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60/ 69 gg]\ﬁﬁz(l
W TH eI\% &é‘ % lﬁg &“% and
hereby folly in por rence FI ELD

OF THE | NVENTI ON e generally to
fluid flow control ularly rel ates
to a chenmically inert f|UId flow controll er nodul e

t hdhisregplisetiaroplatat dee bengfit i Wis Hiravisiosnl Riteal Mphcatlon No.

Si ui c id
G0reGTRRr AR TR, CHUERE LA, YRATRRO S Now-
CONNYENRNIAQNINGB OIS Cftdpd iThlyl 8, 12005 carioindrety Adlyi inoorgurateiigherein by
ultra pure processing of sensitive materials such as
refergapg-conduct ors is a significant probl em faced by
manuf acturers. Since the processing of the sensitive
materials often i dABLD H&WVE.%I@& with process
fluids, it is critical that the process fluids are
del'ﬂh\zemeehtton metahespgemcwhyl tog flgidt ﬁowncmtrQIﬂnmonmdammatmlwlaﬂy

relafs i FBEHTY S5 ARG AN renBoLH Hodrgnbe Ty P dgpecigd,in-tne

withi 2t &ﬁhﬁ@ﬂ&%u@glvé HRiS €S Eikolt 1hBE @éli@hﬁ fladsfifrestheina liquid or
particles and vapors generated during the

gasqommstatect uri ng process. The processing equi pment
typically includes |iquid transportl ng systens that
carry the procBACKGRO caustic or
hazar dous, from supply tanks through punpi ng and
reg[ﬂieaﬁlisa@ptﬂ%)ﬂﬂyitﬁnSoraﬁtdm‘aﬁom u@llningheltqar pmespfrongpsing of sensitive

equi nt |tself The liquid chem nso
mateals SHED A5 SETRORTIIpIE IS atsgsa&l%@n RO iR b3 Spffecturers. Since
the g éésﬁ% S8l cas: V\é Qﬁéf@ﬁals bhtd irf‘lzgﬁleé‘ﬂﬁeétedoﬂa%@'\x@tﬁ\@rﬁ&%s fluids,
n enti onal y used netal parts which are
it 1s usmimat i thet tloe trhecesor flagds vacedetivesnhent theh @moasspieg edite in an

erio
uncontammat % sQate an wft)houtt t{)r}%lgn parﬁeulates. Various manufacturing systems

have been designed to reduce the contamination of the sensitive materials by foreign

particles and vapors generated during the manufacturing process.

The processing equipment typically includes liquid transporting systems that carry
the process fluids, which are often caustic or hazardous, from supply tanks through
pumping and regulating stations and through the processing equipment itself. The liquid
chemical transport systems include pipes, tubing, monitoring devices, sensing devices,
valves, fittings and related devices, and conventionally used metal parts which are
susceptive to the corrosive environment when exposed for long periods of time. Hence,
the monitoring and sensing devices typically incorporate substitute materials, such as
plastics resistant to deteriorating effects of the caustic chemicals, or remain isolated from

the caustic fluids.

Semiconductor manufacturing processes may require the discharge of very precise
quantities of fluids and commonly use one or more monitoring, valving, and sensing

devices in a closed loop feedback relationship to monitor and control this highly sensitive
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the nonitoring and sensing devices typically
i ncorporate substitute materials, such as plastics
WO e®7o0ssnt to deteriorating effects of the cauBtT/TS2006/026570
chem cals, or remain isolated fromthe caustic fluids.
proegsfyi ddMeeRIBIOBHOLRAS ARG SenFiNEdevines dnwy edsonley designeidrte eliminate any
' : : ] Ltie f, fLuids and .
conflriNR o Guieh b uHoRBLAF THUARLG HRc] e Aol oF ffeure within the
fluid eiresispg tidg \siystem, ithe arandposig éqipméterRRaKilize lidfolamsdt Bbtained
to nh%oB and control this highly sensitiveprocess.
frompneach abrihe dremitprmgd bving gdaespstngs deviees. al Bis lgecuracy of the
_ > L1 nat _ . .  oht o
IR italRa ok LA &1 B0 U AR S REMREe B hyelifes withn
the wystdm.n Fotikerf theiinhdcumog pHome deyiceptasesompdigdithairapairidy sf one of
equi pnent utilize information obtalned fromeach
the gffie Vlﬁ%@%ﬂ?ﬁ?@fis VBPR THErmAYenslEerg ithe oBR devies. Fher, frequent
: of o4 L far ' jned.afr h he .. .
ey 2 A B A AR o Fochy fdividua
devipgst mdepaadenthmlipratioe ofithe claviaesy lofvesare migy prowe difficult and time
compoui i dl he i naccuracy of one of the other devices
con?ﬁgggdepends upon information fromthe one devi ce.

Furt her, frequent |independent calibration may be
r eqtisPe dMUBIORRE rAng; ?Fnﬁi%é %‘é'&@? opmgnly contrph ey flawapr pressure

witl%ﬁ\ﬂlé: uid RARPSARE Yy sER llb}bﬁﬁﬁé'mé(’%e al¥ferGia %] cssure _Fhogvs geross a

owever, may prove-diffi‘cult an I me consu ?ng.
congfoiplietl @rdamy cafites éhar the phesdge of tiowpamotifice orvariably tehales or clogs

f.l.ow or, pressure.within the fluid.transporting stem
reqlggn%gglﬁ%%eéﬁtﬁthai ‘T‘nlné? g?ﬂqltgpn% raélgsstﬂlémgl %\X/‘cﬁcr %0, gt may be
deseabIe td incteRsk 8 @ecrOdse Ahd EorehictinY Qleal S¥thB 3916 Sviftfin thdBuid flow
an orifice invariably erodes or cl %gs requiring

circpig i epudiobfhe flgpw phipreasyre eithasame or diffgreah Buislensi ng

device. Also, it may be desirable to increase or
dedtangsdherads 8 oned far@triomepoatapranaing fived eontolamodult ihich may be

he flui.d fl.ow cipcuit to.control.the fl ow or pressyre.
postped, il iith & FF Do AR eRvinzgarostyre andPlis Whefen the
modi@e s tarabl 6P AcRafing A FA9 of Nbve AL ifdn Hqgﬁéfslﬁge differential
w

whi ch may be positioned in-line within a fluid |
meagpierignt taket iy thedlud dlogs pivaitrand phaten theristesmination of the rate of

' f } N4 . f.at dlow .o .
R4 e PSP D Sl B s,
wheirgin tchibrhtion df theopressure€ sésorsaofdheiii® contidlemodule does not require
he rate of flowis not adversely

anciggyzé&m gﬁggﬁgﬁraﬁeﬁﬁg@% V@ivEhi‘h DEF afsp (Fixepts fasig fluid control
modiild i dvoi®NHe introduction of particulates, unwanted ions, or vapors into the flow
circuit. There is also a need for a fluid control module with a removable or replaceable
orifice to eliminate replacement of an entire module or for allowing field selectable
calibration of different fluid types or viscosities. Further, there is a need for a reduction in
the size and weight of a fluid control module to preserve the often-valuable space in such

processing systems. Thus, the embodiments of the present invention are directed to a fluid

control module that seeks to overcome these and certain other limitations of the prior art.
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wherein calibration of the pressure sensors of the
fluid control nodul e does not require ancillary or
WO p@epassdent cal i bration of the valve. A need BEBUS2006/026570
exists for a fluid control nodul e that avoids the
i ntroduction of BEMMARYOFTHE INNENIIO; , or vapors
into the flowcircuit. There is also a need for a
f | uThee presant anventiom provides i fuid combved masiude thatemagbe abiysled in-line
e 1.0 L nate repl ace t,of ;an entjr dul e
to LBl e bineuf ol PRt CRBRRETMo L bRl 6 il el iodule may
detetirfifiethe Predslits, ﬂowxra&s afid tenhesAieldnfelsoFdbitBEthe ﬂr@s‘%{n% flow, or
is a need for a reduction in the size and wei ght
volymej withis nthe ofluigofiew ecirayitpr Sherrets ehdowt may- healdat@trnmed from a

GeRAE HAeE LRSS BT VRN BVl ok o o

diffetentiisl presstifeahessebment tdhah a&OKS cotrRYAT £646f thb Tl ﬁBQ conduit
certain other limtations of the prior art.SUMVARY OF

or oiffee lqggtebebreepH opressaisranpdpspisiin fhedhud rertep] sadule.
control nodule that may be coupled in-line to a fluid
f1 oW @ embpdimengt a tflosin spusralisr a.:mimdwa/amﬁarwqd»sthelv@iy with a

che t116321\,\,1{3" ill"lll ICE ﬁlﬂﬁt [ o'élﬁjgl)fﬂ%&ugp galﬁﬁla% eg:g}rg%}zé E]glfcps ﬁgw an’ adjustable

confroEvalve eco Ele@Wco e YOHAURE prdstiltt Nsehdis for Ukhsdlc@W coupled to the
circuit. e rate of flow nmay be determned from a

Coné?lf’faé‘rll??ﬂfiahle rssiction onpElen Enrased wikinthgiconduit havéng a reduced
crodslWidtal GHalto BBLL r&ftﬁ{ﬂﬁé Yioly SFhidiaO it rtﬁ@ uit allowing for
pressure nmeasur eneht en aCross a constricte

religifle flhw theasurknidntvanciategtritéd drcuitrarfcontgolle Q:atl}ﬁdd hﬁﬂmﬁtrol valve
nmpdu] e.

sure. transducers in the fluid cantrog
andﬁio L PUSIRo G (o e ressurerSepRpre ﬁtar]SFJ gruqiye | ipcfeding Swl gonuctors
urrbeioh armg Whdel afld GhaTEhfHIlyYinkA SHdusinb W
° through}LV\/nl ch&%&he égorroa ve fégwydlsn q{&uSl g Oq J ust glllkl)jl{i unitary
congeliarbolly gn¢losing theploattot mlvdmlddbmﬁmssu;re :gmle@s ure sensors
or transducers coupled to the conduit, an insertable
corstani m’nbm:d‘irrmnt ah¢ hboenglicaisiaed vént IpIhIg tHae aﬂ@\gﬂ the passage of
havi n duc cross-sectional area to there )
gasgsqutt it flapls: REPVIAPS YRR oA thivEn ale?amftthg?ﬁpm& gor true
ath@heﬁ@%fe@@Jr@ réﬁ&ﬁéé‘@ﬁﬁé‘fe@ﬁﬁﬂﬁg tlﬁ'}ld\&n& g{lﬁ&seiﬁto%é F&féﬁlal area of
controller coupled to the control ve and
the bousphed Hagh tmesspreemrealsce NSRS byvaltltelaml theit ropetsutcethe vented

mtefnri? llrtég bi glesho%%lnﬁ,i \8131'0? aﬁ%)\%%folr%lﬁ &lil o d egﬁl%laega? ﬁg

| |
and Eii nrdBEs (8vice %%carfg?{g s %@ ﬁﬁg Irigtion may include
a boﬂ?lf&ﬁﬂi&l ROMcAbMScaRy 8SH mBleHal dddaderia ﬂgoi’\ﬁo&/ hasR8s dR8&hrough, a

0
processor with associated control logic, and at least one sensor in fluid communication

with the flow passage, wherein the sensor selectively delivers a signal indicative of a
condition of fluid in the flow passage. A lead structure electrically communicatively
couples the processor and the at least one sensor to transmit the signal from the at least one
sensor to the processor. The lead structure includes a trace layer including a shielding
conductor substantially circumscribing at least one signal conductor, the trace layer
presenting a pair of opposing surfaces, and a pair of shielding layers formed from

conductive material, each of the shielding layers confronting a separate one of the
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gases but not |iquids, which provides venting of an

internal area of the housing for true atnospheric
wEe@sm0s6e2 r ef erence while restricting the fl ow©f/US2006/026570

liquids into the internal area of the housing. Each

°PH9§’@§SSH¥fé°f‘§ o dlor tragedavesoifie anpi of shiglting layere beingtelespéeadly coupled
: . | r a of _the housj,ng, .whi
with At el REnAGE SECRD Plre iR RRPigtEE tavers and the
shi¢iding|condncdevifahe aacolagérip ihe adaraliy@dismdtind thetdd east one signal
|nventLoq na% chlude a body fornmed fromchemcally
condpefor toigelatejthe atlpast aag s1gmal gonductqs\irgya sleatemagnetic interference.
t heret hrough, a processor with associated control
| ogBcilovd santellgr ageerdingetosamebodiment af theciomeniivinciaciudes a body

| . . Wherein .t he sensor sel ect.i vel
forlih Roh{ hetpi SR Aol B Bl g S BREPEuR RS oo now
pasbdpet @iyl ©WallassRee anda lpa b dphusihp eBdE RS Wail Galthde of the flow
communi catively couples the processor and the at | east

pasgrgs deBRingra step strushmintenmpdiate heapppsingendsewidh alfissigortion of the
: rQCesso d r r

o PRG0SO LB e o

secembgd)minhiodlt]hglhﬂm?vrpasmle lektehdig g dtorh els dthenef &bgipfpbsing ends to the
conductor, the trace |ayer_presenting. a pair_o

stop, SEeg éwl%safcté@ngﬁoﬁna%%ﬁer foapogfﬁn%rlt& ﬁ*gdﬁkwéﬂgough the flow

pasf&%@@isﬁ&s@&‘i&ﬂfé%%ﬂo‘f@oﬂ@fttﬁé Bty npeaggagétaﬁﬁtti ﬁleséﬁééﬂeétﬂicﬂﬂe. The

~ layers confronting a separate o eopposi n
insggting slestively tetoveblactbrdughethe firke epdiiof the Sdw epadsagg. The flow

ayer ei ng,electrically coupled with the shiel din
cont i BBt Bitnies % izt Brqety BehoeR o by chifuiieaPgh gt te firs
portiéy OF Shea Rew! hids] 8lsdidid HeREHE kdsoPn HBR ¢dAGENkART with the

define a Faraday cage around the at | east one signa

seceshprition of the fleys Passege, Wecoatrol walve imfwvidsiogmwaunieasiot ditlothe flow
I neti.c.i.nter C flow. controlle

pus T BELERTTNSE L TEERSE SSoq Bk LRI BAMES e now

pasixgdyarfdos pestefsoo and el goniroEldgio@dmamuaicatdvlly coupled with the

defi ni ng fl ow passage therethrough, the fl ow passage
ﬂrSha?\?finae%na/aweS%?f spoeoTsnand; thai pomifol opH¥e Mdersiasthet Reocessor

autdﬁ?éticaﬁ&' ro% 8GRsFhe E%ﬁ'rofl L QW RESRRQAG ?lmcﬁ%W tﬂroﬁélg ﬂ}ei t;l%vtv passage

structure I nternediate the opposing ends wt
basgrben sigmals frothtbe firsh\wng ssondjpressitre setisog. f rom a first one
of the opposing ends to the stop structure and a
secAn dbjt tandnfeatfird be chitaw epatsslagente xhandiprgviien o dlieefficient

ther of the o sing ends to the stop structure. An
metﬁ?@ of £xigading iﬂi*fgﬁéﬂnl‘irc?fftﬂﬁ _zlow_foné@h sqdite dhglving denlpesmpent of
the bR S @Bt ﬁlgﬁe{]oldg}ﬁﬁ‘ PR 3965hE gas‘ghg%o&stﬁﬂe e first A

portion of the fl ow passage abutting the stop

st rs_{ éﬁ (ﬁh i i | . \Y; . .

LS e e 5 LB KB BT A AR i
the use of a replaceable orifice in the fluid flow conduit that allows the controller body to

be constructed of a single unitary piece.

Still another object and feature of certain embodiments of the present invention is
that a replaceable orifice in the fluid flow conduit allows providing the desired constricted
area for differential pressure measurements for the respective fluid and flow rate while

providing a material compatible with the respective fluid.
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controller further includes a first pressure sensor in
fluid communication with the first portion of the flow
weagsagsy2 a second pressure sensor in fluid  PCT/US2006/026570
CORTHMnG ekt BBj et atnh f%}ﬁresﬁcc%ﬁg npéﬁgﬁdd@ﬂeﬁ’tg o prleGMt invention is
passage, a control ve in UI conmuni cation with
that alﬁadfdtrwiupamsbjgmgamhahpmmhg’@cs sorocasd¢dbype Fepdrnbigs coyples the
nodul a efI r.O theflow assa
prociegt bl Greontiirctl letid tE B erour o BrEoR R s fampencti
1ntelcf&\5'ﬂéee@31\3ﬂ tobitit iR digdaf ardinG (766109 MIVE SIS HEMAS Bt @dTﬂnaller
he cont roI val ve, wherein the processor automatically
11ghmp@német:¢ﬁ-eﬁ@m\reol valve to nodulate fluid flow
t hrough the fl ow passage based on signals fromthe .
fi ristfudting chjend nahdpfeatiserof emBo embodimentsj eﬁttheambsent invention

feature of certain,_enbodi n;nts t I‘OVI
g

it
invodyest preyiding ¢ ermac@ms ProeE digehg grearpf {her ooy L rfhdule, pousing
whifel s‘ﬁy n@la }%% lﬂr&%r@gefeﬁdﬁh@ﬁ?ﬂﬁ' YanffinfeRR1 area of the
i'ce that may ero cl og over the passage of
housmgre and use. Still another object and feature of
certain enbodi nents of the present invention is the
USEA @Qfrther bigjpttand dbdtereif icéﬂtam ehrboﬂimmni:si off te presentdovaition is that
t hat al | ows the contrgller to be conifructe of a
one {lopgoptrghmedils mygravideigumer tW@?S“B‘b B¢ HloX- PP WAt ur e

of certain enbodi ments of the present ipvention.s

t haht fther phigetesd featisie; ofcgdaip ﬁmbﬁélmqn&ﬁ of the puFseRiagntion is that
the gl lfvoé'&ltrg ﬁrxv qienrga)g g?ovgfesﬁélﬁdsefé%ﬁfer éa‘?ﬁa?ﬂ o &BdifRfent fluid types
feren pressire nmeasurenents e respective

andﬁhuiﬁaamdwklow rate while providing a materi al
conpatible with the respective fluid.Still another

objegtanatér bBRtu ] Hangerdfajeftadnénbdimehis «ff the l‘piesent invention
present invention is that a |lead structure jnclud

1n01§41Q§n@l10V1¢§1§"rﬁj aciwd sostipk Bieduledthal 2¥pifs ey yradigiot gt ﬁ%‘é@ul&tes
unv}aﬁt%d%rﬁcgls% rors%ﬂfé) tﬁéﬁgﬁ"%fcﬁﬁ control logic to the

ressure se to in electronagnetlc

' nt r %% %ﬁelﬁ%‘F 11.45%11)‘ wvxil I%ﬁtﬁe:? gtpérjegi tﬁe Qi{b%ehrﬁelﬂ{o%\é& ggva%tag,es and

supé‘rﬁﬁtfeﬁﬁfe@ GffitN@invlnfid fogetheoBjthahe aﬂﬁr irﬁﬁdsrltum asffiects thereof upon
certai n enbodi ments of the present invention involves
readingthic dictaglcd dessaRtien |wlyclpfoélp‘éfé e HeEPR ATithythg dragying,
control nodul e housi ng mhlle still or0V|d|no a true
at mospheri c BRAEE|] P @R |1 R AQY Y
area of the hou3|ng
Figure 1 is a perspective exploded view of a flow controller in accordance with an

Ty

embodiment of the present invention;

Figure 2 is a perspective exploded view of a flow controller housing portion in

accordance with an embodiment of the present invention;

Figure 2A is a fragmentary perspective view of the electrical connector portion of

the flow controller depicted in Figures 1 and 2;

Figure 3A is a cross-sectional view of a flow controller in accordance with an

embodiment of the present invention, taken at section 3A-3A of Figure 1;

Figure 3B is an end elevation view of the flow controller of Figure 3A;
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A further object and feature of certain enbodi nents of
the present invention is that one flow control nodul e
woray7/008svt de t enperature, pressure, and fl ow OPCPUB2006026570

fu ' : [ i

{ PSR 30 1 GCro@RRolm 1 OF (FRI0F SnRIRASORELS Bl alen
sectimmPCpl@vi de field selectable calibration of different

fluid types and fluid viscosities. Yet another object

anfighent us e safe ¢levatian vienbodi fiancentedllet e aguoedioe with with an

invention includes providing a fluid control nodul e
embedimentfdhe Bropend “i“f?flg%ucti on of particul ates, unwanted

ions, or vapors into the flowcircuit. Those skilled

i nFighee & inidnl expledetevigpprfeei lead sieture in accordance with an

e G ReRE AR PR B BRR 0 e ot her | mportant

aspects_t hereof upon .reading the detail escription,..

o P 3B RS E T B A e G o B ofih eRg St enst Figure
5A; DESCRI PTI ON OF THE DRAWNGS Figure 1 is a perspective

expl oded view of a flow controller in accordance with

an 1 . . . .
per EEREHC REDblaf vk 6 B Bt 14yR) Ph- 10 st tipRe 34
po n t e .
o RS SRR SR a0 RO LOTRL o ol Figure sa;
perspective view .of the electrical connector rtion ..
of PGS 71 J5,2 B T 0 G b desr GhEL Rha B e Figore
5A;Figure 3Ais a cross-sectional view of a flow
controller in accordance with an enbodi nent of the
Pr BRARE 5K RY & HdnOflew! GHRE siifferRP GhyeP B M B4 Hrudthi@WitFidire 5A;
Figure 3B is an end el evation view of the flow
and control l er of Figure 3A;Figure 3Cis a cross-sectional
view of the flow controller of Figure 3A taken at
seFiguenSG@s 3 PlanRiigu o the sesoml sutdepdiawalbyamithelsadStracture of
. fIé) controller in accordance with with an enbodi nent
Figugy ‘&I‘ne present invention; Figure 5A is an expl oded
view of a lead_structure in accordance with an

|

Referring now generally to FIGS. 1-4, there is shown a fluid flow control module
10 for delivering the desired quantity of fluid, which may be corrosive, in either a liquid or
gaseous state. The fluid control module 10 generally includes a controller body 12, a
housing 14, mounting plate 16, pressure inlet/outlet fittings 18, pressure fransducers or
sensors 20, a control valve 22, and integrated circuit or controller 60. The controller body
12 and housing 14 are preferably manufactured from a chemically-inert, non-
contaminating polymer such as polytetrafluoroethylene (PTFE), although other materials
having similar chemically inert properties may also be used. The housing 14 and
controller body 12 are mounted together by fasteners 24 extending through bores 26. A
gasket 28 of known suitable construction is preferably positioned between housing 14 and
controller body 12 and providing an airtight seal. Controller body 12 and mounting plate
16 are also preferably secured together by fasteners 25. General aspects of some of the

described components and variations thereof are described in greater detail in U.S. Patent
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Figure 5B is a plan view of the outer polyner |ayer of
the lead structure of Figure 5A; Figure 5Cis a plan
wao z@wnoeseor he copper |ayer of the |ead structurBCDUS2006/026570
ure 5A; Figure 5Dis a plan view of the trace |ayer

v
Not, S {39, avtichsé raé%ﬁ%ﬁdéo éhe sanwélgaw aspthg presers @pplication, the entire
dis@b@e ¥E %ﬂicﬁfs cﬁlga‘rf)gﬂ @5(%{ | .Of the | ea_d

structure o s a plan view of
ead cture 0

theRs‘%'s%%e”S{e@é? 340 Wamase%gee e e e g g end 13 of

conpollymesdy BY &F pkithite cos@sl \‘Edl‘feiﬁileﬂo%ﬂ@tf bdrk BQ! erRAflow passage 30
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring now

alsqyeniepds ipm therfisgl endal5 phepntroliershasinl té |the dlstal oentrol valve
R nf B il i 1361 Y540 PR R0 o e ARRL) ouen e

entioé cgAiBeile Shodllyal 2 in P@elP Woth ¢l prdimareditde1 G the distal end 15.
generally includes a controll er body 12, a housing 14,

S‘ﬁa@:rﬂ qangoPerhedyrgug 35 sepauates the|flony passags 3G ¢ausing gy figid flow to
e QERSHNRLATISIERS B 125014 Yl GOINAR 2 i o i
respiemiw qnlobidbn,bwdh;chlﬁrﬂduw m@ms;sag ﬁirtﬂh@rlfelcpﬁ,eflﬁrﬂcb&kfypassage 30 and
1nle%}1§ d i om ?\Sefagte ﬁn%ﬁ %%g%;l%\glo n}%ont gdrf]l%t\n; c?i?cuit. In
an elhbb&amt ohb edneﬁatueﬁlcﬁ* fhe 'RY%E D0 g'bl'”nLcﬁ‘l'hheC A Ml e flnid fow

inert properties nmay al so be use ousi ng 14 an
circgsnmey bt egvetsed wittRubaffectiogits effectopeedser by fasteners

24 extendi ng through bores 26. A gasket 28 of known

s ui Asshevic onBIGSIcE amh3 Ascylidiiesladalvitiep 3% B8 amdditbeitsveefiom the

4 d roller 12 and OVIdIn
°ut%{. usfl%qgw? the ggm“(%fﬁ?i’?%f (A S%Wﬂz%% Jrlilf’?‘?ﬁj‘%&dalfléhe art will
appﬂe@la?é fhaf bR 86,83820hy 45964y &the% ghﬁfo t!ﬂ% cgﬁﬁlfe? Bbdy 12 from
General aspect$ of some of escr i

dlfféll@ﬁ’p otismalls a]fdth(tamlmoillen dotip eﬂe of CanEeSd 86 caridb 38 arel separated a
6, 578

pre&éegrﬁjtdﬁr g{s al) g%c§ g Svi/adﬁg ggdtq’agltlﬁﬁ g‘s§5md"‘lb are separated a

predﬁ@mmﬁ@tdﬁancetmemerﬁﬂg’eawsgcI osure of which i's
i ncorporated herein by reference. Referring now to

FI d@xrea%ﬁbhe Fedibid Wilhds BROSABNEX bR iR thS & QXRIR and 38
en
intersect with flow passage 30, an annular lip 42 is formed. Lip 42 surrounds and further

defines the opening to each cavity 38 and 40 from flow passage 30. Each pressure sensor
20 is held in place within their respective cavities by spacer ring 44 and externally
threaded hold down ring 46. The pressure sensors 20 are sealed within the controller body
12 by chemically inert o-ring seals 47. A redundant seal may be created by the positioning
of o-ring seal 48. The seals 47 and 48 are readily available and of known construction to

those of ordinary skill in the art.

In flow passage 30 between the pressure sensors 20, a constriction 51 is defined by
insert 50 to create a pressure drop as the fluid flow traverses the chemically inert
constriction 51. Insert 50 may be formed from PTFE or other chemically inert polymer
material, although other chemically inert materials are also contemplated such as sapphire,

which is also resistant to wear when subjected to caustic fluids. Insert 50 may also be
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controller body 12 to proxi mate control valve
inlet/outlet bore 32. The fl ow passage 30 al so extends
wo e@miovsse2 di stal end 15 of controller body 12 POT/UEE06/026570
di st f trol valve inlet/outlet bore 34. As de |cted
congtpc %GO Sphers matgriplssthay éfes@O@Bétsblﬁ ovitk xthe FesneRiGu @Hl flowing
€360 [ et
throb € FRMEC30 L RSB SL Ty ) BT B 18 n certain
embodimentd, Ilmertbﬁ]j;s 1pinoyatds se dpdnateesdddne ddged r@aﬁsﬁgmrﬁﬂl can be

d fl to be di ted thro
replF PO > B e SR EHAT S TSR cophaAsedy Ty grder t

malderh%eih&&%(b Rrfovabl, ﬂfé&@gstéewo %feta' &mowvgasgggy@d mal®e slightly
di scussed further bel ow, the om1passa
largemineth¢ ereel extendinges&oB2ndrid 84hs ereadetsednithe taiptbstirewensors 20

a8 SR iote b o DRt stastts® o AiTe o B g between the o

presfRdk@sotd20 W EditdIENBodyl ptigl 35| aWiCdiffeiinte i MY RRs-sectional area
reversed without affecting its effectiveness. As shown

of theiwol pastions ofrftpvapassage I0miey Gam stop sireguddn tsforared anular lip

5, G818 A0 0B nHE 5oL I, FSALY bl BB pss

30. Wi At 1Wfablé}’raﬁl©viﬁlat1n§@tll5(()l 880 3énabfl, thancordfdlleRYbodRCI2 to be
extend intq the controller_body 12 fromdifferent
consifugisfiapi @ %nglﬁh@n@amww efn ls@la@mmn HipeRised r9izhie) manifold

cont\:%glnﬁé g'g?ﬁ e s%qctﬁmg qugxg\B B 8E3EE, f&lgﬂiﬂé HafiB7. The

cavities are separa
congirietitats érlrihmlmjrodhtsbla ncaaifold Iday hai\rerlge \smhb oB fiffeiNan cotdtidcting area

in the cont, | er bo 2 where eagh of
Slzecﬁ. @fﬁﬁf‘s%onéwﬂsé mﬂ?éﬁ’i alsp ﬁﬁs ﬁ}eowebgggegg@y gganggﬁhe flow
rate 3RdVet ft'pldcb Phefconis@ictioh HRE: it bdcBnfd efddel deﬁéiﬁf‘d further
de i neS the opening to each caV|ty 38 and™40 from fl ow

a&ereglen vRARR 1R SaRUNS (AP 1%96 bﬁ/ltﬁ}qﬂoqnfepcoﬂhéﬁfw ifh flow

I'n tRel'r respective cavi les
passagd; 20,rmavdlye tehat Bhdbeftrhed dithimvthe ﬂlmbcohﬁult Tﬁﬁnwm GAallustrates a

sensors .20, ar al ed thin the ontroller body. 12
conifgl g2 gith R diaphepen) #811%% 8 ool NerabRs Q4R ORBie %}flosmg
flowd th%ﬁg?tc%ﬁdﬁﬁ’ J)ethBes iskilefi MRl af- Wll[‘ %p%?&iaté"%hat-rgl%f various
seal s 47 and 48 are readily avail abl e and known

mechygnsng gt ¢ovfrotling fos éhlmlglm coindvalr 30 sk teiadily avahhlb&r and ¢fnknown

t.wee re e.,sensars. 2
constyMoPRENAR & oREIERRILAC o) FRCcRRusE B8 idlpn™y e vane
beMiHeﬁSﬂlldr epdl apd aSloﬁdiﬂe pf)bltibﬁj thhpWed hasehisiRied RGith any of several

chem.cally inert
mechanical, electfical, or pneumatic drivers of known suitable construction.

The controller 60 may be in any of several forms including a dedicated solid-state
device or a processor with associated control logic, and may include Read Only Memory
(ROM) for storing programs to be executed by the processor and Random Access Memory
(RAM) for storing operands used in carrying out the computations by the processor. The
controller 60 is electrically coupled to a power supply and manipulates the electrical
circuitry for sensing pressure and controlling the actuation of the control valve, wherein
flow, pressure and/or volume may be controlled. In certain embodiments, the controller

60 is mounted to the interior top portion of the housing 14.
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constriction 51. Insert 50 nmay be fornmed from PTFE or
other chemcally inert polyner material, although
w@rtdenossbem cal ly inert nmaterials are al so conPenpbaneRs6s70

sucq@as sapphire, ich is also resistant to wear when

s ubj Rsctawdro %r e rsed to| Gonyert thmr@sauresoeadmgs drogp the two pressure
stb r f o) 1 r

seni¥fE P0S! F Bfitlo @ or iDL ERHEEARGh bP oo SMRANRLG: pressure

readamgl o £ thie sbominstréamn plesdnre trafisduicer. CTint raod arlzmigtdlglal @onl the upstream

rtain enbodi nents, insert 50.s renpvable so t hat, an

trang{ sl SHPPRIG GEANB Y IERTNgL Andn ikepise, Ahye aiple bansgpoer output
havi i

sigrANEbRARE UoRAsiakl BbRuls Shpiied b AFADANEHhIEL Tk Boffiler 60

comiphutes cthe gsstamaitaons aolresameadlﬂfermbm/\b@ag yadked 3 lmych@eupstream and
sl htI | arger in the area extendl f.rom.en

dowpiisehp dtampictisernd Rerows B JECRSEATY GHRifg SEHRGe Rd scaling

TheCoRfFSHEESS 8 @lso%@@v@a sighAVeRAIPHIBNSH tﬁéttt?rﬁi%rﬂﬂnré bPHe fluid
the area between the two pressure sensors 20 |

flovgng throngheflow passags 3¢ Wslﬁch Ty dedndaancd hye tﬁmpcﬂature sensor located

rQss-sectiaon a t rtio
in o BRSE StsRR 20 ST fiutiep o) eBhal P 22, Rt aepfifgtempenature
sensdfBUCR bs biddsedRd iMBibore loEaYE Bt dividisewhll 39. BueimnB&duRdnents allow
i nserted ﬁlﬁ st the desired location in flow passage 30.
I

the potential dpt His mpFsuFREb OF tempRERIIIS preshws, arhBpwsouip in one fluid
0 I
conﬁ&%gérﬁ%/l!e qlbe?e%t c;'n%llg %ﬁﬁ 1&@%@%@5 n}érﬁglsc’igg g%roy@ttfgg aqg’lﬁéald selectable
calipratiod fdrdlifferantafiluid ngpesahd velbetieonstrictions 5 1 may be
found in the area of dividing wall 37. The
COfIﬁtcéttﬁhleﬁﬂﬁ)dﬁﬂents’; dlegd st@ichie B2aoimrpildw lvdltﬁ@/elb@ﬁ@al magnetic

sane or different constricting area size.
mtelff@tea@f‘a&wlb SHeqeptible; ianatarfrem) epchi oo then ams&getwasqrg 0 to the

contrO&r &R Tife fegﬁ' ﬁl{ﬂe%% Hso%ﬂsﬁ'h&eé‘ggéﬁgtrlﬁlg lﬁ%}gegsg dp;rﬁmﬁg a flexible

constriction a ter €cones ero
Faradng capgi onWihile hprovidiieg cbet ncekdsery bhididid® fidvar eleciichl ymagnetic

) O intercaonnects with _fl ow assae30 a val ve _seat 53 :
intefiSrench g IRFY RITROire OF1 1101 DONRUTR ShpHite TRtasal 3. the THousing,
enaBﬂﬂgUtﬁ& f18HRBnBolCABENI T 0 ¥&bY SmAferWidlleratt ABRY (ﬁﬁmeﬁé]ctlve

havi ng a coni cal nmenber 56 for opening and cl osing

Tl ow &é{ﬂf&é&lﬂ 150RAYNL530ead Qﬁﬁ?urﬁ ) lgleﬁé}al:lymtcﬁl%e?% P\}’l\qlelh Bolymer

apprecrate that any various nechanisins contr
layef 176yva tthistoshgdidiog rlaiyﬁrt723@ teace lapadntlydiay @rblain]searaeldleofends 74, a

ru ose_of qrdi nar Skl|| he
scooffl SHGRE Tkt 7 srortstiot BB S ranf et o gl g 80. The
smafP&il 80 of eRIestnRASE! 40 BefiRs HRrBFSOM! WhlkBda feBei®8 on, and
of several nechanical, electrical, or pneumatic

elecitically cenustt withweonsastiozhpias Gt stepitet) extending from controller 60. In
similar fashion, each of commection pads 124, 126, define apertures 128, which are

received on, and electrically connect with, connection pins (not depicted) extending from
each of pressure sensors 20. Lead structure 62 is preferably sufficiently flexible and
resilient so as to enable it to be easily folded inside the housing. Generally, an overall
thickness of 0.020 in flex areas is preferred. In an embodiment, polymer layers 70, 80, are
polyimide.

Shielding layers 72, 76, generally include a thin layer of metallic material 130,
preferably copper, on an insulative polymer substrate 132. Trace layer 74 generally

9
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The controller 60 may be in any of several forns
i ncluding a dedicated solid-state device or a
w@e@emeesor W th associated control |ogic, and PEmUS2006/026570
include Read Only Menory (ROM) for storing prograns to
mclﬁéewemsé@erbyubw@teprlééeg‘g& a@n@ummmm Addesf eiatlicy material
r..star e Ly, out. the
cirt e ihg oo o shiiR, GBE AN ae) WRiehBE e 72 76, are

bomlbde@hroppahhg sarfigels €3 8] 040, gowETe BYAPTA, @u@& siﬁﬁllguh@te@&tncauy
ectrical circuitry for sensing fressure and
He

Conéksﬁwe& fonrgcted withdhe yelal wetalliremetsriak K10 efsgagh of shielding layers

b
2 \glgﬁttb?gﬂq? ép naﬁ)ggl?ttﬁlgfogs %gl Vf%{reﬂﬂ?t é/coﬁtrol ler 60

h t to ort f the
5 SRARE S8 e Rl PS5 E P G LRAEBY ey be
slighthpdiiclgs ahd Qdss krEelidntehapr 108 DR ISRAS R ﬁiﬁ@raagth%daﬁﬁhfégs to the
or digital representation of flow or, alternatively,

leac}ﬁt@g:g{y? 62y éhmrn@lmertlh@ra 30, ﬁ@@i’n‘?qﬁnpélg@ teform the outer surfaces
of 1EddARRBHEEED fJ‘i&?mé&?@(ﬂ@ﬁ'dﬂ%bﬁﬁt nal fromthe upstream

transducer 1s°su to an thnput term nal and,

tra ducer . aut pyt SI naI fro
e R LB 135 b ARGontsVAve 22,
the pesstire BdnsorkiD®, Eatttdiiet 66 and FlekHIP BiOft 61)Qs 'd@ﬁl%féﬁtlﬁ T®QYS3A and

pressure differences bei ng pi cked up by the upstream
4, anpiefinae? deae fremnthgubasls eamwpeqnwtwmerénlﬁ fﬁ)@@e@s afy provide

elecﬁFd; 2&?}%82?‘{’}@‘%;@ %ténw(e)a?, ?lglslglg gt ng afn%?a# ﬁrp e@g%nf% sealed

by effertune sédlus8s] vhiokM aiﬂgwfshdilecngbalf toaetanss 84 o %ﬁss Whioabh electrical
a tenperature sensor |lqcated in the

may be neasu dgﬁ
conpelar SReEER &y FISTICR]; SHPRPEIGISES GF WsFH B0 Glspivigalponnector
ape@lire® 85 AR Ahdd QERBEA dOhfetGE KA lﬁ%&l@ﬁue‘ﬁ&%eﬁeﬁvﬂ%ﬂmem by

in a bore located in dividi ng wa
keepipg sutedme fuil fbnosmitring. pApemir sealf 8 Malyellsmemmmrmvﬁnt hole 90

L.enper atu res and fl out in.o f
into ¢t BBOTEh it Bl B2 soaPred S Bl blterte s the Passage
of gkavidasttithe impiraPRrdf of h@lhsﬁindgsqkleﬁﬁﬁmeev&@éd RSt @ Btmospheric
for dlfferent fluid ty ﬁes and velocities. In certain

presgyg Gefieranae whi arfrsmngtt @feowrad ligridsdutodke ingsmalgireagfithe housing

T L e —

Pressaretiranbdueerséli. aldeodtaiadreat tubes OB ehdl Dpesd ikO Misd veie®tht&@hal area
rrultlg‘i% | ayers f rrri ng a flexible Faraday cage. Wile

of hpsing étli“ﬁémﬁ%s@ SLCPIFSUEG WIRIERG: from el ectri cal
magnetic interference, the lead structure 62 al so
el TRicFHR STherEnents dherressura trapsuchis 20 sortrelgyalve 22, integrated

circuit or controller 60, and other necessary or desired electronics are potted with poured

epoxy potting. Alternatively, such components may be insert molded into a single unitary
chemically inert, non-contaminating material. In this embodiment, the pressure sensors 20
may still be allowed to vent for true atmospheric pressure reference by having the vent
tubes 93 extend to the exterior atmosphere. Vent plugs 90 may then be inserted into the
ends of vent tubes 93, allowing the passage of gases while restricting the flow of liquids

into the pressure sensors 20.

10



enabling the flow control nodule 10 to be snaller,

lighter, and nore cost-effective. As depicted in FIGS.
WG 2005@)sebrad structure 62 generally includes aPCDUSENG/026570

pol r Layer 70, .a fir.st .shieldi | ayer .72, a trace

oy BIUPYER th: PGSt SavRILOR has; HERR ShawR A desgibgt 3l respect to
spesificedd#iifdof S8tRin ' i
'p outer polyner | aég.}felgeg.s Mﬁ}gﬁgﬁgﬁn#&gﬁ% e%g)(? dg?él'rtgg%?&ﬁﬁﬂ s not
intended, dhatr sich 2detifsi heg tpetcope of the Anwhitioh, king @dei acadideration

| ectrically connect wth, connection pins

]Ea%ﬁ%?égggﬁ8eg%fh%9?¢nding fromcontroller 60. In

simlar fashion, each of connection pads 124, 126,

define apertures 128, which are received on, and

el ectrically connect with, connection pins (not

depi cted) extending fromeach of pressure sensors 20.

Lead structure 62 is preferably sufficiently flexible

and resilient so as to enable it to be easily folded

I nsi de the housing. Cenerally, an overall thickness of

0.020 in flex areas is preferred. In an enbodi nent,

pol ymer | ayers 70, 80, are polyimde. Shielding | ayers

72, 76, generally include a thin layer of netallic

material 130, preferably copper, on an insulative

pol ynmer substrate 132. Trace | ayer 74

general | yi ncl udes a pol ynmer substrate 133 with an

outer strip 134 of nmetallic material circunscribing

one or nore signal conductors 136. Wen shi el di ng

| ayers 72, 76, are bonded on opposing surfaces 138,

140, of trace layer 74, outer strip 134 is

el ectrically conductively connected with the | ayer of

metallic material 130 of each of shielding |ayers 72,

76, to surround signal conductors 136 with a Faraday

cage. Stiffener layer 78 generally includes a |ayer of

pol ymer material that may be slightly thicker and | ess

resilient than the other layers to add strength and

stiffness to the lead structure 62. Quter ‘pol yner

| ayers 70, 80, may be applied to formthe outer

surfaces of |lead structure 62 for protection and

durability. Wen controller body 12 and housing 14 are

seal ed, enclosing the control valve 22, the pressure

sensors 20, controller 60, and flexible circuit 62, as

depicted in FIGS. 3A and 4, an interior area free from

the harsh exterior environnent is forned. To provide

el ectrical connection to the interior area, housing 14

contains an aperture 82 that is seal ed

11



by aperture seal 85, which allows electrica
connectors 84 to pass through electrical connector

wap@rnsees 86. El ectrical connector seals 88 i PEEUB2006/026570

into electrical connector apertures 86 and around
el ectrical connectors 84 £&AMMStain the seal ed
envi ronment by keeping exterior fluid fromentering.
clagiped iseal * 85 may al so contain a vent hole 90 into
whi ch a porous plastic vent plug 92 is inserted. The
. venh fhiidigpr@i®ingldevies cothprigimssage of gases so that the
internal area of housing 14 may be vented for true
at nodpligrioempd efeur ehehdbAle Rt Wakdrfal r Ll Héﬁﬁih%ga o passage
flow of liquids into the internal area of the housing
14. Sucﬁhﬁfﬁﬂﬁ%g}bl astic materials are commercially
avai | abl e from Porex Corporation. Pressure transducers
20 aproecse@vih asseeiatedtcanizsl 198ct hat open into the
vented internal area of housing 14 for true
at rpdpdserone senssinr fuid efoatmandeatiohi witle ihe@iflow passage, wherein the
enbodi nent s, Stg&%g{;)ressure transducers 20, contro

val ve 280§H¢ 2y ey slegal diseiv plot camlitiopef fluid in the
ot her negR$paddgdangdesi red el ectronics are potted with

pour ed epoxy po%ti ng. Alternatively, such conponents

may, i ' ' .1 chem cal l

e {4, 5hke TR Moo lalOH5 bl < HETHRE b oo
t he predeast @nsemssor $o 2@Angmiy et siphal feone thoueRadt @néaBhsor to the

for true at rmsrp%gri C SE)ressure reference by having the
vent t ubEecsPrathed CRFLCOMTESMEr  at nosphere. Vent
plugs 90 may then be inserted into the ends of vent

tubes 93, al bW tlaeerparcdydies or ghisldinganganductor  substantially

restricting the fl eIl '
sensors 20. Al't houg‘ﬁlwtuﬁlfgc%ﬂrlgg éﬁlt%aélt n%&g r?[é}l g%]@(?]ng%é%é’:ﬂﬁe trace layer
shown and descri bauestntifg 4 paipefdpposingpeacthdescardiet ai | s
of certain preferred and other inportant enbodi nents

thereof, it ispdiobf itiélgmgasycd tlrmsd GonfledubGvd infiekial, each of
the scope of the invention, taking into consideration

reasonabl e equi valtBaitidigiag elgyers) ganfrontingt 2 isspatptsi pel of the
is: 1. Afluid ha b j ri. Sk Rg; o) L
formed from chem :}grlp on% %gﬁf%&ﬁlﬂ?gg?gaﬁgg%ie&@?ﬁrgofa shielding
fl ow passage t her deymroubting aclreoiceldgocowglédy asthoahat eielding
control | ogic; e
conductor of the trace layer, whereby the shielding layers
and the shielding conductor of the trace layer define a
Faraday cage around the at least one signal conductor to

isolate the at least one signal conductor from

electromagnetic interference.

The fluid handling device of claim 1, wherein each of the shielding layers presents

an outer surface and wherein the lead structure further comprises a pair of insulating

layers, each of the insulating layers confronting and substantially covering the outer

surface of a separate one of the shielding layers.
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at |least one sensor in fluid comunication with the
fl ow passage, wherein the sensor selectively delivers
w@ 2@ gossb2 | ndi cati ve of a condition of fluid iPCT/N82006/026570
fl ow passage; and a |lead structure electrically
3. corfhenfluid hending deviop bf plgim e Whetsie Sisvinsdniing lageratare made from
01Ieastaton sensor to transmt the signal fromthe at
POy sensor to the processor, the |lead structure
conprising: a trace layer including a shielding
conductor substantially circunscribing at |east one
na conductor the trace | ayer, present|n air of
4. op?)cm mecdevicarof clpimal. Wisrein Ahelead sgug &rye(f@her comprises
a“ﬁﬁ%ﬂﬁ on1conduct|ve material, each of the shielding
S confrontlng a separate one of the opposing
surfaces of the trace |ayer, the pair of shielding
| ayers being electrically coupl ed with the shiel ding
co uct.or, of race wher eby [
5. 'ylﬂw i anling e&camj Mt w0 e Vwﬁafgeg?ra%?pnses a
seccﬁﬁif éeﬁ%rain ’iﬁﬁ@@éﬁﬁnﬁﬁ&%ﬁ&ﬁ W‘iﬂldtht? rﬂ’ov@ﬁgaésQQeS LyHeREn e0fRRbnd sensor

conductor to isolate the at |east one Signal conductor
selebtlmhf ellehmrs enagwétindicativeertt & cendition 2f fltid irf the flow passage, and

Vi ce [ ai.m herein.e o) he
whelfR et S aase o St o BB A doieh dih thecpracessor
throulR thedastl gtuctgé.ure further conprises a pair of
insul ating |ayers, each of the insulating layers
confronting and substantially covering the outer
surface of a separate one of the shielding |ayers. 3.
Th ' ' [ .
- { nanieaihid BRRHLP SR dootn O, i cin MOLTLR fulfier comprises =
confrble villve il ﬂmaixhdbﬁnngmdxaﬂom: evitdf tlel fowm ﬁa,ssa@eamll manged lsead to be

structure fur r.co es a.stiffenin er. 5. The
opeiapls {f RafHrE a0 Brar ST, B0V Poses o RereRdh 84t ad Second
sendotd bRREFre&BPENSAS that deliver a signal indicative of fluid pressure in separate

portions of the flow passage, and wherein the processor and associated control logic

automatically operate the control valve to modulate fluid flow through the flow passage

based on the signals from the first and second sensors.

7. A flow controller comprising:

a body formed from chemically inert material and defining a flow passage
therethrough, the flow passage having a wall surface and a pair of opposing
ends, the wall surface of the flow passage defining a stop structure
intermediate the opposing ends with a first portion of the flow passage
extending from a first one of the opposing ends to the stop structure and a
second portion of the flow passage extending from the other of the

opposing ends to the stop structure;

an insert defining an orifice for constricting fluid flow through the flow passage,

the insert disposed in the first portion of the flow passage abutting the stop

13



second sensor in fluid communication with the flow
passage, wherein the second sensor selectively

wa@ledo7wesss2 a si gnal indicative of a condition oPCT/U820d6/026570
in the fl ow passage, and wherein the second sensor is
el ect ri cdruciire #ing selestisiely rmqypble thionigh tthefirst end of the flow
processof, g%reough the lead structure. 6. The fluid
handl i ngﬁ dewite of claim 5, wherein the device further

conpr.i ses a control. val.ye in fluid conmuni cation, wt
ek fr irpauSagbidtia il cnmsernicton TN B Bt padit ehohe flow
modul at epdstdgied fl ow through the flow passage, wherein
the first and second sensors are pressure sensors that
del j j | cah i j: is . red .
Seput Pu PRIES e i Foffm Al MERRH Rebll porigg of te
pr ocessadflowapdssagssoci at ed control |ogic automatically
operate the control valve to nodulate fluid flow
t hrpetghrol halvé oRuid BERNMiWHSE Wi thé HOwSpBhdleanfl hABh IR0 as to
first and second sensors. 7. A flow controller
conpri si MfgereEbipigymeditlaie fluid Gow trevstctheiflow passage; and
mat eri al and defining a fl ow passage therethrough, the
f | owpreasssay endassonigted eomitol dagi¢ gommamitativelyiqoupled with the first
opposi n nd he |1 _surface,of the flow passa
defini ngang Sse{é %I%J& g]ieF%\l% Gre TN rtﬁs&c’%&@ Yad‘ée’o "*6%1{‘5156 processor
ends Wi tdut@mitically op&rtatek et ntioheall @\mbasRadfuid flow through the
extending froma first one of the gpposing ends to the
stop st rff&v( nrsagaipsed e signals fam the firgfand gecopg gypssure sensors.
passage extending fromthe other of the opposing ends
to the stop structure; an insert defining an orifice
for constricting fluid flow through the fl ow passage,

8. t hellien8ewt catitybles efl claimt Rewherest theo fitdt grortién tafiehé |fow passage

assage. abutting the st.opst.ructur.,e and pei n
preRReL R B sl e TR tOR S G BorOp of tgeflow passage
predehBW R8GRP@6ss-Rclidrad hreR ABASH M. sensor in fluid

communi cation with the first portion of the flow

passage; a second pressure sensor in fluid
comuni cation with the second portion of the flow

9. PaSHASFow controller of claim 7, wherein the stop structure is an annular lip within

the flow passage.

10. The flow controller of claim 7, wherein the insert is substantially chemically inert

polymer material.

11.  The flow controller of claim 10, wherein the chemically inert polymer material is
PTFE.

12.  The flow controller of claim 7, wherein the insert is substantially sapphire.
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a control valve in fluid conmunication with the flow
passage and arranged so as to be operable to nodul ate

W(blzoﬂimm%bnw t hrough t he fI ow passage; and a prRCEESING/026570

14.

associ a roI ommruni cat | e oupl
o ShE a8 cci et i b S RRCER it 6ttt Sp afhe firstor
CORdcHRY i’ébd&@ seﬁ@ﬁ%rﬁé @e&tjﬁﬁalw QRPERION itk léﬂﬂ@irhétﬁ:ld Bmprising:
operates the control valve to nodulate fluid flow

through, s gl gﬁi’\ingﬂﬁl sﬂ?@l& g cgﬂdﬁg&%ghﬁa\it aﬂ?’cﬁ@lﬁnscnbmg at

first an pressure sensors

control | er ofieast ahen s?gnawa:en@aton Hikee ﬂnacstlamrpremtmg a pair of
the fl ow passage.presents a ,first cross-sectional area

di mensi on an&PP‘Pﬁéngs%Egﬁﬁs B8t tion of the flow passage
presents a second cross-sectional area_ dinmension

The fl| oW Radnef @hm@ng;iaymafwvd Tigpie cendpctive I%ette"pal cich of the

structure 1Is
10. The fl owsﬁ:l%%@p%ﬁb’er g‘?ﬂ t wa‘% %é‘%%rﬁﬁg‘?‘%mé Sprfaces
I's substanti aflige eraeelgwl, thei Imr of phicyding laeiebeéia . electrically

11. The flow controller of c¢]Jaim10, wherein the
cheni cal |y i cevRledyitibe shigldmejcondyciorofihe trace lay]qq,ewhereby the

fl ow control Ik, p%ﬁlbr@ﬂs '5]%3 the"g'ﬂf‘epcﬁh%c&}ﬁm{o? Sele tfa%e layer define

substantial ly sap controller of
claim 7, wherdfaraddyecage acasddhe ahdbasit olcesignal @ned@l:ortthelsolate
first or second gr sure agnsodélg are el ectrl cal

coupl ed with S 915 et fop fiout Flget Oamlgi“gté interference.

| ayer including a shielding conductor substantially
circunscri bing at | east one signal conductor, the

trace | ayer presenting a pair of opposing surfaces;

and Bopapntre} fers;ﬁmenalmEg | ayers formed from conductive
material, each of the shielding |ayers confronting a
sepab(atye fmeedofronhe:hgtppxaﬁy rigers umbtgoels and deffigingr ackdow passage
| ayer, ﬁf r of shielding | ayers being electrically
coupled shleldlng conductor of the trace

| ayer, whereby the shieldi | ayers and the shielding
coﬁ@&ﬁ?ﬁprﬁﬁ Eﬁ%“??% 8“F5§g§§%eflne a Faraday cage

around the at | east gne sjgnal conductor to_isolate
a pair of pressure sensors in fluid communication with the flow passage, wherein

each sensor selectively delivers a signal indicative of a condition of fluid in

the flow passage; and

a lead structure electrically communicatively coupling the processor and the pair of

pressure sensors, the lead structure comprising:

a trace layer including a shielding conductor substantially
circumscribing at least one signal conductor, the trace layer

presenting a pair of opposing surfaces; and

a pair of shielding layers formed from conductive material, each of
the shielding layers confronting a separate one of the
opposing surfaces of the trace layer, the pair of shielding
layers being electrically coupled with the shielding
conductor of the trace layer, whereby the shielding layers

and the shielding conductor of the trace layer define a
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the at | east one signal conductor from el ectromagnetic
interference. 14. A flow controller conprising: a body
wo evomwa8ebz om chemically inert material and def Pai/mg2086/026570

fl ow passage therethr.ough; a prqcessor, wth associ
control logic; a (gg{alda%g:a%er é&‘ﬁ‘&aeﬁ%éﬁs‘ﬁ}s& PR Sfmfg%(ﬁgmr to
conmuni cation withoidie fthew sasgpade, onekipinhl eacmiuctor from
sensor selectively delivers a signal indicative of a
condi ti on of fl ui ¢lachomagnaticaperferssegge; and a | ead
structure electrically communicatively coupling the
processor and the pair of pressure sensors, the |ead
structure conprising: a trace |ayer including a

15. Shitak 3o cGHRRMGE bO Clagi sl abefeid bachcof the shietdily hyemtpresents an
| east one signal conductor, %he trace_laye%gﬁgggeqtln%

outes syiaae anfl voippeiai the leadrstraelute fugthar gompprises 3rpadhpidpgiafye layers,
I rs. for f uct| pal

cactl G B Spoy Byl o PR ol SuBELRENG oo SREP bulel urfuce of a

sepa@itp 0f¢ BOths shiehligslagérst he trace |ayer, the pair of
shielding | ayers being electrically coupled with the

shi el di ng conductor of the trace |ayer, whereby the
shi el ding layers and the shiel ding conductor of the

16. 1T 488 H5W SonbBlitMer dfEdharywkaea @k dusdatinelaytrs! @8ghade from
one signal conductor to isolate the at |east one

polsnaymadtercdnduct or from el ectromagnetic interference.
15. The flow controller of claim 14, wherein each of
the shielding | ayers presents an outer surface and
wherein the |lead structure further conprises a pair of
17. | NSTHeafldw GohBYRESef clath 1df whbein tisulead istrgcthey Bwther comprises a
_confronting and substantially covering the outer
stiffenipg 338T.0f a separate one of the shielding |ayers. 16.
The flow controller of claim 15, wherein the
insulating |ayers are nade from .

18.  The flow controller of claim 14, wherein the device further comprises a control
valve in fluid communication with the flow passage and arranged so as to be operable to
modulate fluid flow through the flow passage, and wherein the processor and associated
control logic automatically operate the control valve to modulate fluid flow through the

flow passage based on the signals from the pressure sensors.

19.  The flow controller of claim 14, wherein the flow passage has a wall surface and a
pair of opposing ends, the wall surface of the flow passage defining a stop structure
intermediate the opposing ends with a first portion of the flow passage extending from a
first one of the opposing ends to the stop structure and a second portion of the flow
passage extending from the other of the opposing ends to the stop structure, and wherein
the flow controller further comprises an insert defining an orifice for constricting fluid
flow through the flow passage, the insert disposed in the first portion of the flow passage
abutting the stop structure and being selectively removable through the first end of the

flow passage.
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pol ymer material. 17. The flow controller of claim1l4,
wherein the | ead structure further conprises a
wa@rio7esspng | ayer. 18. The flow controller of BCHUA2006/026570
wherein the device further conprises a control valve
in fluid conmuni cation with the fl ow passage and
arranged so as to be operable to nodulate fluid flow
20t hr he Howrrenirpbey g sdaimgld, wherkimber stomsttivéurp ioare simmiar lip within
ociated control logic automatically operate the
the Y BRRREL L o SOl at o 1) ow t hrough the flow
passage based on the signals fromthe pressure
sensors. 19. The flow controller of claim14, wherein
the fl ow passage has a wall surface and a pair of
opposi ng ends, the wall surface of the flow passage
defining a stop structure internedi ate the opposing
ends with a first portion of the flow passage
extending froma first one of the opposing ends to the
stop structure and a second portion of the flow
passage extending fromthe other of the opposing ends
to the stop structure, and wherein the flow controller
further conprises an insert defining an orifice for
constricting fluid flow through the flow passage, the
insert disposed in the first portion of the fl ow
passage abutting the stop structure and being
sel ectively renovabl e through the first end of the
fl ow passage. 20. The flow controller of claiml19,
wherein the stop structure is an annular |ip within
the fl ow passage.
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