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supply vessel is installed to replace the fluid-depleted vessel.
21, 2010 is hereby claimed. The disclosures of U.S. Provisional Patent Application No.

61/356,451 and U.S. Provisional Patent Application No. 61/366,523 are hereby incorporated

herein by reference in their respective entireties, for all purposes.

FIELD

[0002] The present disclosure relates to endpoint determination for capillary-assisted flow
control, e.g., in delivery of semiconductor manufacturing fluid from a source of same to a

semiconductor manufacturing tool.

DESCRIPTION OF THE RELATED ART

[0003] In the use of fluid supply vessels, the supplied fluid may be utilized in apparatus or
operations in which continuity of operation is essential to their economic character.

[0004] As an example, dopant fluids may be supplied to ion implant tools in semiconductor
manufacturing facilities. Any sudden unanticipated exhaustion of the dopant fluid supply during
tool operation will force shutdown of the implant tool, and require discarding or rework of wafers
then in process, as well as delay in operation as a fresh fluid supply vessel is installed to replace
the fluid-depleted vessel.

[0005] Such sudden unanticipated exhaustion of the fluid supply and the operational
dislocations attending same pose a severe economic disadvantage to the process system. This
problem is relevant to the use of fluid supply vessels employing capillary-assisted flow control of

the supplied fluid.



[ 0005] Such sudden unanti ci pated exhaustion of the fluid supply and the
operational dislocations attendi ng sane pose a severe econom ¢ di sadvant age
to the prwoess/sygsem This problemis relevant to the ®&se/ustorfilowiods suppl y
vessel s enpl oying capillary-assisted flow control of the supplied fluid.
SUMMARY [ 0006] The present disclosure relates to endpoint determnation for
capill ary-assisted flow control. [0007]1n one aspect, the disclosure
relates to a nethod of determ ning an endpoint of a fluid supply process,

t he nethod conprising: selectively establishing fluid flow froma fluid

supply vessel;

controlling fluid f$oMMARYuUgh a fl ow passage di sposed in an

interior volume of the fluid supply vessel with a static flowrestricting
device and a sel ectively actuatabl e val ve el enent upon establishing fluid
fl ow, an@09@ni t dihp mepsert diselasure saescih apdraing idesigatioh fpheapillag-agsisedpPy vessel
or a fluiggispensed therefromto determ ne the endpoint, wherein the
static flow restricting device and the selectively actuatabl e val ve el enent
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selectively establishing fluid flow from a fluid supply vessel;

controlling fluid flow through a flow passage disposed in an interior volume of the fluid supply
vessel with a static flow restricting device and a selectively actuatable valve element upon
establishing fluid flow; and

monitoring at least one characteristic of the fluid supply vessel or a fluid dispensed therefrom to
determine the endpoint,

wherein the static flow restricting device and the selectively actuatable valve element are
arranged along the flow passage.

[0008] In another aspect, the disclosure relates to an endpoint monitoring and control
apparatus for a fluid supply vessel in which fluid flow is controlled through a flow passage
disposed in an interior volume of the fluid supply vessel with a static flow restricting device and a
selectively actuatable valve element upon establishing fluid flow. The endpoint monitoring and
control apparatus comprises a monitoring unit adapted to monitor at least one characteristic of the
fluid supply vessel or a fluid supplied therefrom and to generate an output signal, and a CPU
operatively linked in output signal receiving relationship to the monitoring unit. The CPU has
stored therein endpoint condition information and responsive in receipt of an output signal from
the monitoring unit indicative of the endpoint condition to generate a control signal for use in
terminating fluid supply from the fluid supply vessel.

[0009] An additional aspect of the disclosure relates to a fluid-utilizing apparatus adapted to
perform the method of the disclosure as broadly described above.

[0010] A still further aspect of the disclosure relates to a method as broadly described above,
wherein the method is performed by a fluid-utilizing apparatus.

[0011] In another aspect, the disclosure relates to the endpoint monitoring and control
apparatus described above, as operationally arranged with at least one fluid supply vessel.

[0012] A further aspect of the invention relates to a fluid supply system, comprising a fluid
supply vessel having an interior volume for holding fluid, first flow circuitry in the interior

volume arranged to control flow of fluid during supply of fluid from the vessel, said first flow



apparatus for a fluid supply vessel in which fluid flowis controlled
through a fl ow passage disposed in an interior volune of the fluid supply
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a graph of delivery pressure, in torr, and flow rate, in sccm, each as a
function of time, in hours, for a simulated fluid supply vessel holding boron trifluoride gas, with a
capillary restriction device in the interior volume of the supply vessel, upstream of a vacuum
actuated valve in such interior volume, with the supply vessel having a valve head coupled to its
neck portion, for opening or closing of a valve element in such valve head, to enable flow of fluid
or to terminate flow of fluid, respectively.

[0014] FIG. 2 is a schematic representation of an illustrative fluid supply and utilization
system in which the monitoring and control arrangements of the present disclosure may be
advantageously implemented for endpoint determination and operational management of fluid
supply vessels.

[0015] FIG. 3 is a schematic representation of a fluid supply and utilization system
according to another implementation in which the end point determination can be made using
proportional-integral-derivative (PID) output of a mass flow controller, with augmentation of the
fluid supply by buffering reservoirs to accommodate sudden onset pressure diminution at the

endpoint condition.



(iii) a pressure regulator arranged to regulate fluid pressure in the
second flow circuitry; (iv) a pressure transducer arranged to nonitor
fluid preseund/iémoshe second flow circuitry; and (v) aPoRAS2611.0W013
controller arranged to control mass flow of fluid in the second fl ow
circuitry, wherein when any one or nore of elenents (ii)-(v) is conprised
in said system the systemmay further optionally conprise a CPU
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the endpoint, wherein the static flow restricting device and the selectively actuatable valve

element are arranged along the flow passage.

[0019] The static flow restricting device may comprise one or more capillary type or flow
throttling passages. For example, the flow restricting device can include two or more capillary
type or flow throttling passages arranged in parallel along a portion of the flow passage.

[0020] The static flow restricting device can be positioned in the interior volume of the
supply vessel in any suitable manner and/or configuration. The static flow restricting device can
for instance be positioned before or after the selectively actuatable valve element on the flow
passage. In one illustrative arrangement, the static flow restricting device is positioned between
the selectively actuatable valve element and an inlet of the flow passage. In another illustrative
arrangement, the selectively actuatable valve element is positioned between the static flow
restricting device and an inlet of the flow passage.

[0021] The selectively actuatable valve element can be of any suitable type. For example,
the selectively actuatable valve element can comprise a vacuum actuated valve. In one specific
embodiment, the selectively actuatable valve element comprises a poppet type valve.

[0022] The fluid contained in and supplied from the fluid supply vessel can be of any
suitable type. For example, the fluid can comprise a fluid having utility in semiconductor
manufacturing operations, such as chemical vapor deposition, etching operations, atomic layer

deposition, lithography operations, and ion implantation. More specifically, the fluid can



WO 2011/ 160105PCT/ US2011/ 041013 [0016]FIG 4 is a graph of delivery
pressure as a function of tine, for an illustrative fluid supply vessel
utilizi ngvoapilteexrog- assi sted flow control, in which theprgrapskoigzoows3t he
gradual increase and sudden onset drop in delivery pressure of the fluid
bei ng supplied as the vessel reaches an endpoint condition. DETAI LED
DESCRI PTI ON [ 0017] The present disclosure relates to endpoi nt determ nation

for capillary-assisted flo ontrol, such as be used for supplying
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Sl edettéépe%;' C)Eloprred%érarrr;rigécﬁ fluid flow duration has been detected; d) a predetermined amount of
fluid has been supplied; ¢) a predetermined change in fluid pressure has been detected; f) a
predetermined change in fluid flow rate has been detected; and/or g) a predetermined weight or
change of weight of the supply vessel and its contents has been detected.
[0026] In instances in which the fluid supply is arranged to determine endpoint when a
predetermined fluid flow rate has been detected, the endpoint fluid flow rate in a specific
embodiment may be within a range of from 0.1 to 5 standard cubic centimeters per minute
(sccm). The user may configure the fluid supply monitoring arrangement to determine endpoint
at a value that is a predetermined percentage of the desired flow rate setpoint for normal
dispensing operation of the supply vessel, or that is in a specified ratio to such desired flow rate
setpoint for normal dispensing operation.
[0027] In applications in which the fluid supply is arranged to determine endpoint when a
predetermined fluid pressure has been detected, the endpoint condition can be any suitable
pressure level, e.g., a pressure value in a range of from O to 760 torr, or a pressure in a range of
from 2 to 400 torr, or any other suitable value of pressure of the fluid supplied from the vessel.
[0028] In applications in which the fluid supply is arranged to determine endpoint when a
predetermined fluid flow duration has been detected, the endpoint duration can be defined by the

average user flow rate and vessel inventory. For example, a supply vessel containing 300 grams
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be readily established for Varled levels of fill of the fluid in the supply vessel. Measurement and
monitoring of the weight of fluid discharged from the supply vessel can be carried out by
continuous measurement of the supply vessel weight, from the initial full state as discharge of
fluid proceeds, or by monitoring vessel weight continuously after some point in the service life of
the vessel, when intermittently taken weight data indicates a suitable point as having been
reached, e.g., at 80% of initial fluid inventory as having been discharged from the vessel.
[0030] Other techniques for monitoring the weight of the fluid discharged from the supply
vessel to establish an endpoint condition can include use of a mass flow controller in order to
totalize the flow of the discharged fluid over time, and computationally using the totalized value
with the molecular weight of the discharged fluid to determine the weight of the fluid that has

been released from the supply vessel.



[0027] I n applications in which the fluid supply is arranged to determ ne
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[0032] I n applications in which the endpoint is determ ned to have been
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di scl osure, the endpoint condition may be selected so that at such
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[ 0042] The, capi e flo ing device in various enbodi nents nmay
be posi tfgﬂ‘@&‘g %ua %/%Q%P&fbegs %uﬁ lg{a% fL)V‘(/acuum actuat ed check val ve, or

ot her f | @044iodulMtre Rpecttevlilyc ehd mathbi@aticalt étéroinauia@l ufrprestiret drep bl aicdpiiappl vy

vessel . tube may comprise determination based on a pressure drop equation (1), as set out below:

RT | 44L
o opd ot + 21n
P TP = Y; o pg (D

W
wherein the equation variables are as defined below:
p: = conduit inlet pressure

p2 = conduit outlet pressure

G = mass flux of gas

R =universal gas constant

T = gas temperature



[ 0043] The endpoint profile of a capillary and regul ator system can be
nodel ed to show the pressure and flow profile. The present applicants have

experi merweal2oy/wonsi rned t hese results by buil di ng a capcCiritsee1ani3
the pressure

regul ator system At the end point of the gas supply vessel,

drop that is associated with frictional |osses is significant and therefore
the density can no | onger be assuned to be constant. This results in having

conpressj bl e fIde flow, In this case the follow ng equation (1) can be

used to esfifiate

FHIHW 14 044] More specifically, the mathematical

det er m ngt fredomfactpr €$&/BE€lathimapilof) a capillary tube nmay conprise

determ ngt.ign based on a .pressure drop equation (1), as set out below RT [
z%%yﬂﬁﬁ%“wﬁs%—e?ﬁ’% he equation variables are as clamed bel ow pi

AFL - -

condui t jelgedvigobggsure P2 = conduit outlet pressure G = nmass flux of gas R

= uni verEaI I?%s co%zt ant T = gas tenperature Mv = gas nol ecul ar wei ght f

}t leng

friction-fac /RE (Il aminar flow) RE = Reynol ds nunber
Vi scosi t B = conduit diameter

[0045] FIG. 1 is a graph of delivery pressure, in torr, and flow rate, in sccm, each as a
function of time, in hours, for a simulated fluid supply vessel holding boron trifluoride gas, with a
capillary restriction device in the interior volume of the supply vessel, upstream of a vacuum
actuated valve in such interior volume, with the supply vessel having a valve head coupled to its
neck portion, for opening or closing of a valve element in such valve head, to enable flow of fluid
or to terminate flow of fluid, respectively. The valve head may be arranged for manual or
automatic operation of the valve element in the valve head, such as by a hand wheel for manual
operation, or a pneumatic valve actuator for automatic operation, or in some other arrangement

enabling translation of the valve element in the valve head, between fully opened and fully closed

positions.

[0046] In the simulated fluid supply vessel for which the FIG. 1 graph was generated, the

capillary restriction device comprises an array of seven capillary tubes, each 2.8 inches in length

= & p,

and 20 pm in internal diameter. The fluid flow rate for the boron trifluoride gas is 3 sccm.

[0047] At time zero on the FIG. 1 graph, the supply vessel has been in operation,
discharging fluid for downstream utilization, for a number of hours in steady-state fluid supply
operation. The delivery pressure shown in the graph is the pressure of the fluid when it is
discharged from the vessel. The pressure p, in equation (1) is the pressure immediately
downstream of the capillary flow restrictor. When pressure p, declines to the supply vessel
delivery pressure set point, denoted here as ps;, the two pressures thereafter will be substantially
equal to one another for the remainder of the fluid supply service life of the fluid supply vessel in

steady-state fluid discharge operation. The following is a description of fluid discharging

operation of such fluid supply vessel.

[0048] In fluid discharging operation, fluid is discharged from the supply vessel for number
of hours, depending on the initially provided fluid inventory (fill quantity) and flow rate set point.
As fluid is progressively discharged from the supply vessel, the vessel pressure, p;, is dropping.
For a given flow rate of fluid, as well as a given temperature and capillary restrictor design, the

right-hand side of equation (1) is substantially constant for all p; and p, values, the L.n term being

-10 -

= gas



L = conduit length D = conduit dianeter [0045]FIG 1 is a graph of delivery
pressure, in ton, and flowrate, in sccm each as a function of tinme, in
hours, fowoaosiwuloated fl uid supply vessel hol di ng boromrcCrristémoniode gas,
with a capillary restriction device in the interior volune of the supply
vessel, upstream of a vacuum actuated valve in such interior volume, with
the supply vessel having a val ve head coupled to its neck portion, for
openi ng or ing o in.such va enabl e fl ow of
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as a lower flow requires a lower pressure to drive the fluid through the discharge flow circuitry.
The flow then continues to drop until the user of the fluid supply vessel notices, or until the
downstream {luid-utilizing apparatus shuts down and/or alarms by action of an interlock
assembly. For example, when the downstream fluid-utilizing apparatus is an ion implanter
receiving dopant source gas from the fluid supply vessel, the interlock mechanism may be
actuated by specific loss of flow rate or beam current.
[0051] The fluid supply vessel monitoring methods and systems of the present disclosure
enable such extremely rapid transition from fluid discharging operation to exhaustion of the
supply vessel to be avoided, by endpoint determination, and controlled cessation of discharge
operation as a result of one or more monitored variables affecting and/or affected by the fluid
discharge operation. The monitoring may as previously described be associated with a CPU
and/or other control device(s) that may have stored in a memory or memory element of the CPU a

fluid discharge operational profile for the monitored variable(s), as a baseline profile from which
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As pi declines, 132 also declines, but in order to ensure that the equation
is satisfied, i.e., that (pl+p2)*(pl- p2) = C, the term (pl-p2) nust

i ncr ease.wonotawe®quence, 132 nust decline nore rapidl yPChars2qi1/041013
Accordingly, delivery pressure in supply vessels having capillary type flow
restrictors therein will drop rapidly as delivery pressure approaches zero,
and there is relatively short time to respond. Differentiation of the
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nonitoring unit indicative of the endpoint condition to generate a control
signal for use intermnating fluid supply fromthe fluid supply vessel.

[ 0053] The endpoi nt nonitoring and coni ol apparatus may further conprise a
control device operatively linked in control signal receiving relationship
to the CPU and responsive in receipt of the control signal to operate and
termnate or assisting to termnate fluid supply fromthe fluid supply
vessel . Such endpoint nonitoring and control apparatus thus may be

operatl onal I 'y arranged W|th at Ieast one fluid supply vessel for
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[ 0054] As anot her variation of the fluid supply arrangenents that may be
enpl oyed within the broad scope of the disclosure hereof, the fluid supply
vessel amdOaniidowmest ream flow circuitry may be arrangedPairtus2an®4mi3 nor e
buffer volunmes for accumul ation of fluid to be discharged to the
fluid-utilizing apparatus or |ocus, so that one or nore reservoirs of such
fluid is provided to enabl e continued dispensing of fluid at desired set
poi nt con e.int e absence

P sorvor Il R P T el o R ubrap T RE R e Msok DetrtnlaRGRR Ry Dol S

buffer zotnee fTwid tstapphly @d'ssed Uing icatebeOdrrdn el @ubmlsychv:ﬁlsﬁehal syl bmﬁcebgnueuesend t he

Pt “suchomutint Pk Sounge ohhi s THRRLNRRES bul bR TRaTInShbRAr Phat

woul d ot thet twinSi€oral nggesr af$dridddforhe iperadrial thagys rindidenher enfip@sthurnires sethe so

t hat traHsutio al frre is afforded for the operational changes incident to
endpoi nt WP PTRPRI VS t he f1uid supply vessel. [0055] The static flow
restrictjoassidevilte suamc fidve rdsmiceiig d}:ivlcvoi theent@for vblemé biiihe flsidpppply vessels, as

menti oned, can be n bet ne enbodi ment, .the fl| ow

Mooty o oRay i B of My Mlb B Y REs chPadtEne TR Fa i such
RFO can bﬁlppl@esa tektained flow Oflfil&: (ﬂF@Ehﬁi geh paORkaobe ;ﬁdsimbﬁiedilmtﬂeblecliangeqmﬂmf vol unme
of the v i

S sIre m or . downs mof ninteri duI gin devi ce

SRR G0 P SR M s R RS S SRR v Neddg
the fl uidkviu ppdlyasvceﬁgﬂhtofmyvabmnﬂl udmtemidhtpeodueg Rt dewd. clas canaglartheiibitli pl e
| at di t f fl

Contr ol CBPPEFl Deg Tae aRd SRS EG R PREM eQn SRR RS b8y 1 n "

anot her maslpéiag RFOhed eigdipor ddm@hedthfer flbwicontsil ppihy flvidsise s dichopelrfain td can be
determ ned, ,and/or fluid inventory of the fluid supply vessel can be
moni t or ed>>b{ Beasuring a change in a property or properties of the fluid
supply vieesdl onn amotbérpaspamt tht hedgodt. ofSthi t fakd eumﬂpoecrséli @soffeattios wah be

appl i cat ti.on acoug resistive

t limt t he

e or piSutrid P R8s bt s At ontf AT hb s POSHIERLY RRERE A s can
3; i Rt egﬂah@dlfni mpxbbtetyfdrqu@beﬁieppf YheVBSES alpplyatekseDbr ac@mpsnnemteﬂﬁrecof ?mi[aﬁlevessel

ich are usefu si.n ne or nore erties.o
Vossel - O0RHerSr EpaRERlOf (EERE) M P, R SD SR SR e
t her mal | prepuebdebnat pﬂcqj‘eftieﬁdhhﬁﬂrl&]}a@ﬂeaapﬁ’d; tmaltameatdaonae iatgratetén ni@s tibitli ng
th I Q. | j.cati in whi. | i.qui d
e o RS VA R oot b S PSP S oS! BNl vesser
Since a mme@edpeﬂmofedemm i nput at a portion of the wall bounded by gas in
th t i pat ff t
that o B fine of harelblse wed Bt R AR S sl 0Bty b0 F RrtrMice wi )
be di ssi @a&@ldlpmroeats)bowidyhe( lbaﬂﬁhgstherglasreﬂ:@nﬂ rmamrrecbelgduﬁztp@ﬁc)anomhh IWﬁICt’lhe same
i nput at

t1 uid 1n ol%el oW1 ha(l3 e gut%d1r|1tf£]rto?r\)c f e {he gln
rapidlyblgfl Yelﬁlit;\}fb FRET Ibgn t he ‘ff’oz‘éﬁf ﬁ%ﬁ‘itoring
will t hupreammrmrﬂd)\mat tuiq;et wiad portien bifi djel mdllibnmeiatl by pad 81 te<x hasud tisekjoravitd behe
quuidintergjl cked quit | osel t p in tinme
auring 10 id Ereiar b TS et Buf bR G T anBitoP AR Bl wone
sensor | H;quhcbmwtfed: Wil btehles@xt:cEmDmrslomy [becdusd g8 if 4 pood cadpgbry, while the same

input at the wall below the liquid interface will dissipate much more rapidly due to the thermal

conductivity of the liquid.

[0058] The monitoring will thus move down the wall is liquid inventory is exhausted, and

the liquid interface can be tracked quite closely at any given point in time during the gas

discharging operation.

[0059] In another arrangement, one sensor is located on the exterior wall of the fluid supply

vessel, at a level corresponding to a desired heels for change-out. The fluid supply vessel

monitoring and control system is arranged to monitor repetitive heat inputs (periodic inputting of
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vessel, at a level corresponding to a desired heels for change-out. The
fluid supply vessel nonitoring and control systemis arranged to nonitor
repetiti weohentiesdrwput s (periodic inputting of heat) at PChaAS20mpouto1site,
and when liquid is depleted to place the wall on the other side of the
thermal input/nonitoring |ocus in contact wth gas, the nonitoring signal
wi Il change to reflect gas rather than liquid at that site. The signal can

trigger h.a t|c bl e ot h al transition nodality) a
change ol ap SRR aR: e RS alnlhl FerBrPRedid T Wiehaf® PRk X

t her mal whalal eipgtemﬁmtnﬁng Jociisoifn cbht@ct Wothi gagrthd ghonidiiiyig @ighﬂrwﬂ)chﬁfgaad refladtl i nput
and noni tor| abl I Iﬁ%%ttme be use rat or

ul t rasou%aa, ‘8}‘“‘1 4 BN Cé‘“?h%& (ﬁ’é%"r%ﬁﬁP%tééL\?a fey %r/ lPﬁ‘f §§8% t he
fluid SU@ﬁsmonsﬂity)vm&Hangeamm opé¢rathne ® @inthilé esventimalof respanfatdepandi ng on

whet h t th rf f | at
N
a fl ui d- aphbilizicogd &ppasdatuds at habsticsviadapi, adrats@mpecrrfoﬂremﬁphte whére algt mptthod of

the invention S |l as . a hod. of suych ty he. met hod is

por t or et ugosret P Bron e 5! ARLT ar Sy pbURY el 5 otiRul e

r epr esend@thdony @f whdther Ighust liatd ¥ @oiithating tsLipetiyr @rfdeeudfithd Zatedl anths y@hz&m 10 in

whi ch t he nltorl ng and control arrangenents of the present disclosure my

be advan‘tng'gpé%q?é%n% %ﬁl enented for endpoint determ nation and operati onal

managene@oealf fIThk ¢rseppliylosas sehsmplatcha fasd- hdilezmgea@alams lﬁatasnddabfdethOV\/n in
the fl ui own a

the drawi ng. [,0062].I n FI v S
bt - et i iR PeEog Sh g i biiEn, st & SRR T SHE vas pishoig PRARER b
such off1s$t:nfc&amis3taﬂuis uhﬁnmgappﬁldtu@at ed by the dashed line representation of
respect I nd control Lon |jne 6 and 18
The. onst W8 vedddi oY sERTeRCEr RSt Ao E 3B R nsh "SRt 960

| osi s@m 0nin hlﬂfth aani@in2andicontvdl iacrhngde et 08 etksent Stisalobuge fnla@Wwe
oSt rTCLing davi oo, 20 o 0. ComDr SN A array. of cani Ll ary | ubos
L anpoct Y it emcisH o SR B leR i el i i intel HORRA: o f or
vol une Zﬁlpp]arWes‘sélQ\mm&i ong VasséﬂsoWamhIMhowmimﬂe drgwinpe static flow restricting
devi 2 d 2 ) t uat
check vade amdPBREenl JaeiiERe R0k flns R AR SR b BTy er o
fluid tovesal \Y‘elshiﬁa\dn as()oemgnifﬁstmrngsuah mbwcemedta&mtngtlmﬁ&atddswttheamsh@ltlmbI e
bet ween %‘eullS ne epe{B ﬁ{% b ed vaO grl Lé{l ons b Ige%i cfﬂgit G val ve
act uat or §”2 ﬂ [4PGPE d IB’yy AUhEPEP L5y F%s“t‘r“& Jirt gnal
t ransm ssds@ennt vadel 32 ad 1diussnmh ibidesad aring boshetl 1@ eﬁHRLdu@Gm uﬁtaﬁlﬁsr])rﬁh]e 2Q,alnve head
30 of the vessel des ha ort co ed schar ge
e 40 TR RR o et d0§ e RS PRL borbiBient ity el FRE T o
facilit yarﬁhaged/\ﬂmpai‘ullalatys dne ranc&bmmhfcaglc (whitrhlﬂi]e:l ﬁamltbmmtdmpf asltu@e 20fcaa flow
sem cond%ct or

fluid su %If% e%o‘ﬁ( P%IH fuglngnl%; sga?iﬁ 51198“ éXﬁmCﬁlgg 26\,1 e Utld ut Igllé}!'clt%nlénc%wce é | i ty, t he

speci fi ca esbadianatd sk@wing thvek frhlud, dndjﬁis&hamtcbmdmtcmewm diedhaige chainit I2|8t y 42
B o0 0 S Rl SR SRR BE R OB RRARE MR T
46, fr omndithcldsee atledp@itiohugnthe iastotlhgchibregedaton3 edhichlis operak. by control

signals transmitted in signal transmission line 34 to such actuator from the CPU 36.

[0063] The valve head 30 of the vessel 12 includes a discharge port coupled to fluid

discharge line 40 through which fluid is flowed to the downstream fluid utilizing facility 42,

which may for example comprise an ion implanter of a semiconductor manufacturing facility. In

the fluid utilizing facility, the fluid supplied from fluid discharge line 40 is utilized, and in the

specific embodiment shown, the fluid utilization operation in facility 42 produces an effluent that

is discharged in effluent discharge line 44. The discharged effluent flows in discharge line 44 two

effluent treatment unit 46, from which treated effluent is discharged in vent line 48.
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WO 2011/ 160105PCT/ US2011/ 041013 [0064] I n the discharge line 42 which fluid
is supplied fromthe fluid supply vessel 12, a discharge fluid nonitoring
unit 50 iwodnspieewd, to nonitor an endpoi nt-det ernm nati PeTalsariant®id stic of
t he di scharged gas fl owi ng therethrough. The discharge fluid nonitoring
unit 50 is constructed and arranged to generate an output signal that is
correlative of the characteristic being m)nitored and such out put signal

A so af SR’ I R Bt WALV EBh Al ARl bRet BF 0 B ol G T

controll ﬁ@bha@b atluiansbohiporidy  c@Nt300lis Sdl@ﬂﬁ:kl, tto amsiiitos S k0 renbipding-ddGrhigatcPU 36,

and int e ec1 fi i strate i nt f her .f.l ow cont rol _device
00 e arERaer S desiiroorghorine Mt T aten, B iehtSt ot P MRl Doy
for ex arﬁaloenmmad hﬁiEarf:hngﬁiiStS dehome apphipol dignal thptr ie sl fivced llﬂeaﬂﬁ]l’actelﬁ)ﬂtlc ot her

appropri te devij c rther flow c ice ma n y be
AR R R T A B A e T el
nonitori $Egfdﬂpr&ce&ﬁagmysob(ﬁsp@wdamgﬁsihirge B U0 Gy a ploes suntrel Oeflvet ke calipedhiar ged

{1 s eur etlsPfka ALy ERs S GRth e BeyhieRa 2eb T hetfyp et essur o

noni t or i igstrateddenivddimemt & Agthemnildw 5@1trﬂﬁt§€vfm D1 Te faher Ablebntsilideddd @ can

characteri t|c of the di ed fl such as tenpe ure flowrate,
concent r i g spian® s SeBEPEE Simalt fan e SnpS ARG e AR e

di spensedt dthadiagproginos dieS'E:B $wh fexenfbe cangadevier mgasidapdalgnbeacipled wijas, or
any ot he L angengnt whi.c e monitoring unit 50 is specifically

adapt ed {:%63@308%“65 %Ibl?of WﬁﬁhﬁéE {'ng application. The monitored

char act ejones]i c rmy flullenefiorigy et WehscCheedrangitdad mohit@irésyuroof thekisthaugeds| y, or

a conbi nat.ion th eof ent i f onditions indica

cxhaust | it SPvieap et Bkl 40Lthgd Rl SPesh Bt F o fRu RS R to t e
CPU to efPeciuat Beuwcol suels }pﬁi@dlrd"lglohlltdii’mgj the Oﬂibnﬁf)rtrtghﬁntf Suindy swppbryargneher
utilizatio rrangenmept, when the .

endpoi nt > égbé%g%é‘t‘cée(ﬁ“‘& %@?% d’c.%]ﬁenfgj %‘é{’ €8fhe%f ?P?%Erenﬁ%‘f’ EBPIRE IR 962 the
cor r espogdispgies Iuglaiulttcbﬁpkﬁﬁfhlt gaeduitoret\hen @RI Pondedh flgidgoabrites &srsugse an | i ne
52 is processed a/ e.CPU and an roduceg.. uch o tput onprises a
cont ror roma i ehdciees SeuBoufiteRine BiP A By M PeBBE el bt feq T
si gnal tsrpeﬁﬁmussiﬂamedl ﬁoﬂﬁlcﬁépetcmcaﬁnmamtg apﬂﬁcatim.cwhrsmoﬁlhﬁed\mhrvt&emhd maal ve

head 30, t.l t t tt
oo s rs PR e By S R &7« (MRS il B SRRy | pa

t he exhaustiednyviesisalve b2 oagn ob extaakion oOfHe-fluid gupplynves@hn@d tiatiminart dutsuch

tr anar sopishiodfe ChlesRiPEE YategRRine it of B AL REC R RBT 1Bt ™ i e
act uat or[08ée]ar r almgecFI(t}oz aomngdnadnt, twhen whalexdpoint-assadimed hadition 6, desoted hathef | ui d

fromfluid sel 14| flo d fr. a di rt 68 of the val ve
head 66 URpRtER Y YR Shshai e ATt B A S R el vase
12 bei ngsmcpﬂquslscerbyfthmr?ldaﬁbdnajugmt ﬂ)rbcmeedl@uatompmhonpmisasta)qontfr@rmg@ﬂnﬁ thauity or

renewal luid,.flowto the fluid utilizin

on 1/ 160iissRAPbEBETT R 1 6 E i it e A5 Yad e Y Brecse e g an
incIudesmameaﬂwngh@nmehmwéh&@LEDGMDenmgﬁmnynmbﬁﬁﬂ@@nﬂoiumemm&dZRs@ﬁmthe
vessel. | n t or. vol u h e, con ut 7

contai ni Fpltfis PRESe 8ol CollR 8e f PIERRER R TE BRI 8, o
devi ce 8@mﬂhﬂmhmnﬁfﬁheIﬁknmmmmnnwmmsdﬁwnmauaatnaﬂumompmyse$m,prﬁmsmee
regul at or va ctuat ed di.spen or a er SU|tabIe
f|OWICOH%1% aie%ﬁ 8mugefu®%¥mmnm§%hﬁaﬁghﬁggﬁ nﬂi %@mlt dn%%%hsedlfrontthe
vessel . {de6Bjudlot b@mgingedato @hoainhd mtverleazslmheadf%ssdmhu faiid fromtfluel supplpect i ve
vessels 12 rate mani, f arran o]
oo i catedir b2 i ald dRhRSLBLER dfuls KPR PR Ry AT B s ol
a fresh wdbsetischalze lhee |40 (/‘a:lssel 2y béimg uﬂceupmhfrt)m Idd;clna$g0£lmet4@bit yucarproam)gﬁd to
enabl e cha e out of d ed % el s ntalnlng continuity of
oper at i oft. p%“?h”&?FWﬂCEng OWﬁ%ﬁﬁﬁ»démﬁén% 89 tlvely controlled by a CPU
such as CPU 36 shown in the schematic dramnng in FIG 2, or in other
appropriate manner. [0069]It will be recognized that the fluid supply and
utilization systemmay be variously configured, within the skill of the
art, based on the disclosure herein, Hg enconpass ot her aspects, features
and enbodi nents. For exanpl e, i nst ead ' df the two fluid supply vessels 12
and 14, nore than two vessels can be enployed, or only a single vessel nmay
be enployed in the system The nonitoring and control elenments and their
arrangenment may be widely varied, to provide active tracking of the fluid
di spensi ng operatlon mﬁth respect to determ nation of endpoint, and

to



according to another inplenentation, in which the end point determ nation
can be made using proportional-integral-derivative (PID) output of a nmass
fl ow contwol2barisomst h augment ati on of the fluid supply PgThisRédienireg3
reservoirs to acconmodat e sudden onset pressure dimnution at the endpoint
condition. [0071]As illustrated in FIG 3, the fluid supply and utilization
system 110 includes a fluid supply vessel 112 including a cylindrical

vessel 114 osr an.interjor volune 116 of th ess In the
ot or O0TIUe g TSR0 G0 4 chir RHEER p tvnenyy el EESSRye o

i ncl udi ngteaﬁr 'a:mnm/ofmfz ot &l Vebsal. yin thebiesriar vomgend i ﬂlspmécah Iile&hatge cemmltan ot her

t hr ough whi dfromt nt er.i.or_.vol.u 116 ca al on fl ow ath
e ud sl & b gl TRt FL PN S e T T Sl ety YT du by or
120, f | ownaolndduict 8A 22y chdhmrive Apetiuduad tcpgatde divea@uib2duaed dispending e]hdek t/lﬂVcel y
actuat abl e va

el t h t uat ed di i I
ona i oy D iy SR a2 r St BF b Mol P! GBF SRR ey s ¥
val ve headsel28 cont ai ni ng a val ve eI enent that is translatabl e between
full d fyll I 1 th t t I
act uat or 08, edllhtar B RER Y Bt Sy RaTHb B S Y mir e s SR Eet T g
transm ssl're(gmeldilme al3Ze inanisald Iama@émait ar fatiliam stvirehifPiddIBdngep @D d2)ptheon al ve
head 128

I di schar to fluid
i schar gBTBRSS ST AT g ehTeen s T Fs B Peuh8 Bilhet Paal
f | ui d- ut édablzichgngt @agi bfi depletB &essuiki vethilenmaainthiding exatimploe of opepttios.eSuah vhl®ing
| ant de t m X deposi ti
ot Bt e ST LS P e oo SRShE Sl R pptRRec T on
manuf act dinwing id BICI. RJ dr yn oth@Qg@pprintd thanntd. ui d utr lizing facility, the fluid
lied fl d h | i ti i fi
onbodi melPESoutt Wi BROREATHA] S g CoBycbe BA0om 2a Pt IS 1EE S oauces
an ef f | uentigirbdtwithin tbé sdlhalf et ibasedioh kheaticlodirs béraing® eh¢dﬁq>a§sﬁﬂ;er aspeetsray  be
passed t§ an ab r aba

I it t
ot o noneEs ARE Aol OB exdinimt ifiost B bt Mg SR PE et emm ovi ded
in di schmmgevd veRels1AR b employetdr @d onlyhesipgle sauiel enagfbetehploytdlindhsypphi etheby t he
fluid su ar ge , i ne 142 al c ressur.e transducer
158 | or nBRME RRF et S S R BB el PR ko S e
140 to tthekdendfr dk fpﬁ@@lcsp&@rnguaspetau()mz&h 13fect Rurdelvanineiomt il aetpoind didschar ge
line 142 | in signal transm ssion

el at i onBHEBIVE §a1 Gt n ik s rEiSedr€pbsa. ' T0075 The 1 ui d
suppl y ap@d70]t i | iIFx@t 3 ana syteinatia sdpasentdtion foff @. fludd eupplyoyisl tllizitenh syaslarMOi rs 120
andpo nt “EaRHELD SRR abGTH o o B8 S GBRCE i OROERAREE 1 n
del i ver ypipp@ssul-mtefal-tittevafiveuPiD)h@ipugosaupps ified, control leh eviadbs gnegatioh of theh
buf fer rEUIS rsMIg)plly %y buffering reservoirs to accommodate sudden onset pressure diminution at the
endpoint condition.
[0071] As illustrated in FIG. 3, the fluid supply and utilization system 110 includes a fluid
supply vessel 112 including a cylindrical vessel casing 114 enclosing an interior volume 116 of
the vessel. In the interior volume is disposed a static flow restricting device 118, e.g., including
an array of capillary tubes arranged in parallel to one another, through which fluid from the
interior volume 116 can flow along a flow path including static flow restricting device 118,
auxiliary fluid reservoir 120, flow conduit 122, flow modulating device 124, e.g., a selectively
actuatable valve element such as a vacuum actuated dispensing check valve, and discharge

conduit 126. The discharge conduit 126 delivers fluid to valve head 128 containing a valve

element that is translatable between fully open and fully closed valve positions by the automatic
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[0076] The buffer reservoirs in the FIG 3 systeminclude auxiliary fluid
buffer reservoir 120 disposed in the interior volunme 116 of vessel 112,

bet ween twe 20upishioary fl ow control device 118 and conduPCTABR2011/D®1buf f er
reservoir 120 thereby provides an additional volune of fluid for dispensing
when the vessel is otherwise in an endpoint condition in its operation. The
buffer reservoir 120 may be forned of a metal or other suitable material or

fabricati d ffi t buf f f t fl f
o rr o e T80 R e bE S D e T ulied S Hahge Srukereded)
fluid fl o @tuchheuaadpo mt CPondit i on. [0077] I n add| tion to such internal

bufferin ser t he sy st |ncIu exter g
Feservor P00 B shat e 193 HeG SRRk GRS Sy A Aol epriHe 5 By

cont ai ni digehhulgeWine 042 thedugl alhich fﬂmﬁs fTbhved td (hwdeﬁﬁﬁm’eﬁh il wiizihg GacilBy j168,ned in
si gnal - regel Vi n% relati onsh Ulmn a_si ?r&al tran Em ssion line
148, whel'dh Oiﬁﬁa“?:l’é% C?I”P rﬁ“t 103 48 %lorsﬁ GHAE PPy SRR afi&nitssi on
l'i ne 148ctte@udahe1pbi dpodadt ¢hambstadr\a@ alohic 1ager dpediiicngchaihbs anfea @imidonéucemdpoi nt
condi tion additional fluid supply and thereby extend operating
time to ‘5‘@1?'“ @ﬁﬁa}‘fa@bver or change-out of the depleted fluid supply
vessel @o73lhat In thd Huidenitivieg faidﬂﬂyn sierfluid supplid00d8] fluds dsbiovge, litehdt2GRU 134

oi ned..b ive. m ssiop lines 132, 140,. a 156, to
5,10 negeRegt veal angl S PR e Pyt s Shard e in g e o
val ve l4frodnds mas8udn cat tsamchzﬁgédem elfhdnt diohtidgating e, @RUmnae be pases] t9|agnal S
from press ret r transm ssion.line 140 and signal s
1 om hr et G P Rt By bl SRR URER | Mre 156 The U may
be progr@Tabl y safluidpgasirt eeguliaiok il 2@ cauetprovidiah shstlcnr@rmdw@e t@udsrmot thet hat
are transm’tte:} 41n S.i nodul at e

Fhe Vo Ve ikt ahd opa S8 b IR HR R PSR ERURREAEE 32 s eBrBRe e Tl ow
of fl ui dpbeumgrapassed’t pmfedluisttgnultirdnisrzisﬂql ﬂe&ﬁbﬂshﬁ)yvlal@al tnandnsmhaﬁlgaembl ne

142 0079 |

L ansducbrs SRt SF BT ATR - e C SERE DEREOR L PERRI T o

i n conbi cuatrbld 194 joined e sigiial MdiseniBion Selattoneife miaRigaal AssHEyoritnedssits @blie i n a
gi ven appl,jcation of the fluid supply and utilization system [0080] Thus,
the FIG 3" systemcould be utilized with only pressure regulator 136, with
only pre@oigle t rihnsduicapply38d uolizawbrt fyseml ghomsls FiG. anerngoopsrtofikefesetbds i n

vari ous odi nent s nd .t.w nmore of s el enent s be used.in other
erbod me Lo TG 0t Rrox e et Sher BuTBbEy s BT e R G one
enbodi mettt \@Efuld ditRerg'BI atvalve 2 edidsiy sdsetirghiawmlivery prédsure 3f tht lfleidoweing wtppsiegynal
frommasst ow_cont 1 8f 154 transmtted to CPU 134 in signal transm ssion
line 1567 %ct ﬁecﬁléeo Sué} “SSF‘FF%Y% “integral -derivative (PID) signal fromthe
mass f | o@0z&int r dihk dufferwdstivoisdia theRIG. Ss;ygteml 1nd:lﬁiemgx1pﬁ@(1hﬁlslﬂ1ﬁehysefrhﬂ IPU to
determ nglfend Qi nt. COI’ldI(L f .the 008 1Fn this

respect  SoRB By aF LR B opt Ao 1§ EEHF Piln PR i b

rapi dl y and conduit 122. The buffer reservoir 120 thereby provides an additional volume of fluid for
dispensing when the vessel is otherwise in an endpoint condition in its operation. The buffer
reservoir 120 may be formed of a metal or other suitable material or fabrication, and provides
sufficient volume for buffering of the flow of fluid from the vessel, in order to smooth the rapid
change (decrease) in fluid flow at the endpoint condition.
[0077] In addition to such internal buffering reservoir, the FIG. 3 system includes an
external buffering reservoir 150, coupled with the discharge line 142 by flow line 144 containing
flow control valve 146. The flow control valve 146 is joined in signal-receiving relationship with

CPU 134 via signal transmission line 148, whereby CPU 134 can transmit a control signal in

signal transmission line 148 to the flow control valve 146 for opening of same at the endpoint
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change at an "inflection point" of the delivery pressure vs. tinme curve.
Such inflection point change can be detected by nonitoring the PID output
of mass fwowotorworosl | er 154, and utilized to determ ne &aTarsd@aionto13
condition of the fluid supply vessel, and initiate responsive action, such
as termnating flow of the on-stream vessel and switching the process
systemover to a fresh vessel or actuating the supply of fluid fron1buffer
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pressure, integration of the delivery pressure curve, or other operations that identify and generate

a response to the endpoint condition. Thus, the endpoint can be selected as the condition at the

inflection point A on the delivery pressure curve, or at the condition at which the supply vessel

pressure is equal to the set point pressure for dispensing, or at any other selected point on the

delivery pressure curve before or after point A on such curve.

[0087] The disclosure in another aspect relates to a fluid supply system, comprising a fluid

supply vessel having an interior volume for holding fluid, first flow circuitry in the interior
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[ 0091] Whi | e the discl osure has been has been set out herein in reference to
specific aspects, features and illustrative enbodi nents, it wll be

appr eci atwo 2ohateotohe utility of the disclosure is not tiras/uS2owit0e®13 but

rat her extends to and enconpasses nunerous other variations, nodifications
and alternative enbodi nents, as will suggest thenselves to those of
ordinary skill in the field of the present invention, based on the

di scl osure herein. Corre ndi ngl.y, the invenptiqn as hereinafter clained is
"t ended TE DRI GMEIOR tet e Enpe PErue T e Rert iy St o€uch
vari at i otigpityasklidigad starSlcandstatingrdacitd mel acwteadiclyertustablaivhlng elemém, pi rit
and scope. T CLAIMS What 1s.clained.is: . 1. A od .of determning an
endpor nt® sieoi Fpg ety srapt BBl TR Frtnsiers R SRR SeE Ve

est abl i shistag chmpitis fid leaat dric@mha fdllowing danpyplsy vessel ; controlling fluid flow
t hrough a fl ow pas e disposed i.n an interior volume of the fl.uid supply
veseel it 0o s BABTEHY e Paat e oo it it g it oy o6 2
val ve el ement upttuiegt abhgshiongoldl | fiiid &1 bwiferiapdelomai hatéme ak ficagdbwone
characteristic of the fluid supply vessel or a fluid dispensed therefromto

determine the efdpBifit, wherein the static flow restricting device and the
sel ecti vel yiact uaiuéibli® tesdruer &lte@ivent tharvessall taipgddvial o gecbhe b @ikcyp@s sage.

2. The method of claim 1 in static fl tricting devi i
one or mor o captTisey LI PR RRICer RS k@Ml MO SRS P00 oF°

claim 2, whieijei n pidauré tegulatbestangaittb rguide\fiugEpremp id e scoMIlV ciftDitg;
e or flowthrottli assa ran | el . al.ong a

capillary t: ngp es. a e_d'{n ar ) .
portion of ke ArsiBaLeRgEet e R M L SERE mt PRRET NS 21
flow restrictingndlevice conprises a restricted floworifice. 5. The nethod
of claiml, wherein Efpe st @tlhec flow rest rtriogt i % devi ;ﬁ. | s tFeOSict icpged before
or after tHE selfd@tF VO REPIER TR VAr aeleY oh e PoRresas S9Ye.
circuitry

wherein when any one or more of elements (ii)-(v) is comprised in said system, the system may

further optionally comprise a CPU programmably arranged to receive at least one monitoring

signal from a device monitoring at least one characteristic of the fluid supply vessel or a fluid

dispensed therefrom to determine an endpoint of fluid supply from the fluid supply vessel.

[0088] Such fluid supply system in one implementation can include mass flow controller (v),

wherein an output signal from the mass flow controller is utilized by the CPU to output a control

signal to control fluid supply in the system. The output signal from the mass flow controller can

for example comprise a PID output signal. In such implementation, or in other implementations,

the CPU can be arranged to output a control signal to modulate a flow control valve on the vessel,

e.g., in the vessel’s valve head, or in the second flow circuitry, or otherwise to terminate flow in

the first and/or second flow circuitry. Other implementations will readily suggest themselves,

based on the disclosure herein, in which the CPU is arranged to control, to effectuate a transition

of the system to accommodate the endpoint condition of the fluid supply vessel, or otherwise to

control fluid supply in the fluid supply system.

[0089] In the fluid supply vessel in such illustrative implementations, the static flow

restricting device can be of any suitable type, and can for example comprise one or more capillary

type or flow throttling passages, and the selectively actuatable valve element can comprise a

vacuum actuated valve, or alternatively, the fluid supply vessel can be otherwise constituted and

arranged as variously described herein. Additional implementations will readily suggest

themselves, based on the disclosure herein.

=20 -



6. The nmethod of claim11, wherein the static flow restricting device is
positioned between the selectively actuatable valve elenent and an inlet of
t he fl ow waseHgw0105\WO 2011/ 160105PCT/ US2011/ 041013 7. TPhe/useaithodiood cl ai m
1, wherein the selectively actuatable valve elenent is positioned between
the static flowrestricting device and an inlet of the flow passage. 8.
The nmethod of claim1l, wherein the selectively actuatable val ve el enent
conprise vacuum act uated. valve. .9. The, nethod of. claim$8 erein the
ol bot vaPact JF B L PP AR ot st BRI Sl Hepmee ARULT 1o
The met hadrept.gClfi@inng 1o 56.ufrérhdn 6P frbsi IRgoCIBP@m MY td BE dieitict an@ber of

characteristi.c to a reference characteristic.to determne the e int.
e St oPhe B SR BTN o oG ab By e Tt el Tof Ui o at
| east ongmilfimetktsuiiren D30 AtwilAineoR, frdch 0K4do 8.5 alih@tees, frHinWisdo proasifiinicers,f | ui d

or vessel tenperature .and concentration of onponent of the fluid. 12.
The ot hSd BT CaeRle s T sredl of s PRSP 3-¢ THBraD PRBdT P8 ke len
reached wwh&n20 iadhed fmedet Erinthee drobd 45 d § Inohws f faine 5 s S bebs, detiet bedbleb) a

predeterm ned. fI| ui ressure has bheen.detected; c r t ined fluid

Pl ow dar pdiGn hadBBRTESriSh 280 SiRmarhEEHEF ki PultaliE PTG has
been suppbicedg., 8)m a5Prosde keniomB00 hagtgescim, Fdnudzd tp RO sumefrba d0bhectsO
detected; f) a predeterm ned change in fluid flow rate has been detect ed;
and/ or g)*% B’ E?E?W?ﬁgﬁra%ight or change of weight of the supply vessel
and its contents has been detected. _ 13. The nethod of claim 12, further
conpri sing generating an output signal indicative of the endpoint. 14. The
met hod of claim 1, wherein the amount of fluid remaining in the fluid
supply veesHl atwWidkdpodisdosius hanbean hastgen @f odtrherinlin tder2@¥a@fpedfic gippas, f 1 ui d

basei ng. LA PFRETrdy it 0 Domtro: Pedut et O3 SGTROH M, ng
appar at usuQlimiteic big rathekGxterdieo el dhoch@bses handrvukDthewhatagons, mbdififdtiuhchnfll ow i s
passed t aate?na[i\lleueinclkoﬂfnileln%s,z gsn\gillasgggaegtat}léﬁs'elves to those of ordinary skill in the field of the

present invention, based on the disclosure herein. Correspondingly, the invention as hereinafter

claimed is intended to be broadly construed and interpreted, as including all such variations,

modifications and alternative embodiments, within its spirit and scope.
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WO 2011/ 160105PCT/ US2011/ 041013 17. The nethod of claim 16, wherein the
fluid-utilizing apparatus conprises an ion inplantation apparatus. 18. The
nmet hod ofwol2aimedids wherein the fluid conprises a flui drspase@s/oswhzct ed
fromthe group consisting of arsine, phosphine, boron trifluoride, boron
trichloride, diboron tetrafluoride, diborane, hydrogen sel enide, xenon

di fluoride, silane, polyalkylsilanes, organonetallic reagents, fluorine

(F2), hydrogen sulfide (H2S), gernagﬁ%égigﬁgﬁland hydri do and al kyl hydri do
species of Si, Ge, Sn and Sh. 19. of claim 12, wherein the

endpoint predetermned fluid flowrate is in a range of fromO0.1 to 5

st andar dWhabisclabseitisnet ers per m nute. 20. The nethod of claim 12, wherein
t he endpoint predetermned fluid pressure is in a range of fromO to 760
ton. 21. The method of claim 12, wherein the endpoint predeterm ned fluid
pressure is in a range of from2 to 400 ton. 22. The nethod of claim 12,
wher ei n t.he eAdpdiodbof daterdétiey m andgbidtloGa Huifllsgqwlydrp@sd, dr nieshod comprising:

selectively establishing fluid flow from a fluid supply vessel;
controlling fluid flow through a flow passage disposed in an interior volume of the fluid supply
vessel with a static flow restricting device and a selectively actuatable valve element upon

establishing fluid flow; and

monitoring at least one characteristic of the fluid supply vessel or a fluid dispensed therefrom to

determine the endpoint,

wherein the static flow restricting device and the selectively actuatable valve element are

arranged along the flow passage.

2. The method of claim 1, wherein static flow restricting device comprises one or more

capillary type or flow throttling passages.

3. The method of claim 2, wherein the flow restricting device comprises two or more

capillary type or flow throttling passages arranged in parallel along a portion of the flow passage.

4. The method of claim 1, wherein the static flow restricting device comprises a restricted

flow orifice.

5. The method of claim 1, wherein the static flow restricting device is positioned before or

after the selectively actuatable valve element on the flow passage.

6. The method of claim 1, wherein the static flow restricting device is positioned between

the selectively actuatable valve element and an inlet of the flow passage.
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within a range of from 250 to 550 hours. 23. The nethod of claim12,
wherei n the endpoi nt anmount of supplied fluid is in a range of from250 to
300 granmswoO 28d1/160106 et hod of claim 12, wherein the endpormS2ahanges i n
fluid pressure is in a range of from10%to 50% of steady state delivery
pressure. 25. The nmethod of claim 12, wherein the endpoint change in fluid
flowrate is in a range of froml1l%to 15% 26. The nethod of claim 12,

wherein the endpoint c e, of wei ght and i.t.s contents
isin a ?'angeﬂbﬁpm?tg%‘}noqga} b R %er%{)&tl“e@ a"f“&% |V§i/ f rﬁos%‘?ne he
fluid suppheenviessail flandestddihglddviveagd i inleVD (RO AB60L05PCT/ USZOll/ 041013

27. The nmethod of claim1l, wherein the nonitoring conprises nonitoring

i npl anter beam current or ion source arc current in an inplanter receiving
fluid fram satigt fktibdl ot tipipl ¥, wesaelthe fctecded e adtugabtly afdvd EleSett Rompitiscent

| evel s, as bei cative of the fluid supply vessel approaching an
endpoi nt V% ?%?3ggmi‘qve

9. The method of claim 8, wherein the selectively actuatable valve element comprises a
poppet type valve.
10. The method of claim 1, further comprising comparing the monitored characteristic to a

reference characteristic to determine the endpoint.

11. The method of claim 1, wherein the characteristic is selected from at least one of: fluid
flow duration, fluid flow rate, fluid pressure, fluid or vessel temperature and concentration of a

component of the fluid.

12. The method of claim 1, wherein the endpoint is determined to have been reached when:
a) a predetermined fluid flow rate has been detected; b) a predetermined fluid pressure has been
detected; c) a predetermined fluid flow duration has been detected; d) a predetermined amount of
fluid has been supplied; ¢) a predetermined change in fluid pressure has been detected; f) a
predetermined change in fluid flow rate has been detected; and/or g) a predetermined weight or

change of weight of the supply vessel and its contents has been detected.

13. The method of claim 12, further comprising generating an output signal indicative of the
endpoint.
14. The method of claim 1, wherein the amount of fluid remaining in the fluid supply vessel

at endpoint is in a range of from 1 to 20% of original fluid weight in the vessel.

15. The method of claim 1, further comprising passing the fluid flow from the fluid supply

vessel to a fluid-utilizing apparatus or locus.

16. The method of claim 15, wherein the fluid flow is passed to a fluid-utilizing apparatus.
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28. The nethod of claim 1, wherein the nonitoring conprises nonitoring of
multiple characteristics of the fluid supply vessel or a fluid supplied

t her ef r orwOQoOet6erori ne t he endpoint. 29. The met hod of pciraisne1l/o4fous t her
conprising termnating fluid flow fromthe fluid supply vessel when the
endpoi nt has been determ ned fromsaid nonitoring. 30. The nethod of claim
29, further conprising initiating fluid flow froma second fluid supply
vessel . 1. The nethod. of. cl.aim 30 erein bath fluid supply vessels are
nrranged!Tn alGarbBirfin gl domanie Hinpo iy Bitherqarabibs, SRBite 157 RitL
wher ei n ngtantatied gfpatanisng t he endpoint from said nonitoring, an output

signal correlative of said endpoint is generated and transmtted to a CPU

for processing of the output signal to generate a control signal, and
wher ei n sai d Tlanhendd si gaal 17, svhaemdht Auidcoiies anlud sheoientcl@ledrfronamd/ or

apparatus that effects.shutdown or isolation of t flui.d-depl eted supply
el T e S s AR Rt R B S T
vesEeg, &b@fﬂ@h%ﬁ@ﬂﬁﬁd@ﬁ¢iaaﬁmﬁﬂmmﬁﬁaaﬂhﬁnpﬂﬂﬂ@ﬂﬂmmﬁi&tmbdwﬁmmp&gmﬁ&33. The
met hod of cl ai \ ere noni t o an ndpoi nt. det erm nati gn
Corpr sense Y JvaBer Sl IR0 o Faab Lo B, SR R e I R ona
profile $ioGetShend®ni tored variable(s), as a baseline profile fromwhich
actual nonitoring data can be assessed for deviations that indicate onset

or achi evenent of a predeterm ned fluid-depleted state of the fluid supply
vessel . 184. Themereidhadlanh 12 vaieraiBBe eidpoinhgtdconined shidgloaatidad inngae

deact uat (I)fl}g)ng 8[11Eor 9 étan%gr\él Cﬁbelg Cé[n%meters per minute.

20. The method of claim 12, wherein the endpoint predetermined fluid pressure is in a range

of from 0 to 760 torr.

21. The method of claim 12, wherein the endpoint predetermined fluid pressure is in a range

of from 2 to 400 torr.

22. The method of claim 12, wherein the endpoint predetermined fluid flow duration is

within a range of from 250 to 550 hours.

23. The method of claim 12, wherein the endpoint amount of supplied fluid is in a range of
from 250 to 300 grams.
24. The method of claim 12, wherein the endpoint change in fluid pressure is in a range of

from 10% to 50% of steady state delivery pressure.

25. The method of claim 12, wherein the endpoint change in fluid flow rate is in a range of

from 1% to 15%.
26. The method of claim 12, wherein the endpoint change of weight of the supply vessel and

its contents is in a range of from 15% to 60% in relation to original weight of the fluid supply

vessel and fluid therein.
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term nate discharge of fluid fromthe fluid supply vessel upon indicated
onset of the exhausted state of the fluid supply vessel. WO

2011/ 160WO6RCII/ 168811/ 041013 35. The net hod of cl ai m 1pcCrarsedienswadnpri si ng
accurrul ating fluid in one or nore buffer volunes within or outside the
vessel, wherein fluid in said buffer volunes are arranged to be di scharged
after the endpoint to maintain fluid flow. 36. The nmethod of claim 35,

wh [ buf f f ffi t ty .t t fluid
e e Fhe. U S TEm P e BRI LER SRR b RaT B Tl
nDnitoriagmﬁmﬂl@onmﬁﬁbnampemaﬁu@umﬂﬁmﬁr&kﬂh@mep@@ysM&ﬂﬁﬂhumﬂywhmﬂhofIuid
fl [ |l ed t h a fl di [ t I f
B Ty e R T

sel ect i valdpoiactasat abl e val ve el enent upon establishing fluid flow, said
endpoi nt nonitoring and control apparatus conprising a nonitoring unit
adapted to nonitor at | east one characteristic of the fluid supply vessel
or a flukd submihedmﬂhﬁnmﬁmon1ﬁmﬂdhoh@emmnah% aridésp tibnisirgp akf, malriplea CPU

operativ ked ei Vi | at.i gnshi o the

tont + or | TS Qb gubiily el S bEGp Brt ol SR BhridPn:

i nformation and responsive in recelpt of an out put signal fronlthe

noni t ori ive of e endpoi nt con di eper a contro
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38. The enRdpahei theranalpdiorian gecarddtemundd feim sipp@odtodsg.of cl ai m 37, furt her

conprising a control device operatively linked in control signal recei vi ng

rel ationship to the CPU and responsive in receipt of the control signal to

oper ate 2and t Eicninbhd® odrlaims 39, Sfuitig comptiengrinnatiee flhidi tbvs Gppl &/ sdepahtltide fl ui d
pply vessFI 39. The endpoint nonitoring and control apparatus of claim

as oPBPAtTSHal 1y arranged with at |east one fluid supply vessel. 40.
The endpoi nt nonitoring and control apparatus of claim37, wherein the
endpoi nt 31. The method of claim 30, wherein both fluid supply vessels are arranged in a valved

manifold arrangement.

32. The method of claim 1, wherein upon determining the endpoint from said monitoring, an
output signal correlative of said endpoint is generated and transmitted to a CPU for processing of
the output signal to generate a control signal, and wherein said control signal is used to actuate an
endpoint alarm and/or apparatus that effects shutdown or isolation of the fluid-depleted supply
vessel, so that it is taken off line for replacement with a fresh supply vessel, for continued or

renewed operation involving fluid supply.

33. The method of claim 1, wherein said monitoring and endpoint determination comprise
use of a CPU having stored therein a fluid discharge operational profile for the monitored
variable(s), as a baseline profile from which actual monitoring data can be assessed for deviations
that indicate onset or achievement of a predetermined fluid-depleted state of the fluid supply

vessel.
34. The method of claim 33, further comprising actuating or deactuating control devices to

terminate discharge of fluid from the fluid supply vessel upon indicated onset of the exhausted

state of the fluid supply vessel.
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condition information stored in said CPU conprises at |east one fluid

di scharge operational profile for a nonitored characteristic of the fluid
supply veseebil/ms10a baseline profile fromwhich actual mromiusesitoglodat a can
be conputationally assessed by the CPU for deviations that indicate onset
or achievenent of a predeterm ned fluid-depleted state of the fluid supply
vessel. 41. A fluid-utilizing apparatus adapted to performthe nethod of

claim1l. _ WO 2011/ 160105PCT/ US2011/ 041013 42. A net hpod accordin o.claimil,
wherei n the rrezﬁ‘r‘?d’&"]”i‘osd e??@r@ﬂ%& C%{“Ifr}smgof‘-"ﬁ‘{“i‘ﬂlggl? Rg“da’ﬁ‘p%ﬂ"aof d%o.ge Ei‘éf.feA f1uid
supply swsimey widonpr basidgtha viebsdl, dvhsigiplinid we ssd buflid wolughed Arel drtaggddad beol unme
for holding fluid, first.flow.circuit in the interior volune arranged to
contr ol ?IF%WgS#jafefmeﬁn%ﬁﬁt L?dn?ﬁfﬁlﬁﬁvdofi%f‘l uid fromthe vessel, said first
flow circuitry including a static flow restricting device and a sel ectively
act uat ab val ve el enment, .ang a second flow cjrcuitry.coupled wth the
vessel rit o L aPlRTST iR RuPERT O PuRE Gl e 8 SOURRECHR Tt 5

| east onmai@fair fhed flol baikgRgitelosemat &esh(fiuid applgivEReli ng reservoir in the
interior volunme of the vessel, coupled with the first flowcircuitry,

arranged to hold fluid for buffering release thereof to the first flow
circuitry. (i Ay eadfourt henitwrthgr@depmail apexdter fooh ffd fupplywessskein, widaufbied wi t h

t he secopd fsl OX¥01i rcuit Jarran ecg to _I’i]O| dm“iui d uforO H}%f e S| ng rel ease
ther cof P pensasL P ehdno B SRR 2ot pinii b bl 4Py VG ange
t o regul atteaklatic Ao r@sRUNEddvive tahd a S@eminey htteamable valve element upon establishing

fluid flow, said endpoint monitoring and control apparatus comprising a monitoring unit adapted

to monitor at least one characteristic of the fluid supply vessel or a fluid supplied therefrom and

to generate an output signal, and a CPU operatively linked in output signal receiving relationship

to the monitoring unit, said CPU having stored therein endpoint condition information and

responsive in receipt of an output signal from the monitoring unit indicative of the endpoint

condition to generate a control signal for use in terminating fluid supply from the fluid supply

vessel.

38. The endpoint monitoring and control apparatus of claim 37, further comprising a control
device operatively linked in control signal receiving relationship to the CPU and responsive in
receipt of the control signal to operate and terminate or assisting to terminate fluid supply from

the fluid supply vessel.

39. The endpoint monitoring and control apparatus of claim 37, as operationally arranged

with at least one fluid supply vessel.

40. The endpoint monitoring and control apparatus of claim 37, wherein the endpoint
condition information stored in said CPU comprises at least one fluid discharge operational
profile for a monitored characteristic of the fluid supply vessel, as a baseline profile from which
actual monitoring data can be computationally assessed by the CPU for deviations that indicate

onset or achievement of a predetermined fluid-depleted state of the fluid supply vessel.

41. A fluid-utilizing apparatus adapted to perform the method of claim 1.
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circuitry; (iv) a pressure transducer arranged to nonitor fluid pressure in
the second flow circuitry; and (v) a nmass flow controller arranged to
control maex0fliwmosf fluid in the second fl ow circuitryPamarsedin/owoen any
one or nore of elements (ii)-(v) is conprised in said system the system
optionally further conprises a CPU programmably arranged to receive at

| east one nonitoring signal froma device nonitoring at | east one

Getor m i an S ot o HRR IR Tlnend! ¢ Birbr ST D TOesulnE, ) "The”

fluid sumhxyttusyst em of claim43, wherein the system conprises mass flow
controller (v) and said mass flow controller is arranged to output a PID
out put signal. 45.The fluid supply systemof claim44, wherein the CPU is
arranged41. o ontfjuid s@plymyttemj ccﬁﬂl:gi@iag al fluid aqamznﬁa@set baviiipeanPinBriotit@uihe &rgnal
nt rol cont rol system

46, The TR0 Lol BP8 EBM B e SimeF BN e ke o BRIl 4l Tl G ng
devi ce capplyiot@aiddien te vaBEelesadfist flay ylrctuytgemdndiﬁg awatihflotv kdsirfegnpasrages.
and a selectively actuatable valve element, and a second flow circuitry coupled with the vessel for
discharging fluid therefrom, wherein the system comprises at least one of the following elements:

) a buffering reservoir in the interior volume of the vessel, coupled with the first
flow circuitry, arranged to hold fluid for buffering release thereof to the first flow
circuitry;

(ii) a buffering reservoir exterior of the vessel, coupled with the second flow
circuitry, arranged to hold fluid for buffering release thereof to the second flow
circuitry;

(iii) a pressure regulator arranged to regulate fluid pressure in the second flow
circuitry;

(iv) a pressure transducer arranged to monitor fluid pressure in the second flow
circuitry; and

(v) a mass flow controller arranged to control mass flow of fluid in the second flow
circuitry

wherein when any one or more of elements (ii)-(v) is comprised in said system, the system
optionally further comprises a CPU programmably arranged to receive at least one monitoring
signal from a device monitoring at least one characteristic of the fluid supply vessel or a fluid

dispensed therefrom to determine an endpoint of fluid supply from the fluid supply vessel.

44. The fluid supply system of claim 43, wherein the system comprises mass flow controller

(v) and said mass flow controller is arranged to output a PID output signal.
45. The fluid supply system of claim 44, wherein the CPU is arranged to output a control
signal in response to the PID output signal from the mass flow controller, for control of fluid

supply in the system.

46. The fluid supply system of claim 43, wherein the static flow restricting device comprises

one or more capillary type or flow throttling passages.
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WO 2011/ 160105PCT/ US2011/ 041013 47. The fluid supply system of claim 46,
wherein the selectively actuatable valve el enent conprises a vacuum
act uat ed wal2oe1/16008. The fluid supply system of clai m 4@CTmisesigiomiothe
static flow restricting device conprises from8 to 50 capillaries, each
having an internal diameter of fromO0.25 to 5 mllineters, a length of from
3.5 to 20 inches, wherein fluid dispensing flowrate of the fluid supply
systemis from 250 to 1000 sccm

47. The fluid supply system of claim 46, wherein the selectively actuatable valve element

comprises a vacuum actuated valve.

48. The fluid supply system of claim 46, wherein the static flow restricting device comprises
from 8 to 50 capillaries, each having an internal diameter of from 0.25 to 5 millimeters, a length
of from 3.5 to 20 inches, wherein fluid dispensing flow rate of the fluid supply system is from

250 to 1000 sccm.
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