PRESSURE- BASED GAS DELI VERY SYSTEM AND METHOD FOR
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H GH PRESSURE GASES BACKGROUND OF THE | NVENTION Field
venti on The present invention relates
8&H%E§PF€ to a pressure-based gas delivery sys?%ﬁpgﬁg%ug
nmet hodol ogy for reducing the risks associated with
storage and delivery of high-pressure conpressed
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devel opnent, the sem conduct or industr¥ has required
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sem conduct or nanufacturiag_@éant, the delivery of
such high purity gases inv £ s flowcircuitry for
coupling gas supply vessels with sem conductor process
tool s and/ or other gas-consum ng chanbers or regions
inthe facility. Beginning in the 1970's, high purity
gas delivery naBACKGROUMD OF JBEINYENAIOMJ refi ned, and
gas cabinets fabricated according to standard designs,
W th hi%P integrity welds and inproved contro

Eioldiofhg Inverdie® | nt o common usage. Concurrently,

ventil ation specifications, electrical regulations,

al arms and conponent arrays becane standardi zed. Gas

flow circuitry evol ved into commonl ce d
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compressed gases.

Description of the Related Art

Throughout its development, the semiconductor industry has required reliable sources of
high purity gases. In the semiconductor manufacturing plant, the delivery of such high
purity gases involves flow circuitry for coupling gas supply vessels with semiconductor

process fools and/or other gas-consuming chambers or regions in the facility.

Beginning in the 1970’s, high purity gas delivery manifolds were developed and refined,
and gas cabinets fabricated according to standard desigus, with high integrity welds and
improved control systems, came into common usage. Concurrently, ventilation
specifications, electrical regulations, alarms and component arrays became standardized.
Gas flow circuitry evolved into commonly accepted arrangements with respect to pressure
transducers, pneumatically operated valves, regulators, high flow valves, couplings and the

methodologies employed to effect change-outs of gas supply vessels.



Mound 1980, the restricted flow orifice (RFO was

i ntroduced and standardi zed, and becane a commonly
accept ed conponent of gas delivery manifolds and fl ow
circuitry. The foregoing devel opnents have enabl ed
woasuaesets and regul ations to be adopted for theCT/US03/17429
sem conduct or industry. Today the Uniform Fire Code
and a nunber of industry authorities prescribe nethods
Aramdt 1980,sthe reistedrnitbw etifiseeRFQ) fwas d%‘if%d}m‘éo"?’flo%ﬁ“@%g‘é and
pyrophoric gases that are enployed in_sem conduct or
besemsf2aonmoily eecepiet eemipenest of ppsedeliyesy mﬂé&fﬁs ?hde‘ﬁ‘iw HJF"‘“%Y-
Transportation (DOT) approves vessels that are used to
supply gases for use in sem conductor manufacturing

facilities. The DOT-approved gas cylinders comonl.y. A
The dotegoing develonsysais havernabled signdargs o1 RSP e%?gvé@ fpripe
sem conduct or manuf acturjng_.are by thensel ve s
semicpadyatpriagusiyy. sEaday thy Hanfo ifpSrode Ay TP E’%‘Bﬁﬁyé“m"“"les
failure of such DOT-a ved gas cylinder
reboangiots BRUEAETSE A deBTorpioRip Ery Ve GR DB SEpEa; desey et
operatign. Gas | i nder, pur st .essure is nornmally set
ag ereploye FH%@“PW@&ﬁEQ?mJ W?%%%%‘pressure of the
cylinder. A gas cylinder preferably will have a burst
pressure of at |east about 4000 psig and burst
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ess such gas cylinders are
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§ar°ve Sheari ng. fiMders are pressure tested on a
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require cons¥ant rebuil ding and have a finite
bich ©0 TR provdaga s BAQDk 9y Idvk.gd as B etder efopcd gvetyH 6,000 years
sem conductor manufacturing facility (fab) is of a
b@pbiatiéh. and establ i shed nature. A high-pressure gas
cylinder is connected to a gas delivery manifold and
hi gh-pressure gas adnitted into the gas nanifold
panel . A gas regul ator nounted on the panel reduces
Ghecytiader puratysassuze amdrmialip setebB tinpgthp pexumopBing Pgssye of
gas flowis transmtted into the fab. The gas stre )
denyliees B gas sylindérmepferahlapilchanemPs PEsHEet eURAS) aww&&s‘g]wg
near the sem conductor process tools, so that gas is
didburstipeessaebs mbove 5A00ies ate tymifab c Becupemly Sisyd staiplgss pigpf valves
Addi ti onal gas regul ators nmay be enpl oyed at th% 1/.MB.
& dndy gap pinaas arp &¥iremely reliable, with no reported instances of valve shearing.
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Cylinders are pressure tested on a prescribed basis at the time of their initial manufacture
and at the time of their (re)filling, to ensure their integrity. Cylinder valves, by conirast,
requite constant rebuilding and have a finite lifetime.

The methodology for gas delivery in the semiconductor manufacturing facility (fab) is of a
routine and established nature. A high-pressure gas cylinder is connected to a gas delivery .
manifold and high-pressure gas admitted into the gas manifold panel. A gas regulatot

mounted on the panel reduces the gas pressure and the resulting pressure-modulated gas
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The devel opnent of adsorbed-phase gas sources, of the
type disclosed in U S. Patent No. 5,518,528, has
somewhat altered this methodol ogy. Gases can be stored

-at nospheric pressure and, as is the case W
g%ﬂ%ﬁ?” s sources (comercially avail able froﬁ?ﬂ?%PPﬁng
I nc., Danbury, CT) commonly enployed in ion inplant
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order of 650 ton down to 10-20 ton. The uSe of such

SRR IAMSPRAE 1h6 sdMifHAMBIR pBRSss TN, S8 Mat! BOIIdisBbuted to a number
correspondlng acconmodation in the anbl ent pressure

grb&@ﬂ%ﬁl@ tin @ fbh @ dfiEbaal B et Pty bolegiicR thdWHIB and/or
net products such as the RPMIm gas cabi net
bﬁﬁaﬁﬁmclally avai l able from ADM Inc., Danbury, CT)
have been devel oped to ensure that fab process systens
operating at atnospheric pressure are not conprom sed
by ambi ent air being drawn into the sub-atnospheric
fhe dewiogment| of adberbed-pimse prarsbircdsdef thStypéd digelssed abUiSe Paent No.
are provided with nonitoring and control conponentry
B5i 8,628 hasrsomepvhdt £lfersd dhis ingthodotagy s Gases canibe kored atmsb-gtamspheric
delivery system and |soI§I|ng the gas cylinder should
areswegwdpweis Sheraasesiite SD C gasrsomTese(coremestigiyhamatlabis from ATMI,
re-regul at ed pressure gas sources, such as those
Ranben TF wrmonyareieyed s iongmpBot wpplications, wed OYerpr@sure
represents a fundanental departure fromthe use of
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the opportunity to reduce the rlsk of usln conpressed
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pressure, is enabled. \Wereas, in conventional

RIFRESt R ProdSurR GrithBITRE @ﬁ%@ﬂaﬂaﬂ@st&ﬁ lahd kg 18:3Es Bflinfét should a
cylinder pressure, e.g., up to 2000 psig, is adnmtted
t'bigh fressg@svadkelocaer y mani f ol d, the use of the
pre-regul ated pressure gas sources now makes it
possible to admt a nomnally positive, e.g., 20- 100
psi g, or sub-atnospheric pressure gas in its place.
The dgrerpmegtuif gredgyaied presseregms seoeescash hhthoseadescrped in U.S.
significant devel opnment in the sem conductor industry
&nigntpioy 6,889,12A end 630 58 ibprepwpmisat fungpnenighdeprriigafom the use of
delivery system The consequences of this devel opment
aprventiogwi b gherassure Sisregindewrapd areedntbahn eppoxtunity taitgduca ghe risk of
cylinder change-out or are associated with failure of
SHRpesmrTssedigases- Ha syhPreenyiated gressyis gtsfpuredser &8 rraliptor ¢lgment
of reducing pressure within or at the cylinder limts
©hessabi i sadoys? aéﬁhq Melvea ke Anwithin éhea@océ' fiajeppo that gas is
es al so
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in the system the systemcontroller can quickly
initiate auto-shutdown steps3including closing the
pneunmati c val ve on the gas cylinder, closing the high
pressure isolation valve(s) on the mani fold, and
actuating systemalarn(s). In general, it is necessary
to maintain the contents of high-pressure gas
cylinders safely confined in the cylinder and to
control the delivery of the dispensed gas in an
efficient manner conporting wth safety concerns,




SUMVARY OF THE | NVENTI ON The present invention relates
generally to apparatus and nethod for dispensing gases
in industrial processes such as sem conduct or

manuf acturing. In one apparatus aspect, the invention
web3108862t 0 a gas di spensing assenbly for di spePfSi/pRy3/17429
gas, conprising: (a) a pressure-regul ated gas source

vessel hol di ng gas, at superat nospheri c pressure and
oA BT A i Pk BRI BF VBTSSP HY GEIpRAl qpoderate

substantially |l ower pressure; (b) a gas nifold .
P BT P ate: - PR G 8 PR R osphers pressre, i

r@§$ure-regulated gas source vessel and conpri sing
%ﬁ ®#low circuitry for dispensing said gas; (c) means
for selectively isolating the flowcircuitry of the
gas manifold fromthe pressure-regul ated gas source
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anot her-"appar at us -aspect, nvention relates to a

QEsiatch HOEHS %&%oﬂéé%@'ﬂak&% pﬂéﬁpmnﬁg_ngﬂﬁla?ap(ﬁiﬁyé €.g., 20-
|'ocation. The gas dispensing assenbly includes: (a) a

ERSpsRO UF Géb-MURSHRbrid Hbssha! Hb MY itd BaceA! TRUPS IR RRREIE gas

pressure, with at |east one pressure regulator at or
WutcBd M e a\ﬁﬁlmt @ dornchd RUhCRRMdoMucttR indBsHy QD bREIE e
t he vessel, erein the at | east one pressure

bR Ehrabaktirpndaths Blietyaomdnm.ol val ve are arranged so
that gas discharged fromthe gas source vessel flows

The consequences of this development are significant. Since many accidents ocour during
cylinder change-out or are associated with failure of components in the gas delivery system,
the capability of reducing pressure within or at the cylinder limits the magnitude of an
incident and the associated release. Pre-regulated pressure gas sources also provide another
substantial advantage. If the pressure rises above a pre-established threshold level in the gas
delivery system, evidencing an abnormal occurrence in the system, the system coniroller
can quickly initiate auto-shutdown steps including closing the pneumatic valve on the gas
cylinder, closing the high pressure isolation valve(s) on the manifold, and actuating system

alarm(s).

In general, it is necessary to maintain the contents of high-pressure gas cylinders gafely
confined in the cylinder and to control the delivery of the dispensed gas in an efficient
manner comporting with safety concerns, since many of the gases used in semiconducior

manufacturing are toxic or otherwise hazardous in character.



through the at | east one pressure regulator prior to

flow through the flow control valve; (b) a gas

mani fol d arranged to receive gas fromthe gas source
.ﬁﬁﬁ&mépd conprising gas flow circuitry for PETISO3/17429
I'spensing gas; and (c) nmeans for renoving gas From

the gas flow circuitry to enabl e change-out of the gas

SRUEE BonkiBis & sebR WprbNENB IS Slfet) 351 REAREF of g&i Sobfelk i their

gas. In one nethod aspect, the present invention

methads@suds0 a net hod of operating a gas di spensing

. assenbly including a gas source therein coupled in
selective flow relationship with a gas manifold,

wherein the gas manifold includes flow circuitry for

di schargi ng gas tSiMMARY OBTHB IFVENTICRaI d net hod
conprising using as the gas source a

pressure-regul at ed gas source vessel containing the

gas at superatnospheric pressure, wherein the pressure

Thyprewtioinventiore clwdsrgendrally @ngpartusamgetstha for dispaieing gesin
pressure in said manifold that is substantially bel ow

nHesitst proesatee sugh ag emicondetonmmmiotugng.c pressure gas in

the gas source vessel. In another nethod aspect, the
invention relates to a nethod of operating a gas

source coupled in selective flowrelationship with a

Beene gpnsratus| agpeciihsriaveptionyelatya & sreasidisoensing mesenbiy Sorf digpgpsing
circuitry for discharging gas to a gas-using zone,

&3 9PREMod conprising using as the gas source a gas

sourgﬁ vessel coptgining@the as .at superat nospheric

pr es SHAPCFHE PR SRSTPTEe VoSt PAHBR Baiat SHpetrfrpqsphsrie prsssure

vessel .and a flow control. yalyve, cqupled in flow .

ol ati GRARPRPEd il Gge] 1 EhEETE firce b Suiiptially lower
regulatg&aggd the flow control valve are arranged so

t hat gé% I Spensed fromthe vessel flows through said
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I nto sal as nmani ereln

Pr eSSUrgs §RQULataLnd SnpRBSs Lgbed irr]cl”ag% ff {iﬂdgtﬂs?%ssaﬁ gas;

provi de a gas pressure I n sa

subsi@nidaad fo¥ s@&lh%lﬁr (s@iatil:lge@ﬁ oW euily gf %ED gfpﬁl Hhadtold £ the

40% nore preferably at least 60% an

pr ef er gldsyhréteshifiod bas80bodR seMingt he pressure of the
super at nospheric pressure gas in the gas source

vesséd). meAnd fof teh@wing pisaficii th gASMRECErcOfirytd SnabR\eRMHaE-BHY of the
relates to a gas dispensing systemincluding a

pr essurges soegt hate evhanilie caselBes budgs dbpletedifleadd | N gas
feed relationship to a gas manifold for dispensing the
gas to a sem conductor process, wherein pressure of

gas in the manifold is at |east 40% | ower than

Ior enothgr eppafatugasspéot thi cnysmtas miaesr wgall gat elibpeping casayddy for
vessel, and the pressure-regul ated source gas vesse
dspinssastog vsplaeatipn eFhedies dispersipzasemblydrdlugies:vol ume f or
hol di ng said gas therein, and a head assenbly nounted
on t k8 acHh Euseatessel for helfing Ehfeat SrRsEAITPSPheris ussitre (vith at least
source gas vessel _includes _a gas pressure regul ator

i nt er i GFF ProregeRadrriah of Wit the dssdr a0d ¢ fipwecagfroltvalye coupled
cont ai ner,, andlt e head assenbly includes a fl ow

cont r ol*® @’5 > MR ast P‘Ev%ﬁf‘s‘frf' &i@ietpe and the flow conirol

ressure-regqul ated soyrce s. vessel to the gas

ﬁani folvglv? Ia%\/\%m‘flﬁ otPg et gas gﬁsﬁlé%g%r%?% Gli‘eega}sesﬁg‘lc%\t"?ﬁel flows
prior to flow through said flow control valve in said
head assenbly, and wherein %aid gas di spensing system
inrelation to a correspondi ng gas di spensi ng system

i ncludi ng a source gas vessel that is not pressure
regul ated, has at |east one of the foll ow ng
characteristics:



(I')a smal l er sized source gas vessel; (ll)a reduced
ventilation gas requirenent; (IIl) an increased )
on-stream di spensing capability; and (IV) an increased
service life. The invention may be carried out in
worsewsszrodes and conformati ons, as di scussed PEF/BS03/17429
fully hereinafter, including dispensing of

super at nospheri c pressure gas, dispensing of

subat niispresithent st oneprassys seuRisa PRRFE? flow g’ﬁ%ﬁe&?‘” control
i nvol vi ng di spensing of gas at superatnospheric
pressu@vehat is further regul ated down to
subatnnspheric_pressurg, as hereingftq& describedsisrfand
gr eaftdra @as mapifold pranged oo SETHYE 837 HUR 1% F85 FRHPS &7°F i 1S
the practice of the inyvention may be dj sposed in a gas
cabi ne{COMBHSIg E2§ %f‘i‘(‘\‘}gﬁy&"ﬁ‘ﬁ?e gl)éﬁ?soef’:jdded as a unitary

gas FAee T FemoRBE A 0 B AL Pl A o A Sl
| board t th
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the invention, the gas di spensing system nay be
constituted to enploy a gas source vessel enploying

B &@SHEfod %%)g!étggt}eo oR2bt E&tdh SPEES & 2 G8Sthod \BE bfdrdling: e gas

gas source as an associ ated val ve head

@ﬁ%ﬁ% Yosdrfbity Fngu@ig% 3 38 5uRE AR oupRE i BleRtivelBoM fofationship

., a vessel enploying a regulator after the primary

VRS S Bls ALY, wikReiiRe bAMrRETTAN @dua) e dheaity fa dBtliatging gas to
optionally wth a manual isolation valve after the

§ SRULAE Fbne, 581 MbiBdd Sprifih®Weng 43 thelfa8 suideigssirbeegulated gas
primary vessel valve, pressure regulator and the

ORI adesded QbthibBp tHelpie at Tijeraifosptatic i gaskuat,i whersin | thee pressure
such assenbly nay be integrated in the val ve head )
assierbisyconsirulee agh araget Deprowds elgas firawp|ie said fmanifold that is
alternative gas source vessels that may be enpl oyed in
tdvstayitaily bilow thé ptekserel ofutha Sipemtnansphetib regaigesgasgn the gas source
di sclosed in U S. Patent Nos. 6, 314,986; 5, 937, 895;
aeseel.6, 007, 609, and in EP 1 180 638 A2.

In another method aspect, the invention relates to a method of operating a gas source
coupled in selective flow relationship with a gas manifold, wherein the gas manifold
includes flow circuitry for discharging gas to a gas-using zone, said method comprising
using as the gas source a gas source vessel containing the gas at superatmospheric pressure,
with a pressure regulator at or within the vessel and a flow control valve coupled in flow
relationship to the vessel, wherein the pressure regulator and the flow conirol valve are
arranged so that gas dispensed from the vessel flows through said regulator priot to flow
through said flow control valve, and into said gas manifold, wherein the pressure regulator
is constructed and arranged to provide a gas pressure in said manifold that is substantially

below (at least 25%, preferably at least 40%, more preferably at least 60%, and most
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O her aspects, features and enbodi nents of the
invention will be nore fully apparent fromthe ensuing
di scl osure and appended cl ai mrs. BRI EF DESCRI PTI ON OF

ﬁ%ﬁ%&%@%yhcs FIG 1 is a schematic representat%QQsQ%%?ug

ressure gas cabinet, such as may be nodi
enhanced safety operation in accordance with the

Pre@SRL at 16aMEBOLd Klbw) tifel gressude of3hdsuperiteitBihbgic pressure gas in the gas
representation of a correspondi ng reduced pressure gas
Galdevedselut i | 1 zi ng a sub- at nospheric pressure dispensed
gas supplied by a pressure-regul ated vessel, according
to one enbodi rent of the invention. FIG 3 is a
schematic representation of a reduced pressure gas
cafbithee tapprraths @pevg obithb dwergion sdaiescto @i 2p dispemeing) gistem including a
supplied by a pressure-regul ated vessel, and further
pegutcatadatedsouite garawsssbvupledin gak ed selationdbinfeta doymepifold for
downst r eam sub- at nospheric pressure regul ator, o
dispusidi thg gectoasenicendugotnoeticsseyihereih preprureiof gasrin the manifold is at
DETAI LED DESCRI PTI ON OF THE | NVENTI ON, AND PREFERRED
Ens ol VENRShRHEREEE of iges i thepresireaegulsicdisaucs &as| veipingpd the
patent applications and patents are hereby .
PrPeFeTeRHateSoNEe @AveBsp! somIpEifes denipiner dyERing amuferiay yolgne for
holding said gas therein, and a head assembly mounted on the container, wherein the
pressure-regulated source gas vessel includes a gas pressure regulator interiorly disposed in
the interior volume of the container, and the head assembly includes a flow control valve,
whereby gas flowed from the pressure-regulated source gas vessel to the gas manifold flows
through said gas pressure regulator prior to flow through said flow control valve in said
head assembly, and wherein said gas dispensing system, in relation to a corresponding gas
dispensing system including a source gas vessel that is not pressure regulated, has at least
one of the following characteristics:

@ a smaller sized source gas vessel;

(I)  areduced ventilation gas requirement;

(II)  an increased on-siream dispensing capability; and

(IV) an increased service life.

The invention may be carried out in various modes and conformations, as discussed more
fully hereinafter, including dispensing of superatmospheric pressuxe gas, dispensing of sub-
atmospheric pressure gas, and hybrid operation involving dispensing of gas at
superatmospheric pressure that is further regulated down to subatmosphetic pressure, as

hereinafier described in greater detail.



United States Patent No. 6,132,492 issued Cctober 17,
2000; United States Patent No. 5,935, 305 i ssued August
10,1999; United States Patent No. 5,518,528 issued My
16, 1996; United States Patent No. 5,704, 965 issued
vandHg626, 1998; United States Patent No. 5, 70MCTEGP3/17429
i ssued January 6, 1998; United States Patent No.

5,707,424 issued J ary 13,.1998:. United . .
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The present invention provides a | ow el evated pressure

or sub-atnospheric pressure storage and delivery
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appli cations involving sem conductor processing, such

B3 Bk vEsk& AP iR priERe epflafe bR Hispbified) Gas whérele the gas

gases, chem cal vapor deposition using gaseous
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or precursors for gaseous dopant species, ion

ddvieb a0 af veade] afplbyink i fguistachizhthe gamagsess! valve, as an integrated

organonetal lic Goup V conpounds, e.g., arsine,

PIRIRR A8smbly) bpticnalsy, witadnanBi 3s01aB6 Bifvediftithenegni{i@24ddhat gas-

and its deuterium anal og, B2D6), HCl, BBr, HF, H

flowgia than fireughfthagrinmateyesseh thleChi8)s8B reguRiat yud thg mgaus! isolation

pressure of the dispensed gas in accordance with the

vaiwee rficamansaibisdlation ivalid in sostt swaebly ey bé fréqgrated in the valve head

performance of valves and regqulators that are utilized

aoemidebn the gas sofregyeessel r om t he gas source (storage and

di spensi ng) vessel. At reduced pressures, connections

are easier to nmake |l eak-tight, pressure surges are

reduced or even elim nated,

nd val ves are.aple to
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t hat nmoved during the purging or venting
Gﬁgpg?ﬁéhggg% jonentry of the gas di spensing equi prment
has i nproved operating life by reduction of pressure,
and the safety of operation is enhanced not only by
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I'Spersidn of gas 1 nto the anmbient environnent” in the
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reln abi Itself m nimze such |eak or
failure events in the gas supply system

BRIEF DESCRIPTION OF THE DPAWINGS

FIG. 1 is a schemnatic representation of a high-pressure gas cabinet, such as may be modified

for enhanced safety operation in accordance with the present invention.



The gas storage and di spensing vessel utilized in the
practice of the present invention may be of any
suitabl e type, including conventional high-pressure
&Mhingﬁ&zvessels, whosa t hi ckness and over-deskgﬂuggﬁﬁu9
YonPARent of gas at high pressure further increases
the safety of operation when retaining the gas to be
HHEPE RS 8 cleinale reptdddhtation o ian@nggsnding tedh@Wgitesaitre gas cabinet
sub- at nospheri c pressure. The gas storage and
diisensiub@tvapisat pibyrehiispeged gpeaplied by apro@iursecdnlzied vessel,
assenbly including fill and di scharge ports,

asoerdingrte sl bodialentef thoderagiosuch as a pop val ve, burst

di sk, or other over-pressure relief neans, fluid

regul ators and flow control elenents such as val ves of
manual or automatic character, couplings for

FUHnE &t 4 evhetnotidf tepreseptationpf a yedveedoprirevre chias pabinst pilizingah dow
for conveying the dispensed gas to a | ocus of use,
pressure[dispenced ges suprdiedby opressuispbgplaisid vetsel, ondrfiuther regulated . the
the practice of the invention is a pressure-regul ated
wesat! of the sepcablingt by a dewvnsirpam wbronesphegis BigpsuteregyptoR ageprding
in reference to a gas source vessel refers to a vesse
ithetothe sxepodimestRi AP t i on encl osi ng an interior

vol ume containing the gas to be di spensed, and havi ng

a port for discharging gas fromthe interior vol une,

with A g8 equl at or. _devi.ce_at _or. W in-the
i.e. 4 . v S i

vol unme of the vessekwmﬁﬁ) ﬁ%g b% di sposed at the
port of the container—pogﬁi%ﬂ*éi%gﬁexanple, t he

regul ator may be partially within the interior vol une,
and partially in the neck opening of the vessel, or

L0 tdEsH@%lg&anr tﬂc{:g)?l&%n% gt&tgxlltgagﬁwaﬁ&s Qhd E)?i@ﬂté’ 515 3€led in@{sl_rﬁééﬁted

in a sse y t hount ed oh the vesse

heRt RBSeEteYn FBY odrirgikside a unitary bl ock or other
structure containing flow passages and ancillary

el ements therein constituting regulator and val ve
conmponents of the head assenbly. The regulator in a

pr ef evhied sasREaln¥o. 6,082,490 V@addiceibbis 7az00anged so t hat
gas dispensed fromthe vessel flows through the

regul Bhiesd, StadsiPatentNp. §,080206 hssoadpughdt 00y 189t rol el enent s
such as val ves, nmass flow controllers, ejectors,

educt Unitsd Stdies. Patehidds B85 58,58 isumlMay)ifel 86 di scl osed in
U S. Patent Nos. 6,101,816 and 6, 089,027, and are
conme Veittesl| Stagesatznd Nb 04,368 risseedVanvaetty 1296, seni conduct or
processi ng gases, fromATIVII, Inc. (Danbury, CT). The
gas sUuitalSiaesPoteht Nea . 7.908 issuad Jgmeyy E9%F a type
havinﬂ_g vessel shut-off valve positioned upstream of
a& r egHpispdditatestPatenty No. .00 2t dssigdderieaintP of %% vessel flow

control valve that can be nodul ated to vary the flow .
of t hEmifpdStatgsPagnidin, 6205 H0sspeidpnesgul ®Beor / 71 ow control
val ve_arrangenment and _such .conponent / for exanple
Be i nPagids ﬁﬂaﬁnﬁ%giléhgﬁéﬁﬁe%%?fg%r t he gas
source, yessel , or ot | Se associ at e .t h the

Vesse m”éﬁiﬂt?ﬁepf?@i 16)‘h g’gg%@dﬁt“f ce al?ef ,g’ ng ., in a

val ve S I d t source vessel,
and r @%ﬁ&%@ﬁgtﬁtﬁ?'gﬁawé)@éss %ﬂt&qg?feb ¥nts are

pr ovi t ( Ut | el .actice,
Por ety e Sufb e Relaaay BEEMEIMER0R AR | OF,
gas source vessel may be provided as coupled to a

mani fold in the practice of fhe invention, or
alternatively a plurality of vessels of such type may
be enpl oyed in an array, thereby accommodati ng
change-out of a spent vessel at a point of depletion
of the gas contents thereof, and comencenent of
on-stream operation with a full backup vessel in the

array. For this purpose, nultiple vessels nay be
installed in a gas cabinet or otherw se coupled to a




val ve/regul ator/fl ow control val ve arrangenent

di scussed herei nabove) preferably are pneumatic val ves
in the practice of the present invention, to

facilitate automati c operation using conpressed air

WO 09103862 actuating gas in the gas di spensi ng sSpGI/B$N3/17429
Such val ving al so enables two-point isolation in the
system, one isolatign point being defined by the gas
Sour At Ssisp Bafek OaDtEAEO e OB EHAI Sl Aene 2008l at | on
being the manifold isolation valve that is
characteristically used in the flow circuitry where

P38 AR Rl SR B g SO e he i s
RS By it P68 Bt Sty B
b W BS hfe GEVHEA BB Wi e
e S T e L

Blsebf biGdorsShok sARpintis ie%,r Bﬂqxﬁglﬁ%@rﬁw ide and hagde

manuf act uri ng operati ons. t hough escri be

BRELIIN deinbRERALSARED VRoRBMNMEE Y, elging,é,ﬁ&?hﬂ.a E:hlorl'ine NF3, BF3,
I ty of

sem conduct or processing applications, the utili

: . . L no Ny L t
508, PLBSE @ B 48 Bediihoaloly B T 28, 17 13en
her hGations in which gas i s consuned.

%%@ﬁg%@gfﬁ§§ﬁ%Q§§p|es of such alternative applications
include, without limtation, welding systens,
underwat er breat hi ng apparatus, anti-terrorism

i 1d] . 0] | |l _fire .suppres
Rl AU8E 885 ALATDY SPALUBLL o RBEER R SRy
B0 AR ) 3. 5Bt 0y SO )ty o

%@o_ﬁ‘“ﬂh& WMsBburbd Csll'o;agé bR B DY $ds B At thhc stked, EWnections

e invention may therefore De enpl oyed for delivery

86 o823 S mBAYIRKATHNRERR e bilrbdslabOEEE orShdrNuinated, and valves are
met hyl si |l ane, | xi nmet hyl silane, arsine, phosphine,

Sild o @Bemoe HifedivelR, thérdéyl@ducBigBakabd N afidle generation. Further,
hexaf |l uori de, hydrogen fluoride, hydrogen chloride,
Pygrageeycles diettahanbyadin effslenby adTh d8ult GEFARBE maRHAHGHt dnust be
sti bine, hydrogen sulfide, hydrogen sel eni de, hydrogen
removed during the purging or venting operation.

O
=

(

Componentry of the gas dispensing equipment hag improved operating life by reduction of
pressure, and the safety of operation is enhanced not only by reduced pressure levels which
will result in less dispersion of gas into the ambient environment in the event of a leak, but
also increased equipment reliability that will itself minimize such leak or failure events in

the gas supply system.
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telluride, and correspondi ng and ot her halide
(chlorine, bromne, iodine, and fluorine) gaseous
compounds such as NF3, and organonetal | i ¢ conpounds,
e. q., Goup V conpounds such as (CH3)3Sb in
gg%f’f&‘gﬁ@uct or processing operations, and gas esTGUEIYAL?
hydr ocar bon gases, hydrogen, nethane, nitrogen, carbon
W kidBoe idplstheGRRelNAtikAaS tieprRERST fRNPtsRdivetide. may
though™the invention is primarily described in
GLBN G Safiniy &%b SR G2 NEHAGdnGbnab MQGSSE R cAfdb vadelsp Mbose.
wherei'n a single gas species is stored and di spensed
Fb st DR GRS-dSHI 6L cotRSSBdnt of bashit! HighDfressime cftusiton dridrebdea tihe
the utility of the invention is not thus limted, but
5N 8 opRtiSNiEen raiin g the REOITA SRRBsddliee. Shafvagdnggs’) at lower
di spensing of nulticonponent gas m xtures. The present
b B atnoSpheHt predstle s Thgas sthapcad dispdnsing veyeed meyippdqyipped with &
system wutilizing a gas source including a cylinder or
odtheliead hssérablpinclndinefik mell dschbpeamirng voemsselre ilicfhianhsugh asa
fluid at elevated pressure is pressure-requl ated, by a
poreedver Burstaisly arother alerpressuoreliet mesns) fuid weEnlatpr apd tigy control
the cylinder. Since such pressure regulation within or
elemeiesucl bs yalies ofmanupior awermsticicharagivsy Gouplingh ¥ sqnmprion to flow
arrangenent for high-pressure gases, the gas sup
sipaiternr ofhex diwersinganransdar comepygdueriwentedias ralare oFystie.
the prior art practice in which high pressure gases
are throttled or otherw se regulated at the
sem conduct or process t ool hanb

TG U150, TSR o BT S b TR o s T tba i e
St st RSyt et i Ko SERar R, iRl By source
S D48 LB SR 0030 B
RRERRE oot U Wbinet SFFadd AR or ook 8 BRCM il i

%?Mﬁl%,ewﬁﬂle; %? Lelghlgtof B&icd Qts(ﬁw e ve¥RL, B8N theobhs RegBlatoP RARPSEed
stage reg a

or dimnishes the "supply pressure

8f hRGhteAS JolEhe IR TheS et &r YBSSe iPURSGRA & (ANFor0Sthe container
inventory are depleted'in use. '

portion (for example, the regulator may be partially within the interior volume, and partially

in the neck opening of the vessel, or protruding from the neck opening of the vessel), or is
in a head assembly that is mounted on the vessel. The head assembly may include a unitary
block or other structure containing flow passages and ancillary elements therein constituting
regulator and valve components of the head assembly. The regulator in a preferred aspect
of the invention is arranged so that gas dispensed from the vessel flows through the
regulator, prior to flow through flow control elements such as valves, mass flow controllers,

gjectors, eductors, etc.
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As used in such context, the term"additional" in
reference to the gas pressure regulator in the gas

mani fold, refers to the fact that such manifold
regulator is in addition to the at |east one pressure
woegsi@ssr that is integrated with the gas soureer/uses/17429
vessel. The term"integration"” and "integrated” in

reference to the pressure re ulator(sl associ at g mﬁéh
Voreelyakough e ero,sioutd wddforaomos GeL Bgr BP L) = a

at least partially interjorly disposed.in the,.ve
ol A7eblveton A Ry of EmispeiPGRbIOTeng BEStIR 335, fpe-
of the vessel that is nmounted on the vessel's gas

APET-eP: portion so that the val ve(s) and pressure
regul ator(s) of the head assenbly are coupled in gas
fl ow communi cation with the interior gas-hol ding

I f th t ai.ner. ti f t.he .
5Ll SR ROl S By 3804 oS vave
I .
BPRARPARAR ot Bl Bth RETH RReb Rl el SRR}
{400 &Mu%‘t&%r}otvgﬁ thé ?Ulvel;fq,ﬁe L s &8 DRl REAR I control
any gas ow control el enents such as gas dispensing

Vﬁ'!fe\/%fzn%&-ﬁ{%ﬁt LR &3k ic&ﬁpcﬁ% Imﬁf Qo HERp18 b ARegRMAIE & valve head

vess an assocl ate egrated pressure

LEAGY bR he b WotloO Possel BElothitGke SRSHIAIMRIMNSWELE M MRY
util1ze préssure as part of a shutdown and contro

met hodol ogy in a novel and effective manner, as
hereinafter nore fully descri bed. The advant ages of

trhe védsht @R ArDButlenN Bbrt) G, i th S W aRhd hskdmlp Eouphd U6 ittiROgat Reurce
ri sks of using hazardous production materials such as
gdshadnemd restiictydeflow wilifiteqRFOP Hlempls me pravided netheqas butlet port in
nmonoxi de, silicon tetrafluoride, to nane but a few, by
alefentd pmctioe, darenhdncing e isafetstef wssehapemtiolfhe vol une and
mass of material in the gas supply manifold is reduced
in the practice of the invention in direct proportion
to the reduced gas pressure, so that the anount of the
el gab squreesiersel thay hetnsovided iaf efugled trop erraifeld: ity rsactipn of the
the anbient environment in the event of a | eakage
anyertion; o5 alerpatively eiphirally plowerels @f such type may be Amplgyed i arotteay,
hi gh- pressure, gas supply systens. By rigo

EMerRPY [RFRgIRdating chiRioBin e 2 BReRlyvesick 2t PEimY iﬁifgf?e%ieﬁfm of the gas
D S B S e R S o V3L
B o e, BB YR B o i
RPERRE b Gy TR R eDE BB e Sgr Bppmeraly
g\@"g% og%ﬁndéea *.ged ie&si £ lr’]n%]ntasmtacfr?glg%ﬁ&so&gagén d}%erb%jdiis eIrISail‘tl% sgsrilselﬁ ggen

. Such sub-a errc pressure o
pef i LN the systemw | be
%?%%gggg%h%?&gﬁ%?%§¥ﬁ%ﬁﬁ%ﬁ%ﬁg'fIom1circuitry unt i
anbient (e.g., atnospheric) pressure equilibration in
the flowcircuitry is achieved, follow ng which the

289 Sorfrd] Ve BnYneQhas fodfoe H3N RSN Gs £ Shbhoblvall@in the shut-off:
di ffusional and thus extrenely slow in character. The

SaGe/EERRbY Y ThfPol Ofatvk NBrahforRRE dRfustcd RAGnBORY PréTeilly are
operates to isolate the gas supply cylinder it the gas
SHaRayc FBNsfite pRlcB&SHR: REReSHEnton fefletigfeiueetic operation
pressure, e.g., becones slightly positive in gauge
pressure, such as 5 psig, iR,a systemwherein gas is

di spensed fromthe gas supply cylinder at

sub- at nospheric pressure. Such cylinder isolation
feature greatly reduces the risk that the cylinder
contents wll reach the environnent and pose a heath
and/ or safety issue. In a further enbodi nent, the
system may be constructed and arranged so that a
pneumati c val ve on a cylinder does not open for



Qperation of the gas supply system for dispensing of

gas at sub-atnospheric pressure al so has other

benefits. For exanple, a conventional high-pressure

l i r. gas supply systemtypically utilizes

ﬁ%ﬂmﬁggga cylinder of purge gas, e.g., nitrogeﬁ?nV@¥HT"9
sub- at nospheric pressure operation, the requirenent of
ﬁsiﬂ?@ﬁr@%sﬁ@ afNQr RHG GBARE shdih RYEY dispankigRydtaRYSuch valving also
i nstances be elimnated. The pneunatic val ve on the
SRdbles Yvb-PEIRY isS1ivnaih the gysteh obe Bblaadptidt Weingr d2GRsiShyNde gas
gas to be dispensed renmains closed during purging, and
S@kcepRisHlivalve gat 188 6th& pomPiE olAioe bdiripathle inmnifoliEisolation valve that is
pressure-regul ated gas source vessel in the practice
Qharkdigisticale tdetl din thehileh cidauithowhaap e gy eouret vessed) ispensing line
exterior pressures (e.g., > 2000 psig), so the
pomsgeetth thé gadmntfolilng a hazardous gas from the working
gas cylinder into the purge nitrogen systemis
negligible. As a result, the gas supply system can

enpl oy a gas cabinet that is smaller, |ess conplex and .
L gdsrseaplasystomef the@rassnt vpsien isgwefullshempdeyivd to dse a1y Wiable
than a gas cabi net enploying a conventi onal .
lsprisonSPEars PFAseiRg  &4PRS, ninclnding c gaseRy e 1pr s gregutacturing  of
regul ati on characteristic of the system of the preseq}
isPryEPRAPGRT, doyiges pnd prepireqr SRR BgRion P Wby gpsesdinh greypsed for
systemof the inventign, jhe gas cabinet_ ventilafi

lepnio o pragess CEARNEBA HESK SFTHE N P 8t55 B srRatsh o plieron
of e expected, worst case operational releas in

R0 P PR e, PO R PEaNEE0F BHUCHOsTTE] fpoe: | Atbough
ventil atio ate incident, to.th I .
S5ty B Ry IR o Bl of AT B By plssing

1.gh-.br ur &. vl i nde L oy

B e 5 9 o IOy ] o Bl it i ooty
SR 8 80 Festle hARGIAT B8 iR Ay oDl s s
RLAGEEE NiuBheleRnplélio? it GRerRkivd 4pBLGAASHRAN: fWidiGhd 1 Btation,
sem conduct or process tools can be optimzed as a
GRS Hﬁﬂ:ﬁﬁ QhddrRer 8RWENE Ofpp@htul, NaEGA R BEISMEE purge gas
material risks. Operating at reduced pressure in
agaangl ail &1l Viirk bupphesiql 88emt, Hytiogsiigodarep rveMitlekg Shdrkieal storage
addi ti onal advantage that the adverse effects on flow
cind dispensiyg Goitiieniegt, stodhg phieaskalisgents,uregegas witl diboma materials),
severely shorten conponent service life, are
rand kgricuiuh] fmd kip¢ningsystons ®mamat fional  hi gh- pressure
operation. In another enbodi ment of the invention,
pressure-controlled gas delivery is carried out, with
setting of the pressure-regul ated cylinder (by setting
Orhe dntjention meayt theseforerhs egwioyprbfon deliypryt Hf @asee gmhéﬁ)éprpn fiigflugrde,
nom nal positive &ressureh as_for exanple 10;100(?sig,
aitepcpmathypipne. HEmsEslage.caries, Phospiee. Sioofe iggine, BCI3, BaDs,
pressure alarmin the systemat a pressure that is _
Tongsen peiafuaideievdidsen Sleirisies bdragpre Plerideg hyskregss dedide, hyfrogen
triggering of system shutdown. As a specific .
i Yromoide, r gernang, EmENRRe sibinte hydrogmat subfifondidragra) spnidy hyfregen
sem conductor fab involving delivery of silane froma.
vellorids, aad ceuepRIding indaethe Rptids (ohlogag, | Wgraige:) indige, ad fluorine)
cabi net, wherein the gas cabinet was nodified to
actuate an al arm when the pressure in the flow
circuitry therein reached 1q3psig.



A still further enbodi nent of the invention utilizes a
further regulator in the gas delivery panel, in
addition to the regulator at or within the gas

cylinder, as a neans to further nodul ate the pressure
WO 038 Gas for delivery into the fab. In such PaEHH¥B/17429
the gas delivery panel regulator acts as a second

stage requl at or for s dispensi ng...and al so provi
SeBticamoups P HPE, S SEATHRer 2ppRadl, iy 2 v
regul ator _at or within the gas cyli.nder shou
SRRPPURE eites (CHRBSP R BIRESOHIOE PRYGHES PPosrion,
i npl enmentation in varjious_enbodi frents gﬂgrein' hatides 1
IsidEngarhen 2asepa PrEeeeRRethige, NItHEEY, CHARY TBPRoFH e AR rayy gas halides
cylinder, Applications of such type include ion
pthyPERcaPRE hoxes, standard gas cabinets,

free-standi ng gas mani fol ds where gas cabi nets are not
enpl oyed, bul k delivery systens such as 450 liter

e R A R e
ﬁ@g@gﬁs@%ﬁ&% gggﬁgg%_s% HERIRA o W RHRE FRRRS AR Subek vessel,

nospheric pressure, at” a

£l r at . WP i £ '
b2 B e s B R i bR Bk o

efdhator in
b S S i i e et
occurs when the delivery manifold flow circuitry
downstream fromthe gas storage and di spensi ng vesse
Rl ﬁr@s%ﬁt h Bt $reaNR laf eHAfIA bdfAP o s T EyStem, [RBizing a gas source
regul ator enployed in the practice of the present
iMBRAE b @lid¥BYor ReheAfIEA RiBfage 1l Yisbadkiag vests] irtwihielss fuli hiyslevdted
two or nore regulators, and the set point of each such
pRGutedt fessiByrefifatéd, ¥¢ d pesssustiegiddtartieyice ar dsgeindbly, within or at the
character. The use of a set point regul ator
ayiinderg Sifea tsuchl fireysna tegslatidvewihit @t ihelcylimler bes ciotieen the normal
bacicfilling of purge gas into the gas source vessel |
whéritingt dnengesssiefor ihighquespire dasentthe gasesupplyiisysery of dke fyveiion
circuit, when dispensing of subatnospheric pressure
gepseséntomdaphrrenfinftey priog as prapﬁywircw}aiehjﬁ'gh pisquppegases are throttled
downstream process. |If the set point regul ator )
as oberwise aegulitednat tthrosegripondnsior ewcese daobpr pligmber infvdyich the gas is
super at nospheri c pressure gas di spensing, e.g., at 100
pagdgor ofhsevips dog@ptreamdiont 12835 §9%f&- gas shoul d exceed t he
set point pressure of the regulator on the gas source
vessel, to ensure that the set point regulator remains
cl osed, .t hereby avaidi.n .an% acci dent al. ckfi

To§

.b [l..T
Jee Tpyentian, o2 (rEgerres: B Br *49HRt PR mbe% gas
i ) | oyi ' t
Sherpeind B R gt o PR BEP S BT S S Pl Pt e
i n..the PSA ISt ; N
8«?%%13 %ﬁ:}g«r} §1ho§1&e ae,econ agr ]{)'I’ES%I(I:IB %.c?}ls%ng}lt gl%w ZJ §EREN rgt'fllnjea{ 9}5 the gas-

adj us po on o
using process that is being supplied from the gas source vessel in the gas supply system.

:agd gases such as

Such a “second stage” regulator diminishes the “supply pressure effect” as the gas source

vessel pressure and gas inventory are depleted in use.
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t apered poppet or corresponding elenent in the gas

flow path. The PSA unit is desirably calibrated and

seal ed during manufacture of the regul ator apparat us.
Storage and di spensi ng vessel may thus il

a S|n@?e stage or a doubl e stage internal regurg#g$#ﬁ%u9

arranged so that the dispensed gas flows through the

ﬁ heouth af Qfn Q@Jt@& Qhd fornfHdBkiSnal I8 rifadkedR 16188 Gaithsiirt BBlator in .

rough the valve therein. The pressure-regul ated

¥E $5GharifoM, RerLBMhOHAthat fick BIRhIEINE teplRtops iadailidh tol thatlleast
regulator(s) in the gas cabi net containing the gas

SleQrGRe ARtladt SHRED Hitddthtedeamhahe gs Boutdd wiseRt THe @amt intdaeation”
addi tional regulator is disposed dowstream fromthe
h&ﬂs‘ﬁﬁlsgrat&l”t fgefRatd 0l the plefwteabgutdtbr(d) Ussoeiatbh evityale gas source
cabinet, to thereby provide nultiple stage regul at or
petd atcomnhs sactdrepuleess)aes adedst pirtidlly itthdorlyedispebed am theevebsel
as exteriorly thereof. It will be appreciated that the
txsios tadwagEdén e giaied i atgadgesmeny oftthe treschibalif newnted on the
Wi th positioning of the regulator in the valve head or
irensell’s an ewitaigsr pottion so st thieonivels) erbpiesneregyater) e‘h‘é&e @Pad
the vessel, upstreamof the flow_control valve.

prserhldy p@d:oume incgee flow commppntien with dher @tjﬂ?faﬁaﬁrbolélﬂg V@'&&T of
partially within the interior volune of the gas source
the serpiner pertion af thyesist-ot ect t he regul at or from shock,

i npact and vibration during storage, transport and use
of the vessel, as well as to realize the perfornance
and saf et beneflts of OS|tLon|ng t he

St preahimien S pRomBdfERLIE bd agﬁelﬁw&éur%me
T PR H ngf&ﬁﬁ‘ien‘gfssstﬁ%t%% Bae YR PPl gl aobbih e
ﬁgg]gg’gtpiglgrstgl lowi gotgrourhean%? g]liogrl )l}t)rtgveaen}eﬁglshc%fsas%%ﬁ ﬁigﬁensmg
%Vi@e%el @%@%us%d%mgg%% Qsur&LPssel Rt ﬁgasgocﬁﬁeﬁ mtegrated

oi nt pressure In range o rom vacuum | evel s

E %ﬁeu{eaﬁm&? ﬁﬁ%n?ﬁtﬁesﬁckpéas Sy Bl mry\ﬁﬂﬂusﬁreﬁﬁre as Fart of a

recision regulators permts gas to be reliab

gﬁ&&%sa%q bhRN AR ANBSSE W BVEISAH | cBbaR e WRSER) as ha{emhiﬁﬁ more
desired set point pressure level. The gas pressure
FAGUHAHBE]. I'The 9BRABKEYs of fhe RVaRiGH Rlotulle B capabilitpfoe fediciigute risks
type, conprising a poppet elenment that is biased to a
€ adingShazatabud ipRoduCtion mexnetinlks shdhGiy/ siidne seilpicaBixtuked, Whiogphine,t dugue,
set point value. Such regul ator uses a gas-actuated
RiB&S bk Ndlicon terafeniié, to bdnat bk e FovTby dbout sn oldervd ewgiitude
outl et pressure by responsive expansi on/contraction of
toh enope: €BeUvohnpendimgs afssgeril yn the gas suaplks inzenifeld iofeducp@in the
poppet, to maintain the set point pressure. To

gkavtiteat el iowgtianen dirgperopariiaio 8 reflusedmepraggure gl dhat the amount
di spensi ng systens accordin o the invention, four

rof the|meatepreb preSwioiy dheokanipld jamd g@ers@ge i, the prakient eavironment in the
regul ators, commercially available fromthe Swagel ok
Coenh ah g Jealecevertt g pbaiFREBNS fogucetbsin aelatinpdp Garf%@ﬂgéfeﬁﬂm gas
750, 000 operating cycles in BFE3 as the workin q
APALnERtomet By Fieqonsty ety the Brsmy@ceeraing Pé%‘s‘ts?/%?t 8 Penmsmble
350,000 tinmes in silane as the morhyag Each cycl !
5 s opeatiagla Y B Y DGR, 6 @eR SEPY ISR O AP exfles
m nutes and required that the regul ator subsequently

cl ose and seal. The average variation in regulator
control was 6% and no significant issues were

observed. The leak rate acrdss the regul ators was
below 7 x leatmccthr. The preferred interior
positioning of the regulator in the gas source vesse
avoi ds any rel ease problens incident to any possible
failure of the regulator, e.g., due to a di aphragm

weld failure in the PSA. Such a failure would result

in the loss of the calibration gas. Wthout the
conpensating force in the PSA the regulator will fai




cabi net, such as may be nodified for enhanced safety
operation in accordance wth the present invention.

The gas cabinet is depicted schematically by the

dashed |ine enclosure 100, and contains the
WDO@H13B@ssur e gas cylinder 102 and associ at ed PEEUB03/17429
circuitry, valves, regulator fIOM/smAtches and

related ins tation, ontral .
O 8 BT g PR A SR s o RePS b IRAS bl
nenks can be mount ed on a gas cabi net panel, as a
EAEFPSI S senbl y positioned in the interior of the

gas cabi net 100. The hi gh-pressure gas cylinder 102 is
of a conventional type, having a valve head 104 mﬁth

i B e AR A 8 o s o

Bgd g Saﬁmjﬁ{i%ﬂaﬁ 6 cBitroP iHe @?d Svatldthey esﬂﬁt dﬂﬁfaﬁ{or*,ph%@c ; pressure

rovi de automatic control of the valve in val ve

&éagrdainmg Ra(s SREATEA InyPibards REmD EAREPF AR HifBof@Sor dﬂbwmg to the

erred practice, the cylinder valve desirably is a

OV LRkt ¥ Pdrifent WY, %ﬂl&%ﬂ%ﬁb}%@s&@éﬁuﬂm&hoﬁﬁﬁﬁd fw circuitry is

relative to other valve types, being openable and
£dnR5 a0 k1R ¥ MRAEIShHS fealtgd BB EdTyeOf Y dispbnsing daBRilbbe diffhsicRial
is | ess pregerred since a technician or equipnent
MiehteRirerhdly 16 it dh@ektdr0 Operate a manual control valve
on the cylinder. Fromthe high-pressure gas cylinder,

t he hi gh-pressure gas during di spensing operation

flows through the valve in valve head 104, with the

Thn dasvdupslly syén oéitheginaptiom insanet dudbbdifrient qpetes [towglate the gas
t hrough di scharge line 110, containing valves 112 and
&ipply cyburet Hitlor gad supplymehnifld pessufd aropedi predetermicd FRBIGRE:
di scharge line 110 also is joined to manifold |ines
beeman slighthy positive ip Feued iPsesHa: gechl 4snepsim n @oHHtHR fderein gas is
mani fol d isolation valve 111, which is operable to
HispAngadeiromhihe gassunplriviiderat sHatpegbelc preysurs. ik gyliader isolation
another. Manifold |ine 126 cqontains f Qtrol val € d
foptyre gredtly) ducsie Fh rohe oYl cppigte &Hf %ﬂaﬁk

gas regulator 122 and_va 124

1o 108 Ry B RB i o ehes S IWP%‘]% RS f&*ﬁ’% °°ns%“&ed
h rein,. as, illustr

angf@ssoghva@aﬂfwa&mm?n B Csinel Mt opmetme of e
t d 134, t

08150 e B P it 0 by
ld |i 12

Topsiol sl r?rﬁa% Tt BRI T8 b Mlngrfy R OH .

136 containing val ve 138 therein.

In various embodiments of the invention, redundancy is provided by use of multiple
pressure sensing elements, e.g., pressure transducers, or pressure switches, i the gas flow
circuitry. As a further variation, a regulator of the type associated with the gas source
vessel, or other type of regulator, may be deployed in the flow circuitry near the process gas
outlet of the manifold, inside the gas cabinet enclosure. Such additional regulator provides

an added level of protection against the introduction of gas at the internal elevated pressure
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A pressure switch 140 is operatively coupled to

mani fold ine 126. In the FIG 1 gas cabinet system

gas at superatnospheric pressure is dispensed from gas
I essel 102 in normal operation when th

ﬁ’ﬁ%\%};&f&e& head 104 is open, as previously descﬁ%@g‘*ﬁm‘m

The di scharge |ine 110 contains regulator 114 for

thﬁ@Fga@ ShuR @R8], biflside HQWNSIERATHRIMRE SRl of tieveguladrobmn is

in G 1) at a predeterm ned pressure determ ned by

L B& iRt widGhddas furdeResseiegul at or 114, The flow control

val ves 112 and 116 in discharge |ine 110 are open

during such dispensing. The dispensing |line 110

further contains the excess flow switch 118 to shut

Opswticnie tisuap kupplyfsysenp G alisposiob of gas atyaubratmosghericipressuppealso

event that the volunetric flow rate of dispensed gas

Rasatied serafifyr Fdetempienrechnventioes] hifhpressuseaylindger g39 sypily Bftem

118 alternatively may be arranged for actuation based .

tpicpitewdigessa dedicatsfh eylinderopfantep 269, eigh ditengeh e Wilb @uiysigospheric

rather than its volunetric flow rate. The excess flow

pusksuTshoperatien, Ghe eaquiremenpaing dedivatadiinPras M gyiRdsh ot 10 many

di spensed gas fromthe gas, cahinet 100, in.the eyent

gftancer | her elipipated; s B RASHBHiITe KRS, O 1b¢ 1285 Iﬁﬁ det, CPpigIRIRG, the
ko e B S St ke o
e 5 B Bl A SRSRE R e
SBETRAGRIH B0t B PR Y e PR PP ot SO 5a e
PTG Sy R A T £ B el BRLc, ARRFORTH e mirogen
e i B s K the BASEARy dhoem, i SEAGE 6 Bor Gabfher ot i

QRS ka %omélleﬁ’ WOk qrdid€ 2 WrleY SerBBBion Atlinnofal opditioh BAE A, gas
or other gas through the inlet Iine 134 and venturi

RO% At EmpiSin®h AHNVEGRiSnaRhigh' plekQft daficylibe 1atBRy Y prERARTeglation
whi ch t'he mani fol d, by appropriate opening and cl osing
Qhar¥Adrié@SorHdystdm 85 thd fdsetisvedild. i s able to be
evacuated, e.g., prior to change-out of the gas source
vessel 102 when vessel 102 has been depl eted of

hi gh- pressure gas. The gas cabinet manifold al so

i Ancl fudles adrantggend theapedopply sysieni of tredaysatan, the siprebjoet gensilation
feed |ine 120, by nmeans of which, through appropriate
apte narrtg redvdedciroitivgatdf to/thé ymegnithdetof thexgpected worst gage opprpgional
and 138, purge gas can be flowed through the gas .
rrelmisk,Gih dddition foghmatatemeriiopessiedustion o venlagjersrafe ppiflenk o the
pi ping, valving, etc. of the gas manifold. The_gas
rredvictdotizg of dlet gas wabinst iativg t aegremgnAD CpFTIEAna g BEsssure gas
eng$oyed for effecting shut down of operation, or

i cybmdst 8fAmof portions of the manifold, in response to
sensed pressure level in the manifold. The gas

mani fol d of gas cabi net 100 therefore contains

' mp f | he mani f.ol d
2SR e oS e ot R B e BT AR O el
n . W !
SRBRPEREE A0 by M ok oA WA DIf AR Bheeh R e

conmponents. FIG 2 is a schematic representation of a
reduced pressure gas cabi net providing a

subat nospheric pressure dispensed gas froma
pressure-regul ated vessel, il{ accordance with one
"enbodi ment of the invention.




As illustrated in FIG 2, the gas cabinet 200 contains
a pressure-regul ated gas source vessel 202 equi pped
with a val ve head 204 contai ning a val ve operatively
coupl ed with val ve operator elenment 206, for selective
WP LHE%20r cl osing of the valve, to initiate oPCT/US03/17429
termnate flow of gas at the outlet port 208. The

aéf%lw.r}ég ﬁ%%}}%%{éexgﬁ%ifﬁ)ﬂ ltﬁé s%}l?c\gﬂdu\@%l' Bro\é \fgnlso@a%L@t Sftimized as a

el ene I'n practice the valve 1 n the valve
4 4 116G V. ith pneumatic

Aol e RaRAGHITH ol A B L B ).
The outlet port 208 of the valve head 204 contains a
restricted flow orifice (RFO in the throat of the
é%/érat&g et Rche ?re\éﬁl‘ev & haMBraRAde. will iR PERM) HOStion PRASIE Ghe
of safety in the event that the cylinder valve is ;
RGPS WAl tind ShdSvERs REBSE biP floRecihifP RBSpdHents of pressure
mani fold. An RFO may alternatively or additionally be

k0% Bieh Icha lsbRrefAShol B ichrBpdhent t servivfe Olift, Oite. ShifiithiRH, RGeS to
safety as part of the gas panel structure, and/or to
fonbefiohd) BighipFeeare gbnatdspensed gas to the requirenents
of the downstream process being fed gas by the gas
supply system Disposed in the interior volunme that is
encl osed by the wall of the gas source vessel 202, is
o anetyer eatbodin@stsé fhib inyentibnepresegerb et Hedpe s dafilpdry isi carriedh o, with
enbodi ment conprises series-coupled regulator units
@ingarf dhe@essute fwenlatyh cylirideh(by getting otvdjyistugyntcefShe et poinipf the
to the valve head 204 for flow through the valve
welrtaDeld Ayongingl wesityrepratsbie, oy Bmeramide) 60180 peigy and jplacing ghe
di spensi ng node, .gas flows from di spensing port 208 )
prgssare FeloRoig of Q’ﬁé’lggi%?ﬁﬂﬁ% plargn inj thesysten at FREsSyEsthat is 10-20 psig
di spensing line_ 210 contains manifold isql ation val ve
ohyye ﬂ\ﬁﬁ?lﬁ‘%ﬁdi operglingraasuse, £of triggeing of systher §udo%ini f ol d and
vessel 202 from one another. The pressure-regul ated
gas source vessel 202 thus contains a high-pressure

, [ f I I . 201 d.203
73 gatiy JEraRe SR S rte SRR LRI 1 Seondett b
B SRR iy Bp e o RSP SuR BRI epset U1 08F i e
. [ . it .
g@édgt, %fhe%&lgt\tjivé 5’%?%61%\%%%\%@&%1% %&uﬁé‘ th Adh o el H&Eure in the

flow circuitry therein reached 10 psig.

A still further embodiment of the invention utilizes a further regulator in the gas delivery
panel, in addition to the regulator at or within the gas cylinder, as a means to further
modulate the pressure of the gas for delivery into the fab. In such manner, the gas delivery
panel regulator acts as a second stage regulator for gas dispensing, and also provides a back-
up safety measure, in the unlikely event that a regulator at or within the gas cylinder should

malfunction.
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The gas dispensing line 210 is joined to manifold |ine

226 containing flow control valves 224 and 228. A

pressure switch 240 is provided in comunication with
nifold line 226. The manifold line 226

%%U%ng W%i th the purge gas feed line 220 haV|ngC2®&B“mu9

purge gas regul ator therein, to provide purge gas as a

AhEHRLROR s %ﬁ&e@fb&ﬁﬁ' %ﬁeﬁléhtéu’eﬁ ﬂﬁﬁbﬁs%ﬁ& odifnbR 5 wRer Bl bAkRmatic
gas source shown in FIG 2). A vacuum generat or

GhiksUrd ugbla S sdRF Y deds icfliddbe AfsticaRl Beiuck Ghe SRAWS jon

in FIG 2. The vacuum generator circuit includes drive
aﬁ@aﬁt%&ﬂbdxw Qian B £ URMihdAE) fide-SiRnHinEOza0 inadFdINEwWERS gdstabinsts
shown) with the venturi feed line 231 of venturi 232.
Yetbtdpleydd, tiikseharggserhd Wiclilid 45€ i@AS lihderd, ariitubdIfilers.
containing flow control valve 238 therein, to a vent,
whereby the drive gas is exhausted exteriorly of the
gas cabinet. Venturi 232 is connected to a suction

The gas2B0egk end dismniingsystera Wi thednventiomi vhayl ke airewped 22 @ispdisiog of
purgi ng of the manifold, subsequent to vacuum circuit
gesas walesind lovhwperetmosphsricpresswe ot atiisiubrgimesphotiv presseie, at a fixed
purge gas (not shown in FIG 2). Such purge gas source
iflewaetaphyvaue of 2 resipaigdlogaerifice dthp gwed@wmglfm wegh thatrppiches
gas regul ator 222 therein, to introduce purge gas at a
&W@ﬁ?ﬂuﬁ@aﬂq@rfee%wewd etfe Tharrerlaioin|or ezvz@el igpormally
gﬁaoprlate openi ng or closure of manifold val ves 224,
2'p5°d 24 Bovs prly owars Wirw the geliveryagHolg dow chmdt JoymesepanLigrs the

oce gas di spensing tq ( evacuati on of the
%ﬁ%ﬂ Jud %Véff?ltwchee e t%ssg%lﬁ?@%g BPstHe
mani fold with the purge gas. The purge gas may be an
inert gas, such as nitrogen, argon, helium etc. Such

%% SIGtor pl(?}p ? }?atﬁeg%ac%cé élig the( rgseﬁa 11¥ve}1t’flol§1€ lb%%e ?e aeguhlg.tor, or

e USG SOUFC vessel rmna

pr e%e{nt‘l? r‘# E‘i% Sée%;&%%%éaﬂﬂﬁ é ad\%lg g%g ?cﬁ.&dof fe%chﬂsﬁg%ﬁa atar may be
KOS DB falifle i Ohacl" SHE LioVof! ) cdk R0 RS ERP kdermen:

I s changed out after nmsnifold evacuati on and

E%ﬁﬁte§ [i75) %‘éteﬁﬁa@ G WIRk&EIE dacidfilli@g BF f&IER ihibaRS L GEUrSe vessel
213 and 215 in the process gas dispensing line 210 are

Rk apeerbsdeDls J¥OPIEd Qd Y nldREolRIaS Sbk Rirdfit, tvhen disSRans 6flsub-
gas. The flow rate of the dispensed gas can be

Aaehspiatie prelyirermaafiom e thdnthold @adfidvotircvit ka/fe 2dsbnstrdafieprocess, If
pressure transducers also may be coupled with process
ci@nder pbintneguistor azadciagddovith 1he ghd &urce Jvesstlois Getnor @lpetatnspheric
gas cabi net operation in connection with changes in
pessuid pedisgensing par, att 100 gsip iiegsenesofthe mirspensedd gased the set
the gas cabinet. The pressure switches 211 and 240 may
lpeintprpdsury efithé mgulatonemthaged sonrcesvessel, hanwsnrpiipighswtpoitt pegulator
response to pressure levels in the process gas

d¢rsgies viisety theiehwaveitdizandaoeidenttldpektill ne 226,

respectively. Wiile the regulator assenbly in FIG 2

has been iIIustrativer shown as conprising two

regul ator units, cou n.a series arrangenent, the

ﬂﬂ?ﬁﬁ%’frpfeéﬁ’tﬁe FeaEehEaY gbfan oG illusrasien Be of 8 dPe\plyiae @rgessure
i nterior vol of .t he ce yessel, t the
VEISPE MR §b¢é’n§. fh% f%Cf ge S (Hppbrg ¢ gaiﬁu@@ tlow of gas,

v ssel be vari [ racti ce of
B e ASK Bt it Bl Pl aﬁér i Greasriton ot
the pressure-regul at ed gas igurce vesse



The gas cabi net system shown in FIG 2 has an

advant age over the systemshown in FIG 1, in that the

| atter dispenses high-pressure gas directly into the
mani f ol d, for subsequent downstream nodul ati on of
WoeyHIsE@ and flow rate to provide di spensed gaBCBRUSOBME29
desired process conditions. The FIG 2 systemutilizes

ressure da aln as.S ce.ue
it R R S S
el t 02 increasing
Eﬁﬁﬁ'lﬁ%@%%??%%nggggﬁéggg%¢%§“§%ﬁxﬁ§$%%egprOV|S|on of
the regul at or assenbly upstream of the di spensing
val ve in valve head 204 permts gas to be dispensed

fﬁmQ Eést Jt’&géy dnd! & ="rlsﬁlgqgssglaﬁi SyZﬁM z¥ %Ss'itrf% eﬁ% Gla &og e stage

at mospher | C, pressure. nce,

Elt&ml ZoghMRE, %*??aégeﬁ'sﬁ‘ﬂﬁ?th@ d% Sdd E Fivs 4G \ﬂé%g&iatdr _'Before it
safety and correspondi ng d |on of r|sk ative

eRtelks R Valve hedd SMSARY ibhdR th@’vdl\% Berstah %@bﬁe@sur&regulated vessel
representation of a reduced pressure gas cabi net

)45 he Einploydd iA icBiuRtibrOWAHED hRIR B Qoghliabl@)EH: §@ Talbibtl Pdntatng
by a pressure-regul ated vessel, and further regul ated
ithe dadl@orggSand AikPénsif vésBd, ig aich ablmebnelhﬁdﬂoﬂowgmmﬁ@ sposed
sub- at nospheric pressure regul ator, according to
dowisirerm @otabd nEsed 10 the tohe@ifold Vietrt dirotitry Tih ¢he @as cabiat, methereby
300 as shown contains a gas panel 350 on which the gas
eavide adudlipld gage cegubatnr perforaante asdpressate ednted] dnthatvesselme well as
mount ed. The gas cabi net contains a pressure-regul at ed
galeriglydkeewivessel 302 containing a regul ator assenbly

i ncl udi ng regul ator units 301 and 303, as shown. Gas
Jiovillche apprseiated Jub e gav sforegmend didpensingzystem meybeugified, with
contai ning a val ve actuated by val ve wheel 306 coupl ed
Pesitieainget g’é’tfﬁﬁ'ﬂf’@?‘ ingthp valypiead aT ipdhererk it efher pegiop of the interior
i ntercaonnected by the signal transmssion |ine 364 to

tVH]émE @ﬁﬂ?ea‘reﬁ?} &e@e@mnﬁ thinflew cebrop vaivg Kris prefeted ghpractice to

Sortsy B iratiter ot e Pt O G HERAS O oh e 546 Satnce Vessel o
ﬁ#ﬁ&ﬂ% BB P e or R bt e e gReB i g
fuse o rtheav%?s gl ¢ asq)ve%fjas reghze Iﬁx%tp > CﬁackeJ Ialtl](? safe alg]eneﬁ’}r éta ;{ogigomng the

I'ng or con TOC S con

Q%%%&[@s&gﬂé gft?gﬁg;gpgogl%wﬁe fI ow r at e and/ or

oSl gas I n e gas cabi net.

The gas pressure regulator devices useful in the broad practice of the invention can be of
any suitable type. Preferred regulators include the Swagelok® HF series of set pressure
regulators (commercially available from Swagelok Company, www.swagelok.com), having
a set point pressure in a range of from vacuum levels io pressures on the order of 2550 psig.
The use of high-precision regulators permits gas o be reliably dispensed from the pressure-

regulated vessel, at the desired set point pressure level,
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Al t hough the gas cabinet is shown in FIG 3 as having

a single high-pressure gas source vessel 302, it wll

be recogni zed that the gas cabi net nmay enploy nore

t han _one such vessel, and that the manifold in
WoIPABP%2ay correspondingly be configured for p A9
swi tchover operation, so that when one gas source
Vifis S5 précautd hllatop ik Benermn frefbrably of e>popnes valve bbe.gamprishe 4
reaches a predeterm ned | ow residual anmount set point,
tpBspeEabiAdLS thatls bRsab 2 isat biaotust to grelygnt doivtahb Prossyes appygghe st
operation in the manifold (e.g., closing of.valve(s?
ipoint halugas Sveledrepilater mewsph i grg-acthaded, gresaire-gegsing eassombly  that
mani fol d, while opening other valves in a gas feed

| dogegmiodates ipngesainobiiiet prefsutel by eespensive rexpansiop/penjjaction of the
communi cation with the manifold), so that the spent
\teGamd-seosing dsembisnand drensietipe of theRoppah) tp mpiaisadhe set DU BIPEHTS:
on-line. The val ve head 304 of gas source vessel 302
illustrated in FIG 3 has a discharge port 308 coupl ed
to process gas dispensing line 310, The outl et port

306 sioflattlens tery PR oGS HORICEATHISReTR g TSR g the
orifice (RFO in the thr of, the cylinder. outl .
vigiyeptions e gegplatory dﬁw&s}?&igﬁéﬁ SEES 57t 1&%’%‘5& %%‘1“’3‘3“’ an 5“&&6‘“13’

Comae:Fon T S e ReF RO S etk o
SO 55 i €M a0 2 B
coSpEner o S TE BT s PR A 8RR eyt e o oo
PhER aEs bl NSANESD o ity R0k idihea Il €6 Bl Gibldi@nly close

ransducers i n t ineis a flowcontro

3 P A | sedifio were
x% d'%&al. i’?e H&&Fe {é%%ﬁw A rbeRlafOP SdrRbl WAl 6y SRl seifithilt Rsis

ve actuato Jjoined in signal transm ssion
" Sl 0 D i i diroF b Aol BRI D 16 ke
transm ssion [ine 384. The process gas dispensing |ine
310 al so contains regulator 321 for dispensing gas at
a reduced pressure level relative to the pressure
| L hrefiisE€ e PoditicnifpgaiSths aegulr e sisegas JO@cY ivesscl avoids any
fromport 308 to the process gas dispensing |line 310).
Thacabagoblahincidil td syjpoisitédfaiige oRrg8ltobe.coidyné  diaphragm
transm ssion |ine 380 for adjustnment of the set point .
ofveldnitre guthatRSA. Rdcher fatktre wolld resulidn thegigssaafdhe gdibrafip gas.
be a manual |y adjustable set point regulator, or a
f iviehutsBe copaiensatingefpice én thedH A cthp ragglaton @il fdl 18 8(Flewd” state and
vessel 302 and regulator units 301 and 303 t herein, .
FhréSult 81 alBepv dass so dlesh the fejliraeiche epmPERePhlS CORIRIBRH IR Hieypylinder
bei ng responsive to CPU 354 by the dashed |ine
r eprsdsed perasionsgo dusg ordpakagrad hepps Loy A 8T8 t he
operatively coupled relationship between the CPU and
the respective regulator units 301 and 303, with

t toth t, ints.of the.. | at '
o b S oL 0Lt AL P e
f the CPU, ' f . 4 the
T Lol o5 s R Al SATBLERE0R 0 ey o

adj ustment, of their pressure set points. The coupling
of YRR IVEY®Pat or units with the CPU may invol ve signal
transm ssion |lines that pass into the interior volune
of the vessel 302 for set point adjustnent.

Al ternatively, the CPU nay generate a signa

nodul ating the adj ust nent mecfani sns of each of the
regulator units, to non-invasively change the set
poi nt settings of the regulators in the vessel.



Mount ed on gas panel 350 is a manifold |ine 326
containing flow control valves 324 and 328 therein.

Val ve 324 is coupled with valve actuator 388, which in
turn is joined to CPU 354 by signal transm ssion |line
¥O03/103p62 | ke manner, flow control valve 328 i sPCRUPBAE29
to valve actuator 370, which is joined to CPU 354 by

3P e B i g R W BB
o . | oo g

TN R e e PR R
Sl YR Wl L e SRS ol
§§s§ s&ﬁ’@gﬂhg'a nflflnﬁ eg %ﬂe !;’ﬁjs _cé{rf"{)ey Som 51@? 'éfs' cﬁbin%iﬁ%nel, as a

venturi disc arge 11 o IS arranged to vent

Shicig &@énﬁ%f)&fﬂoﬁédiﬂﬂﬁfén& oﬂ@é%a%?diﬁbﬂoo'r”oo- Val ve 338

inline 336 1s coupled wth valve actuator 374, which
inturnis joined to CPU 354 by signal transm ssion
line 376. Manifold line 326 is connected to purge gas
TRAdoH-hBRud 20s EEMddd J0DI4HOE c@RSntivRY WpdHaving 2 Zathd 1IRRE 103 with
The purge gas feed line 320 is joined to a purge gas
BIJE [Qss86i4te@ the ivRIPEBhnMinthBe] 206/l bex1dD garel1 080 Ghé ARGk walkdd g0Amay
val ve actuator that is linked to CPU 354 by signa
filieRdativilsbd SbstititebbyddBantofatic g @akionad pdlide mSoradtd \cod@tiof
with a ventilation capability, which may for exanple
thewallve & alvie sadetOd dfocl dispensing éftthe Igglspresiueed. nlprefanghh practice,
which air or other ventilation gas may fl ow and be

the mylnder vabin desimblydsa pesbinaiat valve, which providesrthe inpsh eor@@Brelative
The gas cabinet may be ventilated in a conventiona
trentiree valvd iypes) beingppérableandipiable by hleowef # prassureswich |4 manyal
the roof of the sem conductor processing facility that
valvenis flegh gecdorred, dincave tselnicgin g capipmenh opugPr s Mequired ipeqpgrate a
in the cabinet door_and the interior volunme of the gas
wapihortelyaivaan e flimdeme 378 and through ductwork to
the roof of the facility, with the exhaust being

fl owed through a wet scrubber for abatenent of any

PR Or o s 0o 18 HOCPORRC G O, PP aipegpeeion
BRI bl 8 805 hRE n4005 AR AN B V6 422 ShELEhlk o

ve : S COUp| Jg ve actl uat or
BACEAH B0l ot 351 23 ROk T Qi 01P L

VALV GIaGkHAat Ofg, 424 in turn is coupled with CPU 354 via
s?%ngF trans%i55|on line 426, whereby the valve 422

can be nodul ated by the CPU in response to nonitored
conditions in the gas cabinet, to vary the flow rate

Qhe Y8 Risthadle 100 19PSsd 9 jotned AnbHolEiche SrBIFNRE 1201 NBhe gas discharge

ventilation line 420 may be coupled with a bl ower for
@hd BOtchitginednbnifolda¥s14th QAT 11 NOHIGRS of@dIdE tisola® tBb gas manifold
using clean dry air as the ventilating gas. As a »
ReS Wstel AD2 tier empabitks. t Waaffold lige NDESEMMits 16 Ubiiobalve 128
vessel in the practice of the invention to contain a
Shekesd, el hanifold e €20 @htalips &8 birky cfifrepggRfor 1 ¥0odnd &alve 124 therein.
correspondi ngly sized vessel |acking pressure
regulation in or at the vessel, while at the sane tine
provi di ng an enhanced safety | ower pressure di spensing
of gas fromthe gas cabinet to the downstream

sem conductor process (relative to the high pressure
gas in the storage and di spensing vessel). This
characteristic provides for higher deliverables per
cylinder and fewer cylinder change-outs over tine.

Addi tionally, the gas cabinet may be smaller in size,
since an equival ent | ow pressure vessel holding the
same inventory of gas would be much | arger in size,

and woul d necessitate a correspondingly |arger gas

cabi net, whose increased volunme would in turn require



The worst case release rate for a gas containing
vessel depends on the pressure of the contained gas
and the size of the restricted flow orifice that is

I on the vessel (e.g., on the gas disch
ﬁ@ﬁ‘t‘g@& he val ve head on the vessel). The BeHfisosnrazs
pressure-regul ated vessel of the invention, as a
TRSmhdifolf inblhdes RSPAY G 142G dhtaiking Valp¢ 044 tHesingad iweated\Che
rate, and therefore the gas cabi net can be exhausted
aanifold QMBEr dodpfses Ra@cunmNedut assemblyi indatitgwaauum generator drive
correspondi ng rel ease of gas at a higher pressure.
hrdnlef 1oied 34 fotded ws venfuirirmof:de 133t Néntuvigiopdld HR2iip mng@spupled with
costs can be decreased in the practice of the
iawifoM linn 126NFPAacBdB 1igk 13k | Teeenfidmogile 83 ddivpuld @Qjoined to
establishes a criterion for silane and other
Gigchoyea din¢ t36gasieipingaslesll 38 hersn. nt ai ni ng t he mi ni num
dilution at 25% of the |ower explosive limt (LEL) of
the gas. By way of exanple, for a high pressure silane
gas cylinder using a 0.010 inch restricted fl ow
driirgspe switchtl ARis gparelivaly genpld e matifoldiame\]d6.ve head of
such vessel, the recommended m ni mrum exhaust fl ow
rates are nomnally 340 cubic feet per mnute (CFM at
800 psig internal cylinder pressure, 600 CE

.at 6
T i Fich, L BHRLERDIBG S T o CEERATBoSPASTHS PRSI st i €25
i i nt l. li nd } he. Co Ga
A veid JR (alrebapeRsion 18R 1 HVE B I LRCAR: 104 R, Ao 28
h t im Th i 1
BBy ettty T Glbpelpaly s TR REShGhe Mioa
glos s%nzic’ﬁ nr%cé/sgﬁgiﬁgm{ %gvrvg {uoﬁlg ¥' a? la%éed@te&ﬂﬁ%%tp%&{r@&etemﬁned by
eductli o I N ex us gaS req lre ntS, rel"fative to a

‘ﬁ%rs{a@%o%&%g 'ﬂ{é orn i1$_p ?Hesfl&g céﬁﬁ%t]ﬁmrck 39K Lnﬂgl 16he discharge line

pressure-regulatio eature of the present 1 nventi on.

A%0 &re %%érl durkol Sl RASispalsingr 18d hi¥Rnsihd BneVAD kiRt LRRII RS excess
'tne 420 nmay be joined to a nitrogen source, e.g., a

"RYUSACID B 1o Bk BEELRe g%ﬁly lok ApedatindsptRrié £4F] &0Jid tleOdnt that the
process facility, to flow nitrogen gas through the gas

GaRinBeik flodState 6 dBiiskd ddsi XBee@s ptddete@fintd. valibe Thasxcess flow
cabi net 300 may al so be provided with a gas

IO Gty ve B e e latrdh gby fol Boteitibe baad on pressure or other property
of the dispensed gas, rather than its volumetric flow rate. The excess flow switch thus

offers a means for terminating flow of dispensed gas from the gas cabinet 100, in the event

of failute of system componeniry in the manifold flow circuitry.
By deploying a regulator 114 in the manifold downstream from the gas source vessel 102,

the high-pressure gas initially dispensed into the gas cabinet manifold is dispensed at a

predetermined reduced pressure in accordance with the set point sefting of the regulator.
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gas source 392 conprising a vessel containing the gas
species of interest. The external gas source is
equi pped with a val ve head 394 contai ni ng an interior
val ve operated by valve wheel 396 coupled to valve
‘3’9t°&’é?38‘$ 398. The val ve actuator 398 is coupl eBCHPRM/17429
CPU 354 by signal transmission |ine 400. The externa
flow lﬂféiﬁlﬁqgs%lgtet{ vdies B \Gthd? GorBfontt, includes a

contalnegﬁbas fromthe vessel through valve head 394

! fizcha, @8tuliinb216403, discharge &
éﬁmﬁ%%?ggﬁgpﬁé&%gﬁﬁ%%ﬂ?éﬁ%ﬁgdIto gas pu#p 402, ﬁﬁfﬁf e

ﬁ'ﬁ%ﬁ a8k Siated vhddh® budtibA BnA 3. Moﬁ%o%%%ﬂve 380e.p.| ir,
his manner, the externally supplied gas enters the

19’&‘§geﬁ apR bined ga@ﬂﬁ’o fgﬁ 0nld: O3 And Fedituritiodlé T2 prsdhets B suetion in
the gas cabinet for egress therefrom e.g., through
@9 30 bpabak gLwhich@e didifol b Ropidiate Spairigahe dosivigtdﬂ viltes 124,
CPU 354 by nmeans of signal transmi ssion |ine 410. The
26} B14neal 108 % Sisub e edSitadpy/g. pridy tadbhampepbafitial gay scyeas vessel
for periodic maintenance of the interior of the gas
ma2bwhae vgssed 1P has bem deplaahafhigh-piissirgdaect i on, et c.

Al ternatively, the specialty gas may be a reactive gas
that reacts with any | eakage material deriving from
vessel 302, e.g., leaking froma valve head of the
Ve kabinst manifold alforioclesies puvging bapapility, in H@p@égf R%ﬁ |gh%ieed line
etc., when the presence of the dispensed fro

1295 b meme 2f WhichdfreeshagbTopriathepepin sk losEs W@Vﬁ%éﬁ‘% 128, 112,
within the gas cabinet 300. As a still ,anth

316 St 1% b puigp gasgpreke floved thsoneh #ﬁﬁa%%ﬁo}dsf%f e} ofrpidual
gas, e.g., a fire suppressant en a pyrophoric
ga%ﬂqg§a%%?1ﬁ§maﬂ>§}§e¥?§v&¥ pier of g g%%fg“&fgﬁi net, and | eakage
of sane is detected. The process gas dispensing |line
310 contalns pressure switch 311 coupled with CPU 354

B B il <R B R oy gl ik 20515 HREDSH BF il e
| k
e el el of BB RSebl S b ey o g prepous

gﬁaﬁP&éﬁﬁhﬁIEd that the system conponentry in the FIG
systemis I ntegrated, being operatively coupled with

the CPU 354 of the el ectronics nodul e 352, for
i nt egrated process

The gas manifold of gas cabinet 100 therefore contains appropriate componentry for

evacuaiing the manifold and purging same, in connection with change-out of the gas source
vessel 102, or during maintenance or repair activities involving the gas manifold or its

components.

FIG. 2 is a schematic representation of a reduced pressure gas cabinet providing a sub-
atmospheric pressure dispensed gas from a pressure-regulated vessel, in accordance with

one embodiment of the invention.
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34 control of the system The el ectronics nodul e 352

i ncludes an alarmunit 356 operatively coupled wth
the CPU 354, so that operation outside of

[ mned set point limts is translated b
%Bﬁ]g/?%g%ppr opri ate audi o and/ or visual alarns i(c'ffﬁé?)snﬂw
outputted at the alarmunit 356. The CPU 354 thus may
benhieen aies bord a4y cairs 200Uohieis a possreraguiptad gadsoaeee vissel
out a cyclic operation, involving dispensing of gas
fnomuiohal 9 a oAk heid 204 nibintgs: Yhe denpabs Foglef (W@ valve
310. Such di spensing may be conducted at predeterm ned
SiRtatdd Qlefent06,dbt detentivefopeningher olasing of the velagyde itigfecor sguinate
and 303, to provide reduced pressure gas to the
£inG PEERIaD helourtiet pBet Q08. THee wdste ip sﬁhnm@lcel%’ shpwn walg (Tplx gperator
units are adjustable by the CPU 354. The operatiP% ted
ayadre 206 ynd mgiracties the vatveriatiheovalvgfhead @04 ds & prigipiifyalve coupie
finmction upon depletion of the gas .in the gas source
wish prunaticiciuatneahdioperating aneans (B0 quwntlﬁ ElGrghi fol d by the
venturi 332, after which the manifold is purged with
purge gas from purge gas source 404. The cyclic

o e i e Tl 0 GSBRTAE  H B0
%{tgag gw @; %ylgyfélgrgfgltglgtg} ]d'rre] glgztfe% pililelg Bli%gitndzle sva?ﬁgﬁgr'é: gg gﬁ% kn the event
b el P R R IR ST R i (oA B0 o
s e i

t f {l M o a dpense
Y R T T L Vet s

w control" valve 316 may itself

be modul at ede AVoriltQothittelR pREQY bélfy Bd B8%Y BRGad dupply Bitem,
& process gas to the downstream sem conduct or
processi ng tool or other gas-using equi pment or
| ocati on. The set point of regulator 321 may be .

khisdaad aRntRl valhde bt 8 pRIGR bthe weld of thobassogeralessel 202, is
through signal transmssion |ine 380, whereby the
P QGRS 8RmbEl TpeRgastof semblyhia tiasnizeimenttompgises ferigs-coupled
desired pressure characteristic. The pressure sw tches
3 dulRRAnB4ED1aR€203] tewpts ohich pisathigopressere GPws forfhe Tadjisdpad 204
transm ssion rel ati onshi p, whereby automatic shutdown ,
Offr fl6ve thgagh dialvilnespesestbyvrivegpemtor stomsnti286) so jlat igdhe dispensing
operation is outside of predetermned |limts for
Phaks prseldwe ks dispansitpeored i fiap gracess @aviisaspaRgcine 2)%s The gas
di spensing |ine. o . .
dispensing line 210 contains manifold isolation valve 207, which is operable to isolate the

gas manifold and vessel 202 from one another.

The pressure-regulated gas source vessel 202 thus contains a high-pressure gas, and the set

points of the regulators 201 and 203 are set to dispense gas at a predetermined low pressure,

e.g., sub-atmospheric pressure.
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Duri ng vacuum evacuation of the manifold, the |evel of
suction exerted by venturi 332 on nmanifold Iine 326

and suction |ine 330 may be sel ectively nodul ated, by
correspondi ng actuation of the valve actuator 374 of
WOVt r ol val ve 338. The val ve actuat or 374P¢EUS03/17429
linked in signal controlling relationship with the CPU
B ol s %sﬂl@zaﬂ o DI FEsHRiRPrédfurd bARK T 6, as Helliab Biebyyire tansucers
pur%e ggs supgly may be nodul ated by an appropriate
§11Ah1 § Lo e EdCPRbw asntdEvilvet206.t he val ve actuator of
val ve head assenbly 406 in signal transm ssion |ine

408 gas @ eRitpdBie Q86 isljsinéEPUhaLSM fine 226 cewinigofiqw esgal @lves
l'evel by regulator 322 in the purge gas feed line 320.
Ab4 RUBR. ROpresie wRitchid16 isgbvipal iniconfuycatige wifl e manifold line
regul ator 322 may be sel ectively adjusted, by coupling
neg) Ut idnif3RAAine2261is Ghipled 34th thepucgerges Bpdlnti 230 herangrropurgeas
the connection of CPU 354 to regul ator 321. The fl ow
k@Rt thewdnté batiloprgrags ant podiamihed presss tg s naielddfom 2
300 and exhausted therefromin vent line 378 may be

pelge gbd svadey (nobhovminddG- Dy adj usting the speed of punp
402 under control of the CPU, and/or by nodul ating the
di spensi ng val ve of ventilation gas source vessel 392.
For exanple, the CPU may respond to a sudden .

oh micnurmigeneraiér qireuitalan e providet i e sresdangi 400 HoepdnEiGg- The
line, e.g., due to a |leak upstream.i as_nan

; th f.al d
feneywme ganeraior eijouitdnchudes diive g5y fo5r dige 6115 °°t“Pe HRPUESF ©5 f%‘,’e gas
d signaled to CPU 354 via si t i ssi.on |i .
o e 0 S0 Y SRt SATBHO S o v

t hrough the gas. cabinet. .1 n thjis, manner h [

ot oo 28 cang DB AcR P S ARRaR i et S Ll v s
tooxi.c or. hazardqus concentration, by "sweeping out"

tip gxiE %¥¥%pm$g%ﬁﬁgﬁ%$£ %2 gas cabinet with the
ventilation gas. It will be recognized that the FIG

3 gas cabi net systemmy be varied in character, i.e.,

I fal i AWy ac I ine .
E?%I%IJ%% [ei? %A:%ct&f)fa.a' AR 9in8 250 RPAF: %x?g,q' Jduth &Y QYRR Tine 226

y operation in a variety o conf ormati ons

apgl 5@?@5@&1‘ 0 anji'o‘i’({, W¥osedneft 6 X8k Qirclif &adimidof érebf, is effected
pre e may be sensed and used to actuate pressure
S\%’iﬂgc%bsoﬁég oPPursd S9@lot SHoRASAFRS 2RNSUCA pluigh Bas36kice B GodpkaAtwith
t he di spensing valve in val ve head 304 of gas source
Vﬁ.ﬁ?@é&s 3024 1ind 28 Eﬁiﬁﬁggf@@lgﬁs 1©Eat5e222 fifeetil, @cintoyduee purge gas at 2
control signal from CPU 354 transmtted in the signal

t ?ﬁa@éﬂnﬁﬁhgﬁsﬁﬁen@msﬁémfmmm. actuator 362, causing

it to close valve wheel 306. In this fashion, the gas
source vessel 302 is isolated when the gas supply

mani fol d pressure exceeds a predeterm ned pressure

| ByiappropHae opadivoriclosuwabfteanifeld a8 248,30 & andz3s, the system can
controlled so that dispensing does not occur unless

pbe satstenid fibie(1 ipopen gisndjsiensing ©10) pyciption, of fieapgnifeld flow
val ue, as sensed by pressure transducer 313 or .
prieasy, & G} pnsidgofthe Basold with g avret g2s. Thropurgecgas may be an inert
system thus provides a process gas dispensing

e Reb s mitroghe rmegon, heHemgeie  SuchcmeRse PPFTATQRe {0P) mptake

at high pressure, to maximze the inv§£tgé£ of ?s in

t Intacy assthe Rotivayugerof fisgapaates ypsel g BHPEY R Shatihy ?’??g‘“‘ {gtents are
provi de di spensed gas fromthe, vessel to1 Eg ifold 11
didspletad toraypredetramingd gxtent;h Sheavrsseh forg, 19 HGRP eé Sefh ganifold tow
whi ch may be nodul ated (reduced) still further by the

di spensing line regulator 3226 The gas in the

hi gh- pressure gas source vessel 302 may be at a
superattnospheric pressure, such as in a range of from
20 psig to 2000 psig, while the di spensed gas

di scharged fromthe pressure-regul ated vessel is at a
substantially | ower pressure (reduced by at |east 25%
preferably at |east 40% nore preferably at |east 60%
and nost preferably at |east 80% relative to the




exanple be in a range of from about 20 Torr to 1200
psi g, and bel ow the pressure of the gas 37 in the
cont ai ner portion of the gas source vessel. The

di spensed gas in sub-atnospheric pressure dispe
Wﬂé’g’é‘fsf‘@n can be in a pressure range of from a%(g'i?%%’””
Torr to about 750 Ton, and is nore typically in a

ERRGE Aitnd FRMRRRH0,409 if MarleeWht SRO miRkdd efdbwtiar fitburge
pressure ranges of the gas dispensed into the gas

BBRY sfdothplei@m t he gas source vessel include a range of
from about 20 Ton to about 200 psig, and nore
hehressaliandduem Aband 2130n fRrpocke gabdisgenshiiling 20 ¢are Bhuployed
pressure of the gas dispensed fromthe

BT @St ROpttsaire of tiedigehsetgas. The flew anpdfahcdispemsedigas can be
pressure range on the order of from about 20 Ton to
alodulite® 69 npahsgof finw camtrel pahef HbaliThe presswe famdesersfalsorom be
about 400 Ton to about 100 psig, and the CPU may be
pouplpdawitta piocab kyntat mesgedotsthoian FiH.6¥stor eonirelt thy ghseabinet
of the high-pressure alarmin alarmunit 356, for
ppérafipeiin prgmestiomwitly cineges irhess dovwnandogerptingpreapesiol digpoptyd gas
about 20 psig above the selected operating pressure of
e gassplimted gas. In a further embodiment, the

hi gh- pressure gas in the gas source vessel 302 may be
nodul ated to an internedi ate pressure | evel by the

regul ator assocjated with the vessel, (interi.o

g R LA A TR L LB
head, upstream.of the di spensi val ve t.he . .
Jeegionye 1 SiETis IRvels g P Sﬁ?se@%a%ﬂ}f’ﬁ%%&f P ppiigld fme 226,
reduced by the pressure regulator 321 in the

a??ﬁ%ﬁ Y'ng line, so that final pressure of the gas
transmtted in dispensing line 310 to the downstream
process tool or use location, is at a desired pressure

lev:el ' i s risin:
iR tPéage%[ﬂ?ﬂf hs@%ngurlé glena °h 180 Dot SBuphtiveSnoRs as & g two

i nvent i ere [es the safe character of the

tgﬁggﬂa@cﬂ R RE oA LefeLRrafstARhA el Rldodr doAGNRAREHE of B3blator

ri sks "and dangers attendant hi gh-pressure gas
HeSiR& WA heOinkGios VOSha Rt indl bt 408RbGEHe], A5 afTER! Vabidad or
herein in the Summary of the Invention section hereof,
tdPersihy §ott 100 the FRYsobRe eatkdl) 104 U ariedin \iRS praxtise ottt Rivention, to
including (1) dispensing of superattnospheric pressure
aside(any of3Bfferent arrangements of the pressure-regulated gas source vessel.

The gas cabinet system shown in FIG. 2 has an advantage over the system shown in FIG. 1,
in that the lattor dispenses high-pressure gas directly into the manifold, for subsequent
downsiream modulation of pressure and flow rate to provide dispensed gas at the desired
process conditions. The FIG. 2 system utilizes high pressure gas containment in the gas
source vessel 202, as requisite to provide substantial capacity of the working gas (the
capacity of vessel 202 increasing with increasing gas pressure), while the provision of the

regulator assembly upstream of the dispensing valve in valve head 204 permits gas to be
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di spensi ng of sub-atnospheric pressure gas, and (3)
hybri d operation involving di spensing of gas at
super at nospheric pressure that is further regul ated
down to subat nospheric pressure, variously described
Weiltid3ove. Each of these nodes is discussed PEI/UBA7429
bel ow, as regards preferred operating conditions,

I N
] ' ' f O .
fﬁlﬁ%ellbﬁr? @&r%é\é%gg%tg% :ggsf P%mcso{ess%fi?& gtof?)% e%.rl nsg?-g&cvgﬂ%nc,

ressure’ di spén
osq£ation, the pressure-regul ated gas source vessel is
) Faﬁged to deliver gas at 100 psig, with a restricted

flo rifi j | 0.k .

elficbtd, dfs, G EP Sffhal Bkl P bbbl Ofr Bl bl ¥H0Y St
W am sem conduct or

R B B e o O A pnounat | ¢

val ve is provided on the vessel, and the vessel is

coupled with a gas panel including a regulator of the

@ babl Scrafhtcd@bBlenhlififof AMIGIEH PreliR HE LatRRt BistotnSutiging a

to match factory delivery requirenents, typically

18R:pflsRS HiShenD g@ Bpplied B2 SREMFeQboubSRGARELY and FuftePMntd el in

that functions to close the pneunmatic valve on the

146 $8€ bancP 6 W8 das ASbikdd Dy P dvRlréhnd sublabhdsplieric Prassure aspdlator,

to emt alarmoutput The alarm and control system nay

fb&oinh & omstcnbedimentanthe aiverdioged to activate a

two- position gas cabinet danper to increase exhaust

flux through the gas cabinet. An auto-switch system

may al so be enployed in a nultiple gas source vesse

"Blrer gon gabinh 800 $soshefrh eottainha payaens! (35¢ i miich ghangds arnkifelp flow

gas source vessel online, when another on-stream gas

gouity end/asswistedislemente eregwpiied.ed of gas. | n node (2)

i nvol vi ng sub- at nospheri c pressure dispensing

operation, the pressure-regul ated gas source vessel is

arranged to deliver gas at 650 ton, m%%h a restrictgg

Theogps Grbief eautains SuEsaeToRuIAle SRR TOMEE YE5tR £O%FonRHIns A getor

Bl S A S B el
1. 5.ti ' A [

G55 S e, AT BBL TR

e R B e e

| i i 00- 600
o5ip WG] SR e ol ERL kB BRI (01 et

functions to close the pneumatic val ve on the vessel,
as well as the manifold isolation valve, and to enmt

HhAEPT AliBihay shtgufbaERsinel GPNESQhuted ¥SibBMoERr-BAs8 ddifee,

constructed and arranged to dctivate a two-position

?ﬁéraﬁﬁﬁbl@ Eiogifl BRRSIIeE, Oorl BHES afiGodcRaHS tprddesiing! M0 UG buitably
he gas cabinet An auto-switch systemmay al so be
QEpnbyeY Gl dr MhsdcBlh twi] ShelRS GBMES And/ aEHRkd 36 RVHONEH land/or
to effect changes in bringing a back-up gas source

&S Hing Efbbd}sﬁ CondMaRN(pad bRRE, iOmpainirefowgaR aad'ul @eposition) of
vessel becones depleted of gas. In node (3) involving
laydin d gadpbinett r nospheri c pressure di spensing operation
that is further regulated by a gas panel regulator to
produce sub-at nospheric pressure gas for dispensing,

the pressure-regul ated gas source vessel is arranged

to deliver gas at a pressure of 10-100 psig, with a
restricted flow orifice disposed in the outlet port of
the val ve head of the vessehgthat is selected to match
the process requirenents (of the downstream

sem conductor process) at 1.5 tines the maxi mum fl ow.

A pneumatic valve is provided on the vessel, and the
vessel is coupled with a gas panel including a

regul ator of the variable set point type, wherein the
set point is set at about 600 Ton. An al arm and

control assenbly is provided that functions to close



The features and advantages of the present invention
are nore fully shown by the follow ng non-limting
exanpl es. EXAMPLE 1 Using Fault Tree met hodol ogy,
"pre-regul ated” VAC(r) cylinders (A ME, Inc., Danbur
n@vmﬁgwghg interiorly di sposed regul ators WerePCT"US“:‘%j""‘9
conpared wth standard high pressure cylinders in

?;llotté%’{l %n%rg\% CRinetRINGAD ingﬁb BNS Wiedd 5RANS B hRssure gas s-;ource

cal® and corresponding fault trees were
Q03505 Gt Gl B hehiniia ANRKNSES caBHER il Qohpl QhNdrie aich
?e?%gse’ sggehnar?egsé%t] nurrbéered overEJZOPfngﬁggch v

CRIRALISRR RNAla R in MY Ghe/ Sindlinhy Birfesioaltingty &% coffiguaed for
rel ease to occur. In this manner an overall frequency

QiGN op GNER, W5 Shal GHRA Bho @R sdukdkisseR baipledt 1o tha Arknifdid is
delivery nethods conpared on a relative basis. The

bktaeddd ek, of rehdhed £l pialiderintea idwentiaeh! hytowny bt pdiat, the exhausted
repl acenent frequency and delivery pressure. The

G688 QO aNEEbDuitae A tihe aEkation & e nbwsifodd (evarodising o valve(s)
release rate [WCR] - is shown in Table 1 and ranges
fileQuas BBd Find epupfngBihs veased dy the Intanifoid, while opéning ashet yhlpes)in 2 gas
(NFPA 318 Standard for the Protection of C eanroons,
28Q0inEdi ¢onpla pmoticful\@Rsélgn geshBovpeammunination with the (manifelf), so
was capped at 8.2 slpmand for all fill pressures.

TABHE sipniSiesselman b wwoRaitaior trnfull el is tgowghipn-iRest ri ct ed
Flow Orifice as a Function O Cylinder Pressure

The valve head 304 of gas source vessel 302 illustrated in FIG. 3 has a discharge port 308
coupled to process gas dispensing line 310. The outlet port 308 of the valve head 304
contains a restricted flow orifice (RFO) in the throat of the cylinder outlet valve therein.
Additionally, or alternatively, an RFO could be employed in the gas manifold, as discussed

in commection with the FIG. 2 hereinabove.

The gas dispensing line 310 contains manifold isolation valve 307, which is operable to
isolate the gas manifold and vessel 302 from one another. The process gas dispensing line
310 contains pressure switch 311 and pressure transducers 313 and 315. Intermediate the
pressure transducers in this line is a flow control valve 316 that in turn is operatively
coupled with a valve actuator 382 joined in signal transmission relationship with CPU 354

by means of signal transmission line 384.

The process gas dispensing line 310 also contains regulator 321 for dispensing gas at a
reduced pressure level relative to the pressure level discharged from gas source vessel 302

(i.e., from port 308 to the process gas dispensing line 310). The regulator 321 is joined to
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Pressure [ psig] 1600 70.8 15 1200 55.7
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CPU 354 by signal iransmission line 380 for adjustment of the set point of the regulator.
Alternatively, the regulator 321 may be a manually adjustable set point regulator, or a fixed

set point device.

Concerning the gas source vessel 302 and regulator units 301 and 303 therein, FIG. 3
depicts such regulator units as schematically being responsive to CPU 354 by the dashed
line representations 358 and 360, This denotes the operatively coupled relationship between
the CPU and the respective regulator units 301 and 303, with respect to the set points of the
regulator units. The regulator set points are independently adjustable by means of the CPU,
which may for example generate a signal that is transmifted to the regulator units for
adjustment of their pressure set points. The coupling of the regulator units with the CPU
may involve signal transmission lines that pass into the interior volume of the vessel 302 for
set point adjustment. Alternatively, the CPU may generate a signal modulating the
adjustment mechanisms of each of the regulator units, to non-invasively change the sef

point settings of the regulators in the vessel.

Mounted on gas panel 350 is a manifold line 326 containing flow control valves 324 and
328 therein. Valve 324 is coupled with valve actuator 388, which in turn is joined to CPU
354 by signal transmission line 390. In like manner, flow control valve 328 is coupled to
valve actuator 370, which is joined to CPU 354 by signal transmission line 372. The
manifold line 326 is coupled to pressure switch 340, which in turn is joined fo CPU 354 by
signal transmission line 366. The manifold line 326 also communicates via suction line 330
with venturi 332. Venturi 332 is joined to a drive gais feed line 334 and to a drive gas
discharge line 336 containing flow control valve 338 therein. The venturi discharge line

336 is arranged to vent the drive gas exteriorly of the gas cabinet 300. Valve 338 in line
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12 800 30.5 5 EXAMPLE 2 &l ane Delivery -Conparative
Exanpl e Pre-regul ating pressure was set to fix a
constant delivery pressure for the pre-regul ated gas

source vessel, which was independent of fill pr [e.
Y0489 | | densities are a function of risk PCTISY 1429

tol erance; about half of the fills in this test were 5

Egs fsl dobSiea Wli(tfl Rratvl ScibR6P3 A0GhicRin TRE isf jolnk® 1S PB4 by signal
etween 10 kg, 12 kg and 15 kg charges of fluid to the

Yesatkion id78. 2 bel ow sets out the silane worst case
rel ease rates at 800 psig and 100 psig, wherein VAC
refers to a pre-regul ated gas storage and di spensing
vessel comercially available fromATM, |Inc.

(Viaaitkia live 37815k conhéfttdo Durge gas feed line 320 having purge gas regulator 322
therein, The purge gas feed line 320 is joined to a purge gas source 404 equipped with a
valve head 406 including a valve actuator that is linked to CPU 354 by signal transmission

line 408.

The gas cabinet 300 is provided with a ventilation capability, which may for example
involve a louvered door of the gas cabinet through which air or other ventilation gas may
flow and be vented from the gas cabinet, e.g., in vent line 378. The gas cabinet may be
ventilated in a conventional manner, involving for example a blower/fan assembly on the
toof of the semiconductor processing facility that is arranged to draw building air through
the louvers in the cabinet door and the inferior volume of the gas cabinet to the vent line 378
and through ductwork to the roof of the facility, with the exhaust being fiowed through a

wet serubber for abatement of any toxic or otherwise hazardous components thercin.

Alternatively, the gas cabinet can be ventilated by ventilation gas line 420 containing valve
422 therein. Valve 422 is coupled with valve actuator 424 for operation of the valve 422 to
control the flow rate of ventilation gas flowed through the gas cabinet. The valve actuator
424 in tum is coupled with CPU 354 via signal transmission line 426, whereby the valve
422 can be modulated by the CPU in response to monitored conditions in the gas cabinet, to
vary the flow rate of ventilation gas in a controlled mamnner. The ventilation line 420 may
be coupled with 2 blower for effecting air flow through the gas cabinet, e.g., using clean dry

air as the ventilating gas.
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As a result of the capability of the pressure-regulated vessel in the practice of the invention
to contain a substantially greater quantity of gas than a correspondingly sized vessel lacking
pressure regulation in or at the vessel, while at the same time providing an enhanced safety
lower pressure dispensing of gas from the gas cabinet to the downsiream semiconductor
process (relative to the high pressure gas in the storage and dispensing vessel). This
characteristic provides for higher deliverables per cylinder and fewer cylinder change-outs

over time,

Additionally, the gas cabinet may be smaller in size, since an equivalent low pressure vessel
holding the same inventory of gas' would be much larger in size, and would necessitate a
correspondingly larger gas cabinet, whose increased volume would in turn require a larger
flow of ventilating gas through the larger gas cabinet, etc. The invention thergfore provides
an exhaust reduction/minimization benefit. Cabinet ventilation requirements are generally
based on prescriptive considerations (e.g., in the case of silane dispensing, a certain flow
rate and linear velocity of ventilating gas through the gas cabinet is mandated), or
alternatively are based on the objective of containing gas releases such that workers in
proximity to the gas cabinet are not exposed to specified concentrations of the gas being
dispensed, e.g., above 25% of the threshold limit value (TLV). For toxic gases as the
dispensed fluid, tests such as the Semi F-15 Tracer Gas Test may be employed to set the
ventilation level, wherein a surrogate gas such as SF; is released at a worst case release
(WCR) rate, and the cabingt ventilation rate then is adjusted so as to maintain the

concentration of the toxic gas in front of the cabinet at a concentration of 25% of the TLV,

The worst case release rate for a gas containing vessel depends on the pressure of the
contained gas and the size of the restricted flow orifice that is employed on the vessel (e.g.,

on the gas discharge port of the valve head on the vessel). The pressure-tegulated vessel of
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the invention, as a result of its pressure regulation provides a lower WCR rate, and therefore
the gas cabinet can be exhausted at a lower rate than would be required in a corresponding
release of gas at a higher pressure. Therefore, exhaust air (or other ventilation gas) costs

can be decreased in the practice of the invention.

NFPA 318 Guidelines for Cleanrooms 2000 establishes a criterion for silane and other
pyrophoric gases based on maintaining the minimum dilution at 25% of the lower explosive
limit (LEL) of the gas. By way of example, for a high pressure silane gas cylinder using a
0.010 inch restricted flow orifice at the discharge port of the valve head of such vessel, the
recommended minimum exhaust flow rates are nominally 340 cubic feet per minute (CFM)
at 800 psig internal cylinder pressure, 600 CFM at 600 psig intemnal cylinder pressure, and
765 CFM at 1500 psig intemal cylinder pressure, The Compressed Gas Association (CGA)

Guidelines [P-32-2000] on minimum exhaust are similarly based.

The present invention by provision of a pressure-regulated gas storage and dispensing
vessel therefore yields a substantial reduction in exhaust gas requircments, relative to a
corresponding gas dispensing system lacking the pressure-regulation feature of the present

invention.

As a still further alternative, the ventilation gas line 420 may be joined to a nitrogen source,
e.g., a “house gas” nitrogen gas line in the semiconductor process facility, to flow nitrogen

gas through the gas cabinet, as the ventilation gas therefor.

The gas cabinet 300 may also be provided with a gas introduction capability by an external
gas source 392 comprising a vessel containing the gas species of interest. The extetnal gas

source is equipped with a valve head 394 containing an interior valve operated by valve
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wheel 396 coupled to valve actuator 398. The valve actuator 398 is coupled with CPU 354

by signal transmission line 400,

The external gas source 392 is arranged for dispensing of the contained gas from the vessel
through valve head 394 at its discharge port, into discharge line 401. Discharge line 401 is
coupled to gas pump 402, which pumps gas in inlet line 403 to the gas cabinet 300. In this
manner, the exiernally supplied gas enters the gas cabinet and flows through the interior
volume of the gas cabinet for egress therefrom, e.g., through gas discharge line 378. Pump

402 is coupled with the CPU 354 by means of signal transmission line 410.

The external gas source 392 may provide a specialty gas for periodic maintenance of the
interior of the gas cabinet, e.g., for cleaning, disinfection, etc. Alternatively, the specialty
gas may be a reactive gas that reacts with any leakage material deriving from vessel 302,
©.8., leaking from a valve head of the vessel, or a fifting or coupling in the gas cabinet, etc.,
when the presence of the dispensed gas from vessel 302 is detected in the ambient
environment within the gas cabinet 300. As a still further alternative, the specialty gas may
comprise a safety gas, e.g., a fire suppressant gas, when a pyrophoric gas is being dispensed

in the gas cabinet, and Ieakage of same is detected.

The process gas dispensing line 310 contains pressure switch 311 coupled with CPU 354 by
signal transmission line 368, The dispensing line also contains pressure transducers 313
and 315, which likewise are coupled to the CPU, by signal transmission lines 386 and 317,

respectively.

It will be appreciated that the systems componentry in the FIG. 3 system is integrated, being

operatively coupled with the CPU 354 of the electronics module 352, for integrated process
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conirol of the system. The electronics module 352 includes an alarm unit 356 operatively
coupled with the CPU 354, so that operation outside of predetermined set point limits is
translated by the CPU to appropriate audio and/or visual alarms outputted at the alarm unit

356.

The CPU 354 thus may be programmatically constructed and arranged to carry out a cyclic
operation, involving dispensing of gas from the gas cabinet in process gas dispensing line
310. Such dispensing may be conducted at predetermined set point conditions for the
interior regulators 301 and 303, to provide reduced pressure gas fo the dispensing line 310.
The set points of the regulator units are adjustable by the CPU 354. The operating cycle
may include termination of the dispensing fonction upon depletion of the gas in the gas
source vessel, followed by evacuation of the manifold by the venturi 332, after which the
manifold is purged with purge gas from purge gas source 404. The cyclic operation
therefore may be accommodated by the CPU programmatically opening and closing valves
and otherwise effectuating the respective operational steps of the gas cabinet operation. The
pressure transducers 313 and 315 may be operatively coupled to the CPU by the respective
signal transmission lines 386 and 317 in such manner as to continuously monitor pressure
conditions in the dispensing line 310 upstream of flow control valve 316 and downstream of
regulator 321. The flow control valve 316 may itself be modulated by the CPU to provide a
desired flow rate of process gas to the downstream semiconductor processing tool or other
gas-using squipment or location. The set point of regulator 321 may be adjusted by CPU
354 by appropriate control signal through signal transmission line 380, whereby the process

gas dispensed from the gas cabinet is of a desired pressure characteristic.

The pressure switches 311 and 340 are likewise linked to the CPU in signal transmission

relationship, whereby automatic shutdown of the gas cabinet system may be effected, if
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operation is outside of predetermined limits for pressure levels in the manifold line or

process gas dispensing line.

During vacuum evacuation of the manifold, the level of suction exerted by venturi 332 on
manifold line 326 and suction line 330 may be selectively modulated, by corresponding
actuation of the valve actuator 374 of flow control valve 338. The valve actuator 374 is

linked in signal controlling relationship with the CPU 354 via signal transmission line 376,

Similarly, the purge gas supply may be modulated by an appropriate signal from the CPU,
as sent to the valve actuator of valve head assembly 406 in signal transmission line 468.
The purge gas is repulated to a desired pressuxe level by regulator 322 in the purge gas feed
line 320. Although not shown, the set point of purge gas regulator 322 may be selectively
adjusted, by coupling regulator 322 with CPU 354, in corresponding manner to the

connection of CPU 354 to regulator 321,

The flow rate of ventilation gas introduced to the gas cabinet 300 and exhausted therefrom
in vent line 378 may be selectively modulated, by adjusting the speed of pump 402 under
conirol of the CPU, and/or by modulating the dispensing valve of ventilation gas source

vessel 392.

For example, the CPU may respond to a sudden diminution of pressure in the process gas
dispensing line, e.g., due to a leak upstream in the gas manifold flow circuitry, as sensed by
pressure transducer 315, and signaled to CPU 354 via signal transmission line 317, by
increasing the flow rate of ventilation gas through the gas cabinet. In this manner, the
leaking gas is reduced in concentration to below its lower toxic or hazardous concentration,

by “sweeping out” the interior volume of the gas cabinet with the ventilation gas.
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Tt will be recognized that the FIG. 3 gas cabinet system may be varied in charactér, ie., be
differently configured and operated, to provide high safety operation in a variety of
conformations and operational forms. For example, the manifold pressure may be_ sensed
and used to actuate pressure switch 340 by signal transmission in line 366, so that the
dispensing valve in valve head 304 of gas source vessel 302 is closed. This may be effected
by a control signal from CPU 354 transmitted in the signal transmission line 364 to valve
actuator 362, causing it to close valve wheel 306. In this fashion, the gas source vessel 302
is isolated when the gas supply manifold pressure exceeds a predetermined pressure limit.
The valve in valve head 304 may also be controlled 50 that dispensing does not occur unless
pressure in the dispensing line 310 is at a specific value, as sensed by pressure transducer

313 or pressure transducer 315, for example.

The FIG. 3 system thus provides a process gas dispensing arrangement wherein the gas is
contrined in vessel 302 at high pressure, to maximize the inventory of gas in the vessel,
with the pressure regulators serving to provide dispensed gas from the vessel to the
dispensing line at a substantially lower pressure, which may be modulated (reduced) siill

further by the dispensing line reguiator 321.

The gas in the high-pressure gas source vessel 302 may be at a superatmospheric pressure,
such as in a range of from 20 psig to 2000 psig, while the dispensed gas discharged from the
pressure-regulated vessel is at a substantially lower pressure (reduced by at least 25%,
preferably at least 40%, more preferably at least 60%, and most preferably at least 80%,

relative to the pressure level in the interior volume of the gas source vessel).

The dispensed gas discharged from the pressure-regulated vessel has a pressure that may for

example be in a range of from about 20 Torr to 1200 psig, and below the pressure of the gas
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In a further embodiment, the high-pressure gas in fhe gas source vessel 302 may be
modulated to an intermediate pressure level by the regulator associated with the vessel
(interiorly disposed therein, or provided at the meck or valve head, upstream of the
dispensing valve for the vessel). Such intermediate pressure then is further reduced by the
pressure regulator 321 in the dispensing line, so that final pressure of the gas transmitted in
dispensing line 310 to the downstream process tool or use location, is at a desired pressure

level appropriate to such end use of the gas.

The invention therefore enables the safe character of the gas cabinet system to be
substantially increased, and the risks and dangers attendant high-pressure gas dispensing to

be substantially reduced.

As mentioned herein in the Summary of the Invention section hereof, the invention may be

carried out in various modes, including (1) dispensing of superatmospheric pressure gas, (2)
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volunme to reqgqul ate gas dispensing fromthe vessel. 8.
The gas supply manifold of claim?7, wherein the gas
regul ator has a dispensing pressure set point that is
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ori%ice disposed in the outlet port of the valve head of the vessel that is selected to match the

process requirements (of the downsiream semiconductor process) at 1.5 times the maximum
flow. A pneumatic valve is provided on the vessel, and the vessel is coupled with a gas
panel including a regulator of the variable set point type, wherein the set point is set to
match factory delivery requirements, typically 30-70 psig. An alarm and control assembly
is provided that functions to close the pneumatic valve on the vessel, as well as the manifold
isolation valve, and to emit alarm output. The alarm and control system may also be
constructed and arranged to activate a two-position gas cabinet damper to increase exhaust
flux through the gas cabinet. An aunto-switch system may also be employed in a multiple
gas source vessel anangerqent, to effect changes in bringing a back-up gas source ves;el on-

line, when another on-stream gas source vessel becomes depleted of gas.

In mode (2) involving sub-atmospheric pressure dispemsing operation, the pressure-
regulated gas source vessel is amanged to deliver gas at 650 torr, with a restricted flow
orifice disposed in the outlet port of the valve head of the vessel that is selected to match the
process requirements {(of the downstream semiconductor process) at 1.5 ﬁﬁes the maximum
flow. A pneuwmatic valve is provided on the vessel, and the vessel is coupled with a gas
panel including a regulator of the variable set point type, wherein the set point of the gas

panel regulator is typically set at about 400-600 Torr. An alarm and control assembly is
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10. The gas supply manifold of claim7, wherein the

gas regul ator conprises a pressure-responsive
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that is selected to match the process requirements (of the downstream semiconductor
process) at 1.5 times the maximum flow, A pneumatic valve is provided on the vessel, and
the vessel is coupled with a gas panel including a reguleﬁor of the variable set point type,
wherein the set point is set at about 600 Torr. An alarm and control assembly is provided
that functions to close the pneumatic valve on the vessel, as well as the manifold isolation
valve, and to emit alarm output. The alarmt and control system may also be construcied and
arranged to activate a two-position gas cabinet damper to increase exhaust flux through the
gas cabinet. An auto-switch system may also be employed in a multiple gas source vessel

arrangement, to effect changes in bringing a back-up gas source vessel on-line, when

another on-stream gas soutce vessel becomes depleted of gas.

The hybrid mode (3) allows limited pressure operation in the manifold, which can be
utilized to overcome pressure drops associated with point of use (POU) gas purifiers, with
delivery from the gas cabinet to the semiconductor process tool and the VMB at sub-

atmospheric pressure.
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gas regulators is in said interior volunme to regul ate
gas dispensing fromthe vessel. 15. The gas supply

mani fold of claim7, wherein the manifold and the
@bq,g&&gé regul ated gas source vessel are disp ;50@,1@,29
gas cabinet. 16. The gas supply manifold of claim
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sytslimitingenasiplesict ed and arranged to activate the gas

cabi net danper to nodify exhaust flux therethrough

when the predeternined occurrence is detected in the
gas supply manifold 18. The gas supply manifold of
claim7, further conprlSﬁ%@Mﬁﬂgysten1controlIer to
initiate an auto-shutdown step when the predeterm ned
occurrence is detected in the gas supply mani f ol d.
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udi ng”val v at are selectively adjustable, and
at | east one of said valves is operatively coupled to
the el ectronics nodul e for adjustnent thereof in
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mani fold of claim7, wherein the gas supply manifold
ipfesRARL I BHel cofdeuefUyFlopetati ohalaingidbntsi op wiost tage oflease rate [WCR] — is
pressure-regul ated gas source vessels.
shown in Table 1 and ranges from 30.5 to 70.8 standard liters per minute (slpm) (NFPA 318

Standard for the Protection of Cleanrooms, 2000 Edition). The WCR for the pre-regulated

cylinder was capped at 8.2 slpm and for all fill pressures.

TABLE 1
Silane Flow Rates Through a 0.010" Restricted Flow Orifice as a Function Of Cylinder
Pressure
Pressure [psig] WCR Flow [slpm] Mass [kgi
1600 70.8 15
1200 55.7 12
800 305 5
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22. The gas supply manifold of claim7, wherein the

gas manifold is constructed and arranged for renoval

of gas therefromto enabl e change-out of the gas

source vessel when the vessel has becone depl eted of
W398 The gas supply manifold of claim7, PBeEPpIBdr29
to operate at pressure therein in a range of from

sub- at nospheric pressuregim@ppyt 1200 psig. 24. The
gas supply manifold of claim 7, conprising at |east

one of the foll owiRg DeRFRPRBBHSatide Brafpl¥yaCUUM Ci rcui t
operable to effect evacuation of at |east part of the
gas supply manifold; (ii) a purge gas circuit operable
to effect purging of at |east part of said gas supply
PR ef0AtEhg (pebssurd Wisl skt 18 Fixla@08dkan® Bdivéry QWsme YoF @b piéaboiitddrpas
said gas supply manifold; (iv) a pressure sensor in
Slirek a1, SRR s BEpehdehicks f{ipresturf)r SiRseHiledemvitiésele 4 finction of
said gas supply manifold; and (vi) a regulator in said
Bisls todutiniob; yabbE Ml of the fillmch this test waie Sckteefills| with s rémudhderof the
including a central processing unit (CPU) that is

¢itim spreaddtebbem bt k@ iR &p gadl1 F ky chagnt ofdiuid togheatesdek abdblechiemiow
of said conprised conponents (i)-(vi). 25. The gas
seippityhersilmiefvoirs casé relshasirates/t 80(hmsigeing 100 psignabbidio VdCirgfers to a
arranged to di spense gas to a sem conduct or processing
Perrepuseth aasaiarans andh dispensipg vesieh somymercisiip prailable fpth ¢} Igvlp fnc.
claim7, further conprising an excess flow switch for
Barg) €Thg fl ow of gas through the manifol d when
volunetric flow rate of dispensed gas exceeds a
predet erm ned val ue.

TABLE 2

Silane Worst Case Release Rates at 800 psig and 100 psig

Cylinder Pressure Capacity RFO Release Rate
Standard 800 psig 5ke 0.010" 30.5 slpm
VAC 100 psig 15 kg 0.010" 3.5 slpm
[1600 psig] 100 psig 15 kg 0.014" 6.9 slpm

Table 3 below sets out the results of relative risk analysis for silane delivery options.

TABLE 3
Gas Delivery System Frequency  Consequence Risk Risk Rafio
15kg, VAC (100 psig) 4.448-3 8.2 2.64E-2 1
5 kg, 800 psig 1.49RE.2 30.5 4.54K-1 12.5
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27. The manifold of claimb5, wherein the predeterm ned
occurrence is a dimnution of pressure occurrence.
28. A systemconprising the manifold of claim1 and a
S rce vessel. 29. The system of claim 28
&ﬂ%?é&ﬁaﬁhe gas source vessel contains a gas f%'wUmanug
sem conduct or processing. 30. A gas supply nmanifold
20 k@ NmRhsig0 recei vearii-gchargegl gas f6.98B-R 192
pressure-regul ated gas source vessel, wherein the gas
sspphysomeipi fol d isiiembat ab¥es from theiE-1 226
pressure-regul ated gas source vessel when a
predet erm ned occurrence is detected in the gas supply
mani f ol d, wherein the predeterm ned occurrence is
detected by volunetric flow rate of dispensed gas 31.
The gas supply manifold of claim30, wherein the gas
Sourclativeaisk bisisc ey alsliverypevetsm [ nsighwrsenredicteiig beya ip 23
at or within the vessel. 32. A gas supply manifold .
timesisaffe dhan @ stapdard sibaneiedistan eqtipped yathpp Qi restrictive flow orifice
pressure-regul ated gas source_vessel, wherein the gas
&ED y ThaAowes reledse 1t [onteaisnes] ooy f iven incident, a fundtion of
pressure-regul ated gas source when a gas is detected
defiveryerreyense, SonidrythisaiiT-ol d at a pressure exceeding a
predeterm ned pressure, wherein the pressure-regul ated
gas source vessel conprises an interior volume, and a
gas regulator or a series-arranged assenbly of gas
regulators is in said interior volune to regul ate gas
di spensing fromthe vessel. 33. The gas supply
mani fold of claim 32, wherein a shut down event occurs
when the gas supply manifol d pressure exceeds the
predet erm ned, pressure. . 34. The gas. suppl nanifghd .
Giteyas e pentiph BRckeRn piouSY Giselord PEUTEN ElERe S dEae
\églsbgd%:e&so IIJPJ Ifga.%?es,a itvgiﬂv gé appreciated that the embodiments and features

described hereinabove are not intended to limit the invention, and that other variations,
modifications and other embodiments will suggest themselves to those of ordinary skill in
the art. The invention therefore is to be broadly construed, consistent with the claims

hereafter set forth.
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35. The gas supply manifold of claim 32, wherein the
pressure-regul ated gas source vessel conprises a
pneumati c valve. 36. The gas supply manifold of claim
35, wherein the gas supply nmanifold is isolated from

t he pressure regul at ed by cl osing the
valve. 37. The gas su&%ﬁ?gigﬂiﬁgld of cl ai m 36,
wherein the gas supply manifold is isolated fromthe
pressure regul ated gas source by closing the pneumatic
Whatlis elaim@Bis: The gas supply manifol d of claim 37,
wherein the pneumatic valve is closed by a val ve
actuator in signal transm ssion comrunication with a
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2. The gas supply manifold of claim 1, wherein the predetermined occurrence is

detected using a property of the dispensed gas.

3. The gas supply manifold of claim 1 wherein the predetermined occurrence is

an increase in pressure occurrence.

4, The gas supply manifold of claim 1, wherein the predetermined occurrence is

a diminution of pressure in the gas supply manifold.
5. The manifold of claim 1, wherein the predetermined occurrence is selected
from the group consisting of a high pressure occurrence, a diminution of pressure

occurrence and a volumetric flow rate occurrence.

6. The gas supply manifold of claim 5, wherein the predetermined occurrence is

a high pressure occutrence.

7. The gas supply manifold of claim 1, wherein a single gas regulator is in said

interior volume to regulate gas dispensing from the vessel.

8. The gas supply manifold of claim 7, wherein the gas regulator has a

dispensing pressure set point that is in a range of from 10 psig to 100 psig.
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43. The gas supply manifold of claim42, wherein the
gas supply manifold is isolatable at the

pressure-regul ated gas source vessel valve or at the
isolation valve on the manifold. 44. The gas supply

mani.fold of claim4l. .wherein the ,gas s I )
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mani fold 45. The gas supply manifold of claim 32,

further conprising an alarm 46. The gas supply
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mani fol d of claim 35, wherein the pneumatic val ve does
flayogircuitry, and gases for abatement of the effluent streams from a semiconductor

manufacturing operations.

13.  The gas supply manifold of claim 11, wherein said semiconductor processing
gas comprises a gas species selected from the group consisting of boron trifluoride,
silanes, methylsilane, trimethylsilane, arsine, phosphine, diborane, chlorine, boron
trichloride, B»Ds, tungsten hexafluoride, hydrogen fluoride, hydrogen chloride,
hydrogen iodide, hydrogen bromide, germane, ammonia, stibine, hydrogen sulfide,
hydrogen selenide, hydrogen telluride, nitrogen trichloride, silicon tetrafluoride,
organometallic compounds, hydrocarbon gases, hydrogen, methane, nitrogen, carbon

monoxide, and rare gas halides.

14.  The gas supply manifold of claim 1, wherein a series-arranged assembly of

gas regulators is in said interior volume to regulate gas dispensing from the vessel.

15.  The gas supply manifold of claim 7, wherein the manifold and the pressure-

regulated gas source vessel are disposed in a gas cabinet.

16.  The gas supply manifold of claim 15, wherein the gas cabinet comprises a

damper to exhaust flux through the gas cabinet.
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open unless a negative pressure is established in the
gas supply manifold. 51. The gas supply manifold of
claim 32, wherein the gas source vessel is operable at
a subat nospheric pressure. 52. The gas supply

nanl old of claim rei as _source ve
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m%%iéol d of claim 32, wherein the pressure-regul at ed
ource has an internal pressure between 20 Ton and
1200 psig.

18. The gas supply manifold of claim 7, further comprising a system controller to

initiate an auto-shutdown step when the predetermined occurrence is detected in the

gas supply manifold.

19. The gas supply manifold of claim 7, further comprising at least one
component selected from the group consisting of: (i) a vacuum circuit operable to
effect evacuation of at least part of the gas supply manifold; (ii) a purge gas circuit
operable to effect purging of at least part of the gas supply manifold; (iii) at least one
flow control valve in the gas supply manifold; (iv) at least one pressure sensor in the
gas supply manifold; (v) at least one pressure switch in the gas supply manifold; and

(vi) at least one regulator in the gas supply manifold.

20.  The gas supply manifold of claim 7, further comprising an electronics module,
wherein said manifold is valved, including valves that are selectively adjustable, and
at least one of said valves is operatively coupled to the electronics module for

adjustment thereof in operation of the manifold.

21.  The gas supply manifold of claim 7, wherein the gas supply manifold is

operatively coupled to a multiplicity of pressure-regulated gas source vessels.

22.  The gas supply manifold of claim 7, wherein the gas manifold is constructed
and arranged for removal of gas therefrom to enable change-out of the gas source

vessel when the vessel has become depleted of gas.

23.  The gas supply manifold of claim 7, adapted to operate at pressure therein in a

range of from sub-atmospheric pressure to about 1200 psig.

24.  The gas supply manifold of claim 7, comprising at least one of the following

components: (i) a vacuum circuit operable to effect evacuation of at least part of the
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55. The gas supply manifold of claim32, wherein a
pressure switch detects the pressure in the gas supply
mani fold 56. The gas supply manifold of claim 32,
wherein a flow control valve detects the pressure in

the gas supply.manifold. . 57. Th as supply.manj fold
gaéfsumqamﬂngfgl%; % PSS §ahFIEdul ARerq %Wsﬁf?eggu%@}ge@i%?ﬁaﬁ%w

ofréﬁﬁ;gr%g rs%%f P%aﬁgoﬂia(ﬁ) PRk Yeagtaﬁg:fﬂﬂvg contrft vall@8n 988 gas supply

sup of ~ ClaI'm 32, erein the pressure “of
marifoldja(sv)di ressarageasormin catdngas gapply upguifpldydn) 4 predsirg switch in

ressyre s cted fromt roup consi stin f
safdl B Fush Bl agale thelator I5 SR 6 TRt Al ur o
and gyper - at nospheric pressure that is further

regul ated down to a sub-atnospheric pressure. 59. The
gas mwplettyonieminasiude aficleding a 3entralhproessainghenip (€SN r bat is

cornsetglijclteadt gndd g‘?asnged for controlling at least one of said comprised components

(i)-(vi).

25.  The gas supply manifold of claim 7, wherein the manifold is arranged to

dispense gas to a semiconductor processing ion implantation unit.

26.  The gas supply manifold of claim 7, further comprising an excess flow switch
for controlling flow of gas through the manifold when volumetric flow rate of

dispensed gas exceeds a predetermined value.

27.  The manifold of claim 5, wherein the predetermined occurrence is a

diminution of pressure occurrence.
28. A system comprising the manifold of claim 1 and a gas source vessel.

29. The system of claim 28, wherein the gas source vessel contains a gas for

semiconductor processing.

30. A gas supply manifold arranged to receive discharged gas from a pressure-
regulated gas source vessel, wherein the gas supply manifold is isolatable from the
pressure~-regulated gas source vessel when a predetermined occurrence is detected in
the gas supply manifold, wherein the predetermined occurrence is detected by

volumetric flow rate of dispensed gas.

31.  The gas supply manifold of claim 30, wherein the gas source vessel comprises

a pressure regulator deployed at or within the vessel.
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source vessel conprises a restricted flow orifice

di sposed in an outlet port of the vessel. 60. The
gas supply manifold of claim32, wherein the gas
supply manifold and the pressure regul ated gas source
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predeterm ned pressure. = ) i
assembly of gas regulators is in said interior volume to regulate gas dispensing from

the vessel.

33.  The gas supply manifold of claim 32, wherein a shut down event occurs when

the gas supply manifold pressure exceeds the predetermined pressure.

34. The gas supply manifold of claim 32, wherein the pressure-regulated gas

source vessel comprises a valve,

35.  The gas supply manifold of claim 32, wherein the pressure-regulated gas

source vessel comprises a pneumatic valve.

36.  The gas supply manifold of claim 35, wherein the gas supply manifold is

isolated from the pressure regulated gas source by closing the valve.

37.  The gas supply manifold of claim 36, wherein the gas supply manifold is

isolated from the pressure regulated gas source by closing the pneumatic valve.

38.  The gas supply manifold of claim 37, wherein the pneumatic valve is closed

by a valve actuator in signal transmission communication with a control signal from a
CPU.

39, The gas supply manifold of claim 32, further comprising an isolation valve on

the manifold.

40. The gas supply manifold of claim 39, wherein the isolation valve on the

manifold is a high pressure isolation valve.
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41.  The gas supply manifold of claim 39, wherein the gas supply manifold is
isolated from the pressure regulated gas source by closing the isolation valve on the

manifold.

42,  The gas supply manifold of claim 34, further comprising an isolation valve on
the manifold.

43.  The gas supply manifold of claim 42, wherein the gas supply manifold is
isolatable at the pressure-regulated gas source vessel valve or at the isolation valve on

the manifold.

44,  The gas supply manifold of claim 41, wherein the gas supply manifold is
isolatable at both the pressure-regulated gas source vessel and at the isolation valve on

the manifold.
45.  The gas supply manifold of claim 32, further comprising an alarm.

46.  The gas supply manifold of claim 45, wherein the alarm is selected from the

group consisting of visual and audio.

47.  The gas supply manifold of claim 32, wherein an alarm is actuated when gas is
detected in the gas supply manifold at a pressure exceeding the predetermined

pressure.

48.  The gas supply manifold of claim 32, further comprising a system controller to
initiate an auto-shutdown step when gas is detected in the gas supply manifold at or
above the pressure exceeding a predetermined pressure, wherein the auto-shutdown
step is at least one step selected from the group consisting of, closing a valve on the
gas source vessel, closing an isolation valve on the gas supply manifold, and actuating

an alarm.

49,  The gas supply manifold of ¢laim 32, wherein the predetermined pressure is

between 0 and 5 psig.
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50.  The gas supply manifold of claim 35, wherein the pneumatic valve does not

open unless a negative pressure is established in the gas supply manifold.

51.  The gas supply manifold of claim 32, wherein the gas source vessel is

operable at a subatmospheric pressure.

52.  The gas supply manifold of claim 32, wherein the gas source vessel is

operable at a pressure between about 20 Torr to about 200 psig.

53.  The gas supply manifold of claim 52, wherein the predetermined pressure is

from 10-20 psig above the operable pressure.

54.  The gas supply manifold of claim 32, wherein the pressure-regulated gas

source has an internal pressure between 20 Torr and 1200 psig.

55.  The gas supply manifold of claim 32, wherein a pressure switch detects the

pressure in the gas supply manifold.

56.  The gas supply manifold of claim 32, wherein a flow control valve detects the

pressure in the gas supply manifold.

57.  The gas supply manifold of claim 32, wherein a pressure transducer detects

the pressure in the gas supply manifold.

58. The gas supply manifold of claim 32, wherein the pressure of the gas
discharged into the gas supply manifold is at a pressure selected from the group
consisting of super-atmospheric pressure, sub-atmospheric pressure, and super-

atmospheric pressure that is further regulated down to a sub-atmospheric pressure.
59.  The gas supply manifold of claim 32, wherein the pressure regulated gas

source vessel comprises a restricted flow orifice disposed in an outlet port of the

vessel.
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60.  The gas supply manifold of claim 32, wherein the gas supply manifold and the

pressure regulated gas source vessel are disposed in a gas cabinet.

61.  The gas supply manifold of claim 60, wherein the gas cabinet comprises a

damper to exhaust flux through the gas cabinet.

62. The gas supply manifold of claim 61, further comprising a conirol system |
constructed and arranged to activate the gas cabinet damper to modify exhaust flux
therethrough when gas is detected in the gas supply manifold at a pressure exceeding

a predetermined pressure.
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