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THE | N\VENTI ON Fiel d of the Invention 10 The pr W m”’""’””ﬂ”m
invention relates to a device, fethod, and syste
controlling the flowrate of a fluid. Sone exenpl aly?!5*
aspects of the invention nay relate to a fl ow control

never DEVIGE S TABTLANG STHER TG CaRlTRauING FHUIR FLOW

flow controlling arrangenents are generally |arge
devices with limted flow rate ranges. Further, sone

convent i-pialay %g&%ﬂﬂwe&ﬁﬁﬁ§ ﬂ@ﬁft he\($s P%\T]%lbggi P‘afe‘iﬁWAppllcatlon

repeatabi ity

nd set curac

5 nsBenialddg. 6%534%696rﬁﬂ£d ﬂamum'ylﬁeﬁﬁﬂm qui d delivery
pressures (e.g., pulsations) may cause flowrates to
drift and/or fluctuate outside of required tol erances.
In addition, certagACKGROUNIEOFVEHE IRVENTIONS- such
as flow resistance, partialty fitted defrvery lines,
and suction-may al so degrade flow control capability.
Furthernore, a lack of sufficignt responsiveness
associated 25 with sone E@iﬁ%@ﬁa@i@%@"—’}my cause an

{1pover shoot) undershoot, and/or inadequate batch vol une

control phe BRESEH irWérnﬁog ?I‘ai’és toF@telite SMetish %trﬂeég/stem for

reasons, t re 1s a nee

alternative approac

30 contlipigviertow ratetof af fiulid.oliome exeroplany espectsef the mventlon

aspect s

di f.
PRk TeBRs o Mo SR 18Vick G SuriRbe

15

20

25

30

resent E%ent on. W

2rogessing ools

Description of the Related Art

Some conventional fluid flow controlling arrangements are generally
large devices with limited flow rate ranges. Further, some conventional
arrangements may have relatively low repeatability and set point accuracy. In
some instances, variations in'upstream liquid delivery pressures (e.g.,
pulsations) may cause flow rates to drift and/of fluctuate outside of required
tolerances. In addition, certain liquid delivery conditions—such as flow
resistance, partially filled delivery lines, and suction—may also degrade flow
control capability. Furthermore, a lack of sufficient responsiveness associated
with some configurations may cause an overshoot, undershoot, and/or
inadequate batch volume control of one or more fluids.

For these and other reasons, there is a need for alternative

approaches.
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5 invention, in its broadest sense, could be practiced
Wi t hout having one or nore features of these aspects
and enbodi nents. In other words, these aspects and
enbodi nents are nerely exenplary. One aspect of the
invention relates to a rom1con§roI devi ce. The 10
device may conprise an inlet fof passing fluid into.
the device, an outlet for passing fluid fromthe

devi ce, a pneumatic pressur§LﬂAMﬁﬁﬁ[ling portion, a
fluid flow control valve configured to be actuated by
pneumati c pressure supplied via the pneumatic pressure

cont r ol lin tige fodiowimndeseriptiong oeﬁdum&peﬁ:’csaahd ehbodiméhts of the
fluid, aflowmstﬁr confi gured sure flow rate of

t h@resentanventignawi &%qu yident. clbﬁlF‘P@grb@dJQQ?@Wrtbﬁt the
51 NenRIMRIGARIA s BfdRRiedt Fert?%‘étcbmd bé‘?ra&ffﬁ:&b it oﬁ?ﬁavmg one or

controller may contro pneunati c contr

pornnorerfeaturee atthm:aﬂpactﬁgamd) ettbodimenist dhetherasordsgthese
y the flow neter ot he em relates to a flow
r?PPSFtSc?J{ﬂ grbpfipe f'%&?&f? Ys&XQMPISEY-i nl et for

paSS|ng fluid into the device, an outlet for passing

fluid fromthe device, a fluid flow control valve

conf i guiQne aspeat of e Hiveatien reletasstomiflawtcontroldevice. Jhe

0y aievigh Ty Bpiffe % i B0 Re G BT RBGACL B St for

Comiasgingafnﬁdmbnot‘helﬁe\tlé@ | bﬂe@nhtlommﬂté ebntralling portfon, a fluid
I n anot her asi)ect the controller contr ol
ac flgxt ¢eniral vaveecanfigueed fabe @6?“&*%’ bV@l”@@"\ﬁ“& rrassure supplied

e il Pioy gt AL BN BBIIoRS s HdlietdioR rate of the
andiuid, deffow ebter oanflgnred te etemsure §owratadpluthierflrid, and a controller

armun ban ccC to the difference nd .
15 G o ROPEONRAGO R TP ORuALS Pressirs FontelbR partion The
ac t
T OBl ot AR o AR Ao Hocording to
pl dneflowyratef nmasumd“rbyithmﬂwmneﬂaands each associ at ed
with a differing range of differences. In sone
exanpl es, the controller may be configured to 3
control sthet hsiecttrelbfess tol anl&NfdoQWop@émé@lthafcahy@ c8iprise an

| east' according to the difference in flow rates and a
20pr dpet tor prapingritueg inde the dpvigei a@ Oﬂﬁéﬂﬁ@é@ﬁsélﬂﬁtfkldﬂ’ from the

msto‘é%:e 3 ffund flolvidnihol val%gec“otnfl 33’% S&uBRd &5’ 5% R§adjust flow
1S 8a M oV iR Senaor Conp gure “t0 neasu he
pr eaismfethefﬂuid]@ fldw inteteFoonfiguaep lte mddseire thg ﬂmvlrate ofethe fluid,

cont roI t he uid_fl ow control val ve .0., Vi '
oMo camtrolles contioniad © il apbialigna oté v For eoatrg! vaive.
at | east accord| ng to the fluid pressure neasured by
the pressure sensor.and the flow rate neasured by the

25f | ow netlemnotheriEspeotighe cantsbkar, may eopirelsacivaticreabtive fluid flow
may_ b treamof the fluid ow,.control va n_ ..
e bonte ke B aidafaty. nite HoRBlTE B cor Bk setdimining at
f 1 ybaktidrevdiferdncel bat@bR thd Pnddsuséd Fbwaat 86 aasdxed. flow rate,
the flow meter nay conprise an ultrasonic flow neter.

Yetselastingan adjpstnentamnewat handaesprdiam tpdhe difference. aw
= RohRpiRe ituiint ot i 16 cobiBl BUBLEELERUnG e Sélected

30de\ddjstmEne afmowsit bahdw Thenadjostneentianeourdidindheay éecselected
flow control devi ce nay each be co fiq%i{ed accordi ng

t o feam) arplyialibhat AQHsRentaMe _ §s9ciaied Mﬂthad'ffe"ng
an S

g%ﬁgé o?ﬁﬁi%‘féncéé IY\S%OZ'H% %Q%nfgz% gﬁ%%@ﬁ%@%ggﬂﬁ gP configured to
deV| ce and at Ieast one sem conduct or processing tool.
The sem conduct or processing tool may receive fluid
fromthe at | east one flow control device.



30 In sonme exanples including a pneumati c pressure
controlling portion, the pneumatic pressure
controlling portion nmay conprise a subcontroller and
pressure sensor configured to nmeasure the pneunmatic
pressure. The 4 subcontroller_may be configured to
control the pneunatic pressure %ontrolling portion at

| east according to the pneumatic pressure neasured

: . ed b
t h&opirekaciratier pE e flujd Aow gared valyeaaitleastiagcerding t@¥he
mets : r i | ui . ’
e edehes i Aiglel g 3 P bAoA Ecpack conto
maynéthotdher i nclude nmeasuring the flowrate with the
flow meter, controlling the pneumatic pressure
controlling portion at |east according to the flow
srate meagermphBy aspsct! HEY at
fluid fl ow cont rgl &%al @mvm@g’ﬁgﬁﬁg??ﬁé%bgggg ur@gsure sensor
f r eonfigeredrioumeasurethe psessure of theoflid nd-qr@xaimpte, the controller

c oMb S e RS Blntab VEiaTs-6° P S35 of the pneumatic
coré&ddre RONBBIIhG Porhidry) é’cqgé’étia%%oﬁjiigé P fltﬂg%ressure measured

pneumati c pressure control valve. 15 In another
as pydhe piesmira sensor and theflow gatenmeasuredriadthel flaw mater. In

to ' oM. I ' | dj
10 0 8Pl SRIOPEE. Helitefhfh Stk AR b5 GpBhfinortia tuid i
metcentrotedles.m ni ng at | east one difference between the
measured flow rate and a desired flow rate, selecting
an adj ustnent anmount 20 band according to the _
differen ' ' f L :
11 ow cong AopHEA GRBEL Bie 158 A Fld Pl Ppslrdim ot4hé fuid flow
adjcostrobvdlveinount band. The adj ustnment anmount band may
be selected froma plurality of adjustnent anount
bands each associated with a differing range of v
di ffer engefl aRSthr adBett, &HB W réteH Ay é&mﬁﬁé’e an ultrasonic flow
procedural arrangenents set forth above, the i1nvention
comefer.ncl ude a nunber of other arrangenents such as
those expl ained hereinafter. It is to be understood
that both the foregoing description and the foll ow ng

descri ptyigpmnattforexspapt alate8nd ¥ system for use in flow control of
20  multiple fluids. The system may comprise a first flow control device and a

15

second flow control device. The first flow control device and the second flow
control device may each be configured according to any flow control device
described herein.

25 In another aspect, a system for use in semiconductor processing may
comprise at least one flow control devicé and at least one semiconductor
processing tool. The semiconductor processing tool may receive fluid from
the at least one flow control device.

30 In some examples including a pneumatic pressure controlling portion,
the pneumatic pressure controlling portion may comprise a subcontroller and
pressure sensor configured to measure the pneumatic pressure. The



5 BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng

drawi ngs are incorporated in and constitute a part of

this specification. The drawings illustrate exenplary

enbodi nents and, 5 together with the description,

serve to explain sone principles of the invention. In

the drawings, Fig. 1 is a schenfitic view of an

enbodi mrent of a flow control device in accordance with

t heuboerinollesmawnhe cenfigurzdi to condrohtheapneumatmpressare controlling
exenpl ary, £l ow control stem 10 . ncluding two deyiges

e i I IsaPEacqaind R G RPUmate REpgRure Mosslred by bR

OF pfeddufé B8RO ARY EMBODI MENTS Ref erence will now be

made in detail to a few exenplary enbodi nents 15 of

the invention. Werever possible, the same reference

nunber s j i ntd on
5o ref of I 25050 eler I M ridhoB oL LR GRIT LR A The
eniroethod mayincludd providimg adlowdeantes! devidel. UTee natiedd asay further

a Liquid, slurr s, and/ g i xture thereof, enters .
a8 measing nd o B% with the Sow, male! deartroliditg preumti
nor, i W, ; j r+als
e chnh Bt ot i ekt LR Blnk it mepsured by

vi dhaflowunetesuandactuating thé uidrftayd contnol vaflve-ivith pheuntatic
1Ofluid floifv cont r ol valye 2 1S a 8n§ulimticﬁ“rﬁ actuat ed

valfVes &1 "Ry s PRSYRaYUe PEWSUAT GOBFOIRG PPIYR

according to 25 an anmount of pneumatic pressure

supplied to the pneumatic port of the fluid flow .

cont r ol IR apme examplestingiHding apaeunati¢ peesseve eentrolling ortion,

ondih e Pl Bk ElcorioaMrE RHidh bl ham@is A preportiona

comneahiatid pressuretdontrof ealsere. to the flow control
valve 2 via a line 8. Flow neter 3 neasures the flow
Srate of fluid flow ng fromthe inlet 9 to the 30

outlet fn %ﬂgtl’f‘é?'ggpgicﬁ al @ thiddi fdr bl sﬁﬁgttﬁé’ Hé‘ﬁsu?’tgf flow rate to the

supply the controlfler 4 wth an electronic sign
i ndiesired flewofate heynearmprisel pfdviding at flow Toetrolatavics, Ireeasguring the

cofloAS B Fout e téro delesulla of st aheyiEalape between the
U hendRRIEa bk 2t BRY LIS oW ka8, BAIBEiRY aR a¥istment amount
t hereby adj ust the anount of pneumatic pressureée

Zosu@@nﬁ@pcpmingéo theydiffesenaes land opdrofling actuation of the fluid flow
control valve according to the selected adjustment amount band. The

adjustment amount band may be selected from a plurality of adjustment
amount bands each associated with a differing range of differences.

25 Aside from the structural and procedural arrangements set forth above,
the invention could include a number of other arrangements such as those
explained hereinafter. Itis to be understood that both the foregoing
description and the following description are exemplary only. - |



The flow control valve 2 may be configured to increase
and/or 5 decrease the flowrate of the fluid in an
anmount related (e.g., proportional) to an increase
and/ or decrease of the anmount of pneumatic pressure
supplied to the valve 2. The flgi d flow control valve
2 may al so be configured to substantially maintain a
I|qU|deowrate|n an anount related . g.
proportional) to BRIEFPESGRIPI 1D EIRAWVINGS i ¢
pressure supplied to the 10 val ve 2 As conpared to

sone other alternative types of flow valve

ar r angemivet sccanieanydeg dfawings argriricoepdratediptarat eshstitute a part

¢ bR RboaBbetort SFevigs Bisala i arbsisspbeand
50f t@g%ﬂéHWﬁh'tﬁé'd'e!cﬁ&Yd@‘s@ 'R %gﬁlé'i%g?r‘i@lghﬁ?rgié% ofahye

etter track a control sign
exzm{ﬂrttlen tihéhé doawiogst r ol vaI ve 2 may be a

pneumat i.cal cont rol |.ed. vaI ctu Ry  Asahi C
he sonelai bl £ §ohrBets e ol B BRBPCTRE! S g B device in
mayaclerdaPiebiviatt 8 hoemidn:ighd esponse to sensed fluid
pressure upstreamfromthe valve 2 and to adjust the

pneunat iFig.p¢ 2 geleersalip viewdot an egemplary flewt eontrol system

107y SRAGIAL Tup He R SHRAHERI e Wtlohe B P Ty i

any type of device capable of being used to neasure

flowrate of a fluid 1n at_|east sonme _exanples: the
1 ow net erPESERIPPHON.QR AFEW EXEMIPLARY MO BAENT

accuracy. -For exanple, the flow neter 3 may be an
ultrasonic flow neter. One exenplary flow neter is an
ultrasonic flow neter manufactured by Tokyo Fl ow

Met er Resfefdmm witt tnew Be megdebim gatail to ariew m«emﬁammbodlments

t he Soz];‘e 30 upst,r.eam of f|UI flow contr

15, g dnesinventidh, (ieaves a5SbIEARedrarme feferoncd nimBets re used in
Netes dFEVings alh@sthé'dé%@ﬂpﬁ& R 19 thBSahiebAlikd ﬁé‘(—té ate
downstream of val ve As nentioned above,

amount of pneurratl c pr essure supplied to the flow
trol 2 trol I
pneurmt 0ot Sa8Y ah shBoahaTRS" BIIcHY BhMED! dEicR i, such as
t he IRjuis ssiirey, Y, aal/draixpeetthereo, émdrsbmeﬁjéwé 1oy éfﬂlmd inlet
to receive pressurized ga fgq essurized inert
20ga9. ArHeserihad ingyere 6etaﬂrb@i%ra feid flaw vontreiwalve 2 adjusts the
P! SRLaAe GRS deahd HhERuRGR: e oas to

ressu according to an
electronlc S|gnal suppl i ed by the controller 4. The

%5283;| i shpegimanteiioe Bg i fow toniofyabs s a
ﬁ?atlcéhfﬁéﬁla?écﬁél% fhatatjfi&ts the Qoﬁz%ié Bf'th'_% ﬁ'@ déBording to

a roport ona neumati c resgure control
25 exammraoynmﬂ pnammqtlo pr(elsadte sureplieditaiting paeumagierpemt of the fluid

for out tting s of the inpu as,via line 8 and
i dofecitl YRS, Reageitin By 1 ifigdia 1 a0 elis a flow
| NPRéte 85 a ‘coRtroliénes Vald/ & pneumatic pressure controlling portion 5
supplying controlled pneumatic pressure.to the flow control valve 2 via a line

8. Flow meter 3 measures the flow rate of fluid flowing from the inlet 9 to the

30 outlet 7 and communicates with the controller 4 to supply the controller 4 with
an electronic signal indicative of thé measured flow rate. The controller 4 in
turn communicates with the pneumatic pressure controlling portion 5 to



15 The pressure controlling portion 5 may be able to
provi de output pressures in a range of pressures that
are within the range of pressures that may be used to
control the flow control valve 2. For exanple) the
pressure control ling portion 5 gay be configured to
provi de out put pressures in a range of 0 to about 50

PSI ot her range. 20 As schematically shown in
Fi geleqromgfélymmn%pm@@gm BressHie 6omﬁr¢rbn@>@prtrqsh5 end thereby

" 3nééfﬂ§st ﬁ%%ﬁ@g ?t edfmatie R?é?éﬂ?@%hgpﬁéfﬁﬂﬁ%q‘ldv?cbﬁﬁpl valve 2.

he pneunat I C essure con
conpensate for pressure fluctuations in line 8. In

have |+ & R oBaRiAYe & el DB sRRTER It pease andrer

5PNQIEEREAge e Fate P é AL iABNPAhbLArePatal é%asproportlonal) to
according to the neasured domnstreanrpneunat

pr @glslnﬁteasem/emdecrem of tl'leaamahg‘e&fepnelrragtlmamsare supplied to

COM Sk BT 7 Lol 5B e 8ot

as %@@smauwdinrahea ¢iqmdfﬂ6v{/ pdtedn adtarhBusirerated a8 es,
t he device may i nclude an ogilonal pressure sensor 6
i

cormomm@aalr)éo ﬁesamr@tpmémn irgd preumAtic gregsyre supplied to the
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pr esange nsenis,cthet sesf é)pnwsatrcallyeittmaedmﬂa ma@rstmiroaally

of th fluid ggtreanrof the fl gontrol val ve 2,

sh&m qqmﬁra ra complieatvaive,ameling response.
supp %I ul déﬁté;bﬁﬁwhg%dées’t &tééﬁﬁa\}g I\?/vasyr n%ﬂ‘éthe valve 2 to
pr émtinrh'acmatmﬂhmﬂ sigolal., pressure sensor 6 may be
positioned to sense fluid pressure downstream of val ve

2. The device 1 nmay al so include an input portion 10

confi gungdohfe &xApRs! tHefiow %ﬁtrbl*\?al@é’?trﬁ% b@ra Qné’umﬁtrcally

desired fluid flow rate. In sone exa
i npantrptied valve roanwfaciuied byAsahiehssg ematloarh)edep@ted i Fig. 1,

colFFBbEOter? bRiRa RipdotBfo ARV iBspSisdRls gl ay pressure

f 1 eystrabm fréintthenalve/2land(teradpddithé pRaLMAtic préssur8Rubplied to
portion 10 may include a nenory that stores one or

20 pvalvged te e@mppnﬁateffpbwmta@@a raﬁasuﬂe fluctugiionat Other types of
prqgﬁééqﬁa %ﬂk,ﬂ@ﬁsggternrne afluid flowrate. The
controller recerves 15 electronic signals fromthe
flow neter 3, the pressure sensor 6, and the input
portion n one or of , t hose sigpal.s,

Pont r of FLPW ATGiey S BRPHaNY tie o} Rvlsei CRPabls Ghispinga'sed to
senfedSurk MBWPIRS DF BTN & 1bhGIRE teb@r“\‘wp'i"esS Qhé‘%o&@neter 3 may

cause a partl cul ar pneurratl C pressure 1 n I ne
25t hdvaypya redativel\ahighrddgree of atcunaayf IFowexamplei thefflomnwmeter 3 may

cont r ol alve The .con ] t he

o1 et pliistficTow Rt cObR Bplevaiey Aiptst RrartHtgsonic flow
ac erétdr RtariufadtObedCBRTaRgo Flow Metepnput signals fromthe
flow meter 3, the pressure sensor 6, and the input

portion 10. In some instances, pressure in the line 8

may be thel b ' [

ey D SO ridi Y] pEoBRado SERH ALY fow rete

30pr epstreanodf uid fiod ¢drml valvier?, s stovetein Eig. 1. \Paferﬁat)vely, the
and/or change the fluid flow 25 rate fromthe

devi c :
(e. 'QW meter §b8ﬁs®&'®”&d\ﬁ8rm863lﬂrﬁpm fiuibliow e dOWHStream of
poB% 10). In sone exanples, the controller 4 may be
an enbedded or '

15



single board controller, or any other conputing

devi ce, such as a PC. The 30 controller 4 may use
control logic or an algorithmto analyze the flow rate
and optionally the influent pressure signal from
sensor 6. The controller 4 may ?Iso determ ne a

di fference between the desired flow rate and the
nmeasur ed 9 flow rate and generate an adj ust nent
signal, which may be sent to controlling portion 5.

Thi s al j ' t :

e 71 29 RO ABY B PR A SRR Sakle yppies

fl cbhe towtganitrol ghlve 2viadinel8 nmyrimﬂemtr@lredrt@ypnmhaﬂ@ pressure

i) & ﬁ Batlon gf chan| valve actuatiogn 5

delcé?{) ollingPastiar g!é% %&H?r%ﬁsséifsr?&"trpﬂlngrm@%é may be
val | I t c
S changnames @?S%é'vsrﬁéiﬂ??ao@d% 2% Epurtreadiior 88k Such as
andﬁtmgen 0N pressurized birpiompa pfeasbaze@gassbumegmzlanddhen output
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3 and fluid flow control selected f

s p&fiefQraneleValves énd/awﬁ@égssma rf'@gidﬂtOFSf lraSQmﬁtexamples the
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f I @Untrawalvem Oree gempldinngalbe ghapineiidRCon&0a0k R 4figngement for
entire flow rate range. Turn-down refers to the

abiOUtRYHiRG S@g@r%ftteeamptg gasi \ia lingand aapthenrxalving arrangement
f ul \V; v npl e, a high.

t urfér)1r @E%ﬁpasﬁ 0 Pf)fahﬁt '@gnt g%# f@?‘ t:rr)%y %%ég& bly operate
accurately at both relatlvely Iom;floms and hi gh

floms, thout chan 20 h Addi ti onal | t he .
5 cont ol L EGUERIR Ay EBIRRATANS T8y HEARIPES arovis oulbut
chprasdurés fit b ‘ién@:’{ oft Fés%UR%’dh@B ai“@%}fﬁmrtﬁt%%ﬁg? ?ressures that

control si na s and EI asi ng contr ol
comacbe slaeﬂ tg @poﬁoktéﬂgﬁlﬂveeonwu\@h@apgms axamplem;ze pressure

e BB DRRBE o 8Tk RBSEaGureioo s RabE phits T a range
NDIog Orte phaLa BOPSINst sriyadther fArgy.rate. 25 In

controlling pneunatic pressure controlllng portion 5,
controller 4 may use a
propor tix [ V. .
Cont rol Sorhsy R snOfn 70 E the Prkinatf R8ake controling
angbdiomd enaypbe copfigsedrte selmsblpmeu&)aticrpresﬁh‘é ihdke linel8 and to
contt ol .nmet hod he control | cal cul at e an
o POILSt i EROYaY PSSRt GANTALIO AT HR e ekraashe fustuations
negsmes. fih %ané‘é)@arﬂpfést e ﬁ@%bﬁ@céﬂt@ﬂlr@b&aloﬁ@n{a‘?‘ HBve its
error," as used hi s disclosure

25 demmmmedcammlm&mmmmm peessuees ooneimolfm@wortnon 5 at

d fl
st A a5 s b it Ehdinstiahed RsBpemaBincesayre. Such an
t higkefiplaty dridngéinéritrRag Ralé af dantrdl Bdpsassdcidted with the
"integral® termwould refer to the sumof errors over

a Stbrorirelier: which may beHe addéionata pessiblereanixslilapp associated
re of change of the errors over a
pe&ﬁ%ﬁhgﬁﬁﬁﬁmgéFgﬁlle all three terns could be used in

" 30a PID feedback 5 control nethod, one or nore of the

terns be set to zero. Accordlngly the el ectronic
cont rol "3 SERIA eXarBRlesother dgvies 1 @%V‘Weya'&9980”a| pressure

fu [
dg‘rébégr?? %nf@?red%‘?ﬁ@éét{;? Eif?{assure otf'ttl’?@ fl@fd %ndaegﬁ'\%umcate with
vary based on the difference betmeen the desired fl ow
rate and the neasured flow rate. 10 The al gorithm may
al so use both feed-forward (anticipating the correct
fluid flow control valve 2 position) and feedback
(measuring the flowrate after an adjustnent is nade)
contr ol nethods Uslng both control nethods may
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fl ow may be used, which are described bel ow. 20 The
first nmethod may be a non-linear inplenentation of the
integral termof the PID feedback control nethod. For
exanple) an algorithmmay use the history of the error
to conpute the controller 4 outg whi ch may then
actuate the fluid fl ow control aIve 2 (or control the
pneunati c pressure controllln? portion 5). In these
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exams\ltr@éleeﬁ&o supPly signal ipdisgkvernt thennearurezisiuid pressure. The
¢ OO seheBEY il pbbeliFREn 30 sehS préf0ut B hya upstroam
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t he err ressure chang
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it vel 0
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posxisitionegdosense fILMd pressute dowhsineamafdalye®y a
di fferent pressure correction factor depending on the
band. I n exanpl es using varying pressure correction
11 fact oftfe déliee Aahky @Hoelhclﬁd@éh iﬁﬁhﬂ%ﬁlohhﬁ) Ebififlired to enable
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sol enoi d actuated valves, etc.). Thus, it should be
understood that the invention is not [imted to the

subject matter discussed in the specification. Rather,

the present invention is intended to. cover

nodi fications and vari ati ons. Zg. 13 WHAT | S CLAI MED

IS: 1. Aflow control device, conprising: an inlet for
passing fluid into the device; an outlet for passing .

f 1 diow Fate andigengsstiecan adjustroent sigral, whishrrony bel sent to controlling

bo Pl e dis aldelitim ey BE UeBlankB b ooy fitBhel
r atbehaliord ef tontrolling pprtiniand flideen cenrenv4lee 2. rGuch
portion, wherein the devjice, is configured so that the
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configured to cantr.ol the pneunmatic pressure . . .
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device of claim1, further conprising a pressure
sespetifiehardyareeombinatiapsr e t he pressure of the

1 fluid, wherein the controller controls the pneumatic
pressure controlling portion at |east according to the

fluid priekitisraliypteifiad nivtef BanarfRes low cRtePalRBed Mg be
flow rate nmeasured by the flow neter. 3. The flow

coselestedifarispeciic flavarate Fang@er ei n t he pressure sensor

is upstreamof the fluid flow control valve. 4. The

flow control device of claim1, wherein the flow neter
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ability to operate at a value lower than the full-scale value of the device; for
example, a high turn-down ratio flow controller may possibly operate
accurately at both relatively low flows and high flows, without changing

20 hardware: Additionally, the control algorithm may compensate for specific
valve characteristics by anticipating valve response to control signals and
biasing the control signals to correct such valve response. This compensation
may produce higher compliance for valve 2, better tracking between valve
position and desired flow rate, and a more repeatable and stable flow rate.

25 .

In controlling pneumatic pressure controlling portion 5, controller 4 may
use a proportional-integral-derivative ("PID") feedback control method to
adjust electronic control signal and/or pneumatic pressure in line 8. Ina PID
feedback control method, the controller 4 may calculate an error, which is

30 based on the difference between the measured flow rate and the desired flow
rate. The term “error,” as used in this disclosure, is broadly defined as the
difference between the measured flow rate and the desired flow rate. In this



14 wherein the pneumatic pressure controlling portion
further conprises a subcontroller configured to
control the pneunmatic pressure controlling portion at
| east according to the pneumati c pressure neasured by
the pressure sensor. 6. The fIOﬂScontrol devi ce of
claim1, wherein the fIOM/neter conpri ses an

ul tr sonlc flow meter, e flow control device of
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flow control device of claim1, wherein the controlle

i s Beasyrgdflew katecont rol act uation of the fluid flow

control valve according to an algorithm wherein the

al gorithm conprises: determ ning at | east one

d| ffererde algbmﬂ'm nhdyealsea&sert&dh feedMarataed ¢anstiodpating the correct
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T
. di forevide desbettardparformanicei Wdteanativedy, @ithef ohé@ffthejfallowmg two.
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In other exémpl‘es, a combination of two basic methods to control the
flow may be used, which are described below.

The first method may be a non-linear implementation of the integral
term of the PID feedback control method. For example, an algorithm may use
the history of the error to compute 'the controller 4 output, which may then
actuate the fluid flow control valve 2 (or control the pneumatic pressure
controlling portion 5). In these examples and during each program scan, the
controller 4 may use the dééired flow, the current flow, and the current
pneumatic pressure setting to increment or decrement the pneumatic
pressure based on'thev error. If, for example, this pressure change does not
result in zero error, the controller 4 may .iteratively apply the method again
during the next scan. Additionally, the controller 4 may divide the possible
error into several bands and apply a different pressure correction factor

depending on the band. In examples using varying pressure correction



11. A systemfor use in flow control of multiple
fluids, conprising: a first flow control device; and a
second flow control device, wherein each of the first
flow control device and the second fluid flow control
device is configured according o the flow control
device of claim1. 12. A syste 1for use in
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Conpitfate e BrERAE ies 1S wishidoe Hekuradyy i & Pighag or lower
corrdléd equation may also be used depending on the desired accuracy. Ina
25 further example, the controller 4 may adjust the pneumatic pressure to this
anticipated pressure while also using an integral or other method for the

control loop.

As shown in Fig. 1, the controlled flow rate passing from the device 1
30 viathe outlet 7 may be conveyed to another cdmponent 30 that may use the
fluid. For example, the component 30 may be a semiconductor manufacturing
tool and the device 1 and tool might'be parts of a system for use in



val ve at |east according to the fluid pressure

nmeasured by the pressure sensor and the flow rate
nmeasured by the flow nmeter. 17. The fl ow control

device of claim 16, wherein the pressure sensor is
upstream of the fluid flow control valve. 18. The. flow
control device of claim 14, whérein the flow neter is
upstream of the fluid flow control valve. 19. The flow
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invention is not limited to the subject matter discussed in the specification.
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Rather, the present invention is intended to cover modifications and
variations.
25 |
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3. The flow control device of claim 2, wherein the pressure sensor is
upstream of the fluid flow control valve.

- 4. The flow control device of claim 1, wherein the flow meter is
upstream of the fluid flow control yalve. '

5. The flow control device of claim 1, wherein the pneumatic pressure
controlling portion comprises a pressure sensor configured to measure the
pneumatic pressure, and
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10% & ()7 1PREASRcbiintt YRHE8 -df lclaim 1, wherein the controller is

configured to control the pneumatic pressure controlling portion at least
according to a difference between the flow rate measured by the flow meter

and a desired flow rate.

8. The flow control device of claim 7, wherein the controller is
configured to control the pneumatic pressure controlling portion at least
according to the difference in flow rates and a proportional-integral-derivative
feedback control method.

9. The flow control device of claim 1, wherein the pneumatic pressure

controlling portion comprises a proportional pneumatic pressure control valve.

10. The flow control device of claim 1, wherein the controller is
configured to control actuation of the fluid flow control valve according to an
algorithm, wherein the algorithm comprises:

determining at least one difference between the measured flow rate
and a desired flow rate; |

selecting an adjustment amount band according to the difference,
wherein the adjustment amount band is selected from a plurality of adjustment
amount bands each associated with a differing range of differences; and

controlling actuation of the fluid flow control valve according to the
selected adjustment amount band.
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13. A method for controlling fluid flow, the method comprising:
providing the device of claim 1;
measuring the flow rate with the flow meter;
controlling the pneumatic pressure controlling portion at least according
to the flow rate measured by the flow meter; and
actuating the fluid flow control valve with pneumatic pressure from the

pneumatic pressure controlling portion.

14. A flow control device, comprising:-
an inlet for passing fluid into the device;
an outlet for passing fluid ffom the device;
a fluid flow control valve, wherein the fluid flow control valve is
configured to be actuated so as to adjust flow rate of the fluid;
a flow meter configured to measure the flow rate of the fluid; and
a controller configured to control actuation of the fluid flow control valve
according to an algorithm, wherein the algorithm comprises;
determining at least one difference between the measured flow
rate and a desired flow rate, |
selecting an adjustment amount band according to the
difference, wherein the adjustment amount band is selected from a plurality of
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to the difference in flow rates and a proportional-integral-derivative feedback

control method.

16. The flow control device of claim 14, further comprising a pressure
sensor configured to measure the pressure of the fluid,

wherein the controller is configured to control the fluid flbw control
valve at least according to the fluid pres_suré measured by the pressure
sensor and the flow rate measured by the flow meter.

17. The flow control device of claim 16, wherein the pressure sensor is
upstream of the fluid flow control valve.

18. The flow control device of claim 14, wherein the flow meter is
upstream of the fluid flow control valve.

19. The flow control device of claim 14, wherein the flow meter

comprises an ultrasonic flow meter.

20. A system for use in flow control of multiple fluids, comprising:

a first flow control device; and

a second flow control device,

wherein each of the first flow control device and the second fluid flow
control device is configured according to the flow control device of claim 14.
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determining at least one difference between the measured flow rate
and the desired flow rate;
selecting the adjustment afhount band according to the difference; and
controlling actuation of the fluid flow control valve according to the
selected adjustment amount band.



