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The present invention relates generally to a pressure-based gas delivery system and
methodology for reducing the risks associated with storage and delivery of high-pressure

compressed gases.

Description of the Related Art

Throughout its development, the semiconductor indusiry has required rcliable 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 tools and/or other gas-consuming chambers or regions in the facility.

Beginning in the 1970s, high purity gas delivery manifolds were developed and refined,
and gas cabinets fabricated according to standard designs, 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 o pressure
transducers, pneumatically operated valves, regulators, high flow valves, couplings and the

methodologies employed to effect change-outs of gas supply vessels.
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manufacturing are by themselves intrinsically safe. The incidence of catastrophic failure of

such DOT-approved gas cylinders is very low, e.g., on the order of oncé every 10,000 years

of operation.

Gas cylinder burst pressure is normally sef at 5/3 times the maximum operating pressure of
the eylinder. A gas cylinder preferably will have a burst pressure of at least about 4000 psig
and burst pressures above 5000 psig are typical. The currently used stainless steel valves
for such gas cylinders are extremely reliable, with no reported mstances of valve shearing.
Cylinders are pressure tested on a prescribed basis at the time of their initial manufacture
and at the time of their (ré)filling, fo ensure their integtity. Cylinder valves, by conirast,
require 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 h_igh~pressurc gas cylinder is connected to a gas delivery .
manifold and high-pressure gas admitted into the gas manifold panel. A gas regulator

mounted on the panel reduces the gas pressure and the resulting pressure-modulated gas
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flowis transmtted into the fab. The gas streamcan be split, using a
val ve mani fold box (VMB) |ocated near the sem conductor process tools, so
that gas is distributed to a nunber of process tools in the fab.
Addi ti onal gas regul ators may be enpl oyed at the VMB and/or rocess tool.
The deveV89¥EH#2f adsor bed- phase gas sources, of the F%BES%H Yosed in
U S. Patent No. 5,518,528, has sonewhat altered this nethodol ogy. Gases
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in the anbient pressure environhent o or exanpl e, dedicated gas
cabi net produect;s such as the RPMtn) gas cabinet (commercially available
fronlATﬂ?, I'nc., Danbury, CT) have been developed to ensure that fab
process systens operating at atnospheric pressure are not conpronmi sed by
anbient air being drawn into the sub-atnospheric pressure cylinders and
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conponentry for conparing differential pressures within the gas delivery
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The devel opnment of pre-regul ated pressure gas sources, such as those
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fundanental departure fromthe use of conventional high-pressure gas
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conpressed gases. In such pre-regul ated pressure gas sources, a gas

regul at qaxa@h GOt thOsrd@ BT 65MIoMt dotvn Ge -2y Rek. The bftarrwadhweb-Barephatic Wi t hin t he
gas cylinder, so that gas is maintained in the cylinder at an el evated

Pressur epresidt daf BinSRCRFEIEks ddorBspRhdins Wbdniletigsion Methe dwybidnberdsagell at or. The
regul ator controll ed gas pressure may be substantially | ower than the
envitonment of the fab. For example, dedicated gas cabinet products such as the rRPM™
gas cabinet (commercially available from ATMI, Inc., Danbury, CT) have been developed
to ensure that fab process systems operating at atmospheric pressure are not compromised
by ambient air being drawn into the sub-atmospheric pressure cylinders and manifolds.
Such gas cabinets are provided with monitoring and control componentry for comparing

differential pressures within the gas delivery system and isolating the gas cylinder shouid a

"high pressure wave" ocour.

The development of pre-regulated pressure gas sources, such as those described in U.S.
Patent Nos. 6,089,027 and 6,101,816, represents a fundamental departure from the use of
conventional high-pressure gas cylinders and presents the opportunity to reduce the risk of
using compressed gases. In such pre-regulated pressure gas sources, a gas regulator slement
or assembly is deployed at the valve head or within the gas cylinder, so that gas is
maintained in the cylinder at an elevated pressure, but is dispensed at a pressure determined

by the regulator. The regulator conirolled gas pressure may be substantially lower than the
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3 WO 03/103862 PCT/ US03/ 17429 contai nment pressure of the bulk gas in the
vessel, so that gas dispensing at noderate superatnospheric pressure,
near - at nospheri c pressure, or even sub-atnospheric pressure, is enabled.
Wher eas,__in_conventional practice using conpressed gas I , gas at
full cylVAGEI"8Sr essure, e.g., up to 2000 psig, is adnrgpéggﬂghﬁhe gas
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consequeneis; of this devel opnent are significant. Since many accidents
occur during cylinder change-out or are associated with failure of
conponents in the gas delivery system the capability of reducing pressure
within or at the cylinder limts the magnitude of an incident and the
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substantld? advant age. e pressure rises above a pre-established
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cylinder, closing the high pressure isolation valve(s) on the nanifold, and
act uat i ngo 3t 6MubakAEsPhetik- présBurd GRE lts plade. | 'Sho RG2S aREM fr;&sﬁf@"gﬁkt ain the
contents of high-pressure gas cylinders safely confined in the cylinder
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conporting with safety concerns, since many of the gases used in

sem condidsit B opditing b aFérphd Mdivery Syste@Xi ¢ or ot herw se hazardous in character.

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 controlier
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 safely
confined in the cylinder and to control the delivery of the dispensed gas in an efficient
manner compotting with safety concerns, since many of the gases used in semiconductor

manufacturing are toxic or otherwise hazardous in character.



WO 03/ 103862 PCT/ US03/ 17429 The art continues to seek inprovenents in
safety and reliability of gas sources and their nethods of use. SUMVARY OF
THE | NVENTI ON The present invention relates generally to apparatus and
met hod for dispensing gases in industrial processes such ] conduct or
manuf actWP PHY3B%n one apparatus aspect, the invention #%V@‘Bé%? a gas

di spensi ng assenbly for dispensing gas, conprising: (a) a

pressuresregul ated gas ,source e ol di s at superatmaspheric
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subst antj al liv.d r pressure; (b) a gas manifold arranged to receive

di scharged gas fromthe pressure-regul ated gas source vessel and
conprising gas flow circuitry for dispensing said gas; (c) neans for
selectively isolating the flow circuitry of the gas manifold fromthe

pressure-regul ated gas sggg%§E#§§ﬁﬁhh3ﬂﬁg%$§byneans for renoving gas from
the gas flow circuitry t - the gas source vessel when
t he vessel has becone depleted of gas. In another apparatus aspect, the

invention relates to a gas dispensing assenbly for dispensing gas to a use

| ocatio { L i . . r.ce vessel for
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hol di ng gas at super at nospheri c” pressure; e pressure
regul at gy, @fial proc¥dsdshdh ds BGni¥ GRS Qb matt¥dct@idgl OwW control valve coupled to the
vessel, wherein the at | east one pressure regulator and the flow control

val ve are arranged so that gas discharged fromthe gas source vessel flows

In one apparatus aspect, the invention relates to a gas dispensing assembly for dispensing
gas, comprising:

(a) a pressure-regulated gas source vessel holding gas at superatmospheric pressure
and constructed and arranged for discharging the gas at substantially lower
pressure;

(b) a gas manifold arranged to receive discharged gas from the pressure—regulaied
gas source vessel and comprising gas flow circuitry for dispensing said gas;

(c) means for selectively isolating the flow circuitry of the gas manifold from the
pressure-regulated gas source vessel; and

(d) means for removing gas from the gas flow circuitry to enable change-out of the

gas source vessel when the vessel has become depleted of gas.

In another apparatus aspect, the invention relates to a gas dispensing assembly for
dispensing gas to a use location. The gas dispensing assembly includes:

(a) a gas source vessel for holding gas at superatmospheric pressure, with at least

one pressure regulator at or within the vessel, and a flow control valve coupled

to the vessel, wherein the at least one pressure regulator and the flow control

valve are arranged so that gas discharged from the gas source vesscl flows
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5 WD 03/103862 PCT/US03/ 17429 through the at | east one, pressure regul ator
prior to flow through the flow control valve; (b) a gas manifold arranged
to receive gas fromthe gas source vessel and conprising gas flow

circuitry for dispensing gas; and (c) nmeans for renovip fromthe gas
fIOM/ciﬂ%HPWFV&Fo enabl e change-out of the gas sourcémggggé@%ﬁ%en t he
vessel has becone depleted of gas. In one nethod aspect, the present

i nvention rel ates a hod_ of j Sib5 BRIS I RentRESenbl y

i ncluding a gaé‘r%’éﬁﬂ'ﬁét{éﬁsi%qpﬁesé%‘g%%!iel%ﬂ1%9)%21%@f%egf low relati onship wth
a gas manifold al\Mjerein the gas manifold includes flow circuitry for

di schar gi ng gag ¥ a gas-using zone, said method conprising using as the

gas source g pressurcs oYl BLE 368 OUs SR 055k SORLAIAING N gas ot

super at nosp erern t ressure ‘regulator is constructed

and arranged tg provide 4 gas . Ureahh.sald manifold that is
substantially R P&X}“Fﬁ%‘“‘f%’r essu%%(%? %‘ﬁlg és1lg]p’ernat nospheric pressure gas in
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a met hod of ¢ $“source “coupled in selective flow relationship
with a gas manifqhg, WIS Ehih hd\Redfif BRBRE Bpfbied dighuices flow cirouitry for

di schar gi ng ga§ t0 a gas-using zone, said nethod conprising using as the
gas source a gas source vessel containing the gas at superatnospheric
pressure, wth a pressure regulator at or within the vessel and a fl ow

control yyaly ??eﬁ%upésgé& i Be FhAlht AR GMHRI B 4 andifa desmeking wheasei n t he
pressure regul ator nd the flow control valve are arranged so that gas
di spensegl fEamalBaLYESHRling 4 SMSolld Beeth waplel eglebinieaiowprelationstip f | ow

with a gas manifold, wherein the gas manifold includes flow circuitty for discharging gas to

a gas-using zone, said method comprising using as the gas source a pressure-regulatod gas

source vessel coniaining the gas at superatmospheric pressure, wherein the pressore

regulator is constructed and arranged to provide a gas pressure in said manifold that is

substantially below the pressure of the superatmospheric pressure gas in the gas source

vessel.

In another method aspeci, 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 control valve are
arranged so that gas dispensed from the vessel flows through said regulator prior 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 loast 25%, preferably at least 40%, more preferably at least 60%, and most
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t hrough said flow control valve, and into said gas nmanifold, wherein the
pressure regulator is constructed and arranged to provide a gas pressure
in said manifold that is substantially below (at |east 25% preferably at

| east 40% nore preferably at | east 60% and nost 6 WO 03/103862
PCT/USOQW%?ﬂﬁg&Breferably at | east 80% bel ow) the presBuVES%BH4he
super at nospheric pressure gas in the gas source vessel. A further apparatus
aspect Of)re{'eg%1y' ap lé‘éé%tsb%’hefo%g Represhis & QPR htRIBGIASHd YeesaMS gﬂrﬁl iHeGkadi ng a
pressure-regul’at ed source gas 'vessel coupled in gas feed relationship to a
gas nani&ﬁ%gvéﬁg‘ di spensing the gas to a sem conductor process, wherein
pressure of gas I1n the manifold is at |east 40% | ower than pressure of gas
in the pressure-regul ated source gas vessel, and the pressure-regul ated
source gas vessel conprises a container defining an interior volune for

hol di ng ﬁ%&eg ol BT Shelt ofRE inRedRBRARIARSS Ahy GipMAhE 6 sRi hdwiigont ai ner,

wherei n the ressure-regul ated source gas vessel includes a gas pressure

regul at Ofyeisitt §EuBlidaYsottes PRASRE I dBupléd B ghilfetd teitiodAlpUBR 8¢ midiRldcfent ai ner, and
t he head assenbly i1 ncludes a flow control valve, whereby gas flowed from

the presg.esif Al balsd saRbinafct@Pock8SPR el Sredshi® of @& ilMBBnfadifeld fslhows  t hrough
said gas pressure reqgqulator prior to flow through said flow control valve

in said heagaseeTiiypresdnd oMBRN BN HekeeRalatl SPRESERGeSYSi@the i N Tel ation
to a corresponding gas dispensing systemincluding a source gas vessel

that is peluRi&SsfitdSoiepsaletsl colipfiscdt cb@fdr defiify O intorier fohineofot ng
characteristics: (T) a snmaller sized source gas vessel; (lIl) a reduced

vent i | at hdding)afid IoR6 dHereRiTRIAL ja Kekd Tiseidblyi tiquned Sedthe vosthineawhetbiapdasi ng
capability; and (IV) an increased service life.
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 gaé 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 systemn including a source gas vessel thai is not pressure regulated, has at least
one of the following characteristics:
O a smaller sized source gas vessel,
(ID)  areduced ventilation gas requirement;

(IIl) an increased on-stream dispensing capability; and

(IV) anincreased service life.

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

bereinafter described in greater detail.



The invention nmay be carried out in various nodes and conformations, as

di scussed nore fully hereinafter, including dispensing of superatnospheric

pressure gas, dispensing of sub- atnospheric pressure gas and hybrid

operation |nvoIV|ng di spensi ng of gas at superatnosph ressure that

i s furth&P %%H¥¥8f2at ed down to subatnospheric pressure, 5@ ﬁ?ﬁé after

descrlbed in greater detail. WD 03/103862 PCT/ US03/17429 The gas source

vessel S sourfcé)lf% dl Dod ﬁnfg a3k gﬁ oftlﬁ@m'véh\ﬁ%ﬂiﬂaﬁﬂe IB¥sdaen slgmposed in a
cablﬁg? i y nma %e

gas or alterna |ve provid as a unitary assenbly in an

" open a'cral;m 'afltglln%welérég&y% *e%%g% R vhilRy %énﬁﬂ?'ﬂi §tdded SrmpapivoRd on a

uni strut ard, or  other support structure, and the

gas sourg gﬁe&( %?e?ém R ﬁé)llﬁ%fc‘)‘fh & %o%ﬁtg@on b Bni@td S 112568 GhSpanél Holg, dcnvent i on,

the gas "di'sgensing system may be constituted to employ a gas source vessel
enpl oyi g P ﬁfsér%u%cﬂ@b&l @Qsmcet‘r@s%el%& n@@é@daﬁas wherein the gas source
vessel has” an® assocl at e ve head assenbly including a gas pressure

regul ator device, e.g., a vessel enploying a regulator after the primry
vessel valve, as an integrated valve head assenbly, optionally with a

manual  igghed dsodtevkieSnrhli®l bR digainaispiom may bhedns@sd tofehply ai n tarn
through the primary vessel valve, pressure regulator and the manual

i sol atiqps s&ﬁéewresseﬂéﬁlpﬁ?ﬂ Hrosbusd kepblbtih Vfadhy Qishénssdigh, anaeinithe) gamny be
integrateed in the val ve head assenbly on the gas source vessel. Exanples

of altergatd ¥&sd33s 3R WibGatd€ 86 Beall RBdemBBYintledigTp 20y pdsshie redudat@r acti ce of
the invention are the vessels disclosed in U S. Patent Nos. 6, 314, 986;

5, 937, 89%%yicaRY., 8. RAE SfFeyingd Wegilorkiterlthd Bim&P Yesdel . valie,he an fiqpedds, f eat ur es

and enbodi ments of the invention will be nore fully apparent from the
ensui Ng ylive GbQASLRLBNEhtRRNG WA ntlnadl iBlation valve after the regulator, so that gas-

flows in twm through the primary vessel valve, pressure regulator and the manual isolation

valve. The manual isolation valve in such assembly may be integrated in the valve head

assembly on the gas source vessel.

Examples of alternative gas source vessels that may be employed in the practice of the

invention are the vessels disclosed in U.S. Patent Nos. 6,314,986; 5,937,895; and 6,007,609,

andnEP 1 180 638 A2.

Other aspects, features and embodiments of the invention will be more fully apparent from

the ensuing disclosure and appended claims.

BRIEF DESCRIPTION OF THE DPAWINGS

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

for enhanced safety operation in accordance with the present invention.



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a schematic representation of a
hi gh- pressure gas cabi net, such as may be nodified for enhanced safety
operation in accordance with the present invention. W 03/103862

PCT/ US03/ 17429 FIG 2 is a schematic representation of ﬁ?’{{% r/resepjondi ng
reduced BPIYUIP® gas cabinet wutilizing a sub-atnmosphef %‘Pé%“é‘ re

di spensed gas supplied by a pressure:-regul ated vessel, according to one
ebodi Mg, O jot 1 Getle MU e RBbniafibiCor 3 dofieoRflle RIS praRig@nbadtion of 2
reduced pressure gas cabrnet utilizing llow pressure dispensed gas

suppl i Edutﬁ%inﬁ aﬂﬁﬁﬁﬁt&hﬁfeﬁ@%‘%s@e%péﬂg&ﬁ@ls suppléh Sy §:B8lrc iaMleatvedell N the gas
panel of the gas cabinet by a downstream sub-at nospheric pressure

regul at o ¥ HeRBbodiReR BRL OB e@BRodi nent of the invention. DETAI LED
DESCR P eREE e R e e B REFERRED ENBODI MENTS THERECE The

di scl osures of the follow ng patent applications and patents are hereby

i ncorporated herein by reference in their entireties; United States Patent

No. 6, 13gcA92iSeHaRaCbRBR tatdoh of20 Aduced YRéshiRe o adbast Maleinta N 5, 935, 305
i ssued August 10, 1999; United States Patent No. 5,518,528 issued May 16,

1996; bdsid dRbAk&S et pIMd Boh04ep 8R4 veRHEMd JatiPfyulfied hB8;  United
St at es Iljgtent d% 5,giao4,p867 l?Jg&spured Jangggry 6, 1998; Unlgl': ed States Patent

No. 5, 70gs frfbl bfSHI0M cAMMWBY ¥ dobdstrobPiABb-atrldapHeficiprEisave egguidfnt, abdordiy 5, 917, 140
i ssued June 29, 1999; United States Patent No. 6,101,816 issued August 15,
2000; Ugizh@her ohmBbEsedtaf @ invdd@on.6, 155, 289 i ssued Decenber 5, 2000;

DETAILED DESCRIPTION OF THE INVENTION, AND PREFERRED

EMBODIMENTS THEREOF

The disclosures of the following patent applications and patents are hereby imcorporated

herein by reference in their entireties:

" United States Patent No. 6,132,492 issued Octobelr 17, 2000;
- United States Patent No. 5,935,305 issued August 10, 1999,

. United States Patent No. 5,518,528 issued May 16, 1996;

" United States Patent No. 5,704,965 issued January 6, 1998;

- United States Patent No. 5,704,967 issued January 6, 1998;

. United States Patent No. 5,707,424 issued January 13, 1998;
. United States Patent No. 5,917,140 issued June 29, 1999;

. United States Patent No, 6,101,816 issued Aungust 15, 2000;

" United States Patent No. 6,155,289 issued December 5, 2000;
. United States Patent No. 6,089,027 issued July 18, 2000;

. United States Patent Application No. 09/522,347 filed April 19, 2000; and
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United States Patent No. 6,089,027 issued July 18, 2000; United States

Pat ent Application No. 09/522,347 filed April 19, 2000; and WO 03/103862
PCT/ 11503/17-129 United States Patent Application No. 09/874,084 filed
June 5, 2001. The present invention provides a |ow el evated pressure or

sub- at n¥PPEIBR2pr essure storage and delivery systen15$ﬂg$’ﬁﬁ§9as a source
gas supply neans for applications involving sem conductor processing, such

as et oh ol eaning: Gl PRASERHIEAN RISHuMThRGIRLdeiises,  chem cal vapor

deposi tion using gas ecursor conp opant “del i very of dopant
gases or precursors for gaseous dopant species, ion inplantation of hydride
and halide gases, and organonetallic Goup V conpounds, e.g., arsine,

nd hal s, and o . 9., arsin
et og, - BEf R pppionfotiaepl o R e LR MG PRkl A0 i) S
anal og, BI5) | i . “and [0)3s0.
ubst antTaI Ty L SRuRn bk s § RCTSECAPRD hhal R APBREGe MO ator s

that ar & Lﬁduét%fjinfo% gé?lsﬁ %Gk chlea oif ﬁrgé&st Qﬁi ﬁﬂlﬁrhgﬁde(g%ég,r age and

. ) s5)
di spensing) vessel. At feduced pressutes, connections —are easler to make

| eak-ti glbmicANESsHHefositich )Q/d's&)ug PHEESH Biap&ihas) dlﬁlﬁajnf(‘héiﬁéﬁ‘if dépad: val ves are

able to seal nore effective thereby reduci ng |'eakage and particle

gener at igQfs of PprdelRbrs foPPkaRE MBIt EpLGkE Sof iifpl SRR G dyiiiheeinfiiteligNCy as a
result of reduced material that nust be. renoved dufing the purging or

vent i ng ;aRE a4 b@AnonfeRIRAAEH V ¥orfouhdiCe. £ At sitld, %ﬂ&ﬂﬁ}x&;aﬂ&qﬁim@%bas i mpr oved

operating life by reduction of pressure, and the safety of operation is

enhancedipt it P4iEAHORCeRRARR hol AN, 0] G, Wi I Bl | 1 | 5

di spersion’ o Ient envirohment r'n the évent a | eak, but

al so in?éﬁ@ﬁﬁ%l%&ﬁ%@ﬁzﬂéhr6|iability that will itself mnimze such | eak or

failure évents in gas supply system

Reducing gas pressure of the dispensed gas in accordance with the invention substantially
extends the lifetime performance of valves and regulators that are uiilized for delivery of
gas from the gas source (storage and dispensing) vessel. At reduced pressures, conneéﬁons
are easier to make leak-tight, pressure surges are reduced or even eliminated, and valves are
able to seal more effectively, thereby reducing leakage and particle generation. Further,
purge/vent cycles are enhanced in efficiency as a result of reduced material that must be

removed during the purging or venting operation.

Componentry of the gas dispensing equipment has 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 mcreased cquipment refiability that will itself minimize such leak or failure events in

the gas supply system.
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10 WD 03/103862 PCT/ US03/ 17429 The gas storage and di spensing vesse
utilized in the practice of the present invention may be of any suitable
type, including conventional high-pressure cylinder vessels, whose.
phlcknessoand over-design for contai nment of gas at high pressure further

i ncr eas@80PHEBaf ety of operation when retaining the Y0318 di spensed
(i.e., thed"gorking gas") at lower or sub-atnospheric pressure. The gas
storage .and di.spensi \V -he -edui Whilohr@ent ¥ head assenbly
|ncludiR%ﬁﬁﬁi?mgﬁﬁ%g?%%ﬁ%&gg&ggﬁ¥g%35€g¥98@§%§hreq?eFFégkﬁggns such as a
pop val e, burst . di of AkRE" Lo B WeSsufeS Liifler RARE, whbdd d
rﬁgulat§§§3aﬁﬁ'%F%%?E%ﬁt%%ﬁhﬁ fgﬁ%ﬁégﬁgggqgggmbaj%Egmbf n%hual or autonmatic
charact gf.. coupli nas; f 0 ' f L LG Il HereRMebi@e di Spensi ng
neagsffg&“%%%b%?ﬂﬁgé*ﬁgﬁé@%%%ﬁgggﬁggég?éhgﬁ%égﬁg of usg,cgtc. ?he vesse
used for. guRpl %@R,F,m' S0, bdaibfseR (RS teOSroftfing! 26 bity@Bt i On s a
pressures?f%&eogﬁ?(eéﬁg)ak@g%se ) g&%e g%e% ﬂ%lrﬂg?sr?, b’i Re Gt erom "gtpéraegs,ur'e-regul at ed"

N 1 el el 06 Gorord30es UM i gad BTALIandl B Zhfing RoB1 HBPRRbARIHAIN 2

cont ai ner por osing &n interior volune containing the gas to be

di spenseghy. 404 agggﬁgg%@\% 111 o8 disHapdetRFE) I0DG-pBaSurd feRENk s dubl &5l OF Vol une,

with a gas regu e at or within the vessel, i.e., the gas

regul at Fop v ib?ﬁ?&ﬁé or biherloDE-PridiRE FoRbE Mt MRidGEeuldhts MESHARY conf] Ot her wi se

. . t . .
is disp d at e port of the container portion (for exanple, the

regul at QfeJBRY% RS R PhibdsdF Ikt bhubbniahie cliablcRE, c@ipli@ foFdomdetich Pdlot al |y in
t he neck opening of the vessel, or protruding fromthe neck opening of the

vessel ) it 8r offbr dishensise MOAE fRS&REHAMY the Bipenied gD AlRMs 6fusé,be. vessel . The
head assenbly may include a unitary block or other structure containing
fl ow passages and ancillary elenents therein constituting regulator and
val ve conponents of the head assembly. The regulator in a preferred aspect
?L the ] I"ﬂtmﬁ QBHsé1 QBedi 51 ApPFIRBDAE wotkitghas inghs pditep enbethvintiomitamessessel f | ows
roug e
regulated vessel. As used herein, the term “pressure-regulated” in reference to a gas source

vessel refers to a vessel including a container portion enclosing an interior volume
containing the gas to be dispensed, and having a port for discharging gas from the interior
volume, with a gas regulator device at or within the vessel, i.e., the gas regulator is disposed
in the interior volume of the vessel, or otherwise is disposed at the port of the container
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 compohents 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,

ejectors, eductors, etc.
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regulator, prior to flow through flow control elenents such as val ves, nass
flow controllers, ejectors, eductors, etc. 11 WO 03/103862 PCT/ US03/ 17429
Vessel s of such type are disclosed in U S. Patent Nos. 6,101,816 and
6,089,027, and are commercially available, for a variety of sem conductor
processi'H'YWs#2 from ATM, Inc. (Danbury, CT). The YT vessel may
alternatively be of a type having a vessel shut-off valve positioned

t f . i trol
”pfvge?%egsels};ﬁﬁ%%% ldgspgécfdllﬁ' U rﬂtehi%&éfﬁhéﬁﬁ][@ Al 62995 ahd fileow contro

va to vary t |'ow of the gas, in a shut-off

val ve/ 1 GOl bi-OM0E 30 ity B ol AN GRIBRINe AR, SAEATROMENEN S MRy
for exanple be Tntegrdated In val ve head ™ assenbly for the gas source
vessel,(ﬁ&mghh ﬁjse associated with the vessel. The vessel has an outl et
port, e.'g., I'h a valve head assenbly coupled to the gas source vessel, and
restricted flow orifice (RFO) elenments are provided at the gas outlet port
in preferred practice, for enhancing the safety of vessel operation. A

single 633 HOULGE VESE Shay B¥rddfvedf B 1H€01yBS neaKDhL SscD sut-bBvabel d in the

practice of the 1nvention, or alternatively a plurality of vessels of such

type may, BeoSHBbRYE of I e @ilid A tumlid\kehin 36 GeRIERacomep] ¢dlenga- out of a
spent véssel at” a point of depletion of the gas contents thereof, and

COMTENCURBE nRfuIRed 8 (EAMORAY 8L theRad)id B sButfollt YalRAGIUlH RS S@trdlN the
array. For this purpose, nultiple vessels may be installed in a gas cabi net
or Ot heryiys Grrazed Rt Sfd tsie o otdEneRBthdyOfodl exavplelbediftteidicd is wivilebhed Syst.em
bei ng enployed to automatically switch over the vessels to nmaintain

cont i NUQYSMORE6ahd QB8 siifcelviRelgaotiRvaRaRscafd siE tiRewsien  a first on-stream
vessel becomes depleted of bas. The flow control valve on the gas source
vessel (as well as the shut-off valve in the shut-off

The vessel has an outlet port, e.g., in a valve head assembly coupled to the gas source
vessel, and restricted flow orifice (RFO) elements are provided at the gas outlet pori in

preferred practice, for enbancing the safety of vessel operation.

A single gas source vessel may be provided as coupled to a manifold in the practice of the
invention, or alternatively a plurality of vessels of such type may be employed in an array,
thereby accommodating change-out of a spent vessel at a point of depletion of the gas
contents thereof, and commencement of on-stream operation with a full backup vessel in the
array. For this putpose, multiple vessels may be installed in a gas cabinet or otherwise
coupled to a gas manifold, with an auto-switching system being employed to automatically
switch over the vessels to maintain continuous operation of the gas dispensing system when

a first on-stream vessel becomes depleted of gas.

The flow control valve on the gas source vessel (as well as the shut-off valve in the shut-off
valve/regnlator/flow control valve artangement discussed hereinabove) preferably are

pneumatic valves in the practice of the present invention, to facilitate automatic operation
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val ve/regul ator/fl ow control valve arrangenent di scussed herei nabove)
preferably are pneumatic valves in the practice of the present invention,
to facilitate automatic operation 12 WO 03/ 103862 PCT/ US03/ 17429 usi ng
conpressed air or other actuating gas in the gas di spepsin em Such
val ui ng P984 abl es two-point isolation in the systeﬁ¢”8ﬂ88¥§ | ation
poi nt being defined by the gas source vessel valve and the other point of
i 50l at i ophei AL DL aBNR b e bk 88 Gl afstdnt Sehanass ag stical 'y
used in %ﬁgﬁ?ﬂgﬁ 6??cuitry mher%kthe ggs é%urcg vessel dispensing line
connect s il Aso1dToR i AeCsysitRS ofkABol iR Rlotht DY AGERA Byh@e paesent

invention 1s usefully enployedto deliver any suitable sem conductor

processi 0QA3865 valbd el Uell Jikkr ISREST idRB6h Hethgltiamarmaldfiafdiieh v41e: B conduct or
devi ces and precursor structures therefor, as well as gases that are used

for  cl egRiRerifkal) REE S the TR &I cRitd\hetd MY gBd Edutiet velsel ASpeaifihg lids gases that

are used i n abatenment of effluent streans deriving from sem conduct or
nmanuf act ygh0g Rlehedal fRsitoldl t hough primarily described herein in reference
to delivery of gases for sem conductor processing applications, the
utility of the present invention is not thus limted, and the gas supply
system of the present invention may be utilized for other applications in
whi ch gasphd gas slpflpSWiRSl of the bidshnt béntien i xsilyesmpliedstocialivk bermiktbies e
applications include, without limtation, welding systens, underwater

br eat hi ngmajepdikmt Uprocadéihg - fasds/ Oltiadingd Udabedi ngdptin gthe gasnufysingmef oi | wel |
fire suppression systens, hydrogen-powered vehicles, chem cal storage and
di spensi fghidoaduictot Bévirds G@l recursat Structueps Gieeafircasl walgmphses timbare @sagdar and
airborne materials and agricultural fruit ripening systenms, to nane a few
The i nvegltaning ofprycesdchembat enditowediphity.ed welbas ghedsi theg pig vedd igabanegich as bor on
trifluoride, silane, nethylsilane, trinethylsilane, arsine, phosphine,

di bor aneof efthent istieams BickiBing BRIDO semiconductor manufacturing operations.  Although

primarily described herein. in reference to delivery of gases for semiconductor processing
applications, the utility of the present invention is not thus limited, and the gas supply
system of the present invention may be utilized for other applications in which gas is
consumed. Hlustrative examples of such alternative applications include, without limitation,
welding systems, underwater breathing apparatus, anti-terrorism building purge gas
systems, oil well fire suppression systems, hydrogen-powered vehicles, cheﬁical storage
and dispensing facilities (e.g., storing chemical agents, nerve gas and airborne materials),

and agricultural fruit ripening systems, to name a few.

The invention may therefore be employed for delivery of gases such as boron trifluoride,
silane, methylsilane, trimethylsilane, arsine, phosphine, diborane, chlorine, BCI3, BoDg,
tungsten hexafluoride, hydrogen fluoride, hydrogen chloride, hydrogen iodide, hydrogen -
bromide, genmane, ammonia, stibine, hydrogen sulfide, hydrogen selenide, hydrogen

telluride, and corresponding and other halide (chlorine, bromine, iodine, and fluorine)
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tungsten hexafl uori de, hydrogen fluoride, hydrogen chloride, hydrogen

i odi de, hydrogen brom de, germane, anmmoni a, stibine, hydrogen sulfide,
hydr ogen sel eni de, hydrogen telluride, and correspondi ng and ot her halide
(chlorine, brom ne, iodine, and fluorine) 13 WO 03/103862 PCT/ US03/ 17429
gaseous ¥BAYYIEs such as NF3, and organometal |ic conpBOHEYS#2Y ~ G oup v
conpounds such as (CH3)3Sb in sem conduct or processing operations, and

gases such as 0 Spndh Dilic"BSPRRARds, .4 esp, vear bon
monoxi dev and °Pa¥(g{n§§§5 algf’glgi 7 annd é er apgl icatl onss. éAI t hoggh t he

invention is prinpril escribed i nnecl: 1 ] or

processi W&po‘ﬁ‘gﬁ F‘frggé’f ﬁ%ﬂg?’%’@r% H’O%&gff%ﬁ%ﬁog&égdéégge#g%%és | ag‘%?g%%s and

di spensed fromthe ggs source vessel, it wll he ugderstgg?kégpt t he
utility BorHbon SHEndmeeT IHEBES PIE FRYPIEC B PAIReFS &ktehds to  and
enconpasses the storage and di spensing of multiconponent gas m xtures. The
pr esent ﬁh@éﬂ%?%ﬁ“%rovides an enhanced safety gas supply system utilizing

a gas source including a cylinder or other fluid storage and di spensing
vessel in which a fluid at elevated pressure is pressure-regulated, by a

ressure regyl ator device. or, asse Y, within.or at t Lader. Since
g uch pr e@&fn‘g@ tﬁ%ﬁ‘ﬁ?‘ﬁ‘f’? GrPrimaily; S°5$P4a1¥ C?WSO%O;I}I‘YI% ar lcﬁ%({s&gtﬁlbﬁx‘lﬁge t he Ino_r nmal
operatin rr.angenent for high-.pressuce ses stem of the
i ﬁventi &%Pl?ﬁﬂ‘é?ﬂsg’g‘é‘i‘?{"sa 5 g!fé&%ﬁ%eﬂgsem% B éSPB‘?ﬁB%?Q’gr“%a%’F g"g@?%ée/ssﬁ whi ch hi gh
ressure es are t tl ot her wi ] conduct or
Brocess’f °3F&F%§ﬁ3%$hFﬁg%ﬁfgﬁwPﬁgﬁggggﬁgﬁﬁggéﬁ%’%ﬁﬂ%?%ggﬁﬁgg}domngtream

addi 1 oS SFaYT T St Tonieal e bR B B BARA, Tk up Tor the
pressure regul ator associated with the gas source

The present invention provides an enhanced safety gas supply system, utilizing a gas source

including a cylinder or other fluid storage and dispensing vessel in which a fluid at elevated

pressure is pressure-régu]ated, by a pressure regulator device or assembly, within or at the

cylinder. Since such pressure regulation within or at the cylinder has not been the normal

operating arrangement for high-pressure gases, the gas supply system of the invention

represents a departure from the prior art practice in which high pressure gases are throttled

or otherwise regulated at the semiconductor process fool or chamber in which the gas is

used, or otherwise downsiream from the gas source.

The invention in a preferred embodiment employs an additional regulator in the gas
dispensiﬁg manifold, as a back-up for the pressure regulator associated with the gas source
vessel, and to provide secondary pressure adjustt;lent closer to what is required by the gas-
using process that is being supplied from the gas source vessel in the gas supply system.
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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vessel, and to provide secondary pressure adjustnent closer to what is
required by the gas- using process that is being supplied fromthe gas
source vessel in the gas supply system Such a "second stage" regul ator

di m ni shes the "supply pressure effect” as the gas source vessel pressure
and gas YRV¥HP#Ry are depleted in use. 14 WO 03/ 1. 03862 PEYPUEEE/ 17429 As
used in such context, the term"additional"” in reference to the gas

Dr essur o, S odfbx, WA SR b bl 6 B bR St Rt suCh

mani f ol s rn addi tTon eas one preéessure regul ator

that is atbeg%g%l{aﬁllfcﬁg,fr\é\fe}s% Ehg,‘[?f%&?ﬁte s?l%%:ﬁfo‘l’cﬁ%éﬂz{mr id e ahBbiMo thd e @QEat i on”  and

"I ntegr erence pressure Tegul ator(s) associated wth the

| . : ke i iall
Ig?]‘ts ef ?g:q%g pﬁgsglgegrg%l&aqgrﬁnﬁ% ﬁg ﬂ%@é&&%&h rﬂ%gga”s @t}upcre(v’é%sel.a e %&;1 ﬁ%ltah&f* rtrally

e véssel " interior volume and/or are provided in a

head asseghir%eggietdt’ N8 xd %&?c?lst? tﬂ%?}ﬁegsﬁe %B&E Qgg?&ﬂ& \Ev'l\sﬂ)?ﬁﬁeéa's Soi@S contai ner

portion5§ he val've pressure tegul at or of  the head

assenh! %oQLemEU Rl dud tofiRorlc) A 4f MR liRSlioy [dpbdl@ il b QEdsOr

gas-hold?ng vol une o t tainer portion of the vessel. The present
i nventiqp. i ' 1dbH th b hZ RS @mBROrIRWEE HASSRbunAh G & pressure
qﬁ'te%({e} gﬁ%y g%ﬂ%@rddrgﬁrﬂhd fihh s@nBfS e un!

regul at or t orrwthin the vessel so that gas being di spensed wll

f1ow t hraug géaecon{aﬁxgﬂéblﬁ{ia{ s fbOthe HRvE(S)OMANFoskiE Q8paR(ABYofU@S hbddow cont r ol

el enments such™as gas di spensing valves. The invention thus provides a gas

source Vessely M bdhpRA iR gR0GdvAtREminRhES R te 1RERS SV-BIdiRMkinos f unction,

and such gas supply systemmay utilize pressure as part of a shutdown and
cont rol yEtRagde! REton ot aR ve@¥el and effective manner, as hereinafter nore
fully described.” The advant ages of the invention include its capability for
reduci ng the risks of using hazardous production materials such as sil ane,
silane m xtures, phosphine, arsine, carbon nonoxide, silicon

t et raf | ugg ipfent tiveRfdiBintsk: enbbdiient Ryilizl AUtas Bourcy dasel bivinpag pictsutte
regulator deployed at or within the vessel so that gas being dispensed will flow through the
regulator prior to flowing through any gas flow control elements such as gas dispensing
valves. The invention thus provides a gas source vessel with an associated integrated
‘pressure reduction ftmctibn, and such gas supply system may utilize pressure as part of a
shutdown and control methodology in a novel and effective manner, as here'inafter more
fully described. The advantages of the invention include its capability for reducing the risks
of using hazardous production materials such as silane, silane mixtures, phosphine, arsine,
carbon monoxide, silicon tetrafluoride, to name but a few, by about an order of magnitude
or more. The volume 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 amount
of the material present in the manifold and dispersible into the ambient environment in the
event of a leakage event is substantially reduced, in relation to current high-pressure gas
supply systems. By rigorously limiting the maximum operating pressure that is permissible

in the operation of the gas supply system, the gas supply system of the invention enables
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or nore. The volunme and nmass 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 anbunt of the material present in the
mani fol d_and di spersible into the anbient environnent in the event of a

| eakage ¥O&HIO¥2 supstantial ly reduced, in relation toPcUF?@{*?
hi gh- pressure gas supply systens. By rigorously limting the maxi num

operatin t. .l i SR iRt Shiatin@br @ienith® gas supply
oyst om R B Bhith o BB AR hicir, ol o RGO NS 103802

PCT/ USO PLessyre to be used in a hitherto-unavail able manner, to
limt tﬁé%ééﬁgﬁt%éﬁiénd/or magni tude of a gas rel ease event. \Wen the gas
supply system of the invention is operated in a sub-atnospheric pressure
node, an additional safety control nethod is avail able. Such

b- ' ' | i@ s ks i h
sub- at MYFRAGKS GaPhip Wi flom WP RlehicAltor Bopkiitd i AGhb-binfolikriapsdumakss | n. the

system inflowwng to the flowcircuitry until anbient

(e.g., ?J@%ﬁf%&ﬁal&%ﬁ%ﬁ Hirfroefbthod Br Atilat. | Suchhab-hlmyphesis pubsutey i S

achi eve oW ng Ich the | eakage outwardly of the dispensing gas wll

be diff %’?b@ﬁkﬁ! has B{3hehd B BnaB iy IEE InYeheS by@iimi WAll &R 2fnBEAET or inkloeringas fieuppl y system
of the invention 1 n one enbodi nent operates to isolate the gas supply

cyl i ndergiuf cilolaGy 4AR aRBRR! (¥.o TRBIobk:AL) PressSd u@ilionaeed sheflopr deitrg isni ned
pressure, e.g., becones sﬁlghtly positive in gauge pressure, such as 5

PSi 0, i NcRewtSHEswNE §hithihdBiageSourstirslp ©b SR dispeaig ithewlide dffipfinyt cyl i nder at
sub- at nospheric pressure. Such cylinder isolation feature greatly reduces

the ri sknlhat eliRfieE¥lowidehare@nt ents W Il reach the environnent and pose a
heat h and/or safety issue. In a further enbodi nent, the system may be

constructed and arranged so that a pneumatic valve on a cylinder does not
open for dispensing of gas,

The gas supply system of the invention in one embodiment operates to isolate the gas

supply cylinder if the gas supply manifold pressure exceeds a predetermined pressure, ¢.2.,

becomes slightly positive in gauge pressure, such as 5 psig, in a system wherein gas is

dispensed from the gas supply cylinder at sub-atmospheric pressure. Such cylinder isolation

feature greatly reduces the risk that the cylinder contents will reach the environment and

pose a heath and/or safety issue. In a further embodiment, the system may be constructed

and aranged so that a pneumatic valve on a cylinder does not open for dispensing of gas,

unless a negative pressute is established in the gas supply manifold. This ensures that the

hazardous gas contents remain in the cylinder unless a safe dispensing condition exists.

Tn various embodiments of the invention, redundancy is provided by use of multiple
pressure sensing elements, e.g., pressure transducers, or pressure switches, in the gas flow
cironitry. As a further variation, 2 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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unl ess a negative pressure is established in the gas supply manifold. This
ensures that the hazardous gas contents remain in the cylinder unless a
saf e di spensing condition exists. In various enbodi nents of the invention,
redundancy is provided by use of nmultiple pressure sensi nts, e.g.
pressuré”%?%ﬂ@%ﬁcers, or pressure switches, in the ga§ﬂ%V@%W$%%?§uitry. As
a further variation, a regulator of the type associated with the gas source

vessel | Qe Qhilech YRS Auid £ Hinet, Wit BRI INAS didtoubonftioty oi r cui try

near the process gas the manifol d, inside the gas cabi net

encl osurg, .: : ihd QAL vds&gul at or provides an added | evel of protection
againstagogﬁgggpggﬁg%éon o?sgas at the internal elevated pressure 16 WO

3/ 103862 PCT/ US03/ 17429 of the gas source vessel, outside of the cabinet,
in the event of failure of the regulator that is associated with the gas

source f}a‘ﬁbn of B gést duffly qstehhﬁr F8RnSHPHH %s siysbamdsgheritl pepanrsing of gas at
phe e a

sub- at no ric pressu so has other benefits. For exanple, a

convent ihgpé‘th HefdED ! B SIS ¥ doRRBfionIPS g paflng cFlialeegas st ©alelny utilizes a
dedi cate cyTlnder of purge gas, e.g., nitrogen. Wth sub-atnospheric

Pr essur @uanay akiliRl a deBitaté@Huhdeg B Pirg® faspe.g ¢ ditogdne WNR sybatgesphas cyl i nder
can in nmany "instances be elimnated. The pneumatic valve on the gas

cyl i ndery,Gans ahdhtdg, tHetrequireiibt BTAUSIIRAP NIQRSRI g cgiksiet canbim Wirgpensed
remai ns cl osed during purging, and set point regulators (SPRs) are used in
t he pressinses’ B inbRtdgaThs uatativeabel o thet bes pylmddr cartadfing Be | nventi on
whi ch do not open even at high exterior pressures (e.g., > 2000 p prospect

of admi tshiREndictbPFBsSSgag &bl dispensthemains klosd dyding wygingded sétpeigt t he purge
nitrogen systemis negligible. As a result, the gas supply system can
enpl 0y GegBitors 3PREPIre 1R lin (he pressamirbgniated gas sounmsvpdsehin drgractepdfites a | ower
ventilation rate in nornmal operation than a gas )

invention which do not open even at high exterior pressures (e.g., > 2000 psig), so the

prospect of admitting a hazardous gas from the working gas cylinder into the purge nitrogen

system is negligible. As a result, the gas supply system can employ a gas cabinet that is

smaller, less complex and requires a lower ventilation rate in normal operation than a gas

cabinet employing a conventional high-pressure gas cylinder lacking the pressure regulation

characteristic of the system of the present invention,

As a further advantage of the gas supply system of the invention, the gas cabinet ventilation
rate can be reduced proportionately to the magnitude of the expected worst case operational
release, in addition to the aforementioned reduction in the ventilation rate incident to the
reduced size of the pas cabinet relative to a cotresponding conventional high-pressure gas

cylinder system.

Still further, the insurance rates for the fab can be reduced as a consequence of the enhanced

safety operation enabled by the system of the present invention, and the placement and the
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cabi net enpl oyi ng a conventional high-pressure gas cylinder |acking the
pressure regulation characteristic of the systemof the present invention.
As a further advantage of the gas supply systemof the invention, the gas
cabinet ventilation rate can be reduced proportionat§%¥ he magni t ude

to
of the &XP&URPIworst ease operational release, in a 'Wp%ﬁh?%gthe
af orenenti oned reduction in the ventilation rate incident to the reduced

size of 4he 08F APk &) Fﬁ%{naﬂnb\éemfcenaactspf&ee%p%ﬁi Qg WospraRisd anal
hi gh- pressure gas ~cylinder system Still further, the insurance rates for

the fab £an Re.J @AGERER ofitS RREGAMARCABHa Q. enhanced safety operation
enabl ed by the systemof the present invention, and the placenent and the

17 W) 03/103862 PCT/ US03/ 17429 di stance of the gas roomfromthe
sem conductor process tools can be optimzed as a consequence of the

reduct i QiheRfing RE rdineddr PoGSS UihCactBiliftict alithl ih8 kftesexPriftveation groatdes auced
pressure in accordance with the present invention provides the additional

advant agaqitifial 28eagd MRl &8 AldRCiffcRNn’ HOW cituitgl tédiponennpDpeniue of pressure
surges, which can severely shorten conponent service life, are mnim zed,

relativeglsgs, v et é0aal shbréi- St SeroPe Nitd, iaén midimizad)atladve @bodi nent of
the i nvention, pressure-controlled gas delivery is carried out, with
set ti Ng cGhvehii@al i@ predsire bp@itoat ed cylinder (by setting or adjustnment of the
set point of the regulator) to a nomnal positive pressure, as for exanple
10-100 psig, and placing the pressure set point of the high pressure alarm
in the systemat a pressure that is 10-20 psig above the selected
oper at i ng apites stbd@imdn0of the inggeon, prpsafe-cpsoledgshistidomi carded eut.syithci fi ¢
illustrative exanple, the invention was evaluated in a sem conductor fab
i nvol vi peiinebf the piesate-sillaaicylindm by ¥aBDEror afingwent of theeggupainted theessel
depl oyed in a gas

regulator) to a nominal positive pressure, as for example 10-100 psig, and placing the

pressure set point of the high pressure alarm in the system at 2 pressure that is 10-20 psig

above the selected operating pressure, for triggering of system shutdown.

As a specific illustrative example, the invention was evaluated in a semiconductor fab
involving delivery of silane from a VAC® pressure-regulated vessel deployed in a gas
cabinet, wherein the gas cabinet was modified to actuate an alarm when the pressure 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 mannet, the gas delivery
panel regulator acts as a second stége 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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cabi net, wherein the gas cabinet was nodified to actuate an al arm when the,

pressure in the flowcircuitry therein reached 10 psig. A still further
enbodi ment of the invention utilizes a further regulator in the gas
del i very anel, in addition to the regulator at or w as

];hi n tp%g
cyl i nderVOR¥ 1886k ans to further nodul ate the pressure"Q¥UIHE™3Es for
delivery into the fab. In such manner, the gas delivery panel regul ator

ggf:i- = ﬁﬁ?‘%?@oql i E‘ﬁgﬁ?g&g?ﬁinﬁﬁﬁf cn;aﬁ(h(%l%ﬁri&ab §1B€Jhtﬁh&% witich Meifagdy OVi des a

up sa meas e un y event at a regulator at or

LN HRe0%S B bR Sy NS s BHENAC U ket HQUPA05EGR, RET/ USD3/ 17429

The invention is suscep enentation in varirous enbodi nents

wher ei n iRRGHIEL GxesV@ntST o2 b Epﬁw-%dﬁg%é@ﬁxaﬁf&kfs Rehefashs CiideRder .

Appl i cat such type 7 nclude’ ion. ant gas boxes, standard gas

cabi net S, 4d; %-@}Seggﬂigxp%aigﬁ? bR LS 41843 s SR bR epilorlr © NOT_enpl oyed,

bul k del1very iter cylinders, and tube trailers. The
gas storage and di spensi ng system of the invention nay be arranged for
di spensing of gas at a desired | ow superatnospheric pressure or at a

sub- at mogphes ét&'a%?:raia Htp&isind kystend bP8G invédiiBN IR b arrYedBPdifendng §Stri Ctive
flow orifice in the gas dispensing flow path that natches the process

requi r enBRktS deGitealiV® stleRRENPREic PRSsurc' Bt b amdtﬁbggheﬁcrpr&éur@tat i Hgeavessel is
normal ly closed and flow only occurs when the delivery manifold fl ow

Ci rcui t riibwl@WNEY #58 3 frés@Biv Bow BASceSh AR dBfrisitld BPRDSh At iR&EE! nat ches
the threshol d operating pressure. The regul ator enployed in the practice of

the presgdfrodeliSdtlireMBniSTLY the YisPenSéd 1@k CTHAEG MR or 2Dthe 3BssASSRMBALY Of two or
nore regul ators, and the set point of each such regulator may be fixed or

adj ust akioted/adifioRloflyloBevedWaiicathealelivehRanifofl ffw drcaitly dp@hsibant Ga it Or
arrangenent elimnates the potential for accidental backfilling of purge

gas i nt Gat ficragpaad Siopsify Veass Mhiches the threshold operating pressure.

The regulator employed in the prf;lctice of the present invention may be a single reguiator, or
an assembly of two or more regulators, and the set point of each such regulator may be
fixed or adjustably variable in character. The use of a set point regulator arrangement
eliminates the potential for accidental backfilling éf purge gas into the gas source vessel
while the vessel is coupled into the manifold gas flow circuit, when dispensing of sub-
atmospheric pressure gas from the manifold gas flow circuit to the downstream process, If
the set point regulator associated with the gas source vessel is set for superatmospheric
pressure gas dispensing, e.g., at 100 psig, the pressure of the purge gas should exceed the set
point pressure of the regulator on the gas source vessel, to ensure that the set point regulator

remains closed, thereby avoiding any accidental backfill.

The set pressure regulator may by way of illustration be of a type employing a pressure
sensing apparatus [PSA] such as a welded bellows diaphragm to regulate flow of gas,

wherein the PSA reacts to a downstream delivery pressure and adjusts the position of 2
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while the vessel is coupled into the manifold gas flow circuit, when

di spensi ng of sub- atnospheric pressure gas fromthe manifold gas fl ow
circuit to the downstream process. |If the set point regul ator associ ated
with the gas source vessel is set for superatnospheric ressure bas

di spensi WG 9¥&%3802  at 100 psig, the pressure of the purﬁgﬂﬂﬁgﬁgﬁguld exceed
the set point pressure of the regulator on the gas source vessel, to

ensur e t hatrel BSHpe€dr dBREPIndRENRhOM thd SRR paf. O8RIBSA iR 8 Bsiradti di ng any
accidental bacKfill. The set pressure regulator may by way of illustration

be of a LypgRTRE f¥ied HuiheRiBSRt0R of BERZIING: ApRafat us [ PSA] such as a wel ded
bel | ows di aphragmto regulate fl ow of gas, "wherein the PSA reacts to a

downstream del i very pressure and adjusts the position of a 19 WO 03/103862
PCT/ US03/ 17429 t apered poppet or corresponding elenment in the gas flow

path. ThenPeh dithde dnd KiB&IsigRldelCaly Muk@e ANghekeRhRbrdUddubIg stpeiuf act ure of

the reqgul at or apparatus. The gas storage and dispensing vessel may thus

utilize Zusthdd dgBladl,388ndel s@ it OMb URpeREABs b MFdugh HeGEatladir Bkforedit I anged so
that the dispensed gas flows through the regulator before it enters the

val ve heaglerditd vhalveWsad 4mdqlegh ikrBighRd vevel h&tial The Thesupl-RESatéEvesegul at ed
vessel nmay be enployed in conjunction with additional regulator(s) in the

gas cabi aay be emplayediin gonjindorOfith sldioa egllatbr(d) Mk gds RgbiNe S&Rdining N Whi ch at
| east one additional regulator is disposed downstreamfromthe vessel in
t he mani fhalgek ftdeliy aRd Aispnkingy vdseel, i erhigh st leaboneakiditibml tgalalbly disposed/ | de
mul tiple stage regul ator performance and pressure control in the vessel as
wel | as dewdseganofrbiy thehan@edin the manifdld flbe chpytredi it @ds tdbider, ththeghys St or age
and di spensing systemmay be nodified, with positioning of the regulator
i n the vplovide inghigectage regtilater perfhmare eddygesspe contwh irothe tvksseliantvelt kor  vol une
of the vessel, upstreamof the flow control valve. It is preferred in
pract i ceesttegiorly thereof.

It will be appreciated that the gas storage and dispensing system may be modified, with

positioning of the regulator in the valve head or in the neck or other portion of the interior

volumme of the vessel, upstream of the flow conirol valve, It is preferred in practice to

deploy the regulator at least partially within the interior volume of the gas source vessel, to

thereby protect the regulator from shock, immpact and vibration during storage, transport and

use of the vessel, as well as to realize the performance and safety benefits of positioning the

regulator upstream of the flow conizol valve.

The gas pressure regulator devices useful in the broad practice of the invention can be of
any suitabIe type. Preferred regulators include the Swage]ok® 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 to pressures on the order of 2550 psig.
The use of high-precision regulators permits gas to be reliably dispensed from the pressure-

regulated vessel, at the desired set point pressure level.
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deploy the regulator at least partially within the interior volunme of the
gas source vessel, to thereby protect the regul ator from shock, inpact and
vi bration during storage, transport and use of the vessel, as well as to
realize the performance and safety benefits of positioni regul at or
upst reany 3P 1%H¥2¢ | ow control val ve. The gas pressure r%‘éﬂ%&%@%z%levi ces
useful in the broad practice of the invention can be of any suitable type.
Pref er r eghd £gWkahRS feplilB®t idgnthpis Pragailpkf 2 popiet saive e, sbmpsingpy essur e

regul ators (commercially avail abl e from Swagel ok Conpany,

WWV. SWagfdrplkt faihs thitay bingd tda Sat stpGiRtto prrens flowe af apesspgrbevedife £k om vacuum
| evel s to pressures on the order of 2550 psig. The use of high-precision
regul at opsintP @1, t S sg@s réldar teeh | Alayadiatgde peeirefseoving esepblys 4at e-

regul ated vessel, at the desired set point pressure level. 20 WD 03/ 103862
PCT/ US034ckdiftd8datdd Ectigites (i emtetr pressmg Llyatesponsive gepeasian/cangagtipefobritbbl y of a
poppet valve type, conprising a poppet elenment that is biased to a seat
St I UCt Ur BredsfreRERiRAEsebEy ahdiranalafioras thepepreb bveainthis thrset poOpd PIREFal ue. Such
regul ator uses a gas-actuated pressure-sensing assenbly that accommobdates
changes in outlet pressure by responsive expansion/contraction of the
pressure-sensi ng assenbly and translati on of the poppet, to maintain the
set poi NtTo spiuass long. teriDog@tatiuh af gas|somge tnd dispapeing sysisms gpoogling ©ithe age and

di spensi ng systens according to the invention, four regulators S

( Swagel olghéntiotFfose edgalatose(Swapdal UHE semgguichpsssire agiiiore cammgreially ai | abl e
fromthe Swagel ok Conpany) were sinultaneously tested over a course of

750, 000 oyttt iom thy cSvepeloh (REGams e simwiriensly osted RYCLASEPES %Set of four
regul ators were cycled over 350,000 tines in silane as the working gas.
Each cyci7%0,000wpérating cyeles ih[Bfaas e workingrepang protersgt of dous s28lHE Y8° 10 m nut es

and required that the regul at or subsequentlg cl ose .
cycled over 350,000 times in silane as the working gas. ‘Each cycle involved gas flow for

from about 5 to 10 seconds to 10 minutes and required that the regulator subsequently close
and seal. The average variation in regulator control was 6% and no significant issues were

observed. The leak rate across the regulators was below 7 x 108 atm-co/hr.

The preferred intetior positioning of the regulator in the gas source vessel avoids any
release problems incident to any possible failure of the regulator, e.g., due fo a di?phragm
weld failure in the PSA. Such a failure Would result in the loss of the calibration gas. ‘
Without the compensating force in the PSA, the regulator will fail in a “closed” state and
result in a flow loss, so that the failute of the component is contained within the cylinder

vessel, and occasions no loss or leakage of the gas from the vessel.

Referring now to the drawings, FIG. 1 is a schematic representation of a high-pressure gas

cabinet, such as may be modified for enhanced safety operation in accordance with the

present invention,
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and seal. The average variation in regulator control was 6% and no
significant issues were observed. The |l eak rate across the regul ators was
below 7 x 10,6 atmcc/hr. The preferred interior positioning of the
regulatqQr in the gas source vessel avoids any releas ﬁ] incident to
any poséygpgﬂ?ﬁ?lure of the regulator, e.g., due to aeﬂﬁgg ?@3@? wel d
failure in the PSA. Such a failure would result in the loss of the

cal i br at+,0n. o@Binet iVidoRdlscHeRBHARYBLIMS Adsh Dt @hAIGsuta 0D hAd BBAinstive regul at or
will fail in a "closed" state and result in a flowloss, so that the

fail ure 19fy 18806 QR AVRRMer | 192 CRRT AhRBEIMHGN dirchifly, Gtldsne@ilatoy #sel , and
occasions no | oss or "| eakage of the gas fromthe vessel. Referring now to

the dr awhi@Res, Fih Rilatdd inSmneRRSIRI entkd? Rle@Se Fhabh Ol ffw airdlitghnPressure gas
cabi net, such as may be nodified for enhanced safety operation in

accor dangg; Wnlebfithe afoRLRHENED LIRMENE tbe Rdunh@ D3 ¢0A336idet T, USA3/ 17429 The
gas cabinet is depicted schematically by the dashed |ine enclosure 100, and

cont ai NSsphkifral d3dceblyPORIEEHEE Sn B8 ntctist bRy dddhenrd. associ ated f ow circuitry,
val ves, regulator flow swtches, and related instrunentation and. control

means, wherein the flowcircuitry and at |east sone of the aforenentioned
el ements can be nounted on a gas cabinet panel, as a structural assenbly
posi t i ona High-phddSuré pdseyinger T2 it bE: @acentiahl typé, hd @y a Tare leagyid4priissur e gas
cylinder 102 is of a conventional type, having a valve head 104 with which
i S assoGiidétasashinsahyevednnd whee! 06 kodowltpatitolte Tholomt whés 106khay hand wheel
106 may alternatively be substituted by an autonatic val ve actuator, to
provi de sefmsivalyibe sa@mtued|byah autoletioralveactuaton & previleadorid coftol ofdi spensi ng
of the high-pressure gas. In preferred practice, the cylinder valve
desi r abltyie vaivedn palecihatl il 04, fad dispensingiof thedugivirelewe gire Inpefemsd practise, rel ati ve
to other valve types, being openable and cl osable by neans of a pressure
swi t ch. the eplindsalvalve desirably is a pneumatic valve, which provides the most control zelative

to other valve fypes, being openable and closable by means of a pressure swiich. A manual

valve is less preferred, since a technician or equipment operator is required to operate a

manual control valve on the cylinder.

From the high-pressure gas cylinder, the high-pressure gas during dispensing operation
flows through the valve in valve head 104, with the hand wheel 106 being open, so that the
gas flows through discharge line 110, containing valves 112 and 116, regulator 114 and

excess flow switch 118,

The gas discharge line 110 also is joined to manifold lines 126 and 120. The gas discharge
line 110 contains manifold isolation valve 111, which is operable to isolate the gas manifold
and vossel 102 from one another. Manifold line 126 contains flow control valve 128

therein, and manifold line 120 contains the purge gas regulator 122 and valve 124 therein.
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valve is less preferred, since a technician or equi pnent operator is
required to operate a manual control valve on the cylinder. Fromthe

hi gh- pressure gas cylinder, the high-pressure gas during di spensing
operation flows through the valve in valve head 104, 'ﬂ&?hh%!?and whee
106 bei MP&PEHB2s0 that the gas flows through dischaf%ﬁf W™ 0,
containing valves 112 and 116, regulator 114 and excess flow swtch 118. e

gas di Scﬁ@%%if{»lh%lujdwa BlAS i 14D bAREhO VAR 4Chdleih, 3 GBiusikdf. ali 120, The
gas discharge [1ne 110 contains nmanifold isolation valve 111, which is

oper abl e, LSRRt SohiiRe I SadiRi vhRhifl assaitily iR &Rl viOdd Feasuionadanot her .
Mani fold |1 ne 126 contains flow control valve 128 therein, and nmanifol d

line 12Q,co0k ghd 534 iBReP8BRA 88210008 Fbftini hamleand i akn/ie cduplbdtwiter ei n. 22 WO
03/1038 PCT/U803ﬂ17429 The mani fold includes a bypass |ine 142 contai ni ng

val ve 144 thangknge @ vablus lifiat36d . Thd Renmiasizfeolzd af U5 bltRE isgeipp foses a vacuum
venturi assenbly including vacuum generator drive gas inlet line 134

j 0i ned t@ MRRt Ik 11308k inelviie 1 Vel No0zzle 132 in turn is coupled with
mani fold line 126 via vacuum|line 130. The venturi nozzle 1.32 at-its

outlet is joined to discharge Iine 136 containing valve 138 therein. A
pressure switch 140 is operatively coupled to manifold line 126. In the

FIG 1 0ffe&akishRih B9 @RatigdscoapleSupemifbldtisplas i c pressure i s di spensed
fromgas source vessel 102 in normal operation when the valve in valve
head 104 is open, as previously described. The discharge line 110 contains
regul ator 114 for dispensing gas to a downstream process unit (not shown
in FIl G I)hedIGal gaechbiner systamgiga at apemanodptesc piessact ibylispanked fymm ggp0i Nt of t he
regul ator 114. The flow control valves 112 and 116 in discharge line 110
are openroty wesgel S102 hin diospd nopemtion When the spbrsihniglve ihead 1801sfepeph@sr cont ai ns
t he excess :

previously described. The discharge line 110 contains rogulator 114 for dispensing gas to a

downstream process unit (not shown in FIG. 1) at a predetermined pressure determined by

the set point of the regulator 114. The flow control valves 112 and 116 in discharge line

110 are open during such dispensing. The dispensing line 110 further contains the excess

flow switch 118 to shut down the supply of superatmospheric gas, e.g., in the event that the

volumeiric flow rate of dispensed gas exceeds a predetermined value. The excess flow

switch 118 alternatively may be amranged for actuation based 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 failure of system componentry 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 setting of the regulator.

23



flow switch 118 to shut down the supply of superatnospheric gas, e.g., in
the event that the volunetric flow rate of dispensed gas exceeds a
predet erm ned val ue. The excess flow switch 118 alternatively may be
arranged for actuation based on pressure or other prop he
di spens@¥O§HYB%at her than its volunetric flow rate. Tféﬁﬁ&%@%%;fIOM/smﬁtch
thus offers a neans for termnating fl ow of dispensed gas fromthe gas
cabi net | Qfs sh@hdsbliRedVanvey Sldasmes SERRAGIY/ Hiclides khe nani f ol d
flom1ciP%g?mﬁ§ﬂ%%%$g§¥§gagﬂfgguI§p5r3114 in the manifold downstream from
the gas g -dﬁlﬁg@ne ui%ﬂlgl_udiné 6 ofN igiBr 10935 Wend aszzien B2, idathaygedinapensed into
the gas cabinet manifold 1s dispensed at a predeterm ned reduced pressure

in accoggﬁzgg%ee%ﬂe&ﬁ%uﬁgmmmfe 1361 H(?iﬂraﬂim,tﬂﬂﬁf JF @@ gis, e. 2320 03/ 103862

PCT/ USO e manifold i ncluding ow | ines and associ ated val ves and

other c B didler ghdMloHEBRe Blet HRGUY BADRARE AbAe 132 pdides & Aictiardinng t he gas
i nl et |9ﬁ§%%§4, ‘gﬁturg %ﬁ%%lg 132, discharge |line 136, and associ ated

vacuum e { 3oy shdaBforiifn dlermmsmﬁw @Propfidtoupoting biitclshingwevges 124. 9., a
nitrogen, or Other gas through the inlet Iine 134 and venturi nozzle 132

producesz@ 134 edd 08, & Bble td RLevichel . dYREBSoChangboatvf tHeganmnict ebssel by
appropriate opening and cl osing of valves 124, 128, 144 and 116, is able
to be evgswatdsseEl00 has Bokh Qipleted of HighgRssatiganf the gas source vessel 102
when vessel 102 has been depl eted of high-pressure gas. The gas cabi net
mani fol d al so includes purging capability, in respect of purge gas feed
lute 120, by neans of which, through appropriate opening and closing of
val ves 124 gaslodSinet Wdadifold hik6 incThdek parphgldfabilpy iyespratof parge ge féddimed t hr ough
the gas manifold for renoval of residual working gas fromthe piping,
val vi ng,128tbg meafis ¢ifvehigha thraughn hfpedyptiiate Dpeningaend wiosing of Wieo h24Aild% 1ptessure’
switch 140 which may be enpl oyed for effecting shut )

116, 144 and 138, purge gas can be flowed through the gas manifold for removal of residual

working gas from the piping, valving, etc. of the gas manifold.

The gas manifold contains pressure switch 140 which may be employed for effecting shut
down of operation, or isolation of portions of the manifold, in response to sensed pressure

level in the manifold.

The gas manifold of gas cabinet 100 therefore contains appropriate componentry for
evacuating 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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down of operation, or isolation of portions of the manifold, in response to
sensed pressure level in the manifold. The gas manifold of gas cabi net 100
t herefore contains appropriate conponentry for evacuating the manifold and
purgi ng sane, in connection wth change-out of the gas source vessel 102,
or duri g0 AI%%nance or repair activities involving UHEERYHEhi fol d or
its conponents. FIG 2 is a schematic representation of a reduced pressure

gas cabi e DeabREITDE RBREhCa PeRtG sl gpesosed vged from a
pressuré@§%85%§¥%ﬂﬁ§g%?gﬁg ?% accordance ﬁfth one enbodi nent of the

| vent | G o2duliB3 JORPARa HOT LSRR AFARR erielyusiupiad edlbilvE| G 2. the

gas cabi net contains a pressure-regul ated gas source vessel 202

equi pped pibhoEnRhNE thsatkieO dpding LAt BEiRGopY aliwe opitaatot kebinooupl ed wi th
val ve oBera or elenment 206, for selective opening or closing of the valve,

to initiqle ObRRE Sort S00WHETal@Es sahentdicallyshdvei witbvdlve2@Braicthe val ve is
schenatﬁ@gfﬁ%é%ﬁggn mﬁtﬁ)valve operator elenent 206, and in practice the

val ve i %1&&3%{ 28] 48 iNAkicE A vafre I MO SLFBLIA 204 swepremgicenlve viupldpneurat i ¢
actuat or and operating neans (not shown in FIG 2). The outlet port 208 of

the val \guhaath404ctadt Al ferng B6dns (ot @bwh koBIGO2) fi ce (RFO) in the throat
of the cylinder outlet valve therein. This provides a neasure of safety in
the event that the cylinder valve is opened w thout being coupled to the
di spensing manifold. An O may alternatively or additionally be deployed in
the gas 1HBRILA@ e 209 oPihe Vhldehad o4 eahdnce csiakd flyw asifipnRFQfin flife gas panel

structure, and/or to match the stream of dispensed gas to the requirenents
of the deWAHRANIRDcRREvIN theeihe Thizasovides b meagesofsufshl ip theaeim -
that the cylinder valve is opened without being coupled to the dispensing manifold. An
RFO may alternatively or additionally be deployed in the gas manifold, to provide such
enhanced safety as part of the gas panel structure, and/or to match the stream of dispensed

gas to the requirements of the downstream process being fed gas by the gas supply system.

Disposed in the interior volume that is enclosed by the wall of the gas source vessel 202, is
a regulator assembly. The reguiator assembly in this embodiment comprises series-coupled
regulator units 201 and 203, through which gas at high pressure flows to the valve head 204
for flow through the valve operated by valve operator element 206, so that in the dispensing
mode, gas flows from dispensing port 208 into process gas dispensing line 210. The gas
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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Di sposed in the interior volune that is enclosed by the wall of the gas
source vessel 202, is a regulator assenbly. The regulator assenbly in this
enbodi ment conprises series-coupled regulator units 201 and 203, through
whi ch gas_at high pressure flows to the valve head 20 f t hr ough

t he va|0E°8%E?§?ed by val ve operator elenment 206, so ﬁﬁg%%#ﬂr#!%ldispensing
node, gas flows from di spensing port 208 into process gas dispensing |ine
210. Thergass adhsBiag fine@10l dofeind pidsmeendwdicin 31 iy el heipressaiie drRnWACl ve 207,
which is operable to isolate the gas manifold and vessel 202 from one

anot her . 57Bhad Prasssitharsids epfldvadontolyalye $r ce vessel 202 thus contains a

hi gh-pressure gas, and the set points of the regulators 201 and 203 are
set to o B9RpERIng dihe 21005 fudeiles mianiddd linen236r contaiming flowecogirol YalyBs at nospheri c
pressure. 25 WO 03/103562 PCT/US03/17429 The gas dispensing |ine 210

cont ai NSyAar L8308, eAHdshehsvdfch 24 prestided dis cqmuewsaatien vitkathe eidlino 13 and 215
on either side of flow control valve 216. The gas di spensing line 210 is

j oi ned tmgram hiahiold lime228 26coupind with iha guizk g9e feeshing 3RO Laying@Purss 285 and 228. A
pressure switch 240 is provided in comunication with the nifold |ine
226. Therepmiof @biein iopeoaRGuigs gevass metletgimined presspo iqgle gRaifglédim # ne 220
havi ng a purge gas regulator therein, to provide purge gas as a

pr edet er pirfeghs prudepotehdva it . @hni fol d, froma purge gas source (not shown
in FIG 2). A vacuumgenerator circuit also is provided in the gas cabi net
200 shown in FIG 2. The vacuum generator circuit includes drive gas feed

| ine 234 coupling a source of drive gas (not shown) wit tge enturi feed
li ne 231Aahmwﬁngmmhm2QZNRVBn&uwaQQZHd@é@haﬂﬁw%zqﬁﬁoﬂ?PV@Eh asfn |ine 236,

containing flow control valve 238 therein, to a vent, mhe£ggy the drive gas
vacuum generator circuit includes drive gas feed line 234 coupling a source o e gas

(not shown) with the venturi feed line 231 of venturi 232. Venturi 232 discharges the drive
gas in line 236, 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 line 230 for drawing vacuum on manifold line 226.
The purging of the manifold, subsequent to vacuum circuit evacuation thereof, is effected
using a source of purge gas (not shown in FIG. 2). Such purge gas source is coupled with
purge gas feed line 220, ‘having purge gas regulator 222 therein, to introduce purge gas ata

predetermined pressure to the manifold line 226.

By appropriate opening or closure of manifold valves 224,_ 228,216 and 238, the system can
be transitioned from (1) process gas dispensing to (2) evacuation of the manifold flow
circuitry, to (3) purging of the manifold with the purge gas. The purge gas may be an inext
gas, such as nitrogen, argon, helium, etc. Such sequence of operations (1)«(3) may take
place as the active use of the gas source vessel is terminated, when the vessel conients are

depleted to a predetermined extent. The vessel then is uncoupled from the manifold flow
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i s exhausted exteriorly of the gas cabinet. Venturi 232 is connected to a
suction line 230 for drawi ng vacuumon manifold |line 226. The purgi ng of
the mani fol d, subsequent to vacuumcircuit evacuation thereof, is effected
using a source of purge gas (not shown in FIG 2). Suc S source is
coupl ed WP H13¥¥r ge gas feed Iine 220, having purge gaﬂcﬁﬁ%ﬁﬁg@gr 222
therein, to introduce purge gas at a predeterm ned pressure to the

mani f ol dci}chﬂg &%% 2BY AP DO h A iCchPNRN oGa Rf mEhiRTERctio R fuaked val ves
224, 22S, 216 an %38 the systemcan be transitioned from (1) process gas
di spensi fg, bR hplefpyacuation of the manifold flow circuitry, to (3)
purging of the manifold with the purge gas. The purge gas nay be an inert

gas, SUCHyeARedirt HAM@Rers 2 DY 218Gk thd Procsis Gas diehkinidlfie @1 fre @inploper at i ons
(1)-(3) may take place as the active use of the gas source vessel is

ter m nat gdmoMieis e rodfinSeltheCRpLARBA Sasd TR AGERILIfEkL digemesRdad By M ned
extent. The vessel then is uncoupled fromthe manifold flow 26 WO 03/103862

PCT/ USO3ddda 6 fraths tof Yol eohisl @B& M8DiMetpreals tratucks «oangeb out after
mani f ol d evacuation and purge steps are conpleted. The pressure

t r ansduc&isled bathoftbeesslnirdl hbtes Pic2GE&Sn GABIGHI23pRN®hig the ges @&Bhear e enpl oyed
for nonitoring the pressure of the dispensed gas. The flowrate of the

di spensegheRasn Bavnkeionahuhaigedinkys fiansd operitingpresmnts pblispeated@a216. The
pressure transducers also may be coupled with process control neans (not
shown i ninfile(gas &binet. 0 control the gas cabinet operation in connection with
changes in gas flows and operating pressures of dispensed gas in the gas
cabinet. The pressure switches 211 and 240 may be enpl oyed for al arm and/ or
shut - down purposes, in response to pressure |levels in the process gas

di spensi Tig présnee 2di@herd 1 ami240ahay b iemploPicfor alarm and/or shut-down purposes,

in response to pressure levels in the process gas dispensing line 210 and marifold line 226,

respectively.

While the regulator assembly in FIG. 2 has been illustratively shown as comprising two
regulator units, coupled in a series arrangement, the number and placement of regulator
devices within the interior volume of the gas source vessel, or at the valve head or
dispensing port of the gas source vessel, may be varied in the practice of the mvention, to

provide any of different 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 latter dispenses high-pressure gas directly into the manifold, for subsequent
downstream modulation of pressure and flow rate 1o 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 providc. 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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respectively. Wiile the regulator assenbly in FIG 2 has been
illustratively shown as conprising two regulator units, coupled in a
series arrangenent, the nunber and placenent of regulator devices wthin
the interior volune of the gas source vessel, or at thﬁc \;&#OV%MQ ad or

di spensig *¥Y820f the gas source vessel, may be varied VH%PHE %r actice of
the invention, to provide any of different arrangenents of the

pressur e y ) ag BALEeRSsubyEbaMeahown in FI G
D P A B e e the | at et

di spens?esmrgh- pressure gas directly into the manifold, for subsequent
downst ream nodul ati on of pressure and flowrate to provide di spensed gas at

the desig @dnelAGCHR FRND LysRASachkhQ £lskbstadtisd i@boMemtnt lin 2efety ingh pressure
gas containment 1 n the gas ™ source vessel 202, as requisite to provide

subst ant gl &ARRGldi¥uh of H&, WK B8hedas. (dyliem. capacity of vessel 202
i ncreasi ng th7increasing gas pressure), while the provision of the

regul at or assenbly upstream of the dispensing valve in valve head 204
permts gas to be 27 WO 03/103362 PCT/ US03/ 17429 di spensed fromthe

pre-regyh@l £& HRBerd Rl 1GReskRivhl of Gedveéd predsire Qagcabinsiidysdirmiticingni c, - -
pressure. In consequence, the FIG 2 system achi eves a substanti al

| Pr OV e fRibrebstreidpbilsid R Qupplied ByESReEsH fguldietivensdl) 0 fiother tegitated iel ati ve to
the FIG 1 system FIG 3 is a schematic representation of a reduced

pr essur guddad 5abli dTehe XS bdiiet!by lai doiwigiredm dubwinpriRsc pecsehis pgnised gas
supplied by a pressure-regul ated vessel, and further regulated in the gas

panel  0facdoRBngd Sndtivd bbddiraent of Holmstioeam sub- at nospheric pressure
regul ator, according to another enbodi nent of the invention. !

The gas cabinet 300 as shown contains a gas panel 350 on which the gas manifold flow

circuitry and associated elements are mounted.

The gas cabinet contains a pressure-regulated gas source vessel 302 containing a regulator
assembly including regulator units 301 and 303, as shown. Gas source vessel 302 is
equipped with valve head 304 contajning a valve actuated by valve wheel 306 coupled to
valve actuator 362. The valve actuator 362 is interconnected by the signal transmission line

364 to the central processing unit (CPU) 354 of electronics module 352.

The CPU, which may suitably be constituted by a computer, microprocessor-based device,
programmable logic controller, or other microelectronic processing vnit, is suitably
deployed in or associated with the gas cabipet, and arranged for monitoring and/or
controlling process conditions (gas pressure, temperature, flow rate and/or compesition) of

gas in the gas cabinet.
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The gas cabinet 300 as shown contains a gas panel 350 on which the gas
mani fold flow circuitry and associ ated el enents ate nounted. The gas
cabi net contains a pressure-regul ated gas source vessel 302 containing a
regul ator assenbly including regulator units 301 and 303, as_shown. Gas

source VEQ&Y¥[03%32 i s equipped with val ve head 304 corfS/H%E742 val ve
actuated by val ve wheel 306 coupled to valve actuator 362. .The val ve

act uat or i s nt t | siddiRisibesufRNak kdice 364 to the
centra!'%@%ﬁ%géfh%‘%%ﬁgn?%%h@qgg%gb?%%?%cggb%%%s %%gule g%Z. Tﬁé CPU, which
may sul tv%g%eb’aff&eit%ﬂsﬁe' ﬁwgﬁﬁe Mlaﬁthecétﬁpuéb%{e_tnﬂay%@ﬁ Q5&E F0n-dassesk device,
programabl e I'd6gi ¢ contr er, or other mcroel ectronic processing unit, is

SUl 1 abl Yool BhP Gk Rniro BIR A s Qlbitdilodes! QcffBRIIAAP bO @bnrip@R t87 ranged fur

monitoring a cont l'ing process conditions (gas pressure,

tenper at\rs i | dot@8 veRbl cdligied ith hehRafifsd @abi net . 28
WO 03/10 tggwéé%%ﬁ%g%%?i%%g?ﬁ%fgﬁgggﬁkthe Sas %ag?net i's ghomn in FIG 3 as

havi ng gxgliReh @fbé&'k,gﬂ-r&&ﬁ‘e%%%&leﬂ%m&ﬂ%q&idum&ﬁht 3Dpoint] the viHalstdde recogni zed
that the gas cabinet nay enploy nore than one such vessel, and that the
mani f ol diebdgy i iG1aRE Dy %ﬁ&bﬁ%lv%mﬁﬁﬁdxﬁﬁ mRNEineldye pe cloand biowtved) fuor

swi tchover operation, so that en one gas source vessel coupled to the
mani f ol dpd Sas fESNAYSHRMNS TheGRSel BTthd BRAGHRS whilpoRARE @kt Tubés iowgsesi dual
anmount set point, the exhausted vessel is isolated by suitable valving

oper at i GBed Ihetth SoupR inbMb(l fifl BveSsel inCiad SoRGonimuriaition (viilh theimaritdd)f ®ed | i ne
coupling the vessel to the manifold, while opening other valves in a gas
feed |i nEatt@ seAtRse] sk i@tioved aftck the ibweksel I8 bpaght bh-time. conmruni cation with the
mani fold), that the spent vessel can be renoved after the full vessel is
brought on-1I1ine.

The valve head 304 of gas source vessel 302 illustrated in FIG. 3 has a discharge port 308
coupled to process pas 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 connection 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 fransducers 313 and 315. Intermediate the
pressure transducers in this line is a flow control valve 316 that in tumn is operatively
coupled with a valve actuator 382 jqined 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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The val ve head 304 of gas source vessel 302 illustrated in FIG 3 has a

di scharge port 308 coupled to process gas dispensing |line 310. The outl et
port 308 of the valve head 304 contains a restricted floworifice (RFO in
the thr he cylinder outlet valve therein. Addi 19]?% or

alter naB’%gﬂ?#ﬁén RFO coul d be enployed in the gas manli;(jfo 15/'1%51;%9 di scussed
in connection with the FIG 2 herei nabove. The gas di spensing |line 310

cont ai ns cpBRii 8} dighs Hafinki@bnViak 480 &R 4djunhibRbritse RPpAARIrehd Bgulitsol at e the
gas mani fold and vessel 302 from one another. The process gas di spensing

line 31QAnGRAkalNEe REASLIA I@Mﬁe%hnaaaallyaﬂjdsm@mﬁqiﬂ regdiGedisd 313 and
315. Internediate the pressure transducers in this line is a flow control

val ve 31gthdidldelibe.t arn i s operatively coupled with a valve actuator 332
joined in signal transmi ssion relationship with CPU 354 by neans of signal
transm ssion line 3 84_ The process gas dispensing |line 310 al so contains
regul ator 321 for dispensing gas at a reduced pressure level relative to

the pressuiceming\Bd gabl SouReneasl 30204 GagulS@WRS 30Eaf® BB Alrein| FI®.3 from port
308 to the process gas dispensing |ine 310). The regulator 321 is joined to

29 WO 034chRa&ach RaliatSils b 43R mitialln bdndotesimingato CHaBsNbEthi dashbd ne 380 for
adj ustnent of the set point of the regulator. Alternatively, the regul ator

321 nmay he réprévedtbtivn §58aH 660. dftisdef@ts thodpatativadgedupled relationship thiweed set poi nt
devi ce. Concerning the gas source vessel 302 and regulator units 301 and
303 t her ¢k CPU Rh@he Jespebtipd windatetacits B02gmi 203 with méspect acths shpoiwts oftthd | y bei ng
responsive to CPU 354 by the dashed 1|ine representations 358 and 360. This
denot es teppdatopmitat Theabgulaaspt pethtsraed inddpemisiiyndpetble by metisof GPOPHNd t he
respective regulator units 301 and 303, with respect to the set points of
the regwhigt oy dni txempEhgeneege sipwt theets poismitted do dhd regelpiondeiistfoy adj ust abl e
by nmeans of the CPU,

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. Aliematively, the CPU may generate a signal modulating the

adjustment mechanisms of each of the regulator units, to non-invasively change the set

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 &ansmission line 390. In like manner, flow control valve 328 is coupled to
valve actnator 3’}0, which is joined to CPU 354 by signal transmission line 372. The
manifold line 326 is coupled to pressure switch 340, which in tum is joined to CPU 354 by
signal transmission ling 366. The manifold line 326 also communicates via sucﬁon line 330
with venturi 332. Venturi 332 is joined to a drive ga;s 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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whi ch may for exanple generate a signal that is transmtted to the

regul ator units for adjustnent of their pressure set points. The coupling
of the regulator units with the CPU rmay involve signal transm ssion |ines
t hat pa into the interior volume of the vessel 302 f i nt

adj ust ne s‘ﬁ?o‘"”%ﬁﬁérnativer, the CPU may generate a S|gn§¢nH%§hT§?|ng t he
adj ust nrent nechani sns of each of the regulator units, to non-invasively

change t?}% BiE%Buple‘a%{Eﬁ y ?é %ééﬁﬁ% Pl Hhen ey atjehsd tdﬁcpbessu%?&@nal Mount ed on

gas pane I's a mani ne 326 containi'ng flow control val ves 324 and
328 ther@hﬁmm&&h&%3334 is coupled with valve actuator 388, which in turnis
joined to CPU 354 by signal transmssion line 390. In |ike manner, fl ow
control valve 328 is coupled to valve actuator 370, which is jOIned to CPU
354 by signal transmssion line 372. The manifold line 326 is coupled to

pr essur eyg\oidthe 348 is Yih&Rdlth pﬁxgé Fas' f8ed 1Rk 320 hidvingGRkhe3nd rdpMlatos BIPN A
ni

transm ssion |line 366. The ma d line 326 al so comuni cates via suction

| i ne 330medfn! My Bid! bhs Bline 20§ joineBD2 hufied @b Batcel WAaqelppedavigas feed |ine
334 and to a drive gas discharge |line 336 containing flow control valve

338 t her @i headd Yoo \EINidity 2 v GBRABIEhAt I TankeSRECHS 35U Hyoigalirdnemivdont  t he drive
gas exteriorly of the gas cabinet 300. Valve 338 in |ine 30 WO 03/103862

PCT/ USO3¥xt 4489 336 is coupled with valve actuator 374, which in turn is
joined to CPU 354 by signal transmission line 376. Manifold line 326 is
connected to purge gas feed |line 320 having purge gas regul ator 322
therein, The purge gas feed line 320 is joined to a purge gas source 404
equi ppedTi g8 cabinet A0V s pRAded Ofthi nedntttiorg capahitityy ehigh trorgyt for etanmle i s | i nked
to CPU 354 by signal transm ssion |ine 408. The gas cabinet 300 is
provi dedinvdtdn Buwsdal ddobf the gasapbibétthrbygh wiidtcdir oreofhek ventidstiampisanay

flow and be vented from the gas cabinet, e.g., in vent line 378. The gas cabinct may be

ventilated in a conventional manner, involving for example a blower/fan assembly on the

roof of the semiconductor processing facility that is arranged to draw building air through

the louvers in the cabinet door and the interior volume of the gas cabinet to the vent line 378

and through ductwork to the roof of the facility, with the exhaust being flowed through a

wet scrubber for abatement of any toxic or otherwise hazardous components therein.

Alternatively, the gas cabinet can be ventilated by ventilation gas line 420 containing valve
422 therein. Valve 422 is coupled with valve actnator 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 turn 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 manner. The ventilation line 420 may
be coupled with a blower for effecting air flow through the gas cabinet, e.g,, using clean dry

air as the ventilating gas.
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i nvol ve a | ouvered door of the gas cabinet through which air or other
ventilation gas may flow and be vented fromthe gas cabinet, e.g., in vent
fine 378. The gas.cabinet may be ventilated in a conventional nanner,

involving for exanple a blower/fan assenbly on the ro h
sem cona‘gef]%ﬁmﬁqzocessi ng facility that is arranged to ﬁé‘é{@gﬂﬁ}ﬁ?"ﬁ%ﬁ ng air
through the louvers in the cabinet door and the interior volune of the gas

cabi net tAy 4 BeaE e chpabBitBditne BEGurt-RizEMEN vekia VB brabfbelol Bie iR@dtioAl t he

facility, with the exhaust being flowed through a wet scrubber for
abat ementio edntadiy sulbSXARIY freb RIS gho@a! DdSspo MR SRdSedsbl84cRIng -

Alternatively, the gas cabinet can be ventilated by ventilation gas |ine

420 cont rdasutdrep@htiod in 42 tHeREsEl While\i@ ié@afledimb Brovidihglag Gnidhded sifalyve act uat or
424 for operation of the valve 422 to control the tlowrate of ventilation

gas f | onaslve: peeasiedh disfrasiga st galfiontthe gdheabihed ah@ dbwat@im sehddbnilidtdeurn i s
coupled with CPU 354 via signal transm ssion |line 426, whereby the val ve

422 can becesduiaivedo iy higk pishid Bas BSHO NSRage CmdONigeyigOvesdirhisons in the
gas cabinet, to vary the flowrate of ventilation gas in a controlled
manner . Theackeistid praviderfol higier d2Nerallys peb eylindering devwidr tilinderlth@yeout Or
effecting air flow through the gas cabinet, e.g., using clean cry air as
t he vent ovatimeg gas. 31 WO 03/ 103862 PCT/ US03/17429 As a result of the
capability of the pressure-regul ated vessel in the practice of the
invention to contain a substantially greater quantity of gas than a
correspondi ngly sized vessel lacking pressure regulation in or at the
vessel , Wdiitienadly, thégss satimet ayvee spraberiinlsivey siase apeheinded lsafresture vdssher pressure
di spensing of gas fromthe gas cabinet to the downstream semi conduct or
process heoldingthesame anvertoryifghs weuld bemactylaseer in titee aigt wowddyrecemsithtala spensi ng
vessel ). This characteristic provides for higher deliverables per cylinder
and f eweporesgpondigaly larges gatcabingts whepg épcrapsedeyolume would in turn require a larger

flow of ventilating gas through the larger gas cabinet, etc. The invention therefore 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 SFy is released at a worst case release

(WCR) rate, and the cabinet 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 bead on the vessel). The pressure-regulated vessel of
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Addi tionally, the gas cabinet nmay be smaller in size, since an equival ent
| ow pressure vessel holding the sane inventory of gas would be nuch | arger
in size, and woul d necessitate a correspondingly |arger gas cabi net, whose
i ncreased volune would in turn require a larger flow of ventilating gas
t hr ough W&/ 103§54er gas cabinet, etc. The invention thgpgﬂgg?é%ﬂ%vi des an
exhaust reduction/ m nim zation benefit. Cabinet ventilation requirenents
are genefialdv¥ntioR 33 8 dest oSG ik Pl blRioh BRTIHE, RIWEOWER (ite,@nd theRfdhe case of
silane dispensing, a certain flow rate and |inear velocity of ventilating,
gas t hr ogghad disin@asn 6abinRRled 262 IBWaCRHEaBbh, wdld bedkiiedald dekipordify based on
the objective of containing gas rel eases such that workers in proximty to
the gas GRNeNRlaP4te Mter BreRO%E AThbRiofd) ehahitad (60MEBE VEkiAdton3ss) 0bstd he gas
being dispensed, e.g., above 25%of the threshold |imt value (TLV). For
t OXi C Ja%B%e 88rdaliR in b pREMBRFLE Invbriliont ests such as the Sem F-15 Tracer Gas
Test nmay be enployed to set the wventilation |level, wherein a surrogate gas
such as SF6 is released at a worst case release (NCR) rate, and the
cabinet ventilation rate then is adjusted so as to naintain the
concent rgEpO 1319 1GuiddBnds R Cle@RSons2000 @Bhblishest 1 eriteridy foetilant and otlecent rati on
of 25% of the TLV. The worst case release rate for a gas containing vessel
depends @iophbic @k&Dastden dhintdiing hominkhne dihga ae26d ke bwaexplbsitde
restricted flow orifice that is enployed on the vessel (e.g., on the gas
di schar gémip @RL) of thk lzas. Vst way dfesdnpds) fortal téghasset kiland bes gyliekssusig:a egul at ed
vessel of 32 WD 03/103862 PCT/US03/17429 the invention, as a result of its
pr essur €).¢1@dndhatitnedofiow orifizs atthé dlashargd\GRt phithe valeeibad bsueli vaseel, thche gas
cabi net can be exhausted at a |lower rate than would be required in a
cor r es panctinmpndsderhininsen efhagghfovatates atvi rghagallp B¢ abicdeet Prranigito (EMexhaust  ai r
(or other ventilation gas) costs can be decreased in the practice of the
i nvent i on S800NFRANBIA] Glinde Ipresss, ¢ CEM etéquizanteaal0cdudalptasseandy criterion
for silane and ot her

765 CFM at 1500 psig internal 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 requirements, 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., 4 “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 external gas

source is equipped with a valve head 394 containing an interior valve operated by valve
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pyrophoric gases based on nmaintaining the mninmumdilution at 25% of the
| oner explosive Ilimt (LEL) of the gas. By way of exanple, for a high
pressure silane gas cylinder using a 0.0 10 inch restricted flow orifice
at the discharge port of the valve head of such vessel, the recomrended
mi ni munmPEXBA8802 £ | ow rates are nominal ly 340 cubic fedCTEPH Hute (CFM
at 800 psig internal cylinder pressure, 600 CFM at 600 psig internal

cyl i nder 7 t [l [ ressure.
y wﬁgl%gg@%edzggalve a@?lagfl': M%%Q%ﬁ?ﬁlg r 154 B EQPled SihicPERI54D

The Conpressé soclatron I nes [P-32-2000] on m ni mum
eXhaUStb@@@mﬁkﬁ%$££§6ﬁﬁ99ﬁﬁﬁ' The present invéntion by provision of a
pressure-regul ated gas storage and dispensing vessel therefore yields a
substantial reduction in exhaust gas requirenments, relative to a
correspondi ng gas di spensing system | acking the pressure-regul ation feature

of the éﬁ%ﬁ%ﬁc@ﬁﬁg faﬁé’o%%!ﬁﬁ‘ig atﬁ%ng@d Sridlsherkil bPRBE coHidiRERAS fotR hetvBRetvent i | ati on

gas lin e ] oi ne a nitrogen source, e.g., a "house gas"

nitr 00/ ddh Valv Gedd B ol Qﬁ&%ﬁh&@f@&i& GRLAGE i 0AC Didchatee 148 461 BW ni trogen
gas through the ggs cabinet, as the veﬁti?gtion gas therefor. The gas

cabi net 300ed B YaHudd 408, Wihald g1 ih d 188503 18tteqescdbineBooARARisl i ty by an
external “gas source 392 conprising a vessel containing the gas species of
| Nt er eStyaniReme bkl sPpifed FeHt6E theSga8 QubiRpad bk theouyath¢entead 394
containing an interior valve operated by val ve 33 WD 03/ 103862

PCT/ US03$ ik 29 eheetab 3G o et Beretrom Vey. iiroagH £:8 distha}ddine TT%e Puslpve act uat or
398 is coupled with CPU 354 by signal transm ssion |ine 400. The external
gas sourpeisIBuplédSwitl thaOpe d54 B méins faRmilngnahisidadine o1t ai ned gas fromthe
vessel through valve head 394 at its discharge port, into discharge |ine
401. Discharge line 401 is coupled to gas punp 402, which punps gas in
inlet line 403 to the gas cabinet 300. in this

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,
e.g., leaking from a valve head of the vessel, or a fitting 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 leakage 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 iransducers 313
and 315, which likewise are coupled to the CPU, by signal transmission lines 386 and 317,

respectively.

It will be appreciated that the systern 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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manner, the externally supplied gas enters the gas cabinet and fl ows
through the interior volune of the gas cabinet for egress therefrom e.g.,
t hrough gas discharge line 378. Punp 402 is coupled with the CPU 354 by
means of signal transm ssion |ine 410. The external gas_source 392 may
provide‘%@%%%@?%lty gas for periodic maintenance of tHETYHIEHor of the
gas cabinet, e.g., for cleaning, disinfection, etc. Alternatively, the

speci al t Yony@fst thBYysiRB, Ak SRGHOnE dASe BN ILAAGH Alath tiklt %yogkﬁﬁ%%ge mat eri al

deriving fromvessel 302, e.g., leaking froma valve head of the vessel,

or a fitEdyBldHitnGRLEPUE4,I 0 tﬁdﬂ%gaa@n%&ida%m@&t&mmedwh&mﬁﬁtﬁﬁ@sence of
t he di spensed gas fromvessel 302 is detected in the anbient environnent

Wi thin tRg@Ra bf 3 AR to3Poprdte AdDlahdfor $ibllal Hins Bhih@icAat iy Glami hi@t Speci al ty
gas may conprisSe a safety gas, e.g., a fire suppressant gas, when a

pyrophorisy gas is being dispensed in the gas cabinet, and | eakage of sane
is detected. The process gas dispensing |line 310 contains pressure switch
311 coupled with CPU 354 by signal transm ssion |ine 368. The di spensing
line al so contains pressure transducers 313 and 315, which |ikew se are

coupl ed Tt dies5 ks By 1ol e mrbdtRAF BoiitiubBd AldeEns38 & Qg odtla/cyclic
respectively. li: wll be appreciated that the system conponentry in the

FIG 3 syeta@on, iisvolvidgSlépaisaid, of Rad Agn fRNRE aibinéeinyprédssiae dispdntig lie CPU 354 of
the el ectronics nodul e 352, for integrated process 34 WO 03/103862

PCT/ USO0341b7 4&2h Glapkiisily 0dy bdcondiydddedn prddiriib@l tet @oint Soridbidhl for 3he?2 | ncl udes
an alarmunit 356 operatively coupled with the CPU 354, so that operation

out si de iateripr regiadters BN 398 to pwvide rdduded tpsestuse gak taihs Hpereindiingd 316. CPU t o
appropriate audio and/or visual alarns outputted at the alarmunit 356.
The CPU Bisdet puists nhihe beulatoo grisramatdjcstableybyabnSTU 164.e thaoerading eyvfred to carry
out @ nygalz; i(x:nclude termination of the dispensing function 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 accommedated 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 CrU 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 downsiream of

regulator 321, The flow control valve 316 may itself be moduiated by the CPU to provide 2

desired flow rate of process gas to the downstream semiconductor processing tool or other

gas-using equipment 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, involving dispensing of gas fromthe gas cabinet in process gas
di spensing line 310. Such dispensing may be conducted at predeterm ned set
poi nt conditions for the interior regulators 301 and 303, to provide
reducedagressure gas to the dispensing line 310. The setsﬁoints of the
regul at 8YO 0882 ar e adj ustabl e by the CPU 354. The opefdtiNyétie may

i nclude term nation of the dispensing function upon depletion of the gas in
the 9as o3HGER YRSACHE prlRIdRNES s RAGHALL MioRlin REmERRIS Bidloby € he
venturi 332, after mhlé% the manifoldis purged with purge gas from purge
gas Sourﬁékégggsﬁ Gsifiyflel C operation therefore may be acconmodated by the
CPU progranmati cally openi ng and cl osi ng val ves and otherw se effectuating
the respective operational steps of the gas cabi net operation. The

pressure transducers 313 and 315 nay be operatively coupled to the CPU by

the respSgns\acuufti @9t FIRThS3HoRN) ielI8RBo3BGioA Bfkrdd By vehtsUTI2 gNNer as to
continuously nonitor pressure conditions in the dispensing |ine 310

upst r eanfifold B 328%hd Qlcti¥RhME 3R Bap el sy hRammed, byl RgHpaidg 321. The
flow control valve 316 may itself be nodulated by the CPU to provide a
desired fchgien sitike MivenicRERS STABSHSW cdnli6l HIMB3E! Chevaesku@RAGCs @& processi ng
tool or other gas-using equipnment or |ocation. The set point of regulator
321 may lpkedHljsigal QentYlinEriktioBSdp Wiyh APOPURS4 wih sige:0 ttinsmission Bra761 hr ough

signal transm ssion |ine 380, whereby the process gas dispensed fromthe
gas cabinet is of a desired pressure characteristic. The pressure sw tches
311 and 340 are likewise linked to the CPU in signal transm ssion

rel at i orsiilstly, W @ueb gasaupsliaiay Ge Slodilaedvby af apphprigasigea fomahe SPE em may be
effected, it 35 WD 03/103862 PCT/US03/17429 operation is outside of

pr edet eragisaftdo kerdalve abtodtopsfeabuhead aweitdy 406 ih kiznsteranénokdbnl ineet08r pr ocess
gas di spensing line. During vacuum evacuation of the manifold, the | evel of
suct i on Hix@hige gasiy regalmteditola dSRdgressure 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 comresponding manner to the

connection of CPU 354 to regulator 321.

The flow rate of ventilation gas infroduced to the gas cabinet 300 and exhausted therefrom
in vent line 378 may be selectively modulated, by adjusting the speed of pump 402 under
control 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 upsiream 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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mani fold |ine 326 and suction line 330 may be sel ectively nodul ated, by
correspondi ng 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 transm ssion line 376. Simlarl t he purge gas
supply n¥9 "BY3¥Bdul ated by an appropriate signal fromtHEUEBL*4hs sent to
the val ve actuator of valve head assenbly 406 in signal transm ssion |ine

408.  The AlLE GclidBed fhaf ROFIRB M EMirdt H68h hR¢ b MaSRUL GharR¥RliehYe I egul at or
322 in the purge gas feed |ine 320. Al'though not shown, the set point of

pur ge gagiffefe Hondd 2ndBperiRd, SR A6ty Blgh saftll Wpdraidn AYa Y bHg regul at or
322 with CPU%¥£4, %ﬁgcorregponéingﬁﬁanneﬁmtoﬁﬁLgﬁiconnection of CPU 354 to

regul at ogondhatioht Gnd dRWtibAl &r@f. P& txhbdt, BOmadld freésok usfthetsonstdhie gas
cabi net 300 and exhausted therefrom in vent line 378 may be selectively

modul at eghd fkd aslhdasitd presstBewipeesh 8y s a3 ssitndiatine 3aB doothatahe t he CPU,
and/ or by nodul ating the di spensing valve of ventilation gas source vessel

392. For gigpeasing RilvelidieulfeRichd M of 2HROWEL febseP302 usldlead. OTHT: Mt beytfecttd pressure in
t he process gas dispensing line, e.g., due to a | eak upstreamin the gas

mani f ol dpyf 4 coMuGi digddl frénd CPUS3 54 anRaaeittlin thy Setlirssilssios thc? 3 Yaye and
signaled to CPU 354 via signal transmssion line 317, by increasing the

f 1 ow r at gnitor 363) tadsidg itanclo@s/alvh vhesd B04. He tdafisiiabirghs sourte véssd 30mnner, the

| eaking gas is reduced in concentration to belowits |lower toxic or

hazar douss isinsgiertten aitei gam supplyymarifoldapésage excbdds ahpeedeatrginédopressot limit. of t he gas
cabinet with the ventilation gas. 36 WO 03/103862 PCT/ US03/17429 It wll be
r ecogni zH valvaat valvededd 384 n@y glas beeipirolied sg thsit dispemsing does notiwdcacinlass char act er,
i.e., differently configured and operated, to provide high safety operation
i N a varpredsyredf the dispensing line 310 is at a specific value, as sensed by pressure transducer

313 or pressure fransducer 315, for example.

The FIG. 3 system thus provides a process gas dispensing arrangement wherein the gas is
contained 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) still

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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conformati ons and operational fornms. For exanple, the manifold pressure may
be sensed and used to actuate pressure switch 340 by signal transm ssion
inline 366, so that the dispensing valve in valve head 304 of gas source
vessel 302 is closed. This may be effected by a contr J from CPU
354 trantP¥1%¥2in the signal transnission |ine 364 tdﬁbgﬁ@%pﬁébtuator 362,
causing it to close valve wheel 306. In this fashion, the gas source vessel
302 i's 4 g ﬁhﬁﬁeﬂmﬁbﬁ &eng 86 oD kabsdlBThE BispbnideBs i subexaapitsici t

predeterm ned pressure |im The val ve in val ve head 304 nay al so be

cont r ol L gd S0aitfRadinglipeRAASIaN o HOASCHOE r@g oot ibos20 Torrassonky50n t he
di spensiing line 310 i's at a specific value, as sensed by pressure

transduckf; aRili3 e RfpRARY i a trindd S6 BEA b SI00 ft@ bbok 80P [Taw. PhderfellG 3 system
t hus provides a process gas di spensing arrangenent wherein the gas is

cont ai Neglsiifle YRR 8O 2alisktngll Bt abS psemartifoldnhuh he gast doexcé Nesselt ory of gas
in the vessel, wth the pressure regulators serving to provide di spensed

gas fromudie a\RSs 6f frd aboie20 ThrsPabsit 20 psignendatoraprsieblyeivin abit?0] ower
pressure, which may be nodul ated (reduced) still further by the dispensing
line regrbboddbo plige DSpréssurt oe tiei @k djspassuiren despsouweoegulrzdsel 302 may
be at a superatnospheric pressure, such as in a range of from20 psig to
2000 psivgsseMidyl fBr éxBRpHEILE e R presutasagd ios tleardye df fromabduh20 Tar wabokte- r egul at ed
vessel is at a substantially | ower pressure (reduced by at |east 25%

pr ef er akioy paik, dr@sd préRidblyrinneanpe of Soralbbant 480 TeaktabeG%P0 psigh ande pref erabl y
at least 80% relative to the pressure level in the interior volunme of the
gas sourqm wes $elprograbieatidilypanegd gabatdirseirasegaeirft rof ihe high-pressure
pressure-regul ated vessel has a pressure that may for exanple be in a
range ofaldohGmuladaonttit 3506, fHotriggeringlof 2B tepsihgtdoands Sem ehout He tapbeddlir e of the
gas 37 WD 03/103862 PCT/US03/ 17429 in the container portion of the gas
sour ce \Bigabive thErelecibdorentingipmgauteiofithe dispeatedBapher i ¢

In a further embodiment, the high-pressure gas in the 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 neck 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 thercfore 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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pressure di spensing operation can be in a pressure range of from about 20
Torr to about 750 Torr, and is nore typically in a range of from about 400
to about 600 Torr. Preferred pressure ranges of the gas dispensed into the
gas manifold fromthe gas source vessel include a range of from about 20
Torr to VEB&HI03830 psig, and nore preferably from about S0¥&W? t 0 about
100 psig. The pressure of the gas dispensed fromthe pressure-regul ated
vessel for | ] ressur : - der .ofabr om about 20
Torr to@%’&ﬁsﬁng o%%lgﬂ)?g%ér&en%g g g%l’ g’#ae@a I?g?%&%ho?gﬁge %Sﬁ 6Pfgjf)lrrrllfgabout 400
Torr to afb

0

OYtyy %&%ra%ggmﬁ%.er%p&?{ﬁa@ P TR REulfed HoRUMBt dibAhbsphekcr anged so

t hat press%re S e high-pressure alarmin alarmunit 356, for

trigger ielgrg%og, B SR B AW ove! ﬁaf{l%ro(?me?ebfﬁ&ﬁes £Qid- Qa0 Yhn Blow,pSi g above

t he sel d opéerating pressure of the dispensed gas. In a further

enbodi meat, ! Lgha 13RS inl R il Pt IR S BRAMh G0y B2 Blba302 may be
nodul at eac?I?g%rdg re?#’?@?‘%’%%?% é‘&ﬁ‘?g‘i‘s“&‘?é tl']%lvel by the roegul at or associ ated
with the vessel (interiorly disposed therein, or provided at the neck or

val ve head, upstream of the dispensing valve for the vessel). Such

i nter m%@@{gﬁ%&% 8o i s 0Kk ofcion PRE B QU Al of

321 in nsi ng so that final pressure of the gas transmtted

in dis [ D00ek 15DG o3 dsdl & 1RRAAVWRSHVEE 340 1106 BSS, Wik r@ficks dlotvocation, s
at a degligggaé&%%aesssu?e fevel a%propri atg{m{o such end use of the gas. The

i nvent i ofkDEREQNR 1R e §6rt bhife Rl BedhArRGERE! (Rt isisBlectghe mashiteet system to
be substantially increased, and the risks and dangers attendant

hi gh- pr %&égﬁe‘gﬁﬁméi@@em BGnstreum RMieuhsioapiotat)lay 1.5 tdctemadsument i oned
herein in the Summary of the Invention section Hereof, the invention may be

carried . IANpiétamhh@miveasesvididal felivegel(dh)l tht epehisi cogplalf wisupessat nospheri ¢
pressure gas, (2) 39 WO 03/103862 PCT/ US03/ 17429

panel including a regulator of the variable set point type, wherein the set point is set to

match factory delivery requirements, typicaily 30-70 psig. An alerm and conirol 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 auto-swiich system may also be employed in a multiple

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

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

In mode (2) involving sub-atmospheric pressure dispensing operation, the pressure-
regulated gas sowrce vessel is arranged 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 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 of the gas

panel regulator is typically set at about 400-600 Torr. An alarm and confrol assembly is
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di spensi ng of sub-atnospheric pressure gas, and (3) hybrid operation

i nvol vi ng di spensing of gas at superatnospheric pressure that is further
regul ated down to subat nospheric pressure, variously described

her ei nabove. Each of these nodes is discussed in rumbelow, as regards

pref er r SHOHYBHZi ng conditions, in an illustrative enbBcRHMRI™Yr each

node. In node (1) involving superatnospheric pressure di spensing operation,

h L e- I ) i i 100
boro withidz A ApeRingie APRRHF L TREE bn b8 NI Sidttly 950 B

I b of . i I
! oqu r oriin 4P HE G it MR, bl 88 Bl B MR e RIS

. 1 ow e i i ded: , th |
{Tgxgggg}c%w%&%é@%%g&%% gct.lmé Y pd- sﬁfoggasd&&ngta%p&gy ﬁ?ﬁgde oxBag the vesse

W a ‘gas® panel 1 ncludlng regu vari abl e set

poi nt type,, wherein t et LN dellvery

requi rerFEuﬁtﬂér?u@ ytg% £ '1};5111 O-A?%%%%ﬂcﬁ n%ﬁ %%ﬁlggﬁ%c%noé%%g?{%smsgﬁgl y 1Is

provi ded t hat ti gt% ' c Qe besdgssel . as well
as the g%%.ygf&gﬂﬁggﬁ |%ﬁJﬁg@%ggﬁgﬁégggﬁgﬁé%Sg%g#ﬁg%u?gut.sThe al arm and
control M DBYer B SdmalfRlrapged to activate a-
tmo-posﬁ%%?ﬁ%gas é%g+%@?Qggﬁgggé%%&?%crgﬁsepexhaugﬁ flux through the gas
cabinet. An auto-switch systemmay al so be enployed in a nultiple gas
source vessel arrangenent, to effect changes in bringing a back-up gas

source gfg@&ég (ggﬂfv?ﬂr\]r{n%%ybﬂgﬁ?erﬁﬁ%pﬂék Plast HEAEAS AN 46 iV AsBEl becones

depl ete de (2) 1 nvolving sub-atnospheric pressure dispensing

ODe Al | Qi dihyl 3 BhlcProghiffhth B cdloctth o UpEAo YRR pab or ishitbmed Lo del i ver

gas at 6 torr, a restricted flow orifice disposed int e outl et
port of tﬁé}%eéé@rh¥@guﬁ%?a@§ouﬁ@@eéé&$§ Blrarb B0 doBves hLRtaqleshi@e BRIVt he  process
requi renments (of the downstream sem conductor process) at 1.5 tines the
mexi mu mps{g,l Witk o RsBORA FBk bafksaispesel B 1BE Sutietinl (Fihd ake hemSEthe vastel t he vessel
is coupled with a gas panel i-ncluding a regulator of the variable set
poi nt t \vipe.is Wekal o heh IR pPcisd reqofroridae @she pownstreant gathiadndtotérs typi cal |y
set at about 400-600 Torr. An alarm and control assenbly is

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 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 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 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 source 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 (PbU) gas purifiers, with
delivery from the gas cabinet to the semiconductor process tool and the VMB at sub-

atmospheric pressure.
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39 WD 03/103862 PCT/ US03/ 17429 provided that functions to close the
pneumati c val ve on the vessel, as well as the manifold 1isolation valve,
and to emt alarmoutput. The alarm and control system may al so be
constructed and arranged to activate a two-position gas_cabi net danper to
i ncreaseV@LHYIE2 1 ux through the gas cabinet. An autTEEW%¥LHSyst em may
al so be enployed in a nultiple gas source vessel arrangenent, to effect

changes 11 Bkl 9aARa6!r P pRAR: BAUKEPuY SRR owh b e sHRAMEANOT bt

on-stream gas source ve COomnes gas. |Inh node ( i nvol vi ng
hybri d L Ak | C pressure dispensing operation that is further
regu|at§§H§§ﬁ%E§§§H§§%e| regul ator to produce sub-atnospheric 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
di sposed in the outlet port of thenmlpe head of the vessel that is
selected to match the process requirenents (of the downstream sem conductor
process) at 1.5 lines the maxi mumflow. A pneumatic valve is provided on
the vessel, and the vessel is coupled with a gas panel including a

regul at Qg f pluiteria detBlosye tprBRighlatelry RACT Wifdedd (AVTINIE LRGIDADIN! | S set at
about 600 Ton. An alarm and control assenbly is provided that functions to

close t %%Eeiﬁ{eﬁoﬂﬁaldiéﬁosw rdofiBtoVe 8@ comparedBiith Asmdblachighprebsated i sol ation
valve, and to emt alarmoutput. The alarm and control system may al so be

const r uGkBeieANA sitdb k@HeE (GdsQatifdt indAliRioas wd ideatidal imdRogapordingifmdt danper to
i ncrease exhaust flux through the gas cabinet. An auto-switch system nay

al so be EPvepadniticRd MM ikinlygie soaplekd.e The potehtial slsasngement [Sit o ef f ect
changes in bringing a back-up gas source vessel on-line, when another

on- st r e3fimBasd 504 20 Eor\bahSohplRe0amdsnaag plvelvatimolkiply Eslurct e alwgibase b node ( 3)
allows limted pressure operation in the manifold, which can be -utilized

t 0 over GRER. Bf AESHiReHnQfSal §6QRhet ddcsirkivepeis dotemfinadsaské ROllatglas
purifiers, with
and the delivery methods compared on a relative basis.

The likelihood of incidents is affected by cylinder replacement frequency and delivery
pressure. The consequence of operational incidents or worst case release rate [WCR] —is
shown in Table 1 and ranges from 30.5 to 70.8 standard lifers 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 Oxifice as a Function Of Cylinder
Pressure
Pressure [psig] WCR Flaw [slpm)] Mass [kgj
1600 70.8 15
1200 55.7 12
800 305 5
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delivery fromthe gas cabinet to the sem conductor process tool and the,
VMB at sub- atnospheric pressure. 40 WO 03, 1103862 PCT/ 1J803117429 The
features and advantages of the present invention are nore fully shown by
the followng non-limting exanples. EXAMPLE | Using Fault Tree

met hodolV6@9¥108%2e- r equl at ed” VAC(r) cylinders (ATM, IH/USOEHBLry, cCT)
having interiorly disposed regulators were conpared with standard high
pressure cylinders in silane sqrwiMeLe &8s cabinet installations were

i dentical and corresponding fault trees were constructed and risk analysis
conpl eted. The potenti al gif2f! BARRrySCORFEARS Ekadille nunbered over 20 for each
conpari son and many involved nultiple failures for a release to occur. In
this manner an overall frequency of occurrence was determ ned, risks
calculated and the delivery methods conpared on a relative basis. The

| i kel i hogd  Qfutabifde prd@ieSvak Set &f ££8 botdtaRdeBYy PEGlref@RhafemMpalatell gRuency and

delivery pressure. The consequence of operational incidents or worst case

rel ease Jo3ke vENMGERIhich W ind®Pnt bPfill plabstrel Sand flleRaRtEs hfeaudfiobot 0 70. 8
standard liters per mnute (slpm (NFPA 318 Standard for the Protection of

G eanr 00/, 1oRRAAQ; Eskut hadnof. theTing: MERs febr wrb & 1B il vigishe tep@indeydfitder was
capped at 8.2 slpmand for all fill pressures. TABLE | Silane Fl ow Rates
Through #dp@A®betRest 1011g] EXkgHAnavys Qgichirg® oAl ththackisein Table Qytlelonder
Pressure Pressure [psig] WCR Flow [slpnm] Mass [kb[ 1600 70.8 15

‘ sets out the silane worst case release rates at 800 psig and 100 psig, wherein VAC refers to a

pre-regulated gas storage and dispensing vessel commercially available from ATMI, Inc.

(Danbury, CT).
TABLE 2
Silane Werst Case Release Rates at 800 psig and 100 psig
Cylinder Pressure Capacity RFO Release Rate
Standard 800 psig S5kg 0.010" 30.5 slpm
VAC 100 psig 15kg a.o10" 3.5 slpm
[1600 psig] 100 psig 15kg 0.014" 6.9 slpm

“Table 3 below sets out the results of 1elative risk analysis for silane delivery options.

TABLE 3
Gas Delivery System Freguency _ Consequence Risk Rigk Ratio
15kg, VAC (100 psig) 4.44E-3 8.2 3.64E-2 1
5 kg, 800 psig 1.49E-2 30.5 4.648-1 12.5
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1200 55.7 12 800 30.5 5 41 WD 03/103862 PCT/ 11S03117429 EXAMPLE 2 Sil ane
Delivery -Coniparativc Exanple Pre-regulating pressure was set to fix a
constant delivery pressure for the pre-regul ated gas source vessel, which
was i ndependent of fill pressure. Silane fill densities are a function of

ri sk tol"& 84862 apout half of the fills in this test P& fil1s, with
the remainder of the fills spread between 10 kg, 12 kg and 15 kg charges

of flui ssel . Tgblp,2 belsgy setsgagi-it he gbbane worst case
releasequ'ﬁéﬁg?ﬂgoo psi g g?g 100 psig, wherein VACrefers to a

pre-reg st orage ~di speggi ng vegsgh.jcommepei al |y avail able from
ATM , Iﬁéiéfgﬁgﬁ%%ry, CT)FﬂﬁﬁéﬁE Zgg?Iane v%?gFlcase Rel ease Rates at 800
psig and 100 psig CylinderPressureCapacityRFORel ease Rate Standard800 psi g5
kg0. 010" 30.5 sl pm VAC100 psi gl5 kg0.010"3.5 sl pm [ 1600 psig] 100 psigl5
kg0.014"6.9 sl pm Table 3 bel ow sets out the results of relative risk
analysis for silane delivery options. TABLE 3 Gas Delivery

Syst enFreglenaY ORI a6Y HROEA P SRS lkysRad [100 psifilvahs piéaiced 106s 12 to 23
psi g) 4. 44E- 38. 23. 64E- 21
times safer than a standard silane cylinder equipped with an 0.010” restrictive flow orifice

(RFO). The lower release rate [consequence] term for a given incident, a function of

delivery pressure, provides this result.

Although the invention has been variously disclosed herein with reference to illustrative
embodiments and features, it will be 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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5 kg, 800 psigl. 49E-230.54.54E-112. 5 42 WD 03/ 103862PCT/ US03/ 17429 10 kg,
1200 psigl, 27E-255. 06. 98E- 119. 2 15 kg, 1550 prigl. 16E-270. 88. 21E-122.6 On a
relative risk basis, the VAC' S delivery system[100 psig] was predicted to
be 12 to 23 tines safer than a standard sil ane cylinder equi ged with an
0.010" r™Q03¥1%8%%2ve flow orifice (RFO). The |ower rel g‘

[ consequence] termfor a given incident, a function of delivery pressure,
provides this result. Al though tig diMgati on has been variously disclosed
herein'with reference to illustiratirve enbodi nents and features, it will be
appreci ated that the enbodi nents and features described herei nabove are
not intended to limt the invention, and that other variations,

modi f i cad¥iaHsclaimed st her enbodi nents wil | suggest thensel ves to those of
ordinary skill in the art. The invention therefore is to be broadly
construed, consistent with the claims hereafter set forth. 43 W 03/103862
THE CLAMB Arifsispensing agseply fos di SW&E@G%’@M% 1. A gas dispensing assenbly
for dispensi 2% gas, conprising. (a) a Bressure regul ated gas source vessel
hol di ng' gas praretasnlaish 8rs ouisH vessql helding ges ¥ oreranepkucamistar ranged f or

di scharging the &yas at c{.lbstantl ally |ower pressure
constructed and arranged for discharging the gas at substanﬁally Tower

pressure;

(b) a gas manifo]d arranged to receive discharged gas from the pressure-regulated
gas source vessel and comprising gas flow circnitry for dispensing said gas;

(c) means for selectively isolating the flow circuitry of the gas manifold from the
pressure-regnlated gas source vessel; and

(d) means for removing gas from the gas flow circuitry to enable change-out of the

gas source vessel when the vessel has become depleted of gas.

2. The gas dispensing assembly of claim 1, wherein said means for removing gas from the

gas flow circuitry comprise a vacuum circuit joined to said gas manifold,

3. The gas dispensing assembly of claim 1, wherein said means for temoving gas from the

gas flow circuitry comprise a purge gas source coupled with said gas manifold.

4. The gas dispensing assembly of claim 1, having at least ohe gas pressure regulator

interiorly disposed in the gas source vessel.

5. The gas dispensing assembly of claim 1, having at least one gas pressure regulator

disposed at the gas source vessel.
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(b) a gas manifold arranged to receive discharged gas fromthe
pressure-regul ated gas source vessel and conprising gas flow circuitry for
di spensing said gas; (c) neans for selectively isolating the flow circuitry
of the gas manifold fromthe pressure-regulated gas source vessel; and (d)
means fg’YOP-’éWan gas fromthe gas flow circuitry to Brndbi®® ¥hhnge- out of
the gas source vessel when the vessel has becone depleted of gas. 2. The

gas di spgnlgsngggg? fﬁﬁsﬁfengﬂ#yas En},@lggmi{ﬂ 5, w%%@iﬂ{g SR GRSl |EudegNOVI N gas

fromthe Cl Fcul conpri se vacuumcircuit joined to said gas

rani f ol ddonéiner}'i;%%io% clgii%oeﬁﬂ? RY RASRTH il SldPdaTard htiRlSottamal d means for
rom e as

removi ng gas t OW clrcultry conprise a purge gas source

coupl ed () S@heluHFSidBRKORlEL infrior VoRin@AMmiP RENG 1dag oA ABREM! claim L,

havi ng eas e’ gas” pressure regulator interiorly disposed in the gas

source vg &&ﬁsésﬁgpﬁmﬂ&§p i spensi ng assenbly of claim1, having at |east
one gas pressure relator I sposed at the gas source vessel. 44 WO

031031362 PCT/ US03/17429 6. The gas di spensing assenbly of claimb5, wherein
the gas source vessel includes a container portion enclosing an interior

vol ume fprmyp %sqﬁ%gns'ﬁ%i Hsc8Rfy Fhifay Whdeid sS@REREINAIudep @ htadf derBiys char gi ng
said gas fromt Interior volune, wherein said at | east one gas pressure

regul at octhdngt: 1@ ofle fARL @i ner port. 7. The gas dispensing assenbly of
claim1l1, wherein said vessel includes a head assenbly including at | east

one val ve. 8. The gas dispensing assenbly of claim7, including at |east
one gas pressure regul ator

8. The gas dispensing assembly of claim 7, including at least one gas pressure regulator

disposed in a gas-holding interior volume of the gas source vessel.

9. The gas dispensing assembly of claim 8, comprising two pressure regulators coupled in

series in said gas-holding interior volume of the gas source vessel.

10. The gas dispensing assembly of claim 1, including at least one gas pressure regulator
constructed and amranged so that gas from the gas source vessel in said gas flow circuitry is

at pressure that is at least 40 percent lower than pressure of gas in said gas source vessel.

11. The gas dispensing assembly of claim 10, wherein said pressure of gas in said gas

source vessel is in a range of from about 20 psig to about 2000 psig.

12. The gas dispensing assembly of claim 11, wherein the gas from the gas source vessel in

said gas flow circuitry is at pressure in a range of from sub-atmospheric pressute to about

1200 psig.
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di sposed in a gas-holding interior volunme of the gas source vessel. 9. The
gas di spensing assenbly of claim@8, conprising two pressure regul ators
coupled in series in said gas-holding interior volune of the gas source
vessel . 10. The gas di spensing assenbly of claim1, iﬁﬁ{ bg@?ﬁg | east one
gas pre§¥%P¥"?@ﬁulator constructed and arranged so that ' gas firomthe gas
source vessel in said gas flowcircuitry is at pressure that is at |east

40 per cefy ThOWE bishdadfy Qs bEcI 19AShekdin B8k fhasthe Qayrsomcaressbin. 11, The
gas di spensi ng assenb%y of claim 10, wherein said pressure of gas in said

0as  SOULGEsaY B8 Rlrcilify it PrebsBRAR aQdngt bOMOM e km3shasi igeshe bdutt 2000 psi g.
12. The gas di spensing assenbly of claim 11, wherein the gas fromthe gas

source veRgelk in said gas flowcircuitry is at pressure in a range of from
sub- at nospheri c pressure to about 1200 psig. 45 WO 03/103862

PCT! US03/ 17429 13. The gas di spensing assenbly of claim 11, wherein the gas
fromthe gas source vessel in said gas flowcircuitry is at pressure in a

range of 14 TRIBa8 aiaﬁae%&iﬂ?mé}ﬂﬂy 6f QiRS3 e rdintha laaftom A6 @agxeinge veistl inThe gas
di spensi ng assenbly of claim11l, wherein the gas fromthe gas source vessel

in  sai Ga@iass fibwvirsdifreidiat pissufe ik rpige sbitom sitRatmospheripepresburé tooaout
subat nospheric pressure to about 100 psig. 15. The gas di spensing assenbly
of cl ai mobpsigwherein the gas fromthe gas source vessel in said gas flow
circuitry is at sub-atnospheric pressure. 16. The gas di spensing assenbly
of claim 15, wherein the gas fromthe gas source vessel in said gas flow
circuitry is at pressure of fromabout 20 Torr to about 750 Torr, 17. The
gas di spenThaws dissmsiog yssafibly bidlam1 1, Wieedinthe gos fzom the getsoppeveg®inpr essure
regul at or

’ said gas flow circuitry is at sub-atmospheric pressure.

16. The gas dispensing assembly of claim 15, wherein the gas from the gas source vessel in

said gas flow circuitry is at pressure of from about 20 Torr to about 750 Tort.

17. The gas dispensing assembly of claim 1, including at least one gas pressure regulator
constructed and arranged so that gas from the gas source vessel in said gas flow circuitry is

at pressure that is at least 60 percent lower than pressure of gas in said gas source vessel.
18. The gas dispensing assembly of claim 1, including at least one gas pressure regulator
constructed and arranged so that gas from the gas source vessel in said gas flow circuitry is

ai pressure that is at least 80 percent lower than pressure of gas in said gas source vessel.

19. The gas dispensing assembly of claim 1, wherein said superatmospheric pressure of gas

in said gas source vessel is in a range of from about 20 psig to about 2000 psig.
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constructed and arranged so that gas fromthe gas source vessel in said gas
flowcircuitry is at pressure that is at |east 60 percent |ower than
pressure of gas in said gas source vessel. 18. The gas di spensi ng assenbly
of claiml1, including at |east one gas pressure regul ator constructed and
arrangedvQ8¥1438% gas from the gas source vessel in sai' YRR circuitry
is at pressure that is at | east 80 percent |lower than pressure of gas in

521 d gas U 68 AESAL assditoly BB WHEBRINSLS GoAREBRIurafvaskBinm 1, ~wher i n

sai d super at nosp Cc pressure of gas in said gas source vessel is in a

range of & i leShuteGn 2RAM of ZRLERI20 Toft fo Moni280 383862 PC |
ifSO3/1fﬂg§ﬁg%ﬁp%ﬁ%méggggkgggnsinggggsenbly of 8Iain11, mﬁgrein t he gas

fromthe gas source vessel in said gas flowcircuitry is at pressure in a
range of from about 20 Torr to about 200 psig. 21. The gas di spensing

assenbl y10fneCla@ ifhehsindRBERBI of B8mAAFhEBRNRY 8 HORMSHS GidTsOfoenessEIn i N sai d
gas flow circuitry is at pressure in a range of from about 20 Torr to about

100 psi GaidZds floWErctifhs istt prR&JIF iR 8 raagsdHohyabit 20 Tairtd dboutoepsdg.n sai d pressure
of gas in said gas source vessel Is in a range of fromabout 20 psig to
about 2000 psig, and the gas fromthe gas source vessel in said gas flow
circuitry is at pressure in a range of from about 20 Torr to about 200

pstg. 23y, TheagaspdlkisPapambngofusse TPiderdd soid prédturd of fasiit bt gas sovprei si ng al arm
means constructe and arranged for producing an al arm out put when the gas

f rom t heycgaisis SO W lrfife \WE H6RI aboit 20qisty to @RSt RDNpsIg, ediittergas remathe prsessur e above
a predeterm ned value. 24. The gas di spensing assenbly of claiml1, further
CONPI i SiBercdrRRs if Qhid bas Glodt dilgitry heat PRSsursmUr megewd Sl atoniolh Tdwetogas mani f ol d
when the gas fromthe gas source vessel in-said gas flowcircuitry is at
pr essur eballQueEpsie. pr edet erm ned val ue. 25. The gas dispensing assenbly of
claim1, wherein the neans for isolating the gas source

23. The gas dispensing assembly of claim 1, further comprising alarm means constructed
and arranged for producing an alarm output when the gas from the gas source vessel in said

gas flow circuitry is at pressure above a predetermined value.

24. The gas dispensing assembly of claim 1, further comprising means for isolating the gas
source vessel from the gas manifold when the gas from the gas source vessel in said gas
flow circuifry is at pressure above a predetermined value,

25. The gas dispensing assembly of claim 1, wherein the means for isolating the gas source
vessel from the gas manifold when the gas from the gas source vessel in said gas flow
circuitry is at pressure above a predetermined value, comprises selectively actuatable

valving in the gas manifold.

26. The gas dispensing assembly of claim 1, wherein the means for selectively isolating the

flow circuitry of the gas manifold from the pressure-regulated gas source vessel comprise
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vessel fromthe gas nmanifold when the gas fromthe gas source vessel in
said gas flow circuitry is at pressure above a predeterm ned val ue,
conprises selectively actuatable wvalving in the gas manifold. 26. The gas
di spensi ng assenbly of claim11, wherein the nmeans for ' y isolating
the f1o¥Pe B ry of the gas nanifold fromthe pr essﬁ&-goé}dz‘ﬁgt ed gas
source vessel conprise 47 WO 031103862 PCT/ US03/.17429 means for isolating

the gas SOME &R i¥EESEMe EAORUL Res @R GofBIY a0 hiindI€ Whérilie ga<roht thergdshe gas
source vessel in. said gas flowcircuitry is at pressure above a

pr edet ergyj e tbsyeiniGid g flow SiRuBR s A bRRERILHG agsaleBidiedobluel ai m 1, further
conprising neans for term nating gas dispensing when the gas fromthe gas
source vessel in said gas flowcircuitry is at pressure 11 above a
predet erm ned val ue. 28. The gas di spensing assenbly of claim1, further
CoNpri SiAYTR: SR UisPERRE HEBmbIPGPLIRNDT, further tdugpriging nrvam fhokdyinativgesi n (i) gas
in said gas source vessel is at first suporatnospheric pressure, (ii) gas
recei ved;¥nsaid whefl @% J18 bk GheChad Bshrdepadselen Bid bassmcbigaity jpr 2 pwsrues 1 egul at or
in the gas manifold is at second pressure |ower than said first el evated
pr essur epodbrédetekmingBsaluel N the gas mani fol d downstream of said gas
pressure regulator in the gas manifold is at third pressure |ower than
sai d second pressure. 29. The gas di spensing assenbly of claim 28, wherein
the first superatnospheric pressure is in a range of fromabout 10 psig to
about 20R0TRsig dispéhsing Aeegblg ofltisipeh Surfigr aameisiog ¢ gof pressat MERBIOr Wher ei n t he
second pressure is in a range of fromabout O psig to about 200 psig. 31.
The gas tHé gRemsiifol, ageenb(i)y gofin chidigns 2@yconresyet isnattfire pgraiviogptedsure is in a
range of from about 20 Torr to about 100 prig.

pressure, (ii) gas received by said gas manifold and upsiream of said gas pressure regulator

in the gas manifold is at second pressure lower than said first elevated pressure, and (iii) gas
in the gas manifold downstream of said gas pressure regulator in the gas manifold is at third

pressure lower than said second pressure.

29. The gas dispensing assembly of claim 28, wherein the first superatmospheric pressute is

in a range of from about 10 psig to about 2000 psig.

30. The gas dispensing assembly of claim 28, wherein the second pressure is in a range of

from about 0 psig to about 200 psig.

31. The gas dispensing assembly of claim 28, wherein the third pressure is in a range of

v from about 20 Torr to about 100 psig.

32. The gas dispensing assembly of claim 28, wherein the third pressure is a sub-

atmospheric pressure.
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32. The gas dispensing assenbly of claim28, wherein the third pressure is
a sub at nospheric pressure. 48 W} 03/103862 PCT[US03/ 17429 33. The gas

di spensi ng assenbly of claim1l, wherein the vessel conprises a restricted
floworifice in a gas outlet port thereof. 34. The gas_di spensing assenbly
of cl ai W% %8¥%2her conprising an el ectronics nodul e ?qugﬁﬂﬁﬁ9a centra
processing unit (CPU) arranged for controlling at |east one process

condi ti o £l 83 SishdhsiiZhdloil o RNk herdR the NG oLRMpHics RS MSSCNDI y - Of

claim3 el n sal ast one process condition conprises a

condi tiqp. fﬁ%ﬁ%&ﬁ ggroup consisting of pressure, tenperature, flow
rate angﬁggﬁggéng% of the gas. 36. The gas dispensing assenbly of claim

34, wherein said at | east one process condition conprises pressure. 37. The
gas di spensing assenbly of claim 1, further conprising an el ectronics

modul e NG} UL NGRS bdsAhbIP bP CRRS N Eiribd SonfppRibd an \WeE®Id @i mani fol d is
valved,3ﬁh§Fﬂ§#ﬂg“§%ﬁ@%ss tﬁgt are selectively %%justable, and at | east one

of sai d Yald6Sa lostAP SFoddskite it oD SHnkd BRicohiro@RY at ®addinySiocsai d val ve in

operation of said gas cabinet. 38." The gas di spensing assenbly of claim1,

conpri siBguRdR 2GR RN kel n said gas source vessel and gas manifold
are contained. 39. The gas dispensing assenbly of claim1l, further

conprising an electronics nodule including a central processing unit

(CPU), and wherein said nmeans for renoving gas from the gas flow circuitry
t o enablis, PhARGQisPstsing fasdciBly DB S1aE0 B4, Giher@b Sl atibteion: ppocvsesemiitidnas  become
depl eted of gas, are responsively coupled with said CPU so that renoval of
gas comprises a condition selected from the group consisting of pressure, temperature, flow rate

and composition of the gas.

36. The gas dispensing assembly of claim 34, wherein said at least one process condition

comprises pressure. -

37. The gas dispensing assembly of claim 1, further comprising an electronics module
including a central processing unit (CPU), wherein said manifold is valved, including valves
that are selectively adjustable, and at least one of said valves is operatively coupled to said

CPU to adjust said valve in operation of said gas cabinet.

38. The gas dispensing assembly of claim 1, comprising a gas cabinet wherein said gas

source vessel and gas manifold are contained.

39. The gas dispensing assembly of claim 1, further comprising an electronics module
including a central provessing unit (CPU), and wherein said means for removing gas from
the gas flow circuitry to enable change-out of the gas source vessel when the vessel has

become depleted of gas, are responsively coupled with said CPU so that removal of gas

49



49 WO 03, 1403862 PCTI USQ3/ 17429 fromthe flow circuitry i s conducted
according to a predeterm ned schedul e or responsive to at | east one process
vari abl e nonitored by the CPU. 40. The gas di spensing assenbly of claiml,

conprising at | east one of the follow ng conponents: (] mcircuit
oper abl é’V883’E'F‘?6éct evacuation of at least part of the ]%(I)Té%(%@g%i try of

said gas manifold, as at |east part of said neans (d); (ii) a purge gas

circuit ﬁ%?neﬁxé‘péﬁ 5&81&@} %? Qb SHeBtingto AfredeRRfiteP@hbduorkddgorbivaly circui  of

sai d gas nani east part “of said nmeans (d); (i1i) at |east one

flom’COQé%ﬁ%$ﬁﬁ%¥ﬁm&9vﬁﬁﬁgn&ﬂﬁn&ﬁ@ﬂﬁﬁﬁﬁ. (iv) a pressure sensor in said

gas nmani a pressure swtch in said gas manifold; and (vi) a
regulator in said gas nmanifold; and an el ectronics nodule including a
central processing unit (CPU) that is constructed and arranged for

control '4b.”9hea§as'r£?p%£siﬂg1§ssaﬁb1§ 3k SabPTPboHAMIng QFRAREHeSof (the foflwing 41. The gas
e y of

di spensi ng as claim1, conprising at | east one pressure regul ator
with an &@&H§$@ble set point, and neans for adjusting said set point. 42.
The gas di pensi ng assenbly of claim 1, wherein the gas source vessel
contains a sem conductor processing gas. 43. The gas di spensing assenbly of
claim1, wherein the gas source vessel contains a gas selected fromthe

group consgst i ROyaeimnbefréiit égetableUr dffider, ovaidatitie of BElely Ipait|oirtes flow- 50
circuitry of said gas manifold, as at least part of said means (d);
(i)  apurge gas circuit operable to effect purging of at least part of the flow circuitry
of said gas manifold, as at least part of said means (d);
(i) atleast one flow control valve in said gas manifoid;
(iv)  a pressure sensor in said gas manifold;
(v)  a pressure switch in said gas manifold; and

(vi}  a regulator in said gas manifold;

and an elecironics module including a central processing unit (CPU) that is constructed and

arranged for controlling at least one of said comprised components (i)~(vi).

41. The gas dispensing assembly of claim 1, comprising at least one pressure regulator with

an adjustable set point, and means for adjusting said set point.

42. The gas di;spensing assembly of claim 1, wherein the gas source vessel contains a

semiconductor processing gas.

43. The gas dispensing assembly of claim 1, wherein the gas source vessel contains a gas

selected from the group consisting of boron tiifluoride, silane, methylsilane, tri-
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WO 03/ 103862 PCT/ US03/ 17429 net hyl sil ane, arsine, phosphene, diborane,
chlorine, BA 3, B2D6, tungsten hexafluoride, hydrogen fluoride, hydrogen
chl oride, hydrogen iodide, hydrogen brom de, germane, anmonia, stibine,
hydr ogen | fide, hydrogen sel enide, hydrogen telluri 1 ne, i1 odine,
quorinéygﬁﬂg?% CH3) 3Sb, and organonetal lic conpounds%ﬁﬁyggggg@ on gases,
hydr ogen, nitrogen, carbon nonoxide, and rare gas halides. 44. The gas

di SPensi g AR Bl fnolhbMiborall GBI, (B19; EPGH RUERE MEsRRIdGON! Al NS &
gas selecte fomthe droup consisting of arsine, phosphine, chlorine,

NF3, BF3, B Sp.BaE0 2 ?l&ﬁi haide Ihydrb i Blofilie @¥@fahéjor | de, and
(CH3) 3S ?mﬁgm-ﬁWﬁ%?n%ﬂh%%gfﬁﬁﬁﬁﬁﬁ“g gmbggﬁé?sgen%?hg asgeﬁbly i ncluding a
gas source therein,.c ' ' § elialideORdMie, Miiihd) a gas
nanifold?m%ﬂgf%ﬁﬁwfﬁg%ggﬁgﬁ%%??%ﬁ%ﬁﬁﬁgﬁﬁaggﬂfeom1 circuitry for discharging
gas to g gas-ysin , S ) Srol A Gades, hapbe@s source a
pressurzmgﬁ ﬂﬁg?bgugﬁgﬁsgﬁgggn@g%%g?c%%'tainiggothe 3§s aﬁmsuperatnnspheric
pressure, wherejn the @res ure gﬁgﬁéator is constructed and arranged to
provi de THTogeEs CHRIIEUGHIES. B¢ K & P¥old that is substantially bel ow the
pressure of the superatnospheric pressure gas in the gas source vessel.

46. The nethod of claim45, wherein a vacuumcircuit is joined to said gas
mani fol d,, further conprisin £ uat j.ng. YOGV G Coltdind LoRXT ract gas
fron1th%49£§3ﬁﬁﬁﬁ?%f%£§¥?§wygﬁggééguhggﬂiﬁggvessegyis deplete% of gas to a
predeterm ned extent. 47, .T . 6d, A NEYWNRREBOIABPEE Je gas

sour ce isgr?e%%qﬂ%?"é W Lh c&%?@%%@%%??%?ﬁ?’ ?lurther cor%pri S ng ?I owi ng purge

gas from the e _gas_sour.ce through t mani fold to renove therefrom
g A A P .

gas deri é

45. A method of operating a gas dispensing assembly including a gas source therein 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 pressure-regulated gas source vessel containing the gas at superatmospheric
pressure, wherein the pressure regulator is constructed and arrang;d to provide a gas
pressure in said manifold that is substantially below the pressure of the superatmospheric

pressure gas in the gas source vessel.

46. The method of claim 45, wherein a vacuum circuit is joined to said gas manifold, further
comprising actuating the vacuum circuit to extract gas from the gas manifold after the gas

gsource vessel is depleted of gas to a predetermined extent.

47. The method of claim 45, wherein a purge gas source is coupled with said gas manifold,
further comprising flowing purge gas from the purge gas source through the gas manifold to

remove therefrom gas deriving from the gas source vessel .
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WO 03/1.038602 PCT/ Us03/17429 48. The method of claim45, wherein the
pressure-regul ated source gas vessel conprises a pressure regulator
interiorly disposed in the gas source vessel. 49. The nethod of clai m 45,
wherein_the pressure-regul ated source gas vessel conpry essure
regulatgw)ﬁvgﬁﬁ§ed at the gas source vessel in a headlgégéwgrvg{hereof. 50.
The nmethod of claim 45, wherein the pressure-regul ated source gas vessel
conpri seg. The mARMA FcRAR 45,6 Hete@Nthd plegiuftge@dditall Yase ganessalooimpgsea agas

di scharge port, wherein a pressure regulator is disposed at said gas

di schar ggesiRé fogulfbr interftify digpb&tach hé galsairea vaisel. conpri sing a flow control
valve in a head assenbly secured to the gas source vessel. 52. The net hod

of claimb5l, wherein a pressure regulator is disposed in an interior volune
of the gas source vessel, so that gas being discharged fromthe vessel

fl ows t hmoughndthe of RIa8S 85\Iveherehigthb pieesurepegulnted soufck gaw teksebeogiprisesiad f | ow
control valve. 53. The nethod of claimb52, wherein series-coupled pressure

regul at Qedsaé Reilieipestdianthapasistitrer esel in o headmssomblyieerepés sour ce vessel . 54.
The net hod of claim45, conprising providing a pressure regulator in or at
the gas source vessel so that gas fromthe gas source vessel in said gas
mani fold is at pressure that is at |east 40 percent |ower than pressure of
gas in sai theyashslofchen ¢8setetein H6 prefue-mptdiestsonice gasayepiehepmpgffseei n sai d
pressure of gas in said gas source vessel is in a range of from about 20
psSi g t o cahigivér REOGA hpbligy sk gasOuEEHay e S6@s METRAFSEs) WAED SBess¥Re net hod of
claimb55, wherein the gas fromthe gas source vessel in said gas nmanifold
is at presdatords disposed bsagizanfisthamgeperib- at nospheric pressure to about 1200
psi g.

51. The method of claim 45, comprising a flow conirol valve in a head assembly secured to

the gas source vessel.

52. The method of claim 51, wherein a pressure regulator is disposed in an intetior volume
of the gas source vessel, so that gas being discharged from the vessel flows through the

pressure regulator prior to flow through said flow control valve.

53. The method of claim 52, wherein series-coupled pressure regulators are disposed in an

interior volume of the gas source vessel.

54. The method of claim 45, comprising providing a pressure regulator in or at the gas
- source vessel so that gas from the gas source vessel in said gas manifold is at pressure that

is at least 40 percent lower than pressure of gas in said gas source vessel.

55. The method of claim 54, wherein said pressure of gas in said gas source vessel isin a

range of from about 20 psig to abont 2000 psig.
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57. The nethod of claimb55, wherein the bas fromthe gas source vessel in
said gas manifold is at pressure in a range of from sub-atnospheric
pressure to about 200 psig. 58. The nethod of claimb55, wherein the gas
fromthe gas source vessel in said gas nanifold is at (e.in a range
of fronwggﬁyﬁﬁﬁﬁspheric pressure to about 100 psig. Sd&ﬁﬁﬁggﬁé?Lod of claim
55, wherein the gas fromthe gas source vessel in said gas manifold is at

sub- at MFPRRGhoRLESR B; whllein HiGal RIMAE o8softkRciloPilsattil floitoluhe gas from

t he gas source vesse gas mani dis at pressure of from about 20
Torr 10 ;aQQlenf3f a TGS of foh subindiBhdie fre®hreGh Aol oo p&QNPr i Si ng providing a
pressure regulator 1n or at the gas source vessel so that gas fromthe gas
source vessel in said gas manifold is at pressure that is at |east 60
percent |ower than pressure of bas in said gas source vessel. 62. The

met hod 6f Blealdfod of cISRAR! HRd&H R HAVAG B 5/ BEESRidPin'sR ghahMifoldn Of at the
gas source vessel so that gas fromthe gas source vessel in said gas

mani f ol gg j1$redlurddh § 298¢ & i dub-atrdosplerik fRSTIP aBRE WBRLig! OWer than pressure of
gas in said gas source vessel. 63. The nethod of clarm 45, wherein said
pressure of gas in said gas source vessel is in a range of from about 20
psig to about 2000 psig. 53 WO 03/103862 FCT/L' S03!17129 64. The net hod of
cl ai m 453, WaedeBiof of NEMIBSwhdr@R e 38 ASHE QAN 6Bcd/ REERIN shifl pfhAisgds mani fol d
is at pressure in a range of from about 20 Torr to about 200 psig. 65. The
net hod  of at Gle@iufdif B rangd 6 RinsubAEn@pierit pREButRCalPAS1BQHiECEe vessel in said gas
mani fold 1s at pressure in a range of from about 20 Torr to about 100
psig. 66. The nethod of claim45, wherein said pressure of gas in said gas
source vessel is in a

59. The method of claim 55, wherein the gas from the gas source vessel in said gas manifold

is at sub-atmospheric pressure.

60. The method of claim 59, wherein the gas from the gas source vessel in said gas manifold

is at pressure of from about 20 Torx to about 750 Tor,

61. The method of claim 45, comprising providing a pressure regulator in or at the gas
source vessel so that gas from the gas source vessel in said gas manifold is at pressure that

is at least 60 percent lower than pressure of gas in said gas source vessel.
62. The method of claim 45, comprising providing a pressure regulator in or at the gas
source vessel so that gas from the gas source vessel in said gas manifold is at pressure that

is at least 80 percent lower than pressure of gas in said pas source vessel.

63. The method of claim 45, wherein said pressure of gas in said gas source vessel is in a

vange of from about 20 psig to about 2000 psig.
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range of from about 20 psig to about 2000 psig, and the gas fromthe gas
source vessel in said gas manifold is at pressure in a range of from about
20 Torr to about 200 psig. 67. The nmethod of claim45, further conprising
outputting an alarm when the gas fromthe gas source V jn said gas
mani f ol GV(?'?“Q?S%r essure above a predeternined val ue. é’éﬁm!ﬁﬁ}é&rret hod of
claim45, further conprising isolating the gas source vessel fromthe gas

mani f ol be ﬁ?ﬁlg%%hﬂﬁh@ HORURCRs YRERSksshlrn Sad ghs gasifadani fol d is at
pr essur§4'a gglg{ha 0pre et’err?i ned %agl ue. eg% The net hod of cl ai m45, wherein

sai d gag art’rﬁgésjnglhga1:agégq{flfr%ﬁ§‘bylﬁb_mm_gtotgggl[tqompsigand the step of isolating the
gas source vessel fromthe gas nmanifold when the gas fromthe gas source
vessel in said gas nmanifold is at pressure above a predeterm ned val ue,
conprises selectively actuating valving in the gas manifold. 70. The

met hod 8&.ﬁ%}ﬁiemb&léfcﬁﬁ%s,hﬁrereﬁprﬁmgds%ﬂgm ©% Bhialvendl igasd ghs apeifidd ng when the
gas fromthe gas source vessel 1n said gas manifold is at pressure above a
predetefs@?&@ﬂufé%Hﬁngéﬁﬁ%@aﬁa&ﬁbd@%ﬁfab&@ﬁb%é@w 17429 71. .The method of
claim45, further conprising providing a gas pressure regulator in the gas
mani fol d, wherein (i) gas in said pressure-regul ated gas source vessel is
at first superattnospheri.c pressure, (ii) gas received by said gas

mani f ol gg.ane miatifod alin0ls, Sak@ingaid prpnes sligae in sflgatsouwed vessehie igas mani f ol d
is at second pressure lower than said first elevated pressure, and (iii)
gas in g GBSor Bkl 0 Psigl Vbsiir660TRs, anhihd sgfom tessus@reagitldtor in the
gas manifold is at third pressure |ower than said second pressure. 72. The
met hod  gfiq gds@iamifdld is stpresseierin i hegefdffinm dbupep Tombsgboet20B pyg.essure is in a
range of from about 10 prig to about 2000 psig.

67. The method of claim 45, further comprising outputting an alarm when the gas from the

gas source vessel in said gas manifold is at pressure above 2 predetermined value.

68. The method of claim 45, further comprising isolating the gas source vessel from the gas

manifold when the gas from the gas source vessel in said gas manifold is at pressure above a

predetermined value.

69. The method of claim 45, wherein said gas manifold comprises valving therein, and the
step of isolating the gas source vessel from the gas manifold when the gas from the gas
source vessel in said gas manifold is at pressure above a predetermined value, comprises

selectively actuating valving in the gas manifold.

70. The method of claim 45, forther comprising terminating gas dispensing when the gas

from the gas source vessel in said gas manifold is at pressure above a predetermined value.
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73. The nmethod of claim 71, wherein the second pressure is in a range of
fromabout () psig to about 200 psig. 74. The nethod of claim 71, wherein
the third pressure is in. a range of from about 20 Tort to about 100 psig.
75. The nethod of claim 71, wherein the third pressur §1ﬁlﬁ ygfatnnspheric
pressur 0 BH08Re et hod of claim 45, wherein the vess&® é?{% ses a

restricted flow orifice in a gas dispensing port thereof. 77_ The nethod

of cl ai f . 1S dih 09 o bords @8k ipPmegass condi tion
of gas T, e bt G0 S5TRES, ApSRLABHAL O lbres RS RG IDTOREDS SO of
claim77,_. redn.sakd_at . t PLAGET S0k | RRscC ARt HBS a
conditi%ﬁnggﬁég%%%§ﬁ$oﬁ%tHngédﬁgﬁﬁgngﬁgtin% of presstre, tenperature, flow

rate an%per&t%{&g@éﬁé rgﬂulg{_](g? ?al% réidrved g)gsaidTQ@ nl¥Bid® SncOfps@dantl dPsdfid gagvher ei n sai d

at | eastrone 0cCess co on conprises pressure. 80. The method of claim

45, f uré}g%ﬁre%@@%ﬂé% gﬁ \ﬁ% YA afbechROstss@B fowtR kD4R shib fedleldvgas mani fol d,

and adj I'ng e 1 n operation of said gas dispensing assenbly, 82.

The met IKe}QsQuIQ,f nﬁl(i%?j B4 the ghd ol CRMREE RIS sl gﬂ%ﬁésﬁge feghlgkor in the
pressure-regul ated"gas source vessel and said gas nmanifold in a gas

cabi nagas%l%ni{(}i & ok Ol e 16%eR i 4Bd scheidiph@Eur&onpr i si ng renoving gas from
the gas"manifold according to a predeterm ned schedul e or responsively to
at | east one process variable. 84. The nethod of claim45, further
conprising providing said gas dispensing assenbly with at | east one of the
f ol | owi #g 160 XRAIIEBE Slaind 71, wheRCHE MisE bupetitniosplpait plrband s ired frpge obvacuat i on of
at | east part of the flow

from about 10 psig to about 2000 psig.

73. The method of claim 71, wherein the second pressure is in a range of from about 0 psig

to about 200 psig.

74. The method of claim 71, wherein the third pressure is in a range of from about 20 Torr

to about 100 psig.

75. The method of claim 71, wherein the third pressure is a sub-atmospheric pressure.

76. The method of claim 45, wherein the vessel comprises a restricted flow orifice in a gas

dispensing port thereof.

77. The method of claim 45, further comprising controlling at least one process condition of

gas in said manifold.
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circuitry of said gas manifold; (ii) a purge gas circuit operable to effect
purging of at least part of the flowcircuitry of said gas manifold; (iii)
at | east one flow control valve in said gas manifold; (iv) a pressure
sensor in said gas manifold; (v) a pressure switch in _said gas mani f ol d;
and (viWO B0kl ator in said gas manifol d; 56 WO 03/ F63869%H¢F 11503/ 17429
and controlling at | east one of said conprised conponents (i)-(Vvi)

accor di 1, e egl SASIGRTD SloCChi NP SROPRLAELInd B Tmbiag's ONE P OCESS

condi ti on. : e net cllaim 45, conprising disposing at or in said
gas SOUTLEHN&GS ot RER SR Lfoup rc_%ﬂdigtiﬁ% Yr Pbslte, HAmBdhithe! ABY CalngPoi N, and

adj usting the adjustable set point of the pressure regulator to obtain a
pr edet erdpasticdlicpReRs Ny rate of the gas. 86. The nethod of claim 45,
wherein the gas source vessel contains a sem conductor processing gas. 87.
The net hod of claim45, wherein the gas source vessel contains a gas
selected fromthe group consisting of arsine, phosphine, diborane,

chl ori nep, B nbihdddPaint HNERER said R1REI MO plobl&s chiHbPaRbribdspeisdugle, hydrogen

chl oride, hydrogen iodide, hydrogen brom de, germane, anmonia, stibine,
hydr ogen sul fide, hydrogen sel eni de, hydrogen telluride, chlorine,
brom ne, iodine, fluorine, NF3, and organonetal |ic conpounds, hydrocarbon

gases, RydrRO@Bhod bt EISGES, AEAEDIMPIEIAG $iodRlingaH tabtayne vads ihalid pes. 88. The
met hod of claim45, wherein the gas source vessel contains a gas selected

f rom t henani6!0\4ad 64A%InG ki1 @fin SgesdtibR of RIAGEPHGRASIngGdeabiyne, NF3, BF3, BCd 3,
B21- 16, B2D6, HO , Her,

82. The method of claim 45, further comprising disposing said pressure-regulated gas

source vessel and said pas manifold in a gas cabinet.

83. The method of claim 45, further comprising removing gas from the gas manifold

according to a predetermined schedule or responsively to at least one process variable.

84, The method of claim 45, further comprising providing said gas dispensing assembly

with at least one of the following components:

D a vacuum circuit operable to effect evacuation of at least part of the flow
circuitry of said gas manifold;

(ii)  apurge gas circuit operable to effect purging of at least part of the flow circuitry
of said gas manifold;

(iii)  at least one flow control valve in said gas manifold;

(iv)  apressure sensor in said gas manifold;

(v)  apressure switch in said gas manifold; and

(vi)  aregulator in said gas manifold;
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H, tungsten hexafluoride, and (CH3)3Sb. 89. A gas dispensing assenbly
conprising: (a) a gas source vessel for holding gas at superatnospheric
prgssu]rle, W th atI | east one pressure regulator at or within the vessel,
and a flow control valve coupled to the vessel, wherein the at |east one
pressur ¥GWHI#42 or and the flow control 57 WO 03/ 103885 TBEN 14863117429
;/ﬁl ve ﬁre arranged so that gas discharged fromthe gas source vessel flows
rough t east .o supe regil.a 0 hgugh the fl ow
control m@aﬁ’?{é 1{“(905“ éea a%]%rrﬁ S?glcd'mgr?egnégog{ ° erns L%fé’%vtéé"g‘\gé‘{gf fr%o?n the gas
source vesse nprisin for dispensing gas; and
(c) meafk edFtB?m?%r%?}?Pfd 36’3]%8“1‘6% mgﬁ?'ras 091 %F{Sgévguglfﬂ%curtry to enabl e change- out
of the gas source vessel when the vessel has becone depl eted of gas. 90. A
rret Eod of oper a_t:cng a gas source coupled in selective flow rel ationship
Wi a mani f.ol.d. . rein. t . pdes Lrcuitry for
di schar gssgjcdﬁ%m{lgkdlm %comp%s.nggls]gcﬁsglgqggﬂl& (s-)zilcg dhgﬁlrco W}%SI?{AS : gSE[ISSI ng ag t he

gas s Ourégg%m};‘({r %nai% ail I;;u!’IL 5&:&%13’%?@ i f :g}%rlhﬁktﬂfg% ad 1936 pBint &{H@?@%{ﬁgs pheric

pressur ssure r or'at “or In the vessel and a flow

control @Jgﬁ 0 the vessel, wherein the
pressure %éogf()@ga?]w%e%@ﬁ%n@ﬁl éntir%?{hp %Sve are arranged so that gas

di spensed fromthe vessel flows through said regulator prior to flow

t hrough said flow control valve, and into said gas manifold, wherein the
Pr essur ger LLALOK ok $uGRN8! GtRdnens ahfanaad SRaBON biifohdgAS pressure in
said mani is substantially bel ow the pressure of the

super at rﬁpo%gggﬁglggs_pressure gas in the gas source vessel.

87. The method of claim 45, whercin the gas source vessel contains a gas selected from the
group consisting of arsine, phosphine, diborane, chlorine, BCl3, B2Dg, tungsten
hexafluoride, hydrogen fluoride, hydrogen chloride, hydrogen iodide, hydrogen bromide,
germane, ammonia, stibine, hydrogen sulfide, hydrogen selenide, hydrogen telluride,
chlorine, bromine, iodine, fluorine, NF3, and organometallic compounds, hydrocarbon

gases, hydrogen, nitrogen, carbon monoxide, and rare gas halides.

88. The method of claim 45, wherein the gas source vessel contains a gas selected from the
group consisting of arsine, phosphine, chlorine, NF3, BF3, BCI3, B2Hg, B2Dg, TICl, HBr,

HF, HI, tungsten hexafluoride, and (CH3)38b.

89. A gas dispensing assembly comprising:
(a) a gas source vessel for holding gas at superatmospheric pressure, with at least
one pressure regulator at or within the vessel, and a flow control valve coupled

to the vessel, wherein the at least one pressure regulator and the flow comirol
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91. A gas dispensing systemincluding a pressure-regul ated source gas
vessel coupled in gas feed relationship to a gas manifold for dispensing
the gas to a sem conductor process, Wwherein pressure of gas in the
manifold is at | east 40% | ower than pressure of gas in the

pressur &V ed source gas vessel, and the pressur FTEEHYH¥Y source gas
vessel conprises a container defining an. interior volune for holding said
gas therein, andlve dieatemsdeortiay gandisciteged Gamt he gao pavaderieessel {pEs ei n t he
pressure-regul ated. source gas vessel includes a gas pressure regul ator
interiorly di sphsegh thaatleayeorneprassuraregulabnprer tofil oggntherflose contighd t he head
58 WO 03/103862 PCT1U803117429 assenbly includes a flow control valve,
whereby gas fl ombe; fromthe pressure-regulated source gas vessel to the
gas manifold flows through said gas pressure regulator prior to flow

t hrough sai d (b) evgasondnifold wednged km revaiivel ghe dipma sheeprs| seurcangssghér®i n sai d gas
di spensing system in relation to a correspondi ng gas di spensing system

i ncl udi ng a soumegrisiasgasdoweicuitohst dispeasies apragdsur e regul at ed, has at | east
one of the follow ng characteristics: &V) (M) a smaller sized source gas
vessel ; a red¢ceenyEmtréniqritigans fom thearss flow siserity @remabieoshangseyt offb%t r eam

di spensing capability; and (VI11) an increased service |ife. 92. The gas

di spensi ng systgessaifceckselwion thewpwseldhybepos dralstedahgaol d contai ns a gas
pressure regulator: 93. The gas dispensing systemof claim 92, wherein the
gas pressure regulator in the gas manifold is adjustable to provide a set

poi nt pressure in a range of from about 30 to about = . .
90. 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 control valve are arranged so that gas dispensed from the vessel flows through
said regulator prior 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 the pressure of the superaimospheric pressure gas in the

gas source vessel.

91. A gas dispensing system including a pressure-regulated source gas vessel coupled in gas
feed relationship to a gas manifold for dispensing the gas to a semiconductor process,
wherein pressure of gas in the manifold is at least 40% lower than pressure of gas in the
pressure-regulated source gas vessel, and the pressure-regulated source gas vessel comprises
a container defining an interior volume 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
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70 pstg. 94. The gas di spensing systemof claim92, wherein the gas
pressure regulator in the gas nanifold is adjustable to provide a set
poi nt pressure in a range of from about 400 to about 600 Ton. 95. The gas

di spensing system of claim92, wherein the gas manifold ntai.ns a manifold
isolatiSﬁgWﬁ%ﬁﬁzthat is selectively actuatable to isoﬂgFégW#2M”’

pressure-regul ated gas source vessel and the gas manifold from one
anot her 'ass?rgbly 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 conirol 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:

(V)  asmaller sized source gas vessel,

(VD) areduced ventilation gas requirement;

(VI) an increased on-stream dispensing capability; and

(VII) an increased service life.
92. The gas dispensing system of claim 91, wherein the gas manifold contains a gas

pressure regulator.

93. The gas dispensing system of claim 92, wherein the gas pressure regulator in the gas

manifold is adjustable to provide a set point pressure in a range of from about 30 to about

70 psig.

94, The gas dispensing system of claim 92, wherein the gas pressure regulator in the gas
manifold is adjustable to provide a set point pressure in a range of from about 400 to about

600 Torr.
95. The gas dispensing system of claim 92, wherein the gas manifold contains a manifold

isolation valve that is selectively actuatable to isolate the pressure-regulated gas source

vessel and the gas manifold from one another.
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