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Description of the Related Art

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

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

Beginning in the 1970’s, high purity gas delivery manifolds were developed aﬁd 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 circuiiry evolved into commonly accepted arrangements with respect to pressure
transducers, pneumatically operated valves, regulators, high flow valves, couplings and the

‘methodologies employed to effect change-outs of gas supply vessels,
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WO 03/ 103862 PCTI US03/ 17429 Around 1980, the
restricted flow orifice (RFO was introduced and
standardi zed, and becane a comonly accepted
covppasnesatz of gas delivery manifolds and fl ow per/usesizaze
circuitry. The foregoi ng devel opments have enabl ed
standards and regul ations to be adopted for the
séringlo 3 0.cthe resirineld Slow yorifito (RED) tyre itdridbasd mndistadadingd and
and a nunber of industry authorities rescribe )
rseawsasomoenly sveepted eorapgaent picatidelivepapapifels sndfiow circuitry.
corrosive and pyrophoric gases that are enployed in
sem conduct or manufacturing operations. The U. S.

R Rgre delmpiiemy tg%&% SRR Er Y8 B the
?eiar%]lcglb g% %\%@gsrhgn?{}&éygl :%P tornr rug%cl l I {15lemsmber gke mdustry authorities
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em conductor nut act ur |

a@eﬁﬂpﬂﬁé&ﬁ‘géﬂcoﬁcﬁgﬁr md i Ectuify] ERERS. Of catastr Ophl c
failuré of such DOT-approved gas cylinders is very
low, e.g., on the order of once every 10,000 years of
operation. Gas cylinder burst pressure is normally set
dhe B3 Deparesntt ¢f Cravgpoirtatiom (DPF) appraves Psebdbat @repfsed tohapply
cylinder. A gas cylinder preferably will have a burst
prses o pse ipfemigonduetasmanifretytingieiliticn s D%Treppmyﬁ%sas cylinders
pressures above 5000 psig are typica The current|
Gapgondy dped| &% sirausnog %ﬂ%@gry flo B‘h” gue d5p pomgepdictor
are extrene abl e, th ng.reported. | ta C
FaRyEAHERF Py oo Ly saf%c"&?é@@u SRET
Bl DR U8 Gt B b yon OB r %%?%’r e
gﬂﬁg&ﬁmgheir integrity. Cylinder valves, by contrast,
require constant rebuilding and have a finite
lifetime. The nethodol ogy for gas delivery in the
sem conduct or manufacturing facility (fab) is of a
Gaudylimier aund pregtia il oshdit setat 518 émesAhdmngimpn epsing pgsssre of
cylinder is connected to a gas delivery manifold and
the gtlingere 4 sesrcylingiamprefomily wikhavna st pressera 8 #hiagst plestugi4000 psig

panel . A gas _regul ator nounted on the pane] redugfi%s

eqééu@agreﬁsw&@meeﬁo% Beig pre bpisel | The quropthe uset sanlseqte

%r such gas cylinders are extremely reliable, with no reported instances of valve shearing.

Cylinders are pressure tested on a presdribed basis at the time of their initial manufacture
and at the time of their (ze)filling, to ensure their integrity. Cylinder valves, by conirast,

* Tequire constant rebﬁildmg and have a finile lLifetime.

The methodology for gés delivery in the semicoﬁductor manufacturing facility (fab) is of a
routine and established nature. A high-pressure gas cylinder is connected fo 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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into the fab. The gas stream can be split, using a

val ve mani fold box (VNM | ocated near the

sevo @nnlect or process tools, so that gas is

di stributed to a nunber of process tools in Eﬁgw¥%%FMH

Addi tional gas regulators may be enpl oyed at the VMB
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PAY ¥t ToRgied neey thopemisenguoter process iaslentatthah Basdy Eetrituitidgo a number
hodol,oqy. es, can be stored at sub-atnospheric
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commonl'y enpl oyed in ion inplant applications, used

over pressure ranges fromon the order of 650 torn

down to 10-20 torn. The use of such sub-atnospheric
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accommodati on in the anbient pressure envi ronment o
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such as the RPM gas cabinet (conmmercially avall abl'e
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ensure that fab process systens operating at

datoRpieri €Dprageuly emplogedrio tiorc mbnbappE@tons Dysed iz @ftksure

air b ingldramn i nto the sub-atnospheric pressure

&3hep o grdere f {00 down 1810 ders Thabserndseshanteatmospheric

rovided wth nonitorihg and control conmponentry for
onpar Fhg O FY FeATEER PR PIIIRS sApraumeipliay; 18 thp emiigat pressure

h i sol at.i th | i nd houl
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use of conventional high-pressure gas cylinders an

pr embimtsiitt being Glopyar ibtorthd yubtaimdspiise Qrebhe dylisdersOfnd hiSisigs.
conpressed gases. In such pre-regul ated pressure gas
St reae eabingts gresprovistyd with avonisdrngemt! comdmol ampemdnlry fir Somparing

epl oyed at the valve head or within the gas cylinder,
?grtﬁ?%f pras‘igeﬁ vgthin the gas delivery system and isolating the gas cylinder should a

"high pressure wave" occur.

‘The @evelopment 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 element
dr 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 controlled gas pressure may be substantially lower than the
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mai ntained in the cylinder at an el evated pressure,
but is dispensed at a pressure determned by the
regul ator. The regul ator controll ed gas pressure my
bewvsubrtgntially lower than the 3 Y L WO 03/103862

PCTI USO3/ 17429 ~cont ai nment pressure of the bl a7
in the vessel, so that gas dispensing at noderate

s upeirgment grskeerei of tor s gasein e vdksel sHESP BAY disperRing $6 WoBorate
or even sub-atnospheric pressure, is enabled. ‘
WHEpeEmOsplicric presswe meirghiisphoriapessios otisicn grbaanpplRAcRtkgasSs
cylinders, gas at full cylinder pressure, e.g., upto
Zﬁﬁﬁkﬂsig, is admtted to the gas delivery manifold,
the use of the pre- regul ated pressure gas sources now
makes it possible to admt a nomnally positive, e.g.,
2 Qi DL .0r - sub- at nospheri c pressure gas in its

o Ptk Eonlens S, Blie? ai Psesid T evindt hen st A shnder
apR | R, fd .dev nt in the sen_conductor
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orguisied ﬁr&%&gﬁ%ﬁc%ﬂowﬁlﬁeﬁ%&ﬁﬁ%g&ﬁ?a ﬁ)cfmlrtmlﬁl Rositive e.g., 20-
devel opnent are significant. Since many AecT QSAYE o8-
oOssigd b subgtmosphkdidpledsure eitsO%ﬁc Orpak -r@%&a@é&i :
with failure gﬁﬁbonggnenggpin t eegg?@gg [ erylg%gg%ﬁ?
tSeurcectyaiyid 4 Signifthntrdediopnag i B Seditdiddr BhdistB an@ brob A€ the
cylinder limts the. magnitude of an incident and the
degpior encmting seplorre deliPerp sysegul at ed pressure gas sources
al so provide another substantial advantage. |If the
pressure rises above a pre-established threshold | evel

i e gas Livery system ,evidencing an abnor nal
e b0l Bos of B e bl heesyys SR BUHePOAmE peoue g
' Lot aut o-sh own_steps | ncluding closing
ol ol ol oA S0l SR ST B S s B e e Qv St
e Odan bR S St Bici LoD Al v &( the mani fol d,. and
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imetiet SAY e 4sbcidRi Pllaadsn PI‘et}@guﬁ‘aQJﬁtp?é&@u& é%fs sotﬂfcgﬁ]sBrp?o%ﬁlg Lfbther

gas cylinders safely
substantial advantage.r If the pressure rises above a pre-established threshold level in the gas

delivery system, evidencing an abnormal occurrence in the system, the system coniroller
can quickly initiate auto-shutdown steps including closing the prneumatic 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 comporting with safety concerns, since many of the gases used in semiconductor

manufacturing are toxic or otherwise hazardous in character.




confined in the cylinder and to control the delivery
of the dispensed gas in an efficient manner
conporting with safety concerns, since many of the
gaaesused i n sem conductor nmanufacturing ar XL C
or otherw se hazardous in character. 4 s WO 0%F%8§%%§“”
PCT/ US03/ 17429 The art continues to seek inprovenents
i Abesat ecnyinugnth soeld impdoivdnics iﬁﬁafgﬁanéﬁuubﬁiglof*%gg scul¥8¢ knd their
met hods of use. SUWMMARY OF THE | NVENTI e present
i e eEier el at es generally to apparatus and net hod
for dispensing gases in industrial processes such as
sem conduct or manufacturing. |In one apparatus aspect,
the invention rel g i gas di spensi ng assenbly for
di spensing gas, SOMARLQETHE INVENTONSSur e- r equl at ed
gas source vessel hol ding gas at superat nospheric
pressure and constructed and arranged for discharging
the pRas: ; tial |l ower . pressure; (b) a gas
mani f ol tdﬁgﬁn?lglg S‘“ﬁe tgg%aclla% & JRPagfU @ﬁ‘g’fnﬁtgﬂi @%\é‘sﬂ‘?‘ £ n
g pocds@8 MR bSlmiclRTR WMLEE RS Se! and conprising
gas flow circuitry for dispensing said gas; (c) neans
for selectively isolating the flowcircuitry of the

as mani fold fromthe pressure-regulated gas source

@bparabrydsifedt) therbaesiol Rilatds @6 Ehs WspBlaRig b1} BE a8ARsin

flow circuitry to enabl e change-out of the ‘gas Sour ce
FEOBPOSHgen the vessel has becone depleted of gas. In
anotgﬁr gﬁggratus aspect, the invention relates to a
gas (¥ SFEARTSTGEREenbiopee wssel fplding pasishgpgasotpberi phiS@ire

| ocat i The s di spensi ng._assenbl i ncl udes:
Uk construcgg antij amglged for discharging th)e/ gas at substantially lower

pressure;

() a gas manifold arranged to receive discharged gas from the pressure-regulated
gas source vessel and comprising gas flow circuitey for dispensing said gas;

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

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

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

In ancther apparatus aspect, the invention relates to a2 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 yegulator and the flow control

valve are arranged so that gas discharged from the gas source vessel flows
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(a) a gas source vessel for holding gas at
super at nospheric pressure, with at |east one pressure
regulator at or within the vessel, and a flow contro
vayueyeypl ed to the vessel, wherein the at Lﬁgﬁgmggﬁm
pressure regul ator and the rom1controI val v

arranged so that gas di scharged fromthe gas source
vessel finowgh thebat 1863t O/ ptdsuBehi2pubitol kA £1dw thddhigh th few edntrol
the at | east one pressure regulator prior to flow

t hrough vekve fl ow control valve; (b) a gas manifold

‘arranged to receive gas fromthe gas source vessel and

conpr 8 hgayasniflbwraerdcte torgivef grs o [t shn epurasyessehend
(c) neans for reénoving gas fromthe gas flow circuitry
to enabP@mﬁﬁ@ﬁ@@ﬂﬂﬂmmﬁﬂﬁﬁ@ﬁwﬁﬁgggﬁbﬁée vessel when

t he v?ﬁsel Qas becone | et ed of ne net

aspect® MHE ' EEEHE &4 flﬁe(gﬁ'; Hoz| ¢ lé‘gyf"cfnébq?r%qa%c?% the

operating a as i,spensi ng, assenbl Iudlng a gas
sour ce lg%er &rn” Sgﬂ%qe’g%e v‘?’?segléﬁséﬁcto 8%@% %1 ati onshi p
with a gas nmanifold, wherein the gas mani fold includes
flow circuitry for discharging gas to a gas-using
ZRNfe Hdfiod ARIHAEL FRIRY inSénBh HHi&0iods nfolkBd B8 G 0P o4
pressure-regul ated gas source vessel containing the
Olispering 2 s:REHIA IITRGIRE € IphCsoft € St oupiicin @E16c ik Gowp bR FiShEhD
regulator is constructed and arranged to provide a gas
pridsieas watifhldsehebintingd olufddiatiudes flow vt dslayzityeshoty
the pressure of the superatnospheric pressure gas in
tAHfas-ung zenn, paikmethedsoomprisingrysing o the s%rmwmprasgwewulaw gas
|nvent|on relates to a nethod of operating a

SO Bt SOPHREE ithe &38| & CPPFREmPIPBKOY @F%‘FF’OWEW% ﬂeﬁ Plﬁssare

fold ifold [, ud
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source vessel contalning the gasS at “super
RésgsRS U €,

In another method aspect, the invention relates to a method of operating a gas source

coupled in selective flow relationship with a gas manifold, wherein the gas manifold

~ includes flow circuitry for discharging gas to a gas-using zone, said method comprising

using as the gas source a gas source vessel containing the gas at superatmospheric pressure,

- with a pressure regulator at or within the vessel and a flow control valve coupled in flow

relationship to the vessel, wherein the pressure regulator and the flow 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 least 25%, preferably at least 40%, more preferably at least 60%, and most
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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

f IWwow¥wsssr ol val ve are arranged so that gas d&EhRRISE%he
fromthe vessel flows through said regulator prior to

flow .through said flow control valve, and into said

9 a@%ﬁrm ?tg‘f“%,%ﬁﬁ’slf“é’? the prqssurs of e pperatmagpliptic mssure gas in the gas

co d and arranged to provide a gas pressure in

sdgg&%%%%fold that is substantially below (at |east

25% preferably at |east 40% nore preferably at | east

60% and nobst 6 WD 03/ 103862 PCTNS03/17429

prg E%&Qbﬁé:ﬁts ak[fé&%tf #8026 R8h Qé’fgtesttb gﬁgg Sgﬁﬁgn% sggtenti ngluding a
t e gds ource

super at nospheric pressure gas In

V @sate-reghlabddlsbiR€ gat PRA! &duped RSRSRebd RiatidddBp kY BRQR1d for
relates to a gas dispensing systemincluding a
pri&pasingthe g5l BdeRiitofdAtbORGRSWESERbsGOMUE B thd InBES is at
feed relationship to a gas manifold for dispensing

t Mrastf8% lower dhag @ressomnd ged inrtheyreses sgulutibsoBicn gy @SBLI kel the
of gas in the manifold is at |east 40% | ower than
pPESUgresulgted gepsceigps Yepss] qpmptisse p eontadnp Hefinbg ag dnierive vajues for
vg el , .and the pressure-requl ated source gas vessel .
c ﬁ%l’% S 22 ByFinat ey had pistnbly moynipd or theogonipies, fberpig the

h | Ng_sai as therei.n, and a head assenbly, noyntedq.
ofte el oA S st tfise e foeet B aruA b A G pposed in
SQMELE: e [ i u ssure requl at o
oD AT U o B e ol R R L B3 Bl v
CORdrdbly BRI Tlowsd ok 126 pﬁﬁ;ﬁi@— %ﬁﬁﬁm%el RCJHE8S 1R g!lé Hhfifold flows
control valve, whereby gas flomeg fromthe

pthesgisail gae githshicatbufit pHE 10 WSWBSER sald Tl @nB@Sralve in said
mani fold flows through said gas pressure regul ator
prerdgssarbly, ksl whetvinomaiglzas dispdnsigoystang it reblion/@l avenéspordi das
head assenbly, and wherein said gas di spensing system
i Fsppnsing sysinm nejudingerotopiss prsryedseighal sasnot phessure mesiulatyd, dus dtdenst
incﬁﬁgugg)a source, gas vessel that is not pressure

roBY o Tt el ipRbaagersiist  one of the fol | owi ng

char act isticq' &é& a snmal l er. sized source gas
vessel a smaller source gas vessel;

(I)  areduced ventilation gas requirement;
(IIT)  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

hereinafter described in greater detail.




(I'l) a reduced ventilation gas requirenent; (l11) an
i ncreased on-stream di spensing capability; and (1V)
an increased service life. The invention may be
ca¥ePEdsesut i n vari ous nodes and conf or mat i ON$CTAR03/17429
di scussed nore fully hereinafter, including

ressure

di.spensi ng of super at nospheri c { e gas, . .

ot %ﬂ“ﬁg veel ?ﬁ@%@%é‘}ﬁﬁ@ﬁ% Ogﬁh%@gfalrl%n iybe digppged in a gas
h L0 operation |nvol vi di spensing.of gas at,, .

o St pEBELR ey B Bl b RRL Seiirinal g mepitol
d t 4 ' . rejnafter

(54 (o IR § RREREUL il AL SERIAL 50 v,
P ot 0@, and 116 oA IS OMAE Uf7IRAb ited mani Fol d i n
the practice of the invention may be disposed in a gas
cabinet, or alternatively may be provided as a unitary
assenbly in an "open air" manifold system wherein

t hethgomspavia of thelndeniion, 1B gt disjerding Systtii idyibd bonsthiked toleagloy a
gas panel board, or other support structure, and the
oS seur wesel empleingi messioupkdaion of SEndispehsad gisheteras piects -
of the invention, the gas dispens[n? system may be
CHIER Yot 8% orsoipedyalee hegh asseratly dnsluding s edies prgshuo yemilytor

pyessure reg¥lation of the dispensed gas, wherein the
g‘% o8, &8y BWSS, SERIRIME fFesukipr 4ler S prpaty Vpagrlyvalveag ap intograted

el udi _ | devi
SAREHRL ol Poangy Sy R RS i e ot i Pty
AN | LY.,
AR S R oy B 0, Bttt ) R RS tion
e | BleQhanusl GolaB@H vaB@Sh subh QUG mh b inteBRE FNimt Bfve head
primary vessel valve, pressure regulator and the

awelEy on the@gaakdued vesvadl ve. The manual isolation valve in
such assenbly may be integrated in the val ve head
assenbly on the gas source vessel. Exanples of

al ternative %as source vessels that nmay be enployed in
Exrannlss o€ elteslipst 2ap isenrce) vegeela tab maz be embloyeddn dhs| psactice of the

isclosed in U S Patent Nos. 6,314,986; 5,937, 895;
0 Eal%%n %gle wgﬁﬁ dRcloted i U8, Padnt Nov. 6,314,986; 5,937,895; and 6,007,609,

and in EP 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.




and in EP 1180638 A2. O her aspects, features and
enbodi nents of the invention will be nore fully
apparent from the ensuing disclosure and appended

Chwai 038038@RI EF DESCRI PTI ON OF THE DPAW NGS FI Gpcdrkds/i84ze
schematic representation of a high-pressure gas
cabinet, such as may be nodified for enhanced safety
oB&F & isch sqbemaiic remesentasion W @ pomreonding edweed; presare |g@ﬁn cabget
W0D.03/ 103862 PCT| US03/ 17429 FIG 2 is a schemati

r SPFEEARTR EwbYT PSP REBHhEF FgPlicd dra @ﬁssmeé%@reé Vg
cabi utilj sub- aInDspherlc pressure
dF§m§W§E n&ﬂ@“@ﬁﬁﬁl? BRMYTANAL o essure-regul at ed vesse
accordlng to one enbodi nent of the invention. FIG 3
is a schematic representation of a reduced pressure

A%, 830! 'ark@ﬁen:{dhd Eg Sefidh O ed.%ﬁ,&m egIQL §Poﬁ{§l? 81885 1ow

suppl i ed ssure- reg ated vess her
rﬁesuuhaaﬁ&ngea gampphgﬂg, NR88kre-REuihEvedas aﬁ&%@ﬂﬁ@feg@é’[e@m the
downst r eam sub- at mospheric preéssure regul ator,

ogne pankll dfi ghe ghaabifd bhedowastad isieihoheric PRssind YUlaio Becording
DETAI LED DESCRI PTI ON OF THE | NVENTI ON AND PREFERRED
EvVBODicMENTSnEreREORvken. di scl osures of the foll ow ng
pat ent applications and patents are hereby

i ncorporated herein by reference in their entireties:
Uni ted_ St at es Patent hb 6,132 492 |ssued Cbtober 17,
2000: ]ﬂ:ﬁT.D OBl OF T ITION AN PR}
August 10, 1999; ' ggggggggggghent No. 5, 518 528
i ssued May 16, 199é$££g$ LﬂPatent No.

5,704, 965 i ssued January 6, 1998; United States -
Patent No. 5,704,967 issued January 6, 1998;

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

herein by reference in their entiretios:

- United States Patent No. 6,132,492 issued Octobe;' 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 Patont 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;
x United States Patent No. 6,155,289 issued December 5, 2000;
. United States Patent No. 6,089,027 issued Tuly 18, 2000;

*  United States Patent Application No. 09/522,347 filed April 19, 2000; and
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United States Patent No. 5,707,424 issued January 13,
1998; arY 1998; United States Patent No. 5,917, 140

i ssued June 29, 1999; United States Patent No.

6 wiPds/15:56, | ssued August 15, 2000; United States

Patent No. 6,155,289 issued Decenber 5, 2000;%%GH$F%H“9
States Patent No. 6,089,027 issued July 18, 2000;

Uni t edUrBedbietes RahrppliAaea Ns 89/8nmshaied R4 52801347 filed
April 19, 2000; and 9 WD 03/103862 PCT/US03/ 17429
United States Patent Application No. 09/874,084 filed
June 5, 2001. The present invention provides a |ow
efFBspiesent inyewtion piowides leyydleaterpepieror pibpiessiuriepsisas sga e
an gﬁliver system apparatus as a source gas supply
nr%‘gdn YEF S5 PRAARSHAS S TOHIPB 1299 #gPly Sespisclonehplitatipns involving
p ess] such as etch cl eani ng of process equi pnment
(RGP gracegingoh o5 Fpb sieasie ViSSP G@HBR s halde agecs,
J3REMS, r.sor conpounds, dopant deljvery of dgpant
gases of B%?%%ﬁ‘r ‘glo“rsglg g% FOUG RLRHTRE COORFUpS: Wpwt: deliyeryiob fopant
| giRds R hRdchiORds B oMk I %%. i d es...and :
or ganotr?ge{cal lic é%up \/{ cg %Esgé‘%n ’%‘é‘?"%g?"na"rfs%yﬁ%‘?e and balide

phesphd f@anombhiGs Gﬂﬁ‘p v NEn%pouﬂg%é%, ﬁ%%ho%ﬁ?@, %ﬂgr%e’(_ﬁ%} %93,

and its deuterium anal og, B2 ,

tBOIg SdiRiane BXES hddOis! dlGreri@h 311&(162,'%%@ HOTOYE iﬁg t[-ﬁ,a?kﬁ%sten

pressure of the dispensed gas | n accordancé W
inexefidride i@ (esl8pt i al |y extends the lifetine
performance of valves and regul ators that are utilized
for delivery of gas fromthe gas source (storage and
di spensi ng) vessel. At reduced pressures, connections
Eedicwg ghseprestite ofttheedidpeiikd fds @iccoldbRs Sk fhe SHEARS sifsButially
reduced or even elimnated, and valves are able to
gdends fhe lifetiok frefimnaet vt vaheeseloygulaaty thhinge HRKBHE daRsly of
Earticle generation. Further, purge/vent cycles are '
ASgmdhess sruse (Stesace Addimensing) eestel. t Atadduged gresacks rabestioad

hat. nust . b .
:}re Sisief t0 make Ieeak-nght, pressure surges are reduced or even elitninated, and valves are

able to seal more effectively, therehy reducing leakage and particle gencration. 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 enhapced not only by reduced pressure levels which
will result in less dispersion of gas into the ambient environment in the event of leak, but
also increased equipment reliability that will itself minimize such leak or failure events in

the gas supply system.
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renoved during the purging or venting operation.
Conponentry of the gas di spensing equi pnent has

i mproved operating life by reduction of pressure, and
t of operation is enhanced not only b

r mij@gﬁ%’essur e levels which wll result in 1%@%03”7429
di spersion of gas into the anbient environnment in the
e\Thé pasGlorage nd Aispenbibd ves@l Giizéd 6 HR IR0 DY ko RABARE invention may
reliability that will itself mnimze such | eak or

f &e lofiray enrebl¢ sypkninclidisy G@ASentiiap hishyeshrRMylidddr Wdsels, whose.
03/ 103862 PCT/ US03/ 17429 The gas storage and -

d iiqkoess plgoverdssigt fantopitdimmeeht o gdshee high aedssuee fudthertilv@sases the
present invention may be of any suitable type,

i FRETL0Iof oneyation henteieinivg thelgagth bpdissaed 6.0 ik [‘wetemg grsdsblower
whose. thickness and over-design for contai nnment of

g FSubsptmaspheric pressatey The gag stemagerand disneasingaissseliyany be epuippsd with a

ti t aini ,t to be disps d
ORI e IRk e eSS RES S,
15 t [ ' b
BB SRR, 8he2 LR ENL LSRRy E53E) R

e eflls 3602 BfeP O thadual OF REREEIRIEE: ERbiE flBARSESHE Bow

as a pop valve, burst disk, or other over-pressure
reieniy orGBRfGsperdsink kidarls @G bR cShOd Shetsb OYs ENb&e bfuse, etc.

el enents such as val ves of nanual or automatic
character, couplings for connection to flow circuitry
or other dispensing nmeans for conveying the di spensed
g vessel asefl e spplyof the eorkig@as Mite prei® el tha Sreentioo fs agupgrey
of the working gas in the practice of the invention is
Zegyied gerpd- At Bl homin dheyams pressuadeaylatsd” inapfarprre torames sourem
"pressure-requl ated" in reference to a gas squrce

Vel R toet o5 lagw%% |CORHRY LRIFHY RCIRGRE &7 Adyrior volume

s nGl,osi an,interior vol.u cont ai pi ng the.
SO 08 B8 e ot a6 o pd 0t TP S Pt s i
S8 A D R0 AL M1 g5 LA B
ELQe iridf vdlEneUfIROREML of Bndrife i \Eibic@at MO otk B BE cdddfner
vessel, or otherwi se is disposed at the port-of the
potisra(for exampleothd iepilatéringily be xatgilyayithiniie i@t vallas, aibparthey

partially within the interior volunme, and partially
1 the neck opening of the vessel, or protruding from the neck opening of the vessel), or is

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

ejectors, eductors, etc.
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in the neck opening of the vessel, or protruding from

t he neck opening of the vessel), or is in a head
assenbly that is nmounted on the vessel. The head
ads@moissray i ncl ude a unitary bl ock or ot herPCTASe3/17429
structure containing flow passages and ancillary

ORISR B iy ST G P e
P rcgl];uggn[: %% ,rfor £ etp N34 ée ci%ﬁ(; V\%rl)c%ﬁsﬁlrg &@%9 tqﬁ}msgl‘ l\hﬁ .

vesse

Ay er prior to fl ow t hrough fIOM/controI el enent s
such as’ valves mass flow controllers, ejectors,
eductors, etc. 11 WD 03/103862 PCT/ US03/ 17429 Vessél s
of such type are disclosed in U S. Patent- Nos.
6 TAO E258b0rca Reksé , ey Oatoadtive Bt 6fF £ type GaviRy aivabsklyshut-off valve
avai l able, for a variety of sem conductor processing
g assgpedupgraoddiM regulatns that it Bannds upsireanG . vestd dlog asntrglbwive that
vessel alternatively be of a type having a vesse
< PR beonddulptel e varp B TOMOH Gt Expci Mclias valyefrelgoefiey contol
that in turn is upstreamof a vessel flow contro
vgﬁ Rpeppgementca spd CREERIPHE By % Pl ‘teHEfeFFtB%“o"f vafygchead

a shut-off v ulator/fl control valve
?SF%’?P&e%tHT £33 ANEe ST 0‘68%%58%%?1“?%"&%;‘7 : "%%% nmpl e be
integrated in a valve head assenbly for the gas
source vessel, or otherw se associated with the

VERSRkbsel ﬂg%n\ﬁﬁi?é it h:%s 2R vat médd a@&ﬁﬁﬂvy doutled tol the ghs source

val ve head assenbly coupled to the gas source vesse
avekel, @8d FehiGb@DAdW MR I(REOLCerhdiEQe RbABRIN: Shedga@ outlet port in
provi ded at the gas outlet port in preferred
prrefedrddpeactidepior exhdnaing the gpfdthef vegélepsaratoh. vessel

operation. A single gas source vessel may be provided
as coupled to a nmanifold in the practice of the

i nvention, or alternatlvel a plurallty of . vessels of

st&ingle Wé"‘fWeﬁ ¥ e pEtded 35 cqppledip 4 pad ql%@r%advacﬂce of the
h t. of

IR SR P R RESRT e o b e S OF ey 150 By

G rh%:éo%%ﬁ%u% c%gé—&[t Sk 58&% rv@stsél Aa ‘%M‘ off"dgp}éum Qfaﬁ:lé( E&

vessel
contents thereof, and commencement of on-stream operation with a full backup vessel in the

array. For this purpose, 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 fo 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/regulator/flow conirol valve arrangement discussed hereinabove) preferably are

pneutnatic valves in the practice of the present invention, to facilitate automatic operation
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array. For this purpose, nultiple vessels may be
installed in a gas cabinet or otherwise coupled to a
gas manifold, with an auto-sw tching system bei ng

. e o automatically switch over the vessels to
rra%%lﬁ%ﬁ%:ont i nuous operation of the gas di speifdiHhg/1742
systemwhen a first on-stream vessel becones depl eted
ofusiga sompidsed hir ovvtiepmtuatilg gedin W ganlisphiRing &BieH0 Shdh6ralving also
vessel (as well as the shut-off valve in the shut-off"’
v &PRbiss rheeypringt isnlgtiph dwthe eystans loney blution groind hiejegrdefined by the gas
di scussed herei nabove) preferably are pneunmatic

v dfwpeesressel velmeand thecohieornoin pf igolptionbems dlietmantfold fspleiom, valvethat is
facilitate automati c operation 12 WO 03/103862
Pé%’%ﬁ%wwﬁed In (8¢ oW CBYNFeRkerthe jgas wpTop vpreql dispensing line
a%t$§gédg t@gs i n.the gas di spensing system Such

val VI ng F B es two-point isolation in the
system one isolation point being defined by the gas
source vessel valve and the other point of isolation
behd\@s by IRid Gl pre3Ql BldnBbh ¥ ﬁéernﬂy L:Efﬁtwye'd%o deliver any svitable
characteristically used in the flowcircuitry wher e

t beeni@adicHo Ur6Rssit@ S ks, dinSIREmS ighds | k08 inC HRNSGhFa oMb of
the gas manifold. The gas supply system of the present
i sewdnotducior desicessaaft plebursof Beakcmiee thedefor, e kvl @Y £a8d3 Wha$ b fudtl lfer
sem conduct or processi ng gases, including gases used

| Heaping ornserafsgbinbeispoyl @dw cisehy, eowdlistzates a\areoss! inAlthtement
precursor structures therefor, as well as gases that
affeeinentgstyegps derjvingriremy sepicqpiuston suanfcivrive roperatias.f | AJthough

S b e STt b S S
PR IS B T o s v
SPIEOP kb B06S39L0% ARG B A

&Uﬂ%&ﬂ. Iﬁlﬁﬁitﬁ%}@fnpfem shith %ﬁe@ﬁhvé dﬁ}a’lﬁﬁﬁén@ thottBe, wlﬁ_ﬁ‘out limitation,
utilized for other applications in which gas is

celisgngetemt,| indsiwagt itrathiyg appirass, Ofntisttoisal tuatin@tpnee gas
applications include, without limtation, welding
Systemeng! welh fer meressionh sytatnh iipdyogeppawvertdisshicles, chemical storage

anti-terrorismbuil ding purge gas
and dispensing facilities (e.g., storing chemical agents, nerve gas and airbome materials),

and agricultural fruit ripening systems, to name a few.

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

telluride, and corresponding and other halide (chlorine, bromine, iodine, and fluorine)

13




systens, oil well fire suppression systens,

hydr ogen- power ed vehi cl es, chem cal storage and

di spensing facilities (e.g., storing chem cal agents
Ny H19as; and airborne mat eri al s), and agricyltiral -,
frurt ripening systens, to nane a few The i nVeRtT on
may therefore be enployed for delivery of gases such
agase@s Otvmiptiinfid Wauhi ahe NF3,S iahdd Rfpanaietatlig| einlpands, e.g, Group V
trimethyl silane, arsine, phosphine, diborane,

C hdrigobiie such 30 BTHABRDGY sentittndiitoe frobeestaf dperationd.eand laysely ugle as
fluoride, hydrogen chloride, hydrogen iodide, hydrogen
b hnitcal®on $eds) ke geniEthemk, Aitrogén, Birbod, mdnysdde grartars whef Halildes in
hydr ogen sel eni de, hydrogen telluride, and
cothergppioatdnsag and ot her halide (chlorine, brom ne,

i odine, and fluorine) 13 WO 03/103862 PCT/US03/ 17429
gaseous conpounds such as NF3, and organonetal lic

compounds, e.g., Goup V conmpounds such as (CH3)3Sb.
i filtkoagh e rmtiens P’HF%%‘%%‘PTW&{ Bematics Fah sexpigen E"é%“’%eﬁ%‘}g

d b d t
CSplifonaaR aans %%33%6 T i s i g e voeel,
a'PQIIIf h%%nécj;rspoodth':/i_\étﬁe u% ; on \?vl n{vlﬁn pstnloqﬂg 'T:'ntltgci Ibﬁﬁ‘aﬂlergxtends to

escri I'n- connec em con process
%R bicbabds QB e WHBESE af ﬁ@peﬁélﬁggifﬁmﬁi@émp%n&@ga@m@eét ored.
and di spensed fromthe gas source vessel it will be

understood that the utility of the invention is not
thus limted, but rather extends to and enconpasses
t'e pebaat ingatiaiaovities pomBinogl saffty il suprdpsypenanillizigas gas source
m xtures. The present invention provides an enhanced
Sudlugling agalindgn g piher flyidsstosagp angd disppnsing gessel g?a@ln@mﬁ%fbﬂt elevated
including a cylinder or other fluid storage and

d’i“‘éfi‘é‘i'ﬂé PrRgFPaRaied; by agrseyie sonipi dpvige orapiphlyetyithin or at the

PG S Saeh Pl B o gt ik R G 5 i pgen the nommal
%ﬁérat&gem&g?&g GoSHEREGI LS ST @bl Dt B Be hvefion

1'I'n as n een operat I hg

Letutefoning Pndi‘raﬁ%&l:‘tﬁc@ Iﬂ@ﬁl@ﬁmgﬁ DBssB $assRPYbtied

system of "the inven represents a departure from
b 6th§viso kegllafed BY B Ednﬁ@n&datom@ioe&s BoD b dBRESS i FhigR e Sas is
are throttl ed

used, or otherwise downstream from the gas source.

The invention in a preferred embodiment employs an additional regulator in the gas
.dispensir.lg manifold, as a back-up for the pressuze regulator associated with the gas source
vessel, and to provide secondary pressure adjustient 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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or otherw se regulated at the sem conductor process
tool or chanber in which the gas is wused, or
ot herwi se downstream fromthe gas source. The

I nvendidoswd2 i N a preferred enbodi ment enpl oys anpermsosaraze

additional regulator in the gas dispensing nmaniftold, -
as a back-up for the pressure regul ator associ ated
Wi Ashistdie suph soraxt thedermyedkitingl” tndfeteocedo tw igehepresauromghidatay in -
pressure adjustnent closer to what is required by the
g dezagmpiigldprebesds e fishihatisuchiyesinifeld sagpiptor is ip Aiditien to Fis aplgest
source vessel in the gas supply system —Such a .
" QLIRS fegpjator thid s intaprppd 7 B FREoq Yegsek Jip {5y, “integration
pressure effect' as the gas source. vessel pressure
DA SHESHRL o bgios i A e Doy HoH Ao Aty Foges®
P 3/ 17429. EE used. in s .CON e
"G TR S i S ehe] R SRR thperld R A SRR
I &R ime aﬂg{wa%e SEVided Y feQd ste,ﬁug} &t Yool i ishREhted Sthe
such maniftold regulator 1s in addition to the at | east
OR&sdPE %&ﬁ%ﬁm&ﬁ@»ﬁ@t@m& Rt vatve(s) RieQERIE %gm&m h@egrRad
source vessel. The term"integration" an
" haRdnshly &b egliplell in g oty @aRuititibd erith the Sstetioe gasaglding tvalnifis pf
associated with the gas source vessel neans that such
r thg odntetingr Yeatjonaf the a¢ssel.east partially interiorly
di sposed in the vessel interior volune and/or are
provided in a head assenbly of the vessel that is
unted on the , vessel's gas,.contai ner portion so that

t F RFEFPRFdpytion fy opg erabofdiment, wiilizgs 4 & CQyocoesselhaving & gressure
I [ f icati i t h

HRR 5 £ R BT e

ORI L BHGERRL T1, BopS5, UOLGRL L B

PRRSS UlBe i &flidh kO prodaR £¥R0sodlce Qessty illl i {shiRial@ $R6rated
so that gas being dispensed will flow through the

reg i@ tediictipl Fu@btioh Canll si@BighOsupbly GYiiin My utl}as piedstrevas part of a
control elenents such as gas dispensing valves. The
i shytdovin xd cotud mpthodolage & @ ngab agbeffeciivevimwre) aspreinaften more
associ ated integrated pressure reduction function, .

- diily dserethedy dde adyppdeys of fhetimritivayinclidp it weabiiteiosigiusing he risks
%? %gingo}fmzz?rdous 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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~shutdown and control nethodol ogy in a novel and
effective manner, as hereinafter nore fully

descri bed. The advantages of the invention include its
c N for reducing the risks of using hazardous
p?ggg%?#%% materials such as silane, silane BSR4
phosphi ne, arsine, carbon nonoxide, silicon

- t ldsaatel 1o 1iselEin a hitheRtG GRavAilible afineiMo iyt thdysvttintial Bndiir dRgniinfe
magni tude or nore. The volume and mass of material in
t béa gascleggepdny 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 dispersjble into the anbient, '
erfHier S15rieh urply sysien obtie ftvergipn &5 Insmied b2 dfktospheric pressure
substantially reduced, in relat#%ﬂ_E% cur.rent

lhfngﬁ% pPé Eﬂn@ %jgg, cogtih peghod yst'e ch ismgg})?ic pressure
BT, OS5 Sy

S . . . I . t 4 j

50 Ry Y 3R PR P R P BB
aac!ﬂle%&?foh&ﬁh@@ﬂiﬁi 12 RLE I BARGHL of fe ldisPinting B8 WRObEMiThsiinal
and/ or magnitude of a gas rerease event. Wen the gas
SiHafhy efimble BloR fin dhlerérnvention is operated in a

sub- at nospheric pressure node, an additional safety
control nmethod is avail able. Such sub-atnospheric
pressure operation has the benefit that any |leaks in
t Fee sy supokn swktbih o ghe"invehtivarid "one embadfheai\ppreptas go tiselate the ggg
circuitry until anbient, (e.g., atnospheric) pressure
TRty F}Blf%—trilfd#? §2h SUPRiK PIPPWE PIPSHs p Eredefpripmed pgssure; €.8.
f.ol | ow whi ch the | eakage oufwardl.y .of the . .
RSP R Fge PR SFb AP Pk A & HIE SBPPE et
Si. . . .
ek GDRL BE bty ol erdP R SRR EUSRET, Sl b rtatin
OBsture SRRB) Maedd thd'HE! thit fthe! &Y inddASonfHB ALY rd38HhE Bdvitonment and
pressure exceeds a predetérm ned pressure, e.g., _
hreoRsthShi/ghltly iRES i Th h f@theNengRNgRPHE SBtihmemayDd Chhsas:tdd
psig, in a systemwherein gas is dispensed fromthe
giad asanpgl 8y ey h pied@aticaklvs v a aglindgplertiot oppn ég slispasingSoldas,
cylinder isolation

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

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

In 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 fiow
- circuitry. As a further variation, a regulator of the type associated with the gas source
.vessel, or other type of regulator, may be deployed in the flow circuitry near the process gas
outlet of the manifold, inside the gas cabinet enclosure. Such additional regulator provides

* an added level of protection against the introduction of gas at the internal elevated pressute
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feature greatly reduces the risk that the cylinder
contents will reach the environnment and pose a heath
and/ or safety issue. In a further enbodi nent, the

syt Bmxety be constructed -and arranged so t haCTaisos/ 17429
pneumati c val ve on a cylinder does not open for

o oTBERR atliba b g MGG R P R R AT e oatfr o
t Qﬁ%&«:iag&%ﬂlrﬁ%égﬁ%%?w%@ﬁ contents remain in the
cyl' i nder "un

S a sare dispensing condition exists. In
vari ous enbodi nents of the invention, redundancy is
provi ded by use of nultiple pressure sensing
ebBRIdh Sf thE 2k supf¥¥ HHEH TR dishARSEHCAE 8t suBbitnPsRST&sure also
swtches, in the gas flow circuitry. As a further
VhdsioBlict Bfefitd Fo GkHuiplepd cdabentibi] hiyipfreRes odlinddreds sipplip syshen
gas source vessel, or other type of regulator, may be
dpkalyediliies atdedicdtddoyindérret pinge gasnear nithgnp Withewb-aigmepheric
outlet of the manifold, inside the gas cabinet .
ebressye wpwatiogythp regeismentosfad dedicgigd At gwrep ey Pxffiader ca in many
added | evel of pratection against the introductian of
gasanges pe Slipipiet n e geyiie 2P eXs HiFes™s 181N FeraEABAY

PCT/ USP3/ 17429, of t . l i d f.
C FE BB Ao Ripsehd® B URES] SPAFT tFeT Br-ERES Ryl AT 7
i . : . i '
(%é.?aé II§ E)Srliﬁg)fsa?ef l.ksgé ﬁ%ﬂ%’k%%ﬁ- la%sga§ Q)Flrocg %géé?ﬁﬁtﬁé Spmcnce the

e gas’s system I spensi ng o
Ggvonfiin whibs &) TRIPACHES aPESS SMr HosiBres Eﬁgs D588 psig), so the
benefits. For exanple, a conventional high-pressure

Gitbsp 60l 6 adBBSngTUHRPtdus S @HIthe WbRkingahd oflibtot InfoARSpuike nitrogen
dedi cated cyl i nder of purge gas, e.g., nitrogen. Wth
syibtera fsnegligitde. | As a prdis the iges sopdy agsteoncan kinploy e ges gabimeiribat is
of a dedicated N2 purge gas cylinder can in many

i smaHeaniess somplere frid requists @adower yentiition i inaowesl oreradipn thae2 gas
gas cylinder containing the sem conductor processin
Fadng mpjavies aqoayraEge! sreas Sdde (e kingthe preRyo grevly

t | nt | at SPRs) .. din th
Pt v s S T EhOFEE b assel i n the pract ce

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

RsQFRARE adQfnt R 07 thd 420 Shpfy BAZRY SIS ATon] thOFRs LhtneVRAKibiG
gas cylinder into the purge nitrogen

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 gas cabinet relative to a corresponding 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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systemis negligible. As a result, the gas supply

system can enploy a gas cabinet that is smaller, |ess
conplex and requires a |lower ventilation rate in
NQyeRlRBEr ation than a gas cabinet enployin

conventi onal hi gh-pressure gas cylinder Iackiﬁﬁﬁﬂﬁgﬂﬁu9

pressure regul ation characteristic of the system of

t Histapreasaint gdsnven fionrthe fsi@ndudivt peresatvokntade opfimizdieas a
gas supply system of the invention, the gas cabi net

v evisequence ofiihe reductionofithe high-presdwre wateyipl oghsr t i onately to

the magni tude of the expected worst case operationa

rel ease, in addition to the aforenenti oned reduction

i t he vent
ogp

e L de

%Jation rate incident to the

reduced sijz

e
S35 PESSUTP it Afcprsanop gt the Preseh SMEPHRg provides the
h

aA0¢

convent,i Qna
il

r
op€e

| Ebheikibg
PCT/ US03/ 1

SGehidP e

ation éna
b i shbgpeRli@cement and the

L RABRY e Y B o B
nce of nhanc Lty o
PSP P Son b R A mB Y i
17 WO 03/103862

29 distance of the gas roomfromthe

Shl

sem conduct or process tools can be optim zed as a
consequence of the reduction of the high-pressure
Niatagethea bmisadBihest of @e dvartiion greadurcroeshikdiedlgas delvsnyiscatriad out, with
accordance with the present invention provides the
atiing pHe pressuparaniaige cxlindar (biheetting e pdivstuesht eftthe sab noift Qf\ihe
circuitry conmponents of pressure surges, which can
STEEHAIE) 3P % ReFPIpR OB BTIET: 28 dpraxemplp ilg'é?d afig and placing the

B A ek R Lo 00 S
; L) ' ' ' t, with
R T SN s P Aol Bt el Bl B OUEL 00

or adjustnent of the set point of the regulator) to a
nom nal positive pressure, as for exanple 10-100 psig,

Ntk Bedifit Mishdite oRMPBShE GnveRion Piis val@fted! & Rinfiddnductor fab
pressure alarmin the systemat a pressure that is
DoRbgpkligry absdke: e asEACT pesuepegubitdd ngsspY depboyedein £ gas
triggering of system shutdown.

cabinet, wherein the pas 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 regula\?or at or within the gas cylinder, as a means to further
modulate the pressure of the gas for delivers( into the fab. In such manner, the gas delivery
panel regulator acts as a second stage regulator for gas dispensing, and also provides a back-
E up safety measure, in the unlikely event that a regulator at or within the gas cylinder should

malfunction.
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As a specific illustrative exanple, the invention was
evaluated in a sem conductor fab involving delivery
of silane froma VAC(r) pressure-regul ated vesse

depb aymsksi N a gas cabinet, wherein the gas calithi®bsi7a
was nodified to actuate an al arm when the pressure in
the flowcircuitry therein reached 10 psig. A stil

f Ut HEPtion s serconiible obimplementition dmvadons epbedinenE v arein pevyestic
regul ator in th as delivery panel, in addition to

e
Vit Pt &7 ST R e gArpligaiionsrefspich type igclude jon
means..to further, .nodulate the pjessure, the gas for
d et oo e B i Fsepe r%%fﬂawfﬁ{éis aﬂgre as’cabinets
del. . tor ts a cond
B i AL g R R R

back- up safety neasure, in the unlikely event that a
regul ator at or within the gas cylinder should

M@hd 48 Glota@and LifpibhH36tdA 3808 nRediok PP bl ARSd fokMBpensing of
invention is susceptible of inplementation in various
epdsatli deitddomagpepinshBtrakire or 3t akitefmapi@rit prekud) 4t B fixed
and/or on the gas cylinder. Applications of such type

i Ao tatie by vy of p mqsitiatiste flywsorificxipgdhe mib digsbasing fymcpatatbitmetches
free-standi ng gas mani folds where gas cabinets are
ntje PRRPSST Sgtirgments foudheidispensed gas.s Yhetregwirtos inoh atdke &6l it ampelly

gﬁligde%ﬁ, nd tube trail-ers. fi The gas storage and
EBEHS —‘50@&%@?1 thedelivery watifold-flowpirouiey dormativee §om s
dj nsi.ng.of .gas at desise ow super at nospheri c
o2 BER 8mpe ] P Pl BPerdeB ey 5 11 e
flowrate, by use of a restrictive floworifice in the
gas dispensing flow path that matches the process

BN Wb RGPS oyt O tlepRicflic SPED PR hnbitvntiohiSy b9 kthad REutde, or
or at the vessel is normally closed and flow only

GO GieRbIpE bvd Sreméte kdgvieny, ainhd @t Poifit! @\8hchi sh@hlibdulafor may be
downstream fromthe gas storage and di spensing vesse
fee readivsiably tviariabiehio | caroyprer Sthe ngp off 288 yoiet. refdkeor arrangement
regul ator enployed in the practice of the present

iR BREs B pafgfiabier apcidei] lbackiiligg (0§ pusge gapinto the gas source vessel

while the vessel is coupled into the manifold gas flow circuit, when dispensing of sub-
atmqspheric 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

. rtemains closed, thereby avoiding any accidental backfll.

- 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 a
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an assenbly of two or nore regulators, and the set
poi nt of each such regulator may be fixed or

adj ustably variable in character. The use of a set
ph3/1p38¢ful at or arrangenment el i ni nates the p®CEUsI3aT429
for accidental backfilling of purge gas into the gas

S Ofe ﬁ p %tsoglcgliré%ynlhﬁ sllé]xg?n\{ i V\tﬁ %a é]%w @ﬁplTﬁdPé.‘? et 1% Iaesuably

mani gas F 2ui enS|ng
atm&z%a Featd R nnuRfrd of ARG/ PRILQY d 0as 11 ow
circuit to the downstream process the set poi nt
regul at or associated with the gas source vessel is set
for superatnospheric pressure gas dispensing, e.g.,
atThi Qs Pedgg and BRpRIQSFePma) thtd@ilRe bk §RpIY 3B S ROUHdble stage
exceed the set point pressure of the regulator on the
g agfergad waalaton/ esartd sottint @ slispasddiyat fldwsansmdh tpadfilator before it
regul ator renmins closed, thereby avoi ding any

acter dhetvalve besdlend flows thioeshsibe vavedhagein- e Thegmesbiat-wrulated velsp
way of illustration be of a type enploying a pressure
s gﬁ& b grploysd ingopiynqtipeith additien %segala%f) dithe o5 oabjes containing

|aphr mto, requl ate f|OMIOf reln t he
igtge HEFRLR PG Py ong e ey 8pwsed

tﬁm&’%hltﬁo%‘m e i e YRR Q9 B4y Gl 0l USOS/ i B thersby

t aper ed poppet Or corresponding ‘e

f bewaPakbple {36 Exafidy Béri‘orﬂléacg Tih ﬂié&&ré’ conff(ﬂlnk B.E %s@eq awgl as

seal ed during nmanufacture t he regul at or appar at us.
Theergapthetar age and di spensing vessel may thus utilize
a single stage or a double stage internal regulator,

alt valih Y appeoiatelh ditat thh @asthita e ned disgpasing syomd niakrbe ugliifitd) avith
regul ator before it enters the valve head and fl ows
tppsionite oftiles romilates it the vabierheadRindn the ewk or ether pgriibmefaih interior
vessel nmay be enployed in conjunction with additiona
r e§tneRL ke epsel yrtimgam ghthe damicewitol velie- aftris pgferredhin mpgtice to
e and di ensi.n sse i.n which_at |east one
a%ﬂ# e a%@di@%&?@? %s‘“&%%’g@am Va oA St PR S F GriP T He
nlfol itr n t
SRR a0 Rl bﬁyom ook Pl i ol ospagBed Fearope
Hﬁé 5rOhRAE s LGB Is‘eﬁ%{aﬂée ahsabdPoel @SR ot ik

as exteriorly t
regulator upstream of the flow control valve.

The gas pressure regulator devices useful in the broad practice of the invention can be of
any suitable type. Preferred regulators include the Swagelok® HF series of set pressure

regulators (commercially available from Swagelok Company, www.swagelok.com), having

a set point pressure in a range of from vacuum levels to pressures on the order of 2550 psig.
The use of high-precision regulators permits gas to be reliably dispensed from the pressure-

regulaied vessel, at the desired set point pressure level.
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It will be appreciated that the gas storage and

di spensi ng system may be nodified, with positioning

of the regulator in the valve head or in the neck or
otviA®h3 ion of the interior volunme of the v I
upstré@ﬁﬁ%f the flow control valve. It is preﬂgﬁﬁggypﬁw
practice to deploy the regulator at |least partially

wi Theigas prawure meealeiobin sepdrel e pieforably of g PEPISH VALY RAe SYWHISIE 2
to there2¥ protect the regul ator fr%n1shock, iqpac&
arkpPRet Bipaet B Ribipset i At stagae o PENETh JPY ahmirossy abogg the set
the.vessel , wel] as to realiz he perfornmance .an
i Vil e oty Dot g PRGN PREGITEIGE ABSPod:
of the flow,control lve, T . . . at
aashamet@UERRL b opl? st Sy BF 10Rhall SRAMEGVORML F o
C ol ¥ . h5flai i ure.
R g B e e o B et B B e
regul ators (comrercially avail abl e from Swagel ok
Company, www. swagel ok.com, having a set point

pr B shitilete ildhg derinaipgationl of fghsOforapa Gdl HspeRtify Sstbds picagiang tethe
on the order of 2550 psig. The use of high-precision

r egpadtimpofosr peulaibs (Syagslok © Hieseries| set pteysunti mpdaters deofnmerrially
the pressure- regul ated vessel, at the desired set

p @raieble fiems e Swiagelak| ComanN OB splsEMsPOFHtdSoBt preppme of
The gas pressure regulator in general_ is preferably of

a 7P I8 epcrting Gyeles y R ag Baiorking sgs apd apothep at obdoprregpatdry gre
' [ " t st t N t fl t

o re st ol it B et B R R g g fpe for
$6/ aﬂou%ﬁ;ﬁ%&%@&s?odm%ﬁaé%gfeﬁmﬁ'ﬂwm@& Sbded)htly close

u
acconmodat es changes 1 n outl et pressure by responsive
eXReeal oR HeRtd Raitod fh Rfuididi Sontll R8:549 BraS8RiZhiRilant issues were
assenbly and translation of the poppet, to nmaintain v
t bige9el TROicHH ra RASS the @egulaibf vk balbvat & 10" iag-ct/Ri. M
operation of gas storage and di spensi ng systens
according to the invention, four regulators

(Swagel ok(r) HF series set pressure regul ators, )

c Shmmpleired inferiorapesitipning ef the aeeniaive isihieef spreoypphypids any
wer e sinultaneously tested over course of . 750,000
N S R R T e A R

Sggld (giluieoi% rﬂlerl%%ﬁl | gltlcg rasfalsi\ue}g %ould 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 failure 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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cycl ed over 350,000 tinmes in silane as the working

gas. Each cycle involved gas flow for fromabout 5 to
10 seconds to 10 minutes and required that the

r SYRPHEWOB2 subsequently cl ose and seal. The aw&nageymuw
variation in regulator control was 6% and no

we d The .| ‘
acrRge iRy d‘a%‘i PR G R ?d&nefgd%*?l% b s e
T r i@l DO he Leg | a
t@hg’&aeggugeog cg hgéeeg slg aggoal§J émt%;h Cm ValvedgTe b ﬁow .

| NGitehed) bndt Qi R YstRAR Rt nSind @dnrxgrn%a% WBQ‘Q %?ﬁ%ﬂy and at

e.g., due to a di aphragm we ure I n

Suekt samé af thel bRredRhtoded @sihthds chilod RBunked@SR Ofas ehinet panel, as a

calibration gas. Wthout the conpensating force in

t lFEucRBAgssdntbdy posigotled indlic itedidr of the das bdbinat 100) osed" state

and result in a flowloss, so that the failure of the

conponent is contained within the cylinder vesse

and occasions no | oss or |eakage of the gas from the

v &%@@-Prﬁ@#@eqs |cﬂgldwdw isof e mvmm oipys havitig@ valve head 404 with
ﬂHtIC rep t|on of a pressure gas

h
psocizhe iseeek e oA TSR 10, et ey
O RS EAD s Eol FEeer S
d I
N SO L B SO

0, and contains t h- pr
amei cYNEER Gi1aH RGhrably @ Frlefubidto ViiYe, whith hR%ided RY ullo&tcafm{ Je@we

swtches, and related instrunentation and- contro
e athsr, vabﬁh@b&;!. BridgtPerkblo WhdGidsMid Hylmyeadi it a @I’essu{ees@%h SOMBwnal
of the aforenentioned el enents can be nounted on a gas
cabk iclesspeafated, dige a teckbitioic brigaipmat Spediby ispogirtd Prpetats A
the interior of the gas cabinet 100. The hi gh-pressure
gaand gentrplyalve gipthe ¢dindsk. 2 conventional type, having a
val ve head 104 with which is associated the valve
hand mheel 106 and outlet port 108. The hand wheel 106
rnatlvely t.i.tuted .omatic

val ve al Ator: 5 cyﬁ‘?dgfi q%sh%}b?rﬁﬁﬁrﬂ%s gn o pensing opgyion
B i t‘ﬁ@lra\(‘% iRGA% kol 0 ol ! R QAL Soe Qosqfem% Afen, so that the

hi gh- préssure gas. In preferred prac
gas flows through discharge line 110, containing valves 112 and 116, regulator 114 and

excess flow swiich 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 vessel 102 from one another. Manifold line 126 contains flow control valve 128

therein, and manifold fine 120 contains the purge gas regulator 122 and valve 124 therein.
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the cylinder valve desirably is a pneunmatic val ve,

whi ch provides the nost control relative to other

val ve types, being openabl e and cl osabl e by neans of a
Prves fbRssW t ch. A manual  valve is less prefgih&flysiaze
since a technician or equi pnent operator is require

to operate a manual control valve on the cylinder.
Fridemeriboldinejpdep p bynsesrlime d4dscoptpining dalve 144 Heerdin, g Mustated.u e
gas during di spensing operation _flows through the .

v hapdolq F}“‘g%{l COEPYsELY varepm veRfuripsemaly Hrphding e pow g dHKe

open 0t . the as flo rouygh discharge line, .
TR e AP it § arBanors (S o i Sl s T PP
e .| switch 118...Th as, di sc e line 110.
gt lnete Sl itpiiind (e Rid pSERTE%, 1 Mt peg o
di ' %i&% ' mani fold isolation val ve
1%%?H%%?%H3%gabpe ggﬁgﬂ?gkﬁghlate the gas manifold

and vessel 102 from one another. Manifold |ine 126
contains flow control valve 128 therein, and manifold
| Wnpgesshzbware 14 s tperhti@ly RoUpEE todmifidgd @60r 122 and

val ve 124 therein. 22 W 03/103862 PCTI US03/ 17429

The manifold includes a bypass |line 142 contai ni ng
valve 144 therein, as illustrated. The manifold

f rthhEG. & emprabivetsyseny gesual mporimosphicriaprsewrd fisydijprrstd il gas
vacuum generator drive  gas inlet line 134 joined to

vEORECE PPSSH P2 |1 nrmal ongEsen whenths Mplye jmyalyenhead 104 &8 open, as
led Wi th ifold.Ji 126, Vi i ne . 130.
RPN Eiorooo Yon disclpags e 110 cattging seuitalird U4 i lgniing 2 o 2
. ine ol \
SRS Bl B 10 BB A By
| thdr gt m of i3 rLéﬁfétoE llﬁ Phe Gidw cSﬂrbil Dftes SYSLEM6 g@tﬁsc%ge line

super at nospheric pressure is dispensed from gas

SV aRpMERSIAY subh dispesinpO T8 dispResh@litcon 0 Wdbr dohiny Bk ¥Ress
in valve head 104 is -open, as previously described.
Ty sehiitstc Hangshut dowe ik kGpplyor gengnaspgud gb,crg., I dhe Eent that the
di spensing gas to a downstream process unit (not
Rlywatric flow| rate of Ylispensed gpy exdestie p pradeteimineé galng. e The excess flow

det ermi ned by )
switch 118 alternatively may be arranged 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 componeniry in the manifold flow circuiiry.
- 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.
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the set point of the regulator 114. The flow contro
valves 112 and 116 in discharge |line 110 are open
during such dispensing. The dispensing |ine 110

f wd d3anssgont ai ns the excess flow switch 118 tyqaikbHraze
down the supply of superatnospheric gas, e.g., in the
"event that the volunetric flow rate of dispensed

eXescaaiold ingluding dlay dines el assoripted V"’Wﬁ’é andattieE eomppRSRILY

118 alternatively arrap for act uatj on,

oFP BT 8RRerR T ?JP“%PH& Eﬁﬁ éfnéeyh % o ERuT %i%ze@sg‘af © line
cess flow

ot S s Pt wSiRE i oo R pher Rk o I O o s o
d#l&t?g@;' I gth&%?s ‘MOQ%F tﬁeqaet%gec' 13% %Qci Qagﬁm litg%le I!S’DI[){I) %g?sg\éﬁﬁtm in

l'ure nponentry 1n

ClidoQ 86 &y Meanfe vﬂﬁﬂlt@)ﬁiaﬁ%k@ %ﬁﬂ%&pﬁi@ﬁpeﬁ:&éaﬂdr&loﬁ of valves 124,

mani f ol'd downstream fromthe gas source vesse

t 128, 13l @Ry DIGES SHIE & 1Y Bfuchaiid] d. @l Privr QicBREN&R L thd iR s&d&% vgasl
cabinet manifold is dispensed at a predeterm ned

r ¢ whadvepr EXR hissthedndegl@ainr tighpessatelghs. t he set poi nt
setting of the regulator. 23 WD 03/103862

PCT/ US03/ 17429 The manifold including flow |ines and
aSSOCIated val ves and ot her con%onentry, ‘i ncludes a

VIRE Ethrrrbiact arenifedd aled indudps purging caprbliy. forespeps of nupgeges fepdine
113%5%%?%33@&@&@%%%%%?}%%%%8 Liaﬁ?fgoosgﬁaqs.l%ﬂ?wa%v
SR aBenclunt ol b o aond b 3 PO ¥
Wo%ﬁ%ﬁ&g%%&hgmaﬁﬂ ekd Eﬁh#?m%foiﬂeans Of whi ch the

mani 1 propri Rte openi ng and cl osi ng of val ves
124, 128, 144 and 116, is able to be evacuated, e.g.,
prior to change-out of the gas source vessel 102 when
I8 s2|mahi@d hasaiqansueapliet B wiichhhgtbepimplogadrier affaging Fhe
gas cabinet manifold al so includes purging capability,
dewir efsqperationp fr ipalatige ofymeiohieedhd ingnifold] Oespénge tresensed prpssure
whi ch, through appropriate opening and cl osi ng of
{easlgeige &lﬂfolfgzs, 112, 116, 144 and 138, purge gas can
be fl owed through the gas manifold for renoval of
resi dual morking gas fromthe piping, valving, etc.

%e tgzgs %Folffrgtn gas calghet 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

cone 'embodiment of the invention.
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The gas manifold contains pressure switch 140 which

may be enpl oyed for effecting shut down of operation,
or isolation of portions of the manifold, in response

t gveensRer pressure level in the manifol d The,c9AR03/17420
mani fol d of gas cabinet 100 therefore contains

appropri ate conponentry for evacuating the nmanifold
add illostratsid irgFiSaRrghe gescabing ﬁ@%qap@ws pPreFuERegRliEd SroBte Pire
gas source _vessel 102,  or rlng%nalnten nce

r %%?qmpaf@t vith ¢ valee hepd, 8{?4\/7%61%@ Ne QREFAEP Waupée?:l thth valve
COMBSILS, 5, b SrScLeImLLE £ ERLGRCIHLP0 Shide
]t;lgvgg her ti‘& ﬁ?‘%fi%rz%gsiiﬁo vsé(n?gsacg%%ar Ef[nﬁce Vi valve operator

t e coupled
P@%gggd Bty bt B a0 20810 e beha e cono
CaRl ARLmARQCERR bt PSattig BleBRTht BB A8 Bd gas source
vessel 202 equi pped wth a val ve head 204 contai ni ng
a val ve operatively coupled with val ve operator
el ement 206, for selective opening or closing of the
VEevatlettporti20$ bf the ealwrhedde20dicamtties a fasimipfedflovy arficg R Pan the
outl et port 208. The valve is schematically shown wth
visogieof dipeqytindsy outlel velve fherei Glhispieyiden 2 s}eﬁe{eu% eafgthi e pXrRt

th I head 204
UREIER T My g N SRy P o s )
J.et t, 208. of .
B zon edinpedt py LT B SRt Beol o gﬁ&gtﬁi’?"% Hen
L D5,88L4 Ofes Jﬁgmw#rdé&gggma%&&m,vamﬁoma Rlefzenk e ispensed

prov safe I'n the event that the
déﬁls SR MM fRs df ﬁle ARG \Igrac&;a BhinPRH BG b§ B PAsSGpplysybthie.

spenS|ng mani fol d. An FO may alternatively or
additionally be deployed in the gas manifold, to
provi de such enhanced safety as part of the gas pane
 SibispoeddLin ehe imeridt eiuniechatisteotiosed by &t wath of thef gasl sasyye meseqd 202, is
gas to the requirenents of the downstream process

e giptirasseybly. Bie regulatoy eﬁgeng:@p]m@s Wt 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 isolaie 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 st to dispense gas af a predetermined low pressure,

€.g., sub-atmospheric pressure.
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Di sposed in‘the interior volume that is enclosed by

the wall of the gas source vessel 202, is a regulator
assenbly. The regul ator assenbly in this enbodi nent
cOYPI¥18882 seri es-coupl ed regul ator units 201 ramais@fi3429
t hrough which gas at high pressure flows to the valve

hegd %spe,ﬁsa{'ﬁel%% %gfoc%{;}mygagﬁ%tg Swia@ ME, RRRI & FeksRY miRkEErs

operator “ele SO 1 I'n the dispensing node,
928 3 bhdOMB of LR sEib SRRATLAL! PAFS21808 into process gas

di spensing |ine 210. The gas dispensing |line 210

C OT'Hs qehd \EspBiidic fliaé 24 0iiSpinad tooRanifald\vie 205 contating Mow Sontrol valves
operable to isolate the gas nmanifold and vessel 202

f romenigaAgidate swittie240rie povides ineguinetietongrith thonangfld line
vessel 202 thus contains a high-pressure gas, and the

S @26, Plwinmnifold Hinet 236 isrcoupladatidyrthe O sani§etlng 2Hyhavigpe pyrgp gas
di spense gas at a predeterm ned | ow pressure, e.%.

s beviaton thersiveloinEovide pueq 8% 25 PEOYRyIPd Prowwp to the manifold, from a
PCT/ US03/ 17429 Thefgas di spensing |ine 210 contains
pruigEe gsgousch (Ret phoy mFIG2) | | as pressure transducers
213 and 215 on either side of flow control valve 216.
The gas dispensing line 210 is joined to manifold |ine

2%@\1&%}9}1% ge!nrn lqc%%ﬁ#oqg ‘Blto(ﬂgéd ]égilcfv cab%%fb(}@ @ﬂ)w%%ﬁ FIGAZ The

pressure”sw i'S” provi n comuni cation with

t ReculiB oligd ckrhﬂ%ch%gﬁdﬂvz%ﬁs B ik chiphfly 2 éfirce Bf drive gas
coupled with the purge gas feed line 220 having a

P @i ol Sho@aSwith tRvthiah Red i3 bfiventud 2p2.OVénehei 2pLidigrbargasheaisive
a predeterm ned pressure to the manifold, froma

pigssgie lige2s 6s@uminiag (lovo torsrhiowatvei2A8 fk@in, R)e vers, whetehyifee drive gas
generator circuit also is provided in the gas cabi net

2 Gexbneodhexterionty| afthe gas catheet. vacuum generator circuit

i ncludes drive gas feed line 234 coupling a source of
drive gas (not shown) with the venturi feed |line 231

Ok st Wy PR PSR ot 885
t er ﬁjr%ln%sﬂh@m%%fd' sumgjeﬁtﬁ% vaaﬁmdé’hjc%.eev%%onit@reoﬂ is effected
exnaust € exter|0r1yo

t he gas cabi net.
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
i)e transitioned from (1) process gas dispensing to (2) evacuation of the manifold flow
dircuitry, to (3) purging of the manifold with the purge gas. The purge gas may be an inert
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 contents are

. -depleted to a predetermined extent. The vessel then is uncoupled from the manifold flow
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Venturi 232 is connected to a suction line 230 for
drawi ng vacuumon manifold Iine 226. The purgi ng of
the mani fold, subsequent to vacuumcircuit evacuation

t P B¥P3863 s offected using a source of purge RETEUSOHH29
shown in FIG 2). Such purge gas source .is coupled
W diByitep letﬂoeaag a:§ti]u§e? 96b, bAd'§ cﬁa%? Lﬂl Y glaﬁ%ﬁcgr%agﬁﬁon and purge
regul ator 2 erein, to In uce purge gas

pregedesompied. pressure to the manifold line 226 By
appropriate opening or closure of manifold val ves 224,

228 pi2dsOreanahdaod 213 Hd 23y Gl tRIPréREl pab@splehstid Hinb Qmeﬁxﬂl@%

(1) process gas dispensing to (2) evacuation of th

rrdiori nficptating @ wresamierod thie disyensdd @as, Jhe Aow gitentd tefdispdieed gas can be

mani fold with the purge gas. The purge gas may be an

i Aedlatedybis meang of flow conttol wajen216ar Torprestued ramsducet also Bac he

sequence of operations (1)-(3) may take place as the

a&?‘iﬂ?é Witkeprespsst Cﬁetﬂé aeanfopicthowye & §IG i2} o epiifoh dteegds cabinet
en the vessel ents are depleted to a
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fEom fLbepggni fold flow 26 WO 03/103862 PCTI US03/ 17429

circ try I'n the gas cabinet 200, and is changed out

after manifol d evacuati on and purge steps are

conpl eted. The pressure transducers 213 and 215 in the

PTRGRSSrdRbtclits SNSAS R40ndy Ya @mpibRdF5: Qe PldRY Sitli-adwy purposes,
monitoring the pressure of the dispensed gas. The flow

ratrepate bhpesdieipeRiete pRcesCan dsgnsifiicd Raj £d it av26,
of flow control valve 216. The pressure transducers
aegectively. be coupled with process control means (not
shown in FIG 2), to control the gas cabi net

operation in connection wi th changes in gas flows and

. q%in ressur of _di spensed in the gas
et FovRe HrBLE i $1Q\4 BEED sty shorp froGpgising tvo
d/ h
SORLE il g L1V S ONRRLLR SRS et
o Ras r\ﬁihﬂﬂthls'xﬂ@nog 18R b kgsoéogrc!a y0Ge1 2654t the valve head or

respectiv el Y.
dispensing port of the gas source vessel, may be varied in the practice of the invention, 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 iatter dispenses high-pressure gas directly into the manifold, for subsequent
downsiream modulation of pressure and flow rate to provide dispensed gas at the desired
prrocess conditions. The FIG. 2 system utilizes high pressure gas containment in the gas
source vessel 202, as requisite fo provide substantial capacity of the working gas (the
capacity of vessel 202 increasing with increasing gas pressure), while the provision of the

- regulator assembly upstream of the dispensing valve in valve head 204 permits gas to be
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VWil e the regul ator assenbly in FIG 2 has been
illustratively shown as conprising two regulator
units, coupled in a series arrangenent, the -nunber and

plwoesmeMsz of regul ator devices within the intgr “ﬁhm 429
vol une of the gas source vessel, or at the valve eaJ

or dispensing port of the gas source vessel, my be

v dispaged; fom e mpr-wevldtedenas fsourppevessel @97 atolaw, ©.8. syrampsgheric,

any of different arrangenents of the

pPES¥Tr e- r egul at ed gas source vessel. The gas cabi net
2 an adyvant age over

zﬁ%‘g’{% Bt 61' nggysti, Qgi??m A bstaped |"3Pr9‘éfimea% E’_S%f?%gﬂd
hi gh- pressure gas.directly | he manifold, for
sﬁ%%gg) ﬁ‘g?ﬁﬂqmﬁ%t%ﬁgﬁ%’é a%%”u‘*‘%’%.@o{nsygfm'pr essure and fl ow

rate to provide di spensed gas at the desired process
conditions. The FIG 2 systemutilizes high pressure
08f%5. 3Qh AnBHRB frepheRentalibh SHBSreaR Q6 urY 825 Bbind Afster ilizing a
requisite to provide substantial capacity of the
ViivkirdGr@Bperdséd s supRRAGY & ProRhire VRBIEBE vedQE ahWGHRA SgiiBted in
with increasing gas pressure), while the provision of

t the gay poell oftthr gad Sakindd by aUdisvnsteam sab-atinhephelicSprewst Repulator,
val ve in val ve head 204 permts gas to be 27 WO

OB £ardigsie 2npETymiSdgrdt piReinvaitigpensed fromt he

pre-regul ated gas source vessel 202 at |low, e.g.,

sub- at nospheric, pressure. In consequence, the FIG 2

t hi bstantial i t i f et
a8 SStEPre ol Ry ariaH PO et P s e eyl e
E%gmg%mﬁéi&ﬁﬂheﬁhgﬂséehﬁ aqsschematic representation of
a reduced p g

ressure gas cabi net systemutilizing a
| ow pressure di spensed gas supplied by a
pressure-regul ated vessel, and further regulated in

e pghasbifd Btaifa pkddRired081480a0a ) Rurch Yest] I\Rtafn@2 D regulator
sub- at nospheric pressure regulator, according to

arrotibig rinchiding cleguizivi uoits 1 eand rB0& Ndsi shown. Tlles gascecaiseN®LR is
300 as shown contains a gas panel 350 on which the gas
wEHPHed With F4levhead 3Mgitrinipg amelvasrdeted by salveearkibsounla o

nmount ed.
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,
progranlméble logic controller, or other microelectronic processing unit, is suitably
.deployed in or associated with the gas cabinet, and arranged for monitoring and/or
éontrolling process conditions (gas pressure, temperature, flow rate dﬁdfor comyposition) of

gas in the gas cabinet,
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The gas cabi net contains a pressure-regul ated gas
source vessel 302 containing a regulator assenbly

i ncluding regulator units 301 and 303, as shown. Gas
sour Ga03sexssel 302 is equi pped with val ve headc®4osri7429
contai ning a valve actuated by val ve wheel 306 coupl ed
t val ve actuatar 362, e,val ve actuataor, 362 is

| B B bR Rt 1 BiGRp S b TR e B8 oy
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bwesgel,ca‘ﬁﬁmgf %’mﬂf&& AP HE ?gsls?agﬁrlétt}%?et%{r%gér{ﬂdﬁﬁly be configured for

programmabl e ['ogi ¢ cont

MRS} L Cheri0h, CooPth GRS 0B ghtNdohirce assq Wobl ¥ thel @RhRNIE 6
in or associated with the gas cabinet, and arranged

f ethawsed iof gHs) 03 Geactidslé Pledet@@idtd BtvIrbsiial REMAGR S& poif tictekinged
(gas pressure, tenperature, flow rate and/or

Cc vawd &iitolagx by editablg agdvibgopeiatiorgja sheaadpifold (a.g. 2Bosof valve(s) in
03/103862 PCTI US03/ 17429 Al though the gas cabinet is
stowes feet ling pupiingabe vrasel tegheamayiifalg] whilei qpeniper ethes (yvpleesgag gas
source vessel 302, it will be recognized that the gas

c&pl H’?th"" ﬁﬁ?leéfﬁbqgfﬂkﬂﬁfl 8 gy S?rgla%caﬁ%grglépxp mapifpld), so
B AR RAS PSR e B Fap & EeR iR ey

operation, so that when one gas source vessel coupled
to the manifold is exhausted of gas, or reaches a

PiRAGHE RN BECar gBWkoluBS fetkd %otz Zld'ﬂRHﬁéd i %EGBl%QL d%sé}ﬁ:%e port 308

exhausted vessel 1s 1so by suitable val ving

Qfa@piat 1oQRockdd phd @sg¥diel 19k 314.€ Ty outlel S 8 A fthe/AHlvétles) 304
in the gas feed line coupling the vessel to the
nantahoh eksiriviad Flew ofifiuei (RBO)R ey tnoal of alse ¢ylinder g&let vdiedabkrein.
line to couple another, full vessel in gas flow
cusiditiopally.aar ialimmmajiialh an REO peutd Hesuployedsin thetgheapanifld, apsiésenssed
vessel can _be renoved after the full vessel is brought
dmeqoperion wihe BIG\ heringbevs04 of gas source vessel 302
illustrated in FIG 3 has a discharge port 308

coupl ed to process gas dispensing |line 310. The outl et

t. 3 t hF ' . @St I ] d,
R e rics PRALS At AR B S 2% P gh bR
QiblckeShe Y@ hMRirdid VR SRl 302 from one another. The process gas dispensing line
310 contains pressure switch 311 and pressure transducers 313 and 315, Intermediate the
pressure transducers in this line is a flow control valve 316 that in tumn is operatively

coupled with a valve actuator 382 joined in signal transmission relationship with CPU 354

by means of signal transmission line 384.

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

(i.e., from port 308 to the process gas dispensing line 310). The regulator 321 is joined to
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Additionally, or alternatively, an RFO could be
enpl oyed in the gas mani fold, as discussed in

connection with the FIG 2 herei nabove. The gas
divgperwssay | i ne 310 contains mani fold isol ati Germabyeaze
307, which is operable to isolate the gas manifold

ang ﬁﬁéf I.BOﬁ fromone another. The process gas

di SRUART Resieehesmsmimtion liog S50 fos adiisuattpidbe v peies 8 tp rempltor.

pr r.e.transduce 313 and 315..Internediate the

D SRasRord WRASAREEND ni by AenplyisiBbE ST POt pisop oy 2 fred

va : .that in turn is operatively coupled wth a

va%%gmgégﬂ%tor 382 joined in signal transm ssion

relationship with CPU 354 by neans of signha

transm ssion |ine 384. The process gas dispensing |ine

3 1Conadrifly &0 Hhakditce el b Qhd A2HatbPlnidi38P SRS sRAOmLES, Ab. 3

a reduced pressure level relative to the pressure

| edepitts slich atpalae doifs (20 EhgARicAR bl rdtfmsied toIY 3941 byBhe dashed

fromport 308 to the process gas dispensing |ine 310).

THe reprgeeniations 332md B&D. [Tois dawitet the oRetVDY G3pla0BBE@ship between

PCT/ US03/ 17429 CPU 354 by signal transm ssion |ine

38tr GRb) ang dhedespepiivrregylatar eits 38 and G0 twith frespagto thwgetipeints of the
natively, the regulator 321 may be a manual

Al t b
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between the CPU and the respective regulator units
36 paind a@0@3menti tAlteHr@BRBC thet OPW hifayS Rine® AN bina0 imolidling the
regul ator units. The regul ator set points are

i pries peentimpdbhnisngechf L esdhady] the ynlsteansts,ob dohdvERdy chinlab die set
may for exanple generate a signal that is transmtted

t P ptines gl fheregataninghe vesel.  adj ust ment of their
pressure set points. The coupling of the regul ator
units with the CPU nay involve signal transn ssion

lslgg‘ﬁl?egtrog%tas Ba%g‘l%sb l1:]st aometm?igldlh'gxte g&é gol;lta}/n?rlg% C%Iltrc');lbl ve}é %35 Sl!ld

328 therein. Valve 324 is coupled with valve actuator 388, which in tum is joined to CPU

e -

354 by signal transmission line 390. In like manner, flow control valve 328 is coupled to
valve actuator 370, which is joined to CPU 354 by signal transmission line 372. The
manifold line 326 is coupled to pressure switch 340, which in tum is joined to CPU 354 by
signal transmission line 366. The manifold line 326 also communicates via suction line 330
with venturi 332. Venturi 332 is joined to a drive ga,s feed line 334 and to a drive gas
discharge line 336 containing flow control valve 338 therein. The ventur discharge line

336 is arranged to vent the drive gas exteriorly of the gas cabinet 300. Valve 338 in line
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set point adjustnment. Alternatively, the CPU may
generate a signal nodul ating the adjustnent

nmechani sms of each of the regulator units, to

nowe bameassz vel y change the set point settings gfrdshfi7420
regul ators in the vessel. Munted on gas panel 350 is
a manifold Iine 326 containing flow control valves 324
ant® 13 owrled Sith valve wiyalps 3@424“11@3 ip G iseigingg tohCRLABHeby signal
act uat.or §88 which in turn is joined to CPU 354 by

si GAEESIR§A%HPssi on 1ine 390. In like manner, flow
control valve 328 is coupled to valve actuator 370,
which is joined to CPU 354 by signal transm ssion |ine

3 : ' [ ' . 1 SS

2 il ) L 5 LSy RRUP) S oL oo 2
siggnal, e PO LRFEANnb BREIs B 1o, Qﬁm&%ﬁ Eted abd %ipgamm a
al so conmunicates via suction |ine 0O wth venturl
33dive MRG0 tholdiBg alvalve inRBA thOs Buldd to(EPTOB3 bl 81gh1 krhddRission
334 and to a drive gas discharge |ine 336 containing

f liowt08ont rol val ve 338 therein. The venturi di scharge
line 336 is arranged to vent the drive gas exteriorly
of the gas cabinet 300. Valve 338 in line 30 WO
03/103862 PCT/ US03/ 17429 336 is coupled with valve
adbe gasoyrbinet 200 \jhpretidadwithasnvendilatien papebility wifeh B&yY fop pxample
signal _transpission line 376. Manifold line 326 is

cURPIELE BBV 990 dheras cpiedhprdieviichin e gfbergopiptigR stfrgey
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capability, which may for exanple 1nvolve a |ouvere
dibolouwts it the cgast dadlind die iitdtioDwdimediite Basabingdto tod e line 378
ventilation gas may flow and be vented fromthe gas
calitimeugh dactyork td the wofipf the feiliy §ith Tieexigas beiadfiovet thrangh a
be venti|lated in a conventional manner, involving for

exd W‘@efé‘%ﬂbﬁq@ﬂﬂﬁ qfany tgxie enpifiepwigarhagagdous components therein.

Alternatively, the gas cabinet can be ventilated by ventilation gas line 420 containing valve
422 therein. Valve 422 is coupled with valve actuator 424 for operation of the valve 422 to
conirol the flow rate of ventilation gas flowed through the gas cabinet. The valve actuator
424 in tum is coupled with CPU 354 via signal transmission line 426, whereby the valve
422 can be modulated by the CPU in response to monitored conditions in th;a 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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roof of the sem conductor processing facility that is
arranged to draw building air through the |ouvers in
the cabinet door and the interior volume of the gas
cat mavsst2o the vent line 378 and through ductpe®riosii®aze
the roof of the facility, with the exhaust being
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for operation of the valve 0O CO 0

I alo@erQireshid) BispeadingOdt gdPBorh lHRVBE cdbREOH R dGsEAS S%Tigoaxductor

cabi net. The val ve actuator ~ 424 in turn is cou
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t oPhprexidrisidy ovides it ihighonislivenbisdyeer ginde ali R@br, cyliglier chadpy-outs
the flowrate of ventilation gas in a controlled
meiFfdie- 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
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greater quantity © an a correspo
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while a d

vessel , the sane tine provi ding an ennance

S ﬂﬁ\g biyventilatitg lgad T Heh Ukedargtr %ﬂﬁ:ﬁﬁhﬂ @tcO Frod@SentibOM LB pHRres
cabi net to the downstream sem conductor process

( Predxbausimeductortiigintiiation Ypndia s Qsitneg editilationt lB@iirSh @tsABeceRttblly
di spensing vessel). This characteristic provides for
hpagifetn miesciintizy edpbiduatises (eqy i thel ease ahslafieedigrndng] 4 naliein flow
ch ngﬁ-outs over tine. Additionally, the gas cabinet
n’ﬁ%b STRgE ooty of jvawilating \gase thigyele gl g% @hined is\pandated), or
p vesse ol di t hbe sane inventory of gas _
PUERBHES SEBRE on B8 oHRs L Eortilie 0 tromebes e v
b RBPRNEH B9l cYideR i whose .i ncreased .
3glune moul%gfn fu%%%ﬁg% |?g gw%%%gggmﬂlammsog © 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 SFg 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 head on the vessel). The pressure-regulated vessel of
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flow of ventilating gas through the |arger gas

cabinet, etc. The invention therefore provides an
exhaust reduction/ m nim zation benefit. Cabinet

vewno pdasssnn requi renents are generally based @frusosi7aze
prescriptive consi derations (e.g., in the case of
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rel ease of gas at a higher pressure. Therefore,

exhaust air (or other ventilation gas) costs can be

@ﬁ:r eased in . the practice of the invention. NFPA 318
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Iinehtignestricted flow orifice at the di scharge port of
t he val ve head of such vessel, the

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 infroduction 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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recommended m ni num exhaust flow rates are nom nally
340 cubic feet per mnute (CFM at 800 psig interna
cylinder pressure, 600 CFM at 600 psig interna

CYWo esdessepressure, and 765 CFM at 1500 psi g ipgtrRistd7a20
cylinder pressure. The Conpressed Gas Associ ati on _
( i del i ne P- 32-2000] on m ni num exhaust _are
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nitrogen gas line in the sem conductor process
f aaiplad tto/gas pamp @it puagegss igiast e 403 @hhet faecagimet 300. In this
cabinet, as the ventilation gas therefor. The gas
c aiginen tthecO@mily supblisd gheentarothe dedeabinetiand flg@sthrough the interior
introduction capability by an external gas source 392
c Bohps o thegeas capingtley egresi thaagliomn .8+ fiouginges disdeige lneg¥78. Pump
interest. The external gas source is,equipped with a
vﬁég\fﬁc%glﬁqu@@ﬁ‘e EH 645y meaps Qfsignat teqnpraipsion Ooper at ed

- by valve 33 1 WD 03/103862 PCT/ US03/ 17429 wheel 396
coupl ed to val ve actuator 398. The val ve actuator 398
| Bp,eC j . ' t .ssi.on |in
4B RP s b {7l Wbuia?Y B AN Buifanl % e
din&R&NT &Hé@%a@ﬁabtn@@e.&?ﬁ% ﬁézﬁﬁg, @&&géﬁﬁﬁ’, Gyt hﬁtel‘ﬁ%}%ﬁ,l the specialty
t hrough val ve head 394 at Its discharge port, "into S
Cias &g be e rdabiie eAihat ré2biS GMB bYClehkafemABHa] HSiving Gldfl vaskell 102,
gas punp 402, which punps gas ininlet line 403 to the
e lerkibg fotn 23@ 0 hdad of the wesselyanmitting driveupding i@ thvakd gabinet, etc.,
supplied gas enters the gas cabinet and flows through
s the erepegre of B ulispensdd gascliopn yessdbi0Rds dptertedeiyr the gumbient

therefro .0., through gas discharge |ine 378. Pu
en\?ironmentr‘?rithl% tge gas cablrnet 3%0. 193 a still further alférnative, the specialty gasrg)ay

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

respectively.

It will be appreciated that the system 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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402 is coupled with the CPU 354 by neans of signal
transm ssion line 410. The external gas source 392 may
provi de a specialty gas for periodic nmaintenance of
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electronlcs nodul I nt egrat ed process
o&@%ﬁﬁ&ﬁﬂﬁ%@%&&% %cﬁﬂsﬁoa hap & depBfonSof $he ¥ inl A€ gas
C

el ectroni cs nodul e 352 i ncludes an alarm unit
opercatvessd) fpllowed bp becuatib &F the@adiiBld 135Kk vebitri BEA Gfter which the
operation outside of predeternmned set point limts is
t Pamldaisquirded with u@P\dat Gompprge s atueceadddli OTharugiéiioroperation
visual alarns outputted at the alarmunit 356. The
CBtreistsmayhg accemgpodsied by B/ CREPRSTRRAtically oprsing gud debingryeives
operation, Jinvolving

bty
EAE R ek e

signal transmission lines 386 and 317 in such manner as to continuously monitor pressure

conditions in the dispensing line 310 upstream of flow control valve 316 and downstream of
regulator 321. The flow control valve 316 may itself be modulated by the CPU to provide a
desired flow rate of process gas to the downstream semiconductor processing tool or other
gas-using equipment or location, The set point of regulator 321 may be adjusted by CPU
- 354 by appropriate control eigxml 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-effec.ted, if
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interior regulators 301 and 303, to provide reduced
pressure gas to the dispensing line 310. The set
points of the regulator units are adjustable by the
CPQ 138%W362The operating cycle may include ter RCHABIAMI29
of the dispensing function upon depletion of the gas

[ . s ]
t WRE e i Sy SO fReUBIR i b e el AP ThcBa Bhoo or
MRRicEsObdd alspeniiif 196 Wi th purge gas from purge gas
source 404. The cyclic operation therefore may be
accommodat ed by the CPU programmatical |y openi ng and
cl osing valves and otherw se effectuating the
r Espectacuot op@itivhiodha masifaf) Shedbvel bioug@ins exeali Bietentur 332 on
operation. The pressure transducers 313 and 315 nay
beawifodd Hnei 32612yd giotinyl lind 380 ntaj e Ghltstibsly tmhdnlateds pie cdriestending
signal transmission |ines 386 and 317 in such nmanner
a&agonofrihe vl astraforfghiof Bew serdrok valvs 33% oflei Yelvsragtudter X7 ds
dhépgnsin Iin%aglo_upstrean1of flow control valve 316
afftred B\ et cuntmilipg relatiouship witlythe §8Y 354 vipsigopljignegssion dipe 376.
val ve 316 nmay itself be nodulated by the CPUto
provide a desired flow rate of process gas to the
d ] r . pr I n ol . or gther
SRS ATAEPISAAGNGL % SROPSETS) Db Gl e oo
r RGUkad B vIidd adiBdr BevaRRindst KLYy 408k sigrfterB¥mission line, 408,
appropriate control signal through sighal transm ssion
| THa@urg8 Gas iveGlAdd Yo 4 MBirddPREQTSlevel Bbreflilfid 8PS R Ghd udehd Bed
. gas cabinet is of a desired pressure characteristic.
Tive 320 eslghongk wivhtwh ds s8tpbing ntipBgQanreguldivriéeNimagbd schekibaly
to the CPU in signal transm ssion relationshinp,
Viiepteds ybyaepupime trcgladn A28 ovith 6PUt He. facomesondies meyrst danthe
may be effected, if 35 WD 03/103862 PCTI US03/ 17429
66%’?‘3%‘1“85@%3566?"§$‘H”é°r§?1-pr edeternmined linits for
pressure levels in the manifold line or process gas
di spensing |line. During vacuum evacuation of the

sy ] s | .
B R e L
FEVRE lineV278 Yna Bl kBERE: mEM1afe, ByCRROGRER 1R Gpecd G Yk 4P Bifter
t he val ve actuator 374 of flow control valve 338. The
valtsb ofbibé CRUOdnd/By ¥y nSdulating the dispensing valve of ventilation gas source

vessel 392,

For example, the CPU may respond to a sudden diminution of pressure in the process gas
dispensing line, e.g., due to a leak upstream in the gas manifold flow circuitry, as sensed by
pressure transducer 3135, 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 redoced in concentration to below its lower toxic or hazardous concentration,

by “sweeping out” the interior volurme of the gas cabinet with the ventilation gas.
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l'inked in signal controlling relationship with the CPU
354 via signal transmssion line 376. Simlarly, the
purge gas supply may be nodul ated by an appropriate
sihEH10PB2om t he CPU, as sent to the val ve actraaituses/igf29
val ve head assenbly 406 in signal transmssion line

40§w111 I;Er}&oﬁl% Hhaldie thlhl?egﬁ ggteﬁ'lgna bg & ed ?ch%é&&sfg %e

| evel by regul ator rge
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regul ator 322 may be selectively  adj usted,

C Guploinfagonk @GLbpaiatknaBR8nM Hob eXaBble; %Amamfamés&m RE@EH R6sed

manner to the connection of CPU 354 to regul ator 321.

Thed fubedvic nattae @éssure Bivitdhatad o sipas tafdniSibd AR Gné 966, Ke tigate

cabi net 300 and exhausted therefrom in vent line 378

nﬁl}spﬁ!éinswﬂ@@t valve hgad 3otiefl zat @ulice YogsebdR irsddsery Thivenag peetfbcted
punp 402 under control of the CPU, and/or by

m%j @lcgitiohsignahizony CBY 8 trangmisiad meth%ﬁignaletmrmmlmqndme gédsto valve

vessel  392. For exa may respond
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transm ssion I'ncreasing-t owrate o
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manner, the |eaking gas is reduced in concentratlon

tmwheh@mmh&ﬁw&mmﬂnsmﬁ&mQWM' hazar dous concentration,

by "sweeping out"” the interior volunme of the gas

cabinet with the ventilation gas. 36 WO 03/103862

PCT/ US03/ 17429 It will be recognized that the FIG 3

gh Hébd Wétﬁmﬂy‘sp@wﬂmprb@sw disgeniing arhngementarherein the gas is
ferently caonfigured and qperated, to_provide

?ogﬁmgfgwgﬁ;el PRI Pressre! mm%%a%m%%&w fhig pygssel,
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the drspensing ve in-v as‘source
%ﬂ&?ﬁytﬁ&ﬁspbx%m@h@&%ﬁﬂat&@hﬁ may be effected

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%,
prefefably at least 40%, more. preferably at least 60%, and most preferably at least 80%,

relative to the pressure level in the intetior 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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by a control signal from CPU 354 transmtted in the
signal transm ssion |ine 364 to valve actuator 362,
causing it to close valve wheel 306. In this fashion,

t IO §d8386bur ce vessel 302 is isolated when th&:m&ss/mzs:
supply manifold pressure exceeds a predeterm ned
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i moctuldes rags 9éfrom abaut 20 Tohrdo ProaL0epsiz, nelgudraprefembly domiabgt 20
to provi de di spensed gas fromthe vessel to the

diTews énetionigl 00 pais. althe Pressyies ofothe gasl dispersesdnviom frecmesgreregulated
whi ch be npdul at ed (reduce&q@élll further by the
divesprhmay #y?g ejapuple be Evp refeEP raggeion cg aEfrqny alop 20 Torr to about
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pressure level in the interior volure of the gas

source vessel). The dispensed gas di scharged fromthe
pressure-regul ated vessel has a pressure that may for
elvamrpiriberbenbiodimgnty the Jecherdresfureo gasalpdie g&0soTa vewel1WROnay be
psh% and bel ow the pressure of the gas 37 WD

s do apatougtivty pressps levehby Fig el Mﬁe?latgbmtb 85 veysel

vessel di_ spensed
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the gas di spensed 1nto e gas manifold fro
SipESRg URSH @ lto the downstream process tool or use location, is at a desired pressure

level appropriate to such end use of the gas.

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

be substantially reduced.

As mentioned berein 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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i nclude a range of from about 20 Torr to about 200
psig, and nore preferably fromabout 20 Torr to about
100 psi.g. The pressure of the gas dispensed fromthe
priéQ ¥H0Ess egul ated vessel may for exanpl e be BOT/AB03/17429
pressure range on the order of from about 20 Ton to
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hi gh-pressure gas in the gas source vessel 302 may be
nodul ated to an internedi ate pressure |evel by the
regul ator associated with the vessel (interiorly

dils gede 4Dt ineehding suporatupephedicd pudssate  dispensingcépemtiony dhey pressure-
head, upstream of the dispensing valve for the

v &8RPy gassgwpe yestebisiEensed © dskves etprat 100 avie. jvdthia mestiintad flow
reduced by .the ressyre requl atgr 321 in the
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i nvention therefore enabl es the safe character of th&

OpelGdhidiRta SHSHANOrtR VRableSEPSliRNdedvhifeih Bl EOREH is RDE

the risks and dangers attendant hi gh-pressure ‘gas

dinsipteficom gelivery rhpirahdas] widalipbd-yo pig) utedarmAnd aRib] ARedly

herein in the Summary of the Invention section hereof,

t hprovideddhrt fmrtionstp clvee thaqmeumiaticlvadestonitire vesiel] susl aviblesznifold

i hcl udi ng (13'dispensing of superat nbspheric pressure
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Iine, when another on-stream gas source vessel becomes depleted of gas.

- In mode (2} involving sub-atmospheric pressute dispensing operation, the pressure-
regulated gas source §essel is amranged to deliver gas at 650 torr, with a restricted flow
orifice disposed in tﬁe outlet port of the valve head of the vessel that is selected to match the
process requirements (of the downstream semiconductor process) at 1.5 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 control assembly is
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as regards preferred operating conditions, in an
illustrative enbodi nent for each node. In node (1)

i nvol vi ng super at nospheri c pressure di spensing

op¥P &Y198/42 t he pressure- regul ated gas source mMEA%/17429

is arranged to deliver gas at 100 psig, with a
ed in the outl et port,
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The al arm and control system nay al so be constructed
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pressure di spensing operation, t pressure- regulate
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otecesetat pSimesthe nindmwafiove  Agachnafic vie ivasEadd oh Bdtvedsd, and
selected to match the process requirenents (of the
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on the vessel, as well as the
gas cabinet. An auto-switch system may also be employed in a multiple pas source vessel

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

atmospheric pressure.
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isolation valve, and to emt alarmoutput. The al arm
and control systemnmay also be constructed and
arranged to activate a two position gas cabi net danper
t VP PWBAB e exhaust flux through the gas cabipmatusesrsze
auto-switch systemmay al so be enployed in a nultiple
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restricted flow orifice disposed in the outlet port of
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mat ch the process requirenents (of the downstream

sk émwegé?ﬂy picnoeed Fegulatars wes compered Mith strndeidrbish fokaswre

A pnh unatﬁc val.ve js provi ded on the vessel, and _the
v%’ﬁ@@ﬂ“ T SRR SRR % fepngt ipslallations, were iqspticy] gpcheprigsponding fault
r lator of the variable set [ t . wherein t
se%%I goIon On%gctgg?ndéis A0 el n%%ﬁ%%fe‘ﬁﬁ?}?aﬁﬁ gpenanios IP‘SE‘]

j ' ' ions to close
CRAiELRY oRE PPt Lo BAY bt fhny Withed W] o' oBBE 0

g O fisinsRh@bh %mﬂ\ﬁ%!;ﬂéﬁcy &t %chhalcl@ ad de@hf’i‘iﬁé@, AUk Rl ulated

The al arm and control system nmay al so be constructe
and the@sihangatholiropiidbal:@iaivk WRIPOSI t i on gas cabi net
danper to increase exhaust flux through the gas

cabi net. An auto-switch system may al so be enpl oyed in
a multiple gas source vessel arrangenent, to effect
charigedopd Ongiﬁ@tSnig affedtrd - eyfindpa sepbroemenb frequerspand delivery
on-1line, when another on-stream gas source vessel .
FESSe s T Spoatianre of ongmionalmeideniar warshepsrerelemsy ady BGR] — is
limt.e ressure eration in the manifold, [ ca
oV G £ B IR D T Sl e peings i g hle
Wtatnﬁ'aﬂp ooy me P%ECH%L%f (Jl:ég@gmsgﬂﬁ)o %Hirhlolg)l g Wl fop the dz%lrcla X Fa%e?ﬁ
fromthe gas cabinet to the sem conduct or procgss §'60

Achdb s VYR B 8.5 hin 2R HDBINNGdsGurddl €SSUr €. 40

TABLE 1
Silane Flow Rates Through a 0.010" Restricted Flow Orifice a5 a Function Of Cylinder
- Pressure
Pressure [psig] WCR Flow [slpm] Mass [kg]
1600 70.8 15
1200 55.7 12
800 305 5
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WO 03/ 103862 PCT/ US03/ 17429 The features and

advant ages of the present invention are nore fully

shown by the following non-linmting exanples. EXAVPLE

| WP3@38F2aul t Tree met hodol ogy, "pre-regul at edcTAG/17)29

cylinders (ATM, Inc., Danbury, CT) having interiorly

di sposed regul ators “BreE%%ﬂﬁﬁh%d w th standard high

pressure cylinders in silane service. Gas cabi net

installations wergiahéldiviiG adonpRdiveMrifaPondi ng faul t

trees were constructed and ri Sk analysis conpl et ed.

The potential release scenarios [Si] nunbered over 20

for each conparison and many involved multiple

f dird-wgeding pressare vab &R Refixt ocondde dolivery fredstie Sor AR PREfegafied gas

overal | frequency of occurrence was determ ned, risks

c &Puesl vasseldwhighhwias tidlepeddsint ofdillyprasmieh Gilseeditindpasitieslaro m fimetion of

rel ative basis. The |ikelihood of incidents is

afifle tofeageep ghout hatt nf dhe fills iyt this davbriere 6 ke dille vdth taermdmainder of the
The_consequence of operationa

"l e e ;&3@ ?éfﬂ&agfgd Fotadhsi ol fud oyl Bhisior
I Qeol . : .

P AR o B Sab e BRI oo
P& gﬂ@ '?Q it o b gR

t%lglrpr e{egggﬁﬁ'f‘%té c% 'nder 93%%‘5%5“%@3& a‘éaflglg? iy T%haﬁ‘a-

f @an@y, cfr).l | pressures. TABLE | Silane Flow Rates

Through a 0.010" Restricted Flow Orifice as a Function

O Cylinder Pressure Pressure [psig] WCR Flow [sl pm

Mass ‘[ kgl 1600 70.8 15 1200 55.7 12 800 30.5 5 41
TABLE 2

Silane Worst Case Release Rates at 800 psig and 100 psig

Cylinder Pressure Capacity RFO Release Rate
Standard 800 psig 5kg 0.010" 30.5 slpm
VAC 100 psig 15kg 0.01¢" 3.5 slpm
[1600 psig] 100 psig 15kg 0.014" 6.9 slpm

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

TABLE 3
Gas Delivery System Freqguency = Congeguence Risk Risk Ratio
15kg, VAC (100 psig) 4.448-3 8.2 3.64E-2 1
5 kg, 800 psig 1.49E-2  30.5 4.548-1 12.5
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WO 03/ 103862 PCT/ US03/ 17429 EXAMPLE 2 Sil ane Delivery
- Conpar ati ve Exanple Pre-regul ating pressure was set

to fix a constant delivery pressure for the :
priEQ PRt ed gas source vessel, which was  PCI/US03/17429

i ndependent of fill pressure. Silane fill densities
arngia | ion of {i-gk tolegrance; ab hal f;gaf- the
FIBKE DM ON oL fdrBe L ke i||s,a€m%tﬁhlthe f émai nder

ofskBassdsigl S SPreadhcpet weepy 40 kg, gd#gkg angs}5 kg
charges of fluid to the vessel. Table 2 below sets

out the silane worst case rel ease rates at 800 psig
and 100 psig, wherein VAC refers to a pre-regul ated
gas storage and di spensing vessel commercially
avai |l able from ATM, Inc. (Danbury, CT). TABLE 2
SiOnarelatisg risk bagiagee el ‘edetieenRasien [HI0 pSigDwas gredicted b 100 to 23
psig Cylinder Pressure Capacity RFO Rel ease Rate
stimftisfer tapo stprgerg sang gylindey sqripps®) wish an HPA0” vesmct Gdloparigice

1 0,010" 3.5 sl pm [1600 psig]. 100 psig, 15 kg .
O?@ﬁ" ) @Fbﬁgﬂsﬁﬁgt% {@“56@136%/5)%‘%@‘0"(15‘“%“?@%@ 1%%"“8? of ‘
rilgtiv% ri sk q?a sis. for silane delivery options.
TRV EY B FR9es 9es8h st em Fr equency Consequence Ri sk
Risk Ratio 15kg, VAC (100 psig) 4.44E-3 8.2 3.64E-2 1
5 kg, 800 psig 1.49E-2 30.5 4.54E-1 12.5 42 WO

03/ 103862 PCT/US03/ 17429 10 kg, 1200 psig 1.27E-2
55.0 6.98E-1 19.2

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 mot 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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15 kg, 1550 psig 1.16E-2 70.8 8.21E-1 22.6 ] On a
relative risk basis, the VAC(r) delivery system[100
psig] was predicted to be 12 to 23 tines safer than a
standard sil ane cylinder equipped with an 0.010"
restrictive floworifice (RFO. The |ower rel ease
rate [consequence] termfor a given incident, a
function of delivery pressure, provides this result.
Al t hough the invention asdpagmsvari ously discl osed
herein with reference to ilTustrative enbodinments and
features, it will be appreciated that the enbodi nents

“@gmgégﬁ%gq s descri bed herei nabove are not intended
|

ie i nvention, and that other variations,
nodi fications and ot her enbodi nents will suggest
h of ordinary.skill in the art. The

hensel ves to se. r i
1'%ﬁ?g%?ﬁgwgﬁﬁgP@F%Fng%ET%gﬁémB¥B%ﬁ%y const r ued,

consistent with the clains hereafter set forth. 43

L TH%a)CE‘Is\&%Fry%?atledi s gcluﬁje%geli %g%r%aéﬁﬁsgger%ﬁga%l p[?é%sure and

2.

assenb spenhsing gas, C

pr esstamarycied ardarianged &3 diseharging eggs atlsulistsnidhlly dpwgppresgure;
super at nospheric pressure and constructed and

arr n%ed for(@}scharging@the, as at substantially

l o gt gefold arraggedo gereividispiapged) say From dispressrs Eedptod zas
di schaigedesghond doRPididpRaPSs Stthiry fRGibbabag sddgs; /OUT Ce
vessel and conprising gas flow circuitry for

di spensing said gas; and (c) neans for renoving gas

f r deh inbmes fmserhdvong gos fremither gas flow efralitretocdnatieg eradgttoundf the gas
t he vV S has becone

dop! oirge SRHTSEenBER G RO D BB s 1S oy of
claim1, having at |east one gas pressure regul ator

ItRd 8fsidpér¥ing ggsmf 8e1Aif 1t BRQ3S 1:8QVhE Sas YRESR! regibatorAnteriorly
gas supply nmanifold arranged to recei ve di scharged gas

disos@ITh BheREASEUE Rsdeegul at ed gas source

3. A gas supply manifold arranged to receive discharged gas from a pressure-regulated gas source

vessel, wherein the gas supply manifold is isolatable from the pressure-regulated gas source

vessel when a predetermined occurrence is detected in the gas supply manifold.

4, The gas supply manifold of claim 3, wherein the predetermined occurrence is detected using a

property of the dispensed gas.

5. The manifold of claim 3, wherein the predetermined occurrence is selected from the group

- consisting of a high pressure occurrence, a diminution of pressure occurrence and a volumetric

flow rate occurrence.
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vessel, wherein the gas supply manifold is isolatable
fromthe pressure-regul ated gas source vessel when a
predet erm ned occurrence is detected in the gas supply
mani fold. 4. The gas supply manifold of claim3,
wherein the predeterm ned occurrence is detected using
a property of the dispensed gas. 5. The manifold of
claim 3, wherein the predeterm ned occurrence is
6. Agheqibplf nfahieMd drh@gedtOreBeiveCdMNBdrSddi RO 2 PrefRingieglIhRS SatlsBurce
occurrence, a dimnution of pressure occurrence and a
veasel| wieedisi the gasfshfply ihadiflddS BolhthlRe 6:6m tHbprdsureregifeddPRbidte when
mani fol d arranged to receive discharged gas froma
a gy B daeinet-in the gdsatglly gasiokiaus pressué essaling aialteintindd Pesgas
supply manifold is isolatable fromthe
pressure-regul ated gas source when a gas is detected
in the gas supply manifold at a pressure exceeding a
7. phegrstsepply medfopt efsdaimed, whereiitke pradetesmippd yresvemiif o high pfessure
claim6, wherein the predeterm ned pressure is a high
ocgyrreresur e occurrence. 8. The gas supply manifold of
claim6, wherein the pressure-regul ated gas source
vessel conprises a valve. 9. The gas supply manifold
of claim@8, wherein the gas supply manifold is
8. Lo |eay swprhr mavol of slws §ypberpiagiie Fretrgmenlaed gwsesogye vessel
cI05|ng the valve. 10. The gas supply nanifold of
compprisesA Blvenher ein the valve is closed by a val ve
actuator in signal transm ssion conmunication with a
contr ol signal froma CPU 11. The gas supply manifold

f clal r .CONPrisin Iatl val ye o
Sano Pyt o innd Ghea e 65 Ry RenipioF i Srhian e
ek eq$#m6 JIS F an Hsol tion valve on the mani fold
P igr &8 SU5h 380 BRG0P 0f claim 6, further
conprising a systemcontroller to initiate an auto-
shut down step when gas is detected in the gas supply

10. 7788 gs%hﬁ) nfltn rgfoldatg QWfin E,% foRe Uarlfehl? X]%s%g ‘gy B gal ctuator 1tn sbgnal

pre ete pressure, erelrn e aut shu

tradsRis@bn b8ANMIQRE wHHERoREN §ET8Hoh L @B he

-11. The gas supply manifold of claim 6, further comprising an isolation valve on the manifold.
12. The gas supply manifold of claim 8, further comprising an isolation valve on the manifold.

13. The gas supply manifold of claim 6, further comprising a system controller to initiate an auto-
. shutdown step when gas is detected in the gas supply manifold at or above the pressure exceeding
a predetermined pressure, wherein the auto-shutdown step is at least one step selected from the
group consisting of, closing a valve on the gas source vessel, closing an isolation valve on the gas

supply manifold, and actuating an alarm.
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group consisting of, closing a valve on the gas source
vessel, closing an isolation valve on the gas supply
mani fol d, and actuating an alarm 45 14. The gas
supply manifold of claim®6, wherein the gas source
vessel conprises a pressure regulator deployed at or
wWithin the vessel. 15. The gas supply manifold of
claim6, wherein a shut down event occurs when the gas

14STURPEy suppninbu@ifoltl P @EMmUGS, BriRKGLRE $ast Harep Kade teeinplisded pressure
pressure. 16. The gas supply manifold of claim§6,

regvhett @épiovedst opwildethevesdled pressure is between 0 and 5
psig. 17. The gas supply manifold of claim8, wherein
the val ve does not open unless a negative pressure is
established in the gas supply manifold. 18. The gas

15 SThe sy suppip infagifeld of clgmd, whéeinwishyt dbwn theet @ass wixrtoegas supply
vessel is operable at a subatnospheric pressure. 19.

mafifed grassursgpiebds treamidbtotndnagifprasiied. m 6, wherein the gas
source vessel is operable at a pressure between about
20 Ton to about 200 prig. 20. The gas supply manifold
of claim 19, wherein the predeterm ned pressure is

16£ s grs1 gy masifeld ofgiim e, wheeip Hsrmadsitermined Peagiues is atweepHkand 5
gas supply manifold of claim®6, wherein the

PS1§r essur e-regul at ed gas source has an interna
pressure between 20 Ton and 1200 psig. 22. The gas
supply manifold of claim®6, wherein a pressure switch

tects t . int I ifold. 46
795454 BB EERY Sy e PR LA R
SRR RS ursy oetecte the

18.The gas supply manifold of claim 6, wherein the gas source vessel is operable at a

‘subatmospheric pressure.

19. The gas supply manifold of claim 6, wherein the gas source vessel is operable at a pressure

between about 20 Torr to about 200 psig.

20. The gas supply manifold of claim 19, wherein the predetermined pressure is from 10-20 psig

- above the operable préssu.re. '

_. 21. The gas supply manifold of claim 6, wherein the pressure-regulated gas source has an internal

pressure between 20 Torr and 1200 psig.

+22. The gas supply manifold of claim 6, wherein a pressure switch detects the pressure in the gas

-supply manifold.
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- 24. The gas supply manifold of claim®6, wherein the
pressure of the gas discharged into the gas supply
mani fold is at a pressure selected fromthe group
consi sting of super-atnospheric pressure,
sub- at nospheri c pressure, and super-atnospheric
pressure that is further regulated down to a sub-
at nospheric pressure. 25. The gas supply manifold of
claim®6, wherein the pressure regul ated gas source
vessel conprises a restricted flow orifice disposed
231 Theages Quipgleina@ifdld ofodlaiinhe Weemed flow GontrbN@a1GAS F&RARE Yransducer
mani fold of claim®6, wherein the gas supply nanifold
demcteliht pRsspre@s Gb p& suppdotibdfoRld gas source vessel are
di sposed in a gas cabinet. 27. The gas supply manifold
of claim 26, wherein the gas cabinet conprises a
danper to exhaust the gas cabinet. 28. The gas supply
24nEri ghobuplgimacifad of daim 6, suhitthie thecpespure sf thgga dclatged knto the gas
system constructed and arranged to activate the gas
suppdbinelblddeatp eressue seipded fyonethi gnasyt cohtisitog bhepeamospighc pressure,
when gas is detected in the gas supply manifold at a
suthstwespheres protiee dikhiypa-apraspletiepmiswre thapis 8gthenregula®d down to a sub-
system conprising the manifold of claim3 and a gas
atnospfiepergswsel . 30. The system of claim 29, wherein the
gas source vessel contains a gas for sem conductor
processi ng. 47

25. The gas supply manifold of claim 6, wherein the pressure regulated gas source vessel

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

26. The gas supply manifold of claim 6, wherein the gas supply manifold and the pressure

regulated gas source vessel are disposed in a gas cabinet,

27. The gas supply manifold of claim 26, wherein the gas cabinet comprises a damper to exhaust

the gas cabinet,

28. The gas supply manifold of claim 27, further comprising a control system constructed and
arranged to activate the gas cabinet damper to modify exhaust flux therethrough when gas is

‘detected in the gas supply manifold at a pressure exceeding a predetermined pressure.
_ 29. A system comprising the manifold of claim 3 and a gas source vessel.

* 30. The system of claim 29, wherein the gas source vessel contains a gas for semiconductor

processing.
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