid foormetetdevirrasur e
pressure of the fluid, 27 '

a pressure regulating portion configured to receive the fluid and
deliver the fluid at a controlled pressure, wherein the pressure regulating
portion comprises a pressure regulator and a regulator pilot valve

pneumatically controlling the pressure regulator:

a flow control valving portion configured to receive the fluid
delivered by the preésure_regulator and deliver-the fluid at é controlled ﬂbw
rate, wherein the flow control valving portion comprises a flow control valve

and a stepper motor controlling the flow control valve:
a flow meter configured to measure flow rate of the fluid: and

a controller controlling the stepper motor and the regulator pilot
valve, wherein the controller controls at least the stepper motor according to

at least the flow rate measured by the flow meter.

18.  The fluid flow control device of claim 17, further

comprising a pressure meter configured to measure pressure of the fluid,



wherein the controller controls the regulator pil ot
val ve according to at |east the pressure neasured by
the pressure neter. 19. A systemfor use in

sem conduct or processing, conprising: at |east one
fluid flow control device of claim1; and at |east one
sem conduct or processing tool, wherein the

sem conduct or processing tool receives fluid fromthe
at | east one fluid flow conpyol device. 20. A system
for use in controlling the flowof nultiple fluids,
conprising: a first. fluid flow control device; a
second fluid flow control device, wherein each of the

e LN R o TR

fluid fl ow contrgl device of claiml, wherein the

the PLeSSIiA MeIYHBAANING RTESSHTEINEIR devices are in
conmuni cation with one another. 28 21. The system of
claim 20, wherein the first fluid flow control device
further cotpri shsyatamifer uaminesgmicoadd ctarepreeessing,
fluid flow control device further conprises a female
cooprisotgir configured to be coupled to the nale
connect or.

at least one fluid flow control device of claim 1; and

at least one semiconductor processing tool, wherein the
semiconductor processing tool receives fluid from the at least one fluid flow

control device.

20. A system for use in controlling the flow of multiple fluids,

comprising: |
" afirst fluid flow control device;
a second fluid flow control device,

wherein each of the first fluid flow control device and the second
fluid flow control device is configured according to the fluid flow control device

of claim 1,

wherein the first and second fluid flow control devices are in

communication with one another.



22. The systemof claim 21, further conprising a bus
nmodul e configured to enable the systemto be in
communi cation with a controlling wunit, wherein the
bus nodul e further conprises a fenal e connector
configured to be coupled to a male connector of the
second fluid flow control device. 23. The system of

cl ai m 20, wherein each of the first and second fluid
flow control devices further ggonprises a neans for
inputting a desired fluid flowrate. 24. - The system
of claim 23, wherein each of the first and second
fluid flow control devices further conprises a display

di spl ayi ng 4he 4 t sired flow rate d.t .

neasur ed fl%1v'v ratrge?g)ﬁg Aoéég't"éh'gf er]ea%@?ﬁ% f'BsIr’}zPr’éﬁj figw control
aul.ti glﬁ fluids,, corrprif?ing: a first fluid fl ow

BHicR IR FRRPiges &dnAte sonnaster aRd Hnseenndituiddlow gontrol
wherei n each of the first fluid flow control device

device fertbec onmnprisesiadefatevcoonector cdefiguredits be coupled to the
configured according to the fluid flow control device

pfal€ cehnedtorand a m xer, wherein the outlet of each of

the first and second flow devices is flow coupled to

the m xer. 26. The system of claim25, wherein the

systemis oonfi gueeslsté® &cihith 29MurPler tBAriiTY a¥& module
second fluid flow control device so as to provide the

. 1 - g f | i N £ uj ;
| ?E?m%lgg tg ég?g'l'rl?zér g'lcﬁe%%étéhdto Beol‘f’@cor}qﬂ]‘?fp%ﬂloﬂ%ﬁh L Wrrolling
unit, wherein the bus module further comprises a female connector configured

to be coupled to a male connector of the second fluid flow contro!l device.

23.  The system of claim 20, wherein each of the first and
second fluid flow control devices further comprises a means for inputting a

desired fluid flow rate.

24. - The system of claim 23, wherein each of the first and |
second fluid flow control devices further comprises a display displaying the

input desired flow rate and the measured flow rate.

25.  Asystem for use in blending multiple fluids, comprising:
a first fluid flow control device;

a second fluid flow control device,



flowrate and a controlled flo+V rate duration.

29

wherein each of the first fluid flow control device and the second
fluid flow control device is configured according to the fluid flow control device

of claim 1: and

a mixer, wherein the outlet of each of the first and second flow

devices is flow coupled to the mixer.

26.  The system of claim 25, wherein the system is configured
so as to control the first and second fluid flow control device so as to provide
the mixer with multiple fluid flows, wherein each fluid flow has a controlled

flow rate and a controlled flow rate duration.



