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PCTAUS99/ 09137 FLU D STORAGE AND DI SPENSI NG SYSTEM 5

DESCRI PTI ON Fi el g,o I nvention This invention relates to a fluid

st orage and gas |gffg i ng systemwhich may 10 be utilized F&THSEHEY gh
pressure liquid or other fluid, for dispensing of gas fromthe system and
use of the dispensed gas in an application such as the nmanufacture of

sem conductor devices and materials. Description of the Related Art 15 In a
wi de variety of industrial processes and applications, there is a need for
a reliable source of process fl u%&é . Such rocess and a’PlE.‘)l i cation areas

i ncl ude seni conduct or manuf BEUIR IW&W&%%& Manuf act ure of

flat panel displays, nedical int erventl on and therapy, water treatnent,
ener gency breat hing equi pnent, wel ding operations, space-based delivery of

liquids and gases, etc. DESCRIPTION
Field Of The Invention

This invention relates to a fluid storage and gas dispensing system which may
10  be utilized to store high pressure liquid or other fluid, for dispensing of gas from the
system and use of the dispensed gas in an application such as the manufacture of

semiconductor dcvicgs and materials.

Description of the Related Art
15

In a wide variety of industrial processes and applications, there is a need for a

reliable source of process fluid(s).

Such process and application areas include semiconductor manufacturing, ion
20 implantation, manufacture of flat panel displays, medical intervention and therapy,
water treatment, emergency breathing equipment, welding operations, space-based

delivery of liquids and gases, etc.
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PCTFUS99/ 09137 U.S. Patent 4,744,221 issued May 17, 1988 to Karl O.
Knol I muel | er discloses a nmethod of storing and subsequently deliverin
arsine, by cont 2¢PPH¥*rsine at a tenperature of from about -§61’8§9r91°8% 0
about +30[err]C with a zeolite of pore size in the range of fromabout 5 to

about 15 Angstrons to, _adsorb i,ne. on e Lie. T si.ne L
subsequent |y di spenseH%ogflﬁatﬁ‘Eé"fa,-’lr‘%&Qf f?é"egtel\gﬂ ﬁ:?{)@ tgﬁ(agf%%ogﬁmflgﬁﬂgféfeﬁrae of
up to about 175[err]C for sufficient tine to release the arsine fromthe
zeolite material metiod ofobtaERe @nd spessansntly deHyenng TG, Y GONLACLING Arsine; at a

di sadvantageous in that it requires the provision of heating neans for the
zeolite materi al teniperanaaivf filom abeol i308C tto abbdut +369C fwithi e zolitecofpmra siae én the
desorb the previously sorbed arsine fromthe zeolite in the desired

quantity. The usegangé offrdift aboubf tg OKENS Alpstidrhicd atded&sifxdrethe egolited Thearsiressel
hol ding the arsine-bearing zeolite is problematic in that the vessel

typically hassa gﬂﬁﬁqh&ﬁﬁtd' Bied 9 heatm@NAE€ 2idlite R &R tOhPeritier TdipcOS A
significant lag time to the dispensing operation. Further, heating o

arsi.ne causes it to ose. .resulting in the formation.of .dr ogen gas,
whi ch int roducesa]?;l‘ﬂlt iﬁ%’%f Wgﬁ‘ﬂ%‘fﬁ?‘ag‘ﬁ# e%%”ﬂ?%@%’? © g%qft%ﬁ"nagﬁ ditionally,
such thermal | y-medi at ed deconposition of arsine effects substanti al

increase in gas pressure in the process system which may be extrenely 20

di sadvant ageous from the standpoi nt of system]ife and oggr at i n% ) )
ef ficiency, as well athe method disclosed in the Knollmueller patent is disadvantageous in that it

requires the provision of heating means for the zeolite material, to heat the zeolite to
10 sufficient temperature to desorb the previously sorbed arsine from the zeolite in the

desired quantity.

The use of ﬁ heating jacket or other means exterior to the vessel holding the
arsine-bearing zeolite is problematic in that the_: vessel typically has a significant heat

15 capacity, and therefore introduces a significant lag time to the dispensing operation.
Further, heating of arsine causes it to decompose, resulting in the formation of
hydrogen gas, which introduces an explosive hazard into the process system.
Additionally, such thermally-mediated decomposition of arsine effects substantial
increase in gas pressure in the process system, which may be extremely

20 disadvantageous from the standpoint of system life and operating efficiency, as well as

safety concerns.
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PCT/ US99/ 09137 The provision of interiorly disposed heating coil or other
heati ng el enents | zeolite bed itself is problematic since if. .|
difficult with su‘%ﬁ”&r@gﬂs to uniformy heat the zeolite bed togﬁt’h?%@%“?he
desired uniformty of arsine gas release. 5 The use of heated
carrier gas streans passed thro

t h d of | i in its. t ai nn
vessel may overcone th ef%?"é%%ﬂ_-_:___ E‘g‘ﬁ’é?r yc‘ﬁse ?:c:aehg? ?,%UC'P ' _? Hl)etg"frlehﬁ%lenéggk l’}% é%rﬁ?{% -
t hi . the heated ' . ti f i ne.
indesi rabl y i gh GOV WBATHEL HPRHPREHSe s TGO T metis RamiPER A8 o

so that cooling or other treatnment is subsequently required to condition
the di spensed gasthegeolilg badiapchiqys the degjred ugiforpyty of rsige gasgelsass.  ssued May 21,
1996 in the nanmes of G enn M Tom and Janes V. MMnus, describes a gas
storage and di spensing system for the storage and di spensing of gases,

whi ch overcones the above-di scussed di sadvant ages of the gas supply process
di scl osed in the Knol | Theaisk of hgatdecagrier Bag stymss piassed eoughdhel bebeinzsiolitg in its

containment vessel may overcome the foregoing deficiencies, but the temperatures
necessary to achieve the heated carrier gas desorption of arsine may be undesirably high
or otherwise unsuitable for the end use of the arsine gas, so that cooling or other
treatment is subsequently required to condition the dispensed gas for ultimate use.
10
U.S. Patent 5,518,528 issued May 21, 1996 in the names of Glenn M. Tom and
James V. McManus, describes a gas storage and dispensing system, for the storage and
dispensing of gases, which overcomes the above-discussed disadvantages of the gas
supply process disclosed in the Knollmueller patent. The gas storage and dispensing
15 system of the Tom et al. patent comprises an adsorption-desorption apparatus, for
storage and dispensing of a gas, e.g., a hydride gas, halide gas, organometallic Group V
compound, etc. The gas storage and dispensing vessel of the Tom et al. patent reduces
the pressure of stored sorbate gases by reversibly adsorbing them onto a carrier sorbent
medium such as a zeolite or activated carbon material.
20
More specifically, such storage and dispensing system comprises: a storage and
dispensing vessel constructed and arranged for holding a solid-phase physical sorbent
medium, and for selectively flowing gas into and out of said vessel, a solid-phase

physical sorbent medium disposed in said storage and dispensing vessel at an interior



15 system of the Tomet al. patent conprises an adsorption-desorption
apparatus, for storage and dispensing of a gas, e.g., a hydride gas, halide
gas, organonetallic Goup V conpound, etc. The gas storage a | i ng
vessel of the T¥RI¥OY| . patent reduces the pressure of storggﬂg% g{t}’z
gases by reversibly adsorbing themonto a carrier sorbent mediumsuch as a

zeolite or acti vat ed Car L. oD, gas f;hsygxcﬁg M%r% ﬁctﬁef L&l h&e 13als§oﬂfeﬂige

and di spensing & LT Ees ge an |spen3| g ve

constructed and arrange for. di u
and for sel ecti JBgdm &:‘fﬁ?ﬂ”ﬁ%?sﬂﬂﬁg cg‘r‘fge lﬁ‘tgagi}% 5 r%{/%éc%g{) a'gmg%{]&gg%h c
physi cal sorbent rredl um di spased in sar&i st ora and epensr NGe V€ §sel at
an interior 3 angygdispapsiggyessel, and constructe and arrangqe to prov1 e xterorly of the storage
PCT/ US99/ 09137 gas pressure; sorbat e gas physi cal adsor ped.on
sol i d- phase phygnéaiﬁ)spwmér«rﬁsehéonwfe aelgw&&%reﬁgr Bifp Qe hﬁ?sg’@“?'h"fgas
fl ow communi cation with the storage and di spensi ng vessel, and constructed
and arranged & o sortatei gie frogxthe splig-phasophysicel sorhentmedinmoand &f’éeﬂ%“l ﬂfgdm%‘%l , a
pr essure below said interior pressure, to effect desorption of

gas through the dispensing assembly, whercm the solid-phase physical sorbent medium

is devoid of trace components such as water, metals, and oxidic transition metal species
(e.g., oxides, sulfites and/or nitrates) which would otherwise decompose the sorbate gas

in the storage and dispensing vessel.

10
By the elimination of such trace components from the solid-phase physical
sorbent medium, the decomposition of the sorbate gas after 1 year at 25°C and interior
pressure conditions is maintained at extremely low levels, e.g., so that not more than 1-
5% by weight of the sorbate gas is decomposed.
15

The storage and dispensing vessel of the Tom et al. patent thus embodies a
substantial advance in thc.art, relative to the prior art use of high pressure gas cylinders.
Conventional high pressura gas cylinders are susceptible to leakage from damaged or
malfunctioning regulator assemblies, as well as to rupture or other unwanted bulk

20 release of gas from the cylinder if internal decomposition of the gas leads to rapid

increasing interior gas pressure in the cylinder.



5 sorbate gas fromthe solid-phase physical sorbent nmedium and gas flow
of desorbed gas through the di spensing assenbly; wherein the solid-phase
physi cal sorbent_nediumis devoid of trace conponents such as

netals, and oxi dV@°¥¥4¥Hsiti on netal species (e.g., oxides, suF&%@ggmgﬁa/or
nityates) which would otherw se deconpose the sorbate gas in the storage

and di spensi ng vessel . 10.By the el inm.natjon. qf suc C s, f,rom
t he sol i d-phase physi?:‘%lre §%¥}beéen?mr?eréﬁeﬂﬁ? Raitant 5%%es?¢@§%doﬁw;§£b?%%r%’gte

gas after 1 year at 25[err]C:and .interior pressure conditions is, nmaintained
at extrenely Iowd%é‘(‘?ﬂ g?“ﬁl‘b.f?f Sejeqtyg; ﬁ?ﬁ’g%r Bigh A BYFERIPSEIGNEPBE ¢ he

sorbate gas is deconposed. 15 The storage and di spensing vessel of the Tom
et al. patent thdenqensissfesstibedaboie antial advance in the art, relative to
the prior art use of high pressure gas cylinders. Conventional high
pressure gas cylinders are susceptible to | eakage from danmaged or

mal f uncti oni ng regul ator assenblies, as well as to rupture or other

unwant ed bul k520 r el Belstiveofo thasstate ofmthehert aapilj theldnveption ag desstibed more fully
deconposition of the gas |leads to rapid increasing interior gas pressure in
the cylinder. 4 hereinafter, pertinent art includes the following references: U.S. Patent 3,590,860 to

Stenner (a manually adjustable regulator valve for a liquid propane cartridge, including
a regulator diaphragm and actuating spring assembly); U.S. Patent 4,836,242 to Coffre
et al. (a pressure reducer for supplying electronic grade gas, including a bellows and
10 inlet valve, with a solid particles filter disposed between the bellows and a low pressure
outlet); U.S. Patent 5,230,359 to Ollivier (a diaphragm-based pressure regulator for a
high pressure gas cylinder, wherein a valve is positioned in the regulator for adjustably
throttling the flow of pressurized fluid); U.S. Patent 3,699,998 to Baranowski, Jr. (a
calibratable pressure regulator in which leaf spring fasteners are utilized to retain the
15  regulator components in position); U.S. Patent 3,791,412 to Mays (a pressure reducing
valve for high pressure gas containers, including a pair of valve elements for dispensing
low pressure throttled fluid); U.S. Patent 3,972,346 to Wormser (pressure regulator
featuring a U-ring seal poppet assembly); U.S. Patent 4,793,379 to Eidsmore (button-
operated valve for main shut-off and flow control of a pressurized gas cylinder, using
20  magnetic actuation. of valve components); U.S. Patent 2,615,287 to Senesky (a gas
pressure regulator including diaphragm and diaphragm-clamping member elements);
U.S. Patent 4,173,986 to Martin (pressurized gas flow control valve including pressure
regulator and responsive poppet valve structure); U.S. Patent 3,388,962 to Baumann et

al. (pressurized gas fuel metering device including sintered metal pellet flow element);
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PCT/-US99/ 09137 There is therefore a need in the art to provide inproved
fluid storage an i very systens for selective di spensing of t
overcone the varﬁ'@g"@s@gi ci enci es descri bed above. 5 Ffeqlaééiligmegtl?g
the.state of the art and the invention as described nore fully hereinafter,

ti t toi th | . : U Rat.ent 0 0.t
DL IETY A R 0t Sh A PR llr P il
i dge, including.a | I di aph d I [ ly);
CaLTLIE, 110 L 00 SR ) SO SEL e AL 3SR

el ectroni c grade ?as. I ncl udi ng a_bell ows and 10 I nl e} valve, with
solid particles f#P#e#83iospoldar KBvidgussswE regipiph fiF Ugyghied P‘BW}";S‘FE%SUF‘E]‘S’
outlet); US. Patent 5,230,359 to Alivier (a_diaphragm based pressure,
regul ator for a htamprisimgseresswepshate] |digpheagm Withr 9w, restrickqr\srugtyreplgsminimize d
in the regulator for adjustably throttling the flow of pressurized fluid);
U.S. Patent 3,599yidS8on)o BSr Ratomsk5§6, T3, to| dhomer b at dpdseflpw econtrole dispagsinat or
in which | eaf spring fasteners are utilized to retain the 15 regul ator
conponent s i n posassémbly inchidifig pRadretype fresitife, iBatboarddiysck(radyserdreglater memis)ci ng
val ve for high pressure gas containers, including a pair of valve el enents
for di'spensing | ow. Paess,6455102 ot Amiddich i(vhlvb) dssechbBy foPeelieving kcbsé 2aSphBsstu in
Wor mser (pressure regul ator

: a container, comprising sealing ring/spring assembly); U.S. Patent 5,678,602 to Cannet

et al. (gas control and dispensing assembly for a pressurized gas tank, including reducer
10  and regulator means with indexed flowmeter valve); U.S. Patent 2,793,504 to Webster
(valve for pressurized fluid container including pressure reducer and regulator and
spring bias closure means); U.S. Patent 1,659,263 to Harris (regulator for pressurized
gas cylinder including a diaphragm and anti-friction washer between diaphragm and
annular seat of regulator); U.S. Patent 2,047,339 to Thomas (liquefied petrolenm gas
15  storage apparatus ir;cluding flow control unit and leakage prevention valve); and U.S.
Patent 3,994,674 to Baumann et al. (detachable burner assembly for container of

pressurized liquefied combustible gas, including a regulator valve assembly).

It is accordingly an object of the present invention to provide an improved fluid
20 storage and dispensing system for the selective dispensing of gases, which overcomes

the aforementioned deficiencies of prior practice.



featuring a U-ring seal poppet assenbly); U S. Patent 4,793,379 to Ei dsnore
(button- operated valve for main shut-off and flow control of a pressurized

gas cylinder, usivp§9é3ﬁ7 magnetic actuation of valve conponen%?réjlsg%ﬁpggm

Pat ent 2, 615, 287 esky (a gas pressure regul ator includi
and -di aphragm cl anpi ng nenber elenents); U S. Patent 4,173,986 to Martin

(pressurized gas flow control val ve_incl udi.n ressure.requl atar, and
responsi ve poppet val vlé’ss?"iog'ﬁ T &egf‘vﬁ-’?&?’gﬁ‘f)m\?," §§?9’@E'%f'?ffi%'§8r?g°ﬁ%céf’d al .
(pressurized gas fuel neteri n? device including sintered netal gel_l et. flow
el ement); 5 wodispensing system Tor the selective dispensing of gases, characterized by significant

PCT/ US99/ 09137 U.S. Patent 1,679,826 to Jenkins (fluid pressure regul ator
for high pressur eadvepaggs ireeost. ease pf yseapd @edMmanegm el enent and gas filtering
means conprising a felt strip); U S. Patent 2,354,283 to St. Clair (fluid
pressure regulator for |iquefied petrol eum gas tanks, conprising pressure
actuated di aphragmw th flow restrictor structure to mnimze 5

vibration); U %S Pat enDthér, dbfests 4bd advantapesrof thechvantion (ijhle hbeviultyoappreht from

di spensi ng assenbly including piston-type pressure regul ator and bl ock
reducer/regul at or theRaduig, disdoSure Bed ppénded BKms1 92 to Anmi dzich (val ve assenbly
for relieving excess gas pressure in

SUMMARY OF THE INVENTION

10 The present invention relates to a system for storage and dispensing of a fluid,

for use in applications such as the manufacture of semiconductor products.

The fluid storage and gas dispensing system of the invention comprises a

storage and dispensing vessel constructed and arranged for holding a liquid whose

15  vapor constitutes the fluid to be dispensed. The fluid is contained in the storage and
dispensing vessel, e.g., at a pressure at ﬁvhich the fluid is in a liguid state. The storage

and dispensing vessel includes an outlet port and is equipped with a dispensing
assembly coupled to the outlet port, which may for example comprise a valve head
assembly including a dispensing valve and an outlet for selective discharge of gas

20  deriving from the liquid in the vessel.

A fluid pressure regulator is associated with the outlet port and may constitute
part of a pressure regulator/phase separator assembly associated with the outlet port,

e.g., at the neck of the vessel, to retain fluid in the vessel and, when the fluid is in liquid



a container, conprising sealing ring/spring assenbly); U S. Patent
5,678,602 to Cannet et al. (gas control and di spensing assenbly for a
pressuri zed gas tank, including reducer 10 and regul ator neans with

i ndexed flowret eMOPIPYE) . U'S. Patent 2,793,504 to Vebster (vAT@SPEPI
pressurized fluid container including pressure reducer and regul ator and

spring bias closyre neans); . U.S._  Patent 1,659 263 to Harris (regulator for
pressuri zed gas LL%?/"I"'{ ﬁ‘ﬂ@’F"‘%"h@ﬂngfW& &“‘8?%1}5% ﬁaﬁpﬂﬁﬁggﬁ*‘@?ﬂ P't‘fef'o WESTTET
bet ween di aphragm and annul ar _seat_of requlator); U 'S, Patent- 2,6047,339 to
Thomas (1i quefi eGCQEEQIGP‘EGHPW@HMIUQ?%%%C%%‘%? areangedito ligimie flpy pat
control unit and | eakage prevention valve); and U S. Patent 3,994,674 to

Baumann et al . (@éfluidiasprrsed fromethe yessel rtiyoyelr he outdapaitndhe pressyrecsgilatpr,ang

liquefied conbustible gas, including a regulator valve assenbly). It is
accordi ngly an oltheeeptiongilytincuded pbasetsepamatenmayobe dispoprdomtederlyior ¢xmgiody efitihe] ui d
20 storage and di spensing systemfor the selective dispensing of gases,
whi ch over conmss tvbselaPosfeantint sucineiemeles are imerivirly slispbseghrto aniniprizahé passibility oD
99/'56057 ' _ PCT/ US99/ 09137
It is another obji@pict @hd tehdronfiéntal exposir® iprusy, shd @nminigaize \ckel idak Wath of dreage
and di spensing systemfor the selective dispensing of gases, characterized
by significant contained fluid from the vessel. ‘When the pressure regulator and optionally included

phase separator are interiorly disposed, the vessel may utilize a single weld or seam at

the outlet port, to seal the vessel.

10
The phase separator may suitably comprise a porous membrane which is

permeable to vapor or gas deriving from the liquid, but is not permeable to the liquid,

and the phase separator is preferably disposed in a protective mode upstream of the

pressure regulator so that when the contained fluid in the vessel is a liguid, the liquid is

15 prevented from entering and interfering with the function of the pressure regulator in

maintaining the liquid in the vessel, and preventing egress of liquid from the vessel.

The regulator is a flow control device, which can be set at a predetermined

pressure ievel, to dispense gas or vapor from the cylinder at such pressure level. The

20 pressure level set point may be superatmospheric, subatmospheric or atmospheric
pressure, depending on the dispensing conditions, and the mode of gas discharge from

the vessel.



advant ages in cost, ease of use, and performance. 5 O her objects
and -advant ages of the invention will be nore fully apparent fromthe
ensui ng di scl osure and appended cl ai ns. SUMVARY OF THE | NVENTI ON 10
The present inveM°%%l ates to a systemfor storage and di sgEt&SRY®EY a
fluid, for use in applications such as the manufacture of sem conductor
products. The fluid stqrage. and gas .di spensin em of .t he i.nventi.an
conpri ses a storage anghﬁgggesﬁ‘g?%gm\‘}g?g sm@o"ﬁ%ﬁféf:‘%’%&“’ﬁmf’nﬁya% QP P the
hol ding a liquid whose 15  vapor g nﬁtitutes the fluid to bF di spensgdd
The fluid is cont dPaRBeF Pina (CARVEBHNA 8@ RTESSHRE <398 ey linggn. il ap elonggge mawy body
pressure at which the fluid is in a liquid state. The storage and
di spensi ng vessel Bofionaxiag ameek of rducsd erosysegtional gy relasive twﬁﬁw Bedy 569881 ng
assenbly coupled to the outlet port, which may for exanple conprise a valve
head assenbly i nclseetiongofathi yesselsi e vegssel mayd imsugduichefornation shel amenable to
di scharge of gas 20 deriving fromthe liquid in the vessel. Afluid
pressure regul & orconentigaboantfagureimhereinithe vestdl dt clgpoed amshttieminstaltedveith 4 vale
part of a pressure regul ator/phase separator assenbly associated with the
outlet port, e.(g.,heat adsémblyandiudidg & velvy ¢mamial oi sutométiv) and bssbclated) pteksarey asis el
and, when the fluidis inliquid 7

flow control elements, in a manifold arrangement.

Although liquid is preferred as the contained fluid medium in the use of the
10  fluid storage and gas dispensing system of the invention, it is also possible that high-

pressure gas may be utilized as the fluid medium to be stored and selectively dispensed.

The storage and dispensing vessel may be readily filled by setting the fluid
pressure regulator at a suitably low pressure level so that the gas or vapor is at a
15  pressure below the pressure regulator set point, using a conventional pressure regulator
including a poppet element which may be biased with a biasing element such as a
spring biasing element to a ciosed position, and which responds to pressure above the
set point pressure by remaining closcd,' but which responds to pressure below the set
point pressure by opening and allowing fluid flow therethrough. |
20
Accordingly, the fill operation may be carried out to load the vessel with fluid to
be stored and subsequently dispensed, by establishing an interior pressure level in the
vessel at which the poppet element of the pressure regulator disengages from its seat,

thereby allowing gas to flow into the vessel, in reverse flow fashion to the dispensing
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PCT/ US99/ 09137 form to prevent liquid fromleaking to the dispensing val ve
and outlet. The e regulator and the optionally include R0t
separator are ar én§%§g7to lie in the flow path of fluid dispe?gg §9Pr%r?17the
vessel through the outlet port. The pressure regulator and the optionally

I ncl uded phase se osed orI LOr e 5
vessel . Preferabl gthe Sg’%%ﬁ?g“a r’Ie’ﬁt e Veg ‘*W‘“& g%b EQ&?(’VHR omr? cm‘a'zpeﬁ
possibility of t and envi ronrrent al pos m ni

the | eak path of r@ﬂé’ 1oyt fugrtang e Py °$‘i°§§rﬁ E%Yesseg\ﬁg?]ﬁpﬁ‘é“% @ssg%ﬂ
regul ator and optionally_included phase separ ator are interiorl y di sposed,
the vessel may utRermsngfilling,of beyessel with thefipidyin Ehﬁéi'%&dl‘ﬂ‘%’f"’p‘m

the vessel. 10 The phase separator may suitably conprise a porous nenbrane
whi ch i s perneablpertt o vapor or gas deriving fromthe liquid, but is not
pernmeable to the liquid, and the phase separator is preferably disposed in
a protective fode upstream of the pressure regulator so that when the
contained fluid in the vessel is a liquid, the liquid is 15 pr event ed
fromentering and i nt adematively, thet vessehenuldisecédnfigured with @dugirfheid flowe porgwhathor
in maintaining the liquid in the vessel, and preventing egress of liquid
fromthe vessel. can accommodate separate fill and dispensing lines. For example, the dispensing port

may be located at the neck of the vessel and be associated with a conventional valve
head assembly, while the fill port may be provided at another location on the vessel

10  structure.

The vessel of the invention may be utilized for storage and dispensing of any
suitable fluids, such as for example hydride fluids (e.g., arsine, phosphine, stibine,
silane, etc.) and acid gases (e.g., hydrogen fluoride, hydrogen chloride, chlorine, boron

15  trichloride, boron trifluoride, halogenated silanes and disilanes, etc.) for use in

semiconductor manufacturing operations.

In use, a dispensing valve may be provided as part of the dispensing assembly

associated with the port of the vessel, and such valve may be opened, manually or

20  automatically, to permit gas to flow through the porous membrane or phase separator
element, when present, and through the regulator for discharge of the gas from the fluid
storage and dispensing system, #nd subsequent flow to a downstream process system,

such as an ion implantation apparatus, chemical vapor deposition chamber,

semiconductor equipment cleaning station, etc.

10



The regulator is a flow control device, which can be set at a predeterm ned
pressure |level, to dispense gas or vapor fromthe cylinder at such pressure

| evel . The 20 | evel set point may be superat nosphery
subat nospheri c o&r()%?/?r@éﬁherl c pressure, depending on the di spgﬁgms§9’°9l37

conditions, and the node of gas discharge fromthe vessel. WO 99/ 56057

PCT/ US99/ 09137 The fluid storage and di spensing vessel of the invention may
be formed in the manner of a conventional high pressure gas cylinder, with
an el ongate mai n body gorthon havi‘gg a neck of. reduced cro sectl onal rea

relative to the main BBAPOBFASRECLIBE Prosent JRvepien JRlalescio a mP \f@%é‘&ag

such conformation be amenabl e.to 5  conventional nanufacture wherein the
vessel is cl eaneddisnsasibgefip fud compisingyi t h a val ve head assenbly including a
val ve (manual or automatic) and associ ated pressure and fl ow control

el enments, in a manifold arrangenment. Although liquid is preferred as the
contained fluid nmediumin the use of the 10 fluid storage and gas

di spensi ng sysiem of tcontainingaht fluid,iniat confineal staie pgainst blfwid pressutel mewlatpr mssur e
gas may be utilized as the fluid mediumto be stored and sel ectively

di spensed. fluid flow path closed to fluid flow downstream of the fluid pressure regulator;

and

selectively dispensing the confined fluid by opening the fluid flow path to fluid
10 flow downstream of the fluid pressure regulafor, and discharging fluid at a rate

determined by the fluid pressure regulator,

optionally wherein the contained fluid is a liquid and the fluid during dispensing
is phase-separated upstream of the fluid pressure regulator, to permit only gas to

15 be discharged from the fluid contained in a confined state.

In another aspect, the present invention relates to a fluid storage and

dispensing system, comprising:

20 a fluid storage and dispensing vessel enclosing an interior volume for holding a

fluid, wherein the vessel includes a fluid flow port;

a fluid dispensing assembly coupled in fluid flow communication with the port;

11



The storage and di spensing vessel may be readily filled by setting the
fluid pressure regulator at a suitably |low pressure | evel so that the gas
or vapor is at a 15 ressure bel ow the pressure regulator s b3
using a conventwgﬁgﬁmﬁ?essure regul ator including a poppet eI%#E%?'&hlch
may. be biased with a biasing el ement such as a spring biasing element to a

cl osed position, and whi responds to pressure aboye.the set i nt
pressure by remaini ngae‘?"g : ,geglt‘ﬂd Wﬁs‘gﬁr‘?gé@f%ﬁﬁfgmf“ﬁxﬁ’ﬂtbgg‘lﬂo& B‘gfwg‘ﬂéoset
poi nt pressure by opening and allowi ng fluid flow therethrough. 20
Accordingly, the fil|mag@inapresstemnipedressyrerin the infgmorvglumsaf theyessessel with
fluid to be stored and subsequently. di spensed, by establishing an interior

pressure level in thepyaaRiedispahsiniddsehbiyGeifPRRelved) SiRblOh ﬂoklﬁga@,_r&ﬁ%l?ﬁe

regul ator di sengages fromits seat, thereby allow’ng gas to flowinto

vessel, in reverse fl f . ol j LB6 .
PCT/ US09/ 00137 node. of e ?*;‘E?‘éﬁ?e f“n%t"ﬂ:"gmﬁlg?rﬁg% Vessel, ?@l‘ﬁrrg"?gﬁemge

fabricated wgh only AQS RSk chOMG il HUAGLRE Uiehbly PR Uskuafl 2R B0 02

fromthe vess for nsi ng,

from the vessel.

In another aspect, the invention relates to a fluid storage and pgas dispensing
system, comprising:
10
a storage and dispensing vessel constructed and arranged for holding a liqumd
whose vapor constitutes the fluid to be dispensed, wherein the fluid is contained
in the storage and dispensing vessel, at a pressure at which the fluid is in a liquid
state;
15

the storage and dispensing vessel including a fluid flow port;
a dispensing assembly coupled to the outlet port; and

20 a double-stage fluid pressure regulator/particulate filter assembly interiorly

disposed in the vessel; and

12



permitting filling of the vessel with the fluid in the first instance,

t hrrough the single port. 5 Alternatively, the vessel could be configured
with dual fluid flowaoorts, whi ch can accommobdat e separate fill and

di spensi ng | i ne¥O¥Gf%txanpl e, the dispensing port may be | ocHTEF*4113he
neck of the vessel and be associated with a conventional valve head
assenbly, while the fill port may be provided at. another |ocation on the
vessel 10  struct ur@eanyigr spestvsly agtuating the, disprnping asseipblydo aftert; Sowy of gps
storage and dispensing of any suitable fluids, such as for exanple hydride
fluids (e.g., arsinedenyingdioni theliquid ingheyeesselthrgngh the fluid yegylatpripaitiqulaie Siter
(e.g., hydrogen fluoride, hydrogen chloride, chlorine, boron 15
trichloride, boron tassdmblpanddbe dispshongassenely, $orl disshargepfdheas fromrthessystemc . )
for use in sem conductor manufacturing operations. In use, a dispensing
val ve may be provided as part of the dispensing assenbly associated with
the port of the vessel, and such val ve may be opened, manually or 20
automatical | y5 to peiik fur@@Saspért fthoivéniion redited e rmakcl for Sorle Aidadigensiias e
separator el enent, when present, and through the regul ator for discharge of
the gas from t herhliid csihpisage and di spensing system and subsequent flow
to a downstream process system such as an ion inplantation apparatus,
chem cal vapor deposition chanber,

containing the fluid in a confined state against a multi-stage fluid pressure
regulator in a fluid flow path closed to fluid flow downstream of the fluid

10 pressure regulator; and

selectively dispensing the confined fluid by opening the fluid flow path to fluid
flow downstream of the fluid pressure regulator, and discharging fluid at a rate
determined by the fluid pressure regulator.

15
Another aspect of the invention relates to a method of manufacturing a

semiconductor product, comprising:

containing the fluid in a confined state against a multi-stage fluid pressure

20 - regulator in a fluid flow path closed to fluid flow downstream of the fluid pressure

regulator;

13



sem conduct or equi pnent cl eaning station, etc. 10 WO 99/ 56057

PCT/ US99/ 09137 I n anot her aspect, the present invention relates to a nethod
for storage and di spensing of a fluid, conprising: 5 cont aj L g
the fluid in a YW¥AY4 state against a fluid pressure regul a?%?”?ggfo%{ ?I ui d
flow path closed to fluid fl ow downstream of the fluid pressure regul ator;

and sel ectively dispensing the confined flujd. openi n he fluid fl

path to fiutd do e edtely Anieirccanhingd Gyig by pliptelf A0 svinafhe S5
and discharging fluid at a rate defﬁe,rm’ ned by the fluid pressure re%ul at or,
optional |y wher eif}P% 9eWRSHKAR; $fotheriiuid Prossurs, Feiier aahdischreipg flud ahs 17

di spensing i s phase-separated upstreamof the fluid pressure regulator, to
permit only gas tdstemgined by the fluidipsessyre regula9e@ndr om t he fluid contained in a
confined state. In another aspect, the present .invention relates to a fluid
storage and di spensi ng system conpri Ssing: '

5 using the discharged fluid in the manufacture of the semiconductor product.

A further aspect of the invention relates to a flnid storage and dispensing system

comprising a vessel containing a physical adsorbent material having adsorbed thereon a

gas at an internal pressure in the vessel of from about 50 psig to about 5000 psig, and a

10  gas dispensing assembly coupled with the vessel and selectively operable to dispense

gas from the vessel.

In an additionai aspect, the invention relates to a semiconductor manufacturing

system compriéing a semiconductor manufacturing apparatus ofilizing a gas, and a

15 source of said gas, wherein such source comprises a vessel containing a physical
adsorbent material having adsorbed thereon a gas at an internal pressure in the vessel of

from about 50 psig to about 5000 psig, and a gas dispensing assembly coupled with the

vessel and selectively operable to dispense gas from the vessel.

20 A still further aspect of the invention relates to a method for storage and
dispensing of a fluid, comprising:
containing the fluid in an at least partially adsorbed state at a pressure in the

range of from about 50 to about 5000 psig; and

14



20 a fluid storage and di spensing vessel enclosing an interior

vol ume for holding a fluid, wherein the vessel includes a fluid flow port;

a fluid dispensi nmbly coupled in fluid fl ow comruni cati | e

AR e e PEr/hdoldolsH

PCT/ US99/ 09137 a doubl e-stage fluid pressure regul ator associated with the

port, and arranged tQq i j. . pr r.m J i ' i
3R hafbi B AL Y Q5w frfim ok Aok il

vol une of the vessel pen asse ng s

actuatable to flo as, deriving.fromthe fluid in the interior volune of
the vessel, thr ol PHRESIPH @PBnpsat 5 fluid pressure regul ator
and fluid dispensing assenbly, for discharge of the gas fromthe vessel. In

anot her aspect, the invention relates to a fluid storage and gas di spensi ng
system conprising: 10 a storage and di spensing vessel constructed and
arranged for hol di ng Anothegaspectwfthe dnvpntinmrrelatsn t 3 fyjd storagp and digpepsingsyplem,

di spensed, wherein the fluid is contained in the storage and di spensi ng
vessel, at a Ppreewwprigingt which the fluidis in aliquid

a fluid storage and dispensing vessel enclosing an interior volume of less than
about 50 liters and having an inlet opening larger than 1 inch NGT;
a fluid dispensing assembly arranged for selectively dispensing fluid from the
10 vessel; and
a fluid pressure regulator in the interior volume of the vessel, arranged to

maintain a predetermined pressure therein.

The vessel may have an internal volume less than about 20 liters, and most

15  preferably less than about 10 liters, e.g., in the range of from about 1 to about 10 liters.
Such vessel may be configured and dimensionally sized and shaped as hereinafter more

fuolly described. The vessel preferably has a pressure capability, i.e, a continuous
service pressure level that can be accommodated without adverse effect (rupture of the
vessel or leakage of fluid therefrom), of up to at least about 1000 pounds per square

20  inch, and more preferably up to about 5000 pounds per square inch. The vessel may be
arranged to selectively dispense to a downstream gas-consuming facility, e.g., a

semiconductor manufacturing facility.

15



state; 15 the storage and di spensing vessel including a fluid flow port; a
di spensi ng assenbly coupled to the outlet port; and 20 a

doubl e-stage flyjid pressure regulator/particulate filter asse
interiorly di spﬁ%%f%r‘%i he vessel ; and 12 WO 99/ 56057 Fotafssonons

PCT/ US99/ 09137 neans for selectively actuating the dispensing assenbly to
effect flow of gas deglv),Bfef id t';oli]%el i'n%ti% 'ra%t'é{'ﬁ)eé/ g:l?rg@dndu&&r ARackite

fluid regul ator/particulate filfter asse y an pensi ng assenbly,
for discharge of the fr t@rﬁi F} . I g S :
the invention refates g?r%prgm%g% o c?%d'ri‘hg or g‘éfgag%"& %plpéa,%té’gsqdril%& ]?ar ggf Pﬁﬂ?%
conpri sing: containi 29? t.ge fl Hi d i n,a cgnfi ne(s:I state against a nulti-stage
fluid pressure r&YUfest 53¢ B% XPFFOSYC FPUW TRIMBt osed to fluid flow
downstream of the fluid 10 pressure regul ator; and
- a fluid storage and dispensing vessel enclosing an interior volume of less than
5  about 50 liters and having an inlet opening larger than 1 inch NGT;
a fluid dispensing assembly arranged for selectively dispensing fluid from the
vessel; and

a fluid pressure regulator in the interior volume of the vessel, arranged to

maintain a predetermined pressure therein.
10

In another aspect, the invention relates to a fluid storage and dispensing vessel
comprising a 2.0-2.25 liter DOT 3AA 2015 cylinder with a 1.5 inch NGT opening with
a 1%2 -11%2 NGT thread, a 4.187 to 4.25 inch outer diameter, a nominal wall thickness

0f 0.094 to 0.125 inch, and a length of 12.75 to 13.75 inches.
15

A still further aspect of the invention relates to a fluid storage and dispensing
assembly comprising a vessel with an interior volume less than 50 liters and a >1 inch
NGT neck opening, a dispensing assembly coupled to the neck opening, a regulator

coupled to the dispensing assembly and disposed in the interior volume of the vessel.

20
Other aspects, features and embodiments in the invention will be more fully

apparent from the ensuing disclosure and appended claims.

16



selectively dispensing the confined fluid by opening the fluid flow path to
fluid fl ow dowmnmstream of the fluid pressure regulator, and di schargi ng
fluid at a rate deternmned by the fluid pressure regul ator.

aspect of the iO&HPBn relates to a nethod of manufacturi ng}g'r/ﬁﬁbg}oﬂ%

sem conduct or product, conprising: containing the fluid in a confined state
against a nulti-stage fluid pressure 20 regulator in a fluid flow path
closed to fluid flow downstream of the fluid pressure regulator; 13 WO
99/ 56057 _ _ BRIEF DES OF THE DRAWINGS PCT/ US99/ 09137

sel ectively dispensing the luid flow path to
fluid fl ow dowmnstream of the fluid pressure regulator, and di scharging
fluid at a rate deternmined by the fluid pressure regulator; and 5

ing the disch fluid in the mnufact f the. sen duct .
ATurther aspect of TR | BACTBRAY SR geoot gerr el Bt KSRl Bc g

system

5 dispensing system according to one embodiment of the present invention.

Figure 2 is a schematic representation of a semiconductor manufacturing facility
utilizing a fluid dispensed from a storage and dispensing system of the type shown in
Figure 1, in accordance with a further embodiment of the invention.

10
Figure 3 is a schematic cross-sectional elevation view of a fluid storage and

dispensing system according to another embodiment of the present invention.

Figure 4 is a perspective view of the valve head assembly of the Figure 3 fluid

15  storage and dispensing system.

Figure 5 is an elevation view of the diffuser unit employed in the Figure 3 fluid

storage and dispensing system.

20 Figure 6 is a partially broken away view of the regulator of the Figure 3 fluid

storage and dispensing system.

Figure 7 is a sectional elevation view of an upper section of the fluid storage and

dispensing vessel of the Figure 3 fluid storage and dispensing system.

17



conprising a vessel containing a physical adsorbent material having
adsorbed thereon a gas at an internal pressure in the vessel of from about
50 psig to about 5000 psig, and a 10 gas di spensi ng assenbl 9 W th
the vessel and ¥9%E¢%{ely operable to dispense gas fromthe '%lfgg‘%gﬂg? n an
addi tional aspect, the invention relates to a sem conductor manufacturing
system conprising a sem conductor manufacturing apparatus utilizing a gas,
and a 15 source of said gas, wherein such source conprises a vessel

contai ning a physic | na. adsorhe as at
an internal pressur tt & ' 00
psi'g, and a gas di spensing assenb essel and selectively
operable to dispense gas fromthe vessel. 20 A still further aspect

of the invention relates to a nethod for storage and di spensi&g of a fluid,
conpri sing: cdnt ai ni nEhetpresent|ipyegtionis asedtin parh or thediscpyery hatziBuidistamagsaad e at
a pressure in the range of from about 50 to about 5000 psig; and 14 WO
99/ 56057 dispensing system, of a type presenting an alternative to the fi@idl/ $i998¢ @06d 37
dispensing system of Tom et al. U.S. Patent 5,518,528, may be easily fabricated by
disposing a fluid pressure regulator between a confined liquid volume and a gas

dispensing assembly including a gas flow control element such as a gas flow shut-off

10 valve, mass flow controller, or the like.

Ancillary to this discovery is the finding that the fluid pressure regulator may be
advantageously interiorly disposed in the fluid storage and dispensing vessel, so that it
is protected by the vessel, e.g., cylinder casing or housing, from impact, environmental

15 exposure and damage.

Although the fluid pressure fegulator is preferably interiorly disposed in the
fluid storage and dispensing vessel, it is possible to dispose such element exteriorly of
the vessel in the broad practice of the invention. The invention there’fore broadly

20 contemplates the provision of ihteriorly as well as exteriorly disposed fluid pressure

regulator devices associated with the fluid flow port of the vessel.

The fluid pressure regulator may be of any suitable type, e.g., the SR4 series set
pressure regulator commercially available from Inegrated Flow Systems, Inc. As

25  discussed in the Summary of the Invention section hereof, the fluid pressure regulator

18



sel ectively dispensing the fluid by desorbing sane fromthe adsorbed state
and-rel easi ng sane from contai nnent. Anot her aspect of the invention

relates to a fl
storage and di sp

vessel enclosing an interior volune of

L\&ﬁg@%{@&age and di spensing system 5 conpri Si"?ﬁ’é’?’*{“%g‘hd

about 50 liters and having an inlet opening larger than 1 inch NGI;, a fluid

vesoel s and a1 dv B UC0RRe Blveire FonkSint € pRRET LA il Ty 3O

vessel ;
vessel ,

and a fIdt

arranged to naintain @vgredet er mé{)hed pressure therein. The vessel
may have an i nt erSHEFURG & RIF¥ETT Y

press error vo

A S YB BRRVE 2GS RO YR and nost 15

preferably |l ess than about 10 liters, e.g., in the range of fromabout 1 to
about 10 liters. Such vessel may be configured and di nensionally sized and

shaped as hereinafter nore fully described. The vessel preferably has a
pressure capability, Theset paing &y ibsdoinatieerayifned setenping devipes e they dexice anay

accommodat ed w t hout adverse effect (rupture of the vessel or |eakage of

be

fluid therefrdn) comprisepa tvariattle |setapeinta frdinstabled Glepiotin Fyeforablys theafluid 2presshmech,
and nore preferably up to about 5000 pounds per square inch. The vessel
be arranged to seatgniddnielayadatdyadmstable davico wnsgardsits ga pomo pesswrarg Thafuidi t y,
a sem conductor manufacturing facility.

e.g.,

10

15

20

pressure regulator may by way of example be set to an appropriate level, e.g., 700 Torr,
to provide flow of dispensed fluid from the storage and dispensing vessel at such set
point pressure level when the dispensing assembly associated with the fluid flow port of
the vessel is opened to flow, such as by opening of a flow control valve of the

dispensing assembly.

The fluid medium in the fluid storage and dispensing vessel may be any suitable
fluoid medium at any appropriate fluid storage conditions, e.g., a hiéh pressure gas or
alternatively a liquid, at the set point pressure determined by the fluid pressure
regulator, as the source of the gas to be dispensed. Thus, the gas source in the system

may be a high pressure gas or a liquefied gas.

Optionally and desirably, a phase separator is utilized to prevent liquid ledkage
across the regulator valve seat when the gas source is a high pressure liquid. The phase
separator may be of any suitable form, but preferably comprises a porous membrane
that is permeable to gas or vapor of the contained liquid, but is impermeable to the
liquid phase. Suitable materials for such phase separator permeable membrane include

various polymeric material films of appropriate porosity and permeability

19
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15 WD 99/ 56057

PCT/ US99/ 09137 Yet another aspect of the invention relates to a

sem conduct or ring system conprising a sem conduct or ring

apparatus utili mﬁéﬁ%&g and a source of said gas, wherein sg?’g s@gltrsjcrzle

conprises: a fluid storage and di spensing vessel enclosing an interior

vol unme of less t b 0 e el | er
Lm% i b 8itn 0 GhosBPESthfrciafly 9

than 1 i nch NGT; ?ﬂsu gdF’ds}‘?)es‘rifsclaingat a@r}eaﬁ'gﬁy Zférlgk%ge for s%l ect| vec;ﬁy

di spensing fluid th e a d r r r

I nterior volunme 8'1?“‘? “I%Ugg %?i ginea% e t gr’ncati'l"’il)taﬁoql (MS) %egﬁh%[ddgmmg

pressure therein, In,,a other,,‘ u tion Jel ates to a fluid

storage and di speqﬁ%rFﬂ o tcomgr@dagﬂrﬁo- Iaﬁt%mefter DOT 3AA 2015

cyli-nder with a 1.5 |nch NGT opening with a [ 1[err] -11 NGTI thread, a 4.187

to 4.25 inch outer dianeter, a nomnal wall thickness of 0.094 to 0.125

i nch, and a Iength of 12.75 to 13.75 inches.
. The pressure regulator and the phase separator may be utilized in combination

with one another in an assembly which may be interiorly disposed in the fluid storage
and dispensing vessel or disposed exteriorly thereof. Preferably, such fluid pressure
regulator and phase separator assembly is interiorly disposed in the storage and
dispensing vessel.
10
The fluid utilized in the fluid storage and dispensing vessel of the invention may
comprise any suitable fluid, such as for example a hydride ﬂuid for semiconductor
manufacturing operations. Examples of hydride fluids of such type include arsine,
phosphine, stibine, silane, chlorosilane, and diborane. Other fluids useful in
15  semiconductor manufacturing operations may be employed, including acid gases such
as hydrogen fluoride, boron trichloride, boron trifluoride, hydrogen chloride,
halogenated- silanes (e.g., SiFs) and disilanes (e.g., SioFg), etc., having utility in
semiconductor manufacturing operations as halide etchants, cleaning agents, source
reagents, etc.
20
The fluid storage and dispensing vessel of the invention may be readily
constructed utilizing conventional fluid pressure regulator devices. In relation to the

sorbent-based gas storage and dispensing system described in U.S. Patent 5,518,528,

20



15 A still further aspect of the invention relates to a fluid storage and
di spensi ng assenbly conprising.a vessel with an interior volune |ess than

50 liters and >1 jnch NGT neck opening, a dispensing asse Jhed to
t he neck openin ?}%gﬁpsggul ator coupled to the dispensing assgpngmjggn%

di sposed in the interior volune of the vessel. 20 O her aspects, features

and enbodi nent s th@ﬂ&iﬁﬁtd’%\é%m hiSpknkths Vesi8 fgﬁ{e%refsbﬂt lidve: ;@mesfarsq)gmﬂdaﬁny

ensui ng di scl osure and appended cl al ns. WO 99/ 560

PCT/ US99/ 09137 BR|EF e ?%\qg Finddb@sd 1S @ schematic
Ccross-sectional %?%f&%c%%@g otgg"hﬁfﬁe storN%ee 1gndf)S di spensi ng system

according to one enbodi nent of the present invention. Figure 2 is a
schematic representation of a sem conductor manufacturing facility

L 20,2 T S SRRl Lo 008,800 AL Seel D uR ATl b

type shown in Figure®¥ ¥
i nventi on. o i o s
' 5  the type shown and described in U.S. Patent 5,158,528, using a “JY” cylinder as the
storage and dispensing vessel, and containing a physical sorbent matenial having
sorptive affinity for the gas to be dispensed, typically delivers, in the case of arsine gas,

on the order of about 0.5 kilogram of gas.

10 In the corresponding vessel of the fluid storage and gas dispensing system of the
present invention, one liter of liquid arsine can be stored and 1.8 kilograms of arsine

gas can be dispensed therefrom.

The fluid storage and dispensing system of the present invention permits high
15 purity dispensing of the fluid, free of potential contaminants or impurities
characteristically present in sorbent materials utilized in sorbent-based storage and

dispensing systems of the prior art.

Further, the fluid storage and dispensing system of the present invention affords

20 a high level of safety in the deployment of fluids, in that the storage and dispensing
vessel may be fabricated with an interiorly disposed pressure regulator and optional
phase separator, and the seam associated with the fluid flow port of the vessel will
constitute the only leak path in the otherwise seamiess vessel construction. Further, in

the case of a conventional fluid cylinder, because of the relative small size of the

21



10 Figure 3 is a schematic cross-sectional elevation view of a fluid
st orage and di spensi ng system accordi ng to anot her enbodi nent of the
present inventign. Fiqure 4 is a perspective view of the valy

assenbl y of thewﬁs‘gg#og’B fluid 15 storage and di spensing sysrt%g&@%s‘éﬁre 5
Is-an el evation view of the diffuser unit enployed in the Figure 3 fluid

storage and dis %ﬁﬂx%%p r%g? %nséoggbstt Eogthﬁmé)ss secgcl):r# ?ft‘}ﬂg bc?c{_yi of tht %@:%:Liagxun}/mﬁ 'ie%e d

away view of the'regu r ure '’d"Storage a I'spensi ng
system Figure 7 s a sectional elevatian view of an upper. section.of the
FTu1 0 st or age. Rty IR oh s obes igproped. it cen 8 iR Eha bR oy

di spensing system 17 . WD 99/56057 ] . o

PCT/ US99/ 09137 Bizring eidipg:aditswsly epaling withie hjshfiyid tmpermadblespaiantfieeD

EMBODI MENTS THEREOF 5 The present invention is based in part on the
di scovery that a fluid storage and

5 Additionally, as mentioned, it is feasible to construct the fluid storage and
dispensing vessel with only a single fluid flow port. If the fluid pressure regulator is set
at a suitable pressure level, e.g., 700 Torr, then the vessel may be lowered in
temperature to the point that the gas vapor pressure (of the fluid to be dispensed) is
below the regulator set point. Under these conditions the poppet element of the

10 regulator will disengage from its seat and allow gas to flow into the storage vessel from

an exterior source.

Referring now to the drawings, Figure 1 is a schematic cross-sectional, elevation
view of a liquid storage and gas dispensing system 10 according to one embodiment of

15  the present invention.

The fluid storage and gas dispensing system 10 includes a storage and
dispensing vessel 12 including a cylindrical side wall 14, a bottom floor 16 and an
upper neck portion 18, defining an enclosed interior volume 15 holding the liquid 17.

20 Liquid 17 may comprise any suitable liquid such as a liquid hydride for use in
semiconductor manufacturing operations.  Hlustrative hydrides include arsine,
phosphine, stibine, silane, diborane, etc. The liquid 17 is maintained under sufficient

pressure in vessel 12 so as to remain in a liquid phase.
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di spensing system of a type presenting an alternative to the fluid storage
and di spensing systemof Tomet a]. U S. Patent 5,518,528, may be easily

fabricated by disposing a fluid pressure regul ator between a 5.)]t)|fI
i quid vol ume amﬁglsggg di spensi ng assenbly including a gas fﬁgow%glﬁﬁ?’ol
el ement such as a gas flow shut-off 10 valve, mass flow controller, or

the like. Ancillary tﬁis%%kgig\(}héﬁ@\égg%lsc?ﬁmbﬂ%f)ﬂﬂgikr&gﬂfflbqga{re{i@@ﬁéa&"hﬂembly_

pressure regul ator may ant'ag y interiorly disposed in the fluid

D A e P irihe G 0 Ahohlilaibd hith DAL SAG 2 Vrdell SuER Soor 8.9

cylinder casing SR rominp ., environnmental 1 exposure an
damage. Al though . the fluid.pressure requl atof i referably interiorly
di sposed in the F?sﬂ?naeds#%?g‘gé'eszi%d“&egﬂgﬁ?f’ﬁ'@&??gibgla?o‘f’f&i s possible to
di spose such el enent exteriorly of the vessel in the broad practice of the

I nvention. The invention therefore broadly 20 contenpl ates the provision
of interiorly as well as exteriorly disposed fluid pressure regul ator

devi ces assocPated wi Tie vahee 30 isj showp suithas, assopiated getugtos 24 which dnay| g of any

pressure regulator may be of any suitable type, e.g., the SR4 serjes set
pressure regul at switablertypsr(cleettita), nacwmatisbete.) £y dasiredhindbe giversend| uso asplisationof
Inc. As 25 di scussed in the Summary of the Invention section hereof, the
fluid pressure rdglihantion. 18iternatively, the valve 20 may be manually actuated, or provided with

other flow control means.

10 The valve 20 is joined in gas flow communication with the pressure regulator
26, which is of a conventional type employing a poppet element which may for example
be spring biased in a closed condition and wherein the poppet is subject to displacement
when the pressure differential across the poppet element exceeds a certain level. The
pressure regulator 26 may for example be set to a subatmospheric, atmospheric or

15  superatmospheric pressure value, e.g., 700 Torr. The specific pressure level is chosen
with respect to the liquid or other fluid contained in the vessel, as appropriate to the

storage and dispensing operation.

Coupled with the pressure regulator 26 is a phase separator 28 including a
20 membrane element 30, which is permeable to gas or vapor deriving from the liquid 17,

but is impermeable to the liquid itself.

The vapor/gas-permeable, liquid-impermeable membrane may be formed of any

suitable material that transmits only the gas or vapor from the liquid but precludes

23
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PCT/ US99/ 09137 may be of a poppet valve type, conprising a poppet elenent
that is biased to a seat structure to prevent flow at a pres £ a
set point val udYOM¥Eet point may be a "native" or fixed se?%’gls%}ta&éevi ce,
or.the device may 5 conprise a variable set point (adjustable) device.

Preferably, thg, L{&%‘gﬁ' ﬁ{ﬁﬁﬁwsg@uf@jg%ﬂ’té’%ﬁ. éq%)ﬂﬁ%c%me%n&qjo‘ﬁtvﬂbé GarfdgVi Ce

as regards its's pre essure regul ator may by way

of exanple be set to. appropri.ate lLevel, 7 h, .t [- 0 flow
of di spensed fl iPB‘ef‘V%&'{SE@[ g{"%f:‘% e “%nfg‘g%’%%"fp‘r?gggéér‘g@f‘ i 8%18'8 iggxt% poi nt
pressure | evel when the di spensjng assenbly associated with the fluid flow
port of 10 theﬂ‘\%g%ép?ﬁeémﬁg‘gﬂ%i&d . P‘ﬁ%@r’#’r e’asgllur??e’c?ﬁgnﬁ\"ﬁ eé?atg‘i #a%'w
control valve of the dispensing assembly. The fluid diymin the flyjd
storage and di Speifsi Qpepeefared yiefy! Eé‘e’aﬂf°§‘8ﬁ°ét3p‘é("‘f‘¥l&%ﬁe ﬂ%fm m%%?f“hﬁﬂﬁ
appropriate fluid storage conditions, e.g., a_ high pressure gas _or 15

al ternativelS dfabriogsial asshose pemmerciallymarketsd andeq the traderaark " Gerg- Ty ®t Heore1 ui d
pressure regul ator, as the source of the gas to be dispensed. Thus, the gas
source in the sgsCemoratiyn)bDthertvogimepialysayailablgamatenialsifor vepast nerabranesphase
Optionally and desirably, a phase separator is utilized to prevent liquid

| eakage separator materials include Noryl film (General Electric Company, Pittsfield, MA).

In use of the lignid storage and gas dispensing system of Figure 1, the liquid is

10  stored at a predetermined pressure ensuring its liquidity. For this purpose, the pressure
regulator 26 is set at a predetermined level ensuring the appropriate interior pressure in

the interior volume 15 of the vessel. The liquid-impermeable, gas/vapor-permeable
membrane 30 ensures that no liquid will flow into the gas regulator 26, even if the
vessel is tilted from the vertical attitude shown in Figure 1 while remaining generally

15  upright.

When it is desired to dispense gas from the vessel 12, the valve actuator 24 is
actuated to open valve 20, thereby permitting gas or vapor deriving from the hiquid to
flow through the permeable membrane 30, the pressure regulator 26 and the valve 20,

20  for egress from the valve head dispensing assembly through outlet 22.

The opening of the valve 20 effects a reduction of the pressure on the discharge
side of the permeable membrane 30 and causes permeation of vapor deriving from the

ligeid through the membrane, for discharge. At the same time, the fluid pressure
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20 across the regul ator val ve seat when the gas source is a high pressure
| iquid. The phase separator may be of any suitable form but preferably
conprises a por rane that is perneable to gas or vapor
cont ai ned |IQUId&SB§§£§E i npernmeable to the liquid phase. SU|t§%“%Q%My7
materials for such phase separator perneabl e nenbrane include various
olymeric materia 0 r
89 / é 6057 gulztorl Wi rgimtgipt%c B’Eésg}e%f B g?i? b&}( g gigﬁgmpeg Fﬁét}g&o}% gé:g
characteristics,, and so-called "breathable" fabrics such as those
commercially marfYect ur ed by WL. Core & Associates, Inc. (El kton, M)
under the tradenarks "CGore-Tex," "Activent," "EXyLoft," and "Core
W ndst opper. " 5 The pressure regulator and the phase separator may
be utilized in conbination with one another in an assenbly which may _ be
interiorly di sposed ilhevauel 12 indhe Figpegh embediment Jaay s §0Wik B¢ gquipped d‘f‘g’pi’os ed
exteriorly thereof. Preferably, such fluid pressure regul ator and phase
separat or  assentieparits fillpos A2 G rglatitinde the Suid fiow prst & thernggleofheivassebpandsnely
vessel . 10

"669137

separate fill port may be coupled to a source of liquid for filling of the vessel.

Alternatively, the vessel may simply be provided with one neck opening, with

the pressure regulator set at an appropriate temperature level for filling. In the filling

10  operation, the vessel may be chilled, as by placement of the vessel in a cryostat or
coolant bath, to reduce the temperature of the vessel below the point of the
predetermined pressure established by the pressure regulator. The fluid pressure
regulator then will have a gas pressure in the interior volume 15 of the vessel which is
below the set point of the regulator, thereby allowing the poppet element of the pressure

15 regulator to disengage from its seat and allow ingress of fluid to the vessel, for

subsequent storage of the liquid therein.

Figure 2 is a schematic representation of a semiconductor manufacturing system

utilizing a fluid storage and dispensing system 110 in accordance with the present

20 invention. The fluid storage and dispensing system 110 includes a generally cylindrical
vessel 112 constructed generally along the lines of vessel 12 in Figure 1. The vessel
holds liquid at a predetermined pressure. The valve head assembly comprises a valve

120 with an actuator 124 being arranged to selectively actuate the valve and effect

discharge of gas from the vessel in line 142.
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The fluid utilized in the fluid storage and di spensi ng vessel of the
I nvention nmay conprise any suitable fluid, such as for exanple a hydride

fluid for sem c“?(sggzsg{’sgr manuf act ur i ng operations. Exanples o{,c.mjygjogg.,
cl

fluids of such ude arsine, phosphine, stibine, silane,
chtorosilane, and di borane. GOher fluids useful in 15 sem conduct or
manuf act uri ng operati ons may be enpl oyed, including acid gases such as
hydrogen fluoride, boron trichloride, boron trifluoride, hydrogen chloride,

hal ogenated silanes Gf. Qave ailafor 1996 Qn&hﬁ@qﬁsceﬁﬁm%roceébx[ il “HI’ _@{gﬂé:ll)mayet c.,

having utility in sem conductor manufacturing operations as ha

oL Shans, 12, A0y RRCR S LRSI o oAe” el SR

di spensi ng vessél VEntl on y**const ed’
conventional fluid, pressure regul ator ices. In relatian.taq.t

sor bent - based gafgla'é‘g‘élinﬁdvéﬁ’éwd"a&cﬁ@ﬁgﬁ ﬂ% é’?éc?'é‘and’@g@ﬁaﬁsé’lfsﬁ’?{ﬂ&eg?lPat ent
5,518,528, 20 WD 99/ 56057

PCT/ US99/ 09137 the fluid storage and di spensing vessel of the present

i nvention provides a significantly
The central processor unit 210 may be constructed and arranged to actuate the

valve according to a cycle time program. Alternatively, the central processor unit 210
may monitor a process condition in the semiconductor manufacturing facility 200 by
means of process condition signal transmission line 216 which conveys a signal
10 indicative of a given process condition to the central processor unit, causing the unit to
responsively actuate the valve actuator 124 to a corresponding extent, to modulate the
gas flow in line 142 in proportion to the needs of the semiconductor manufacturing

facility.

15 The central processor unit 210 may also receive a signal correlative of the
temperature of the vessel in signal transmission line 214, which may be joined to a
thermal sensor or embedded thermocouple associated with vessel 112, to compensate

the flow of fluid in line 142 in relation to the temperature of vessel 112.
20 The semiconductor manufacturing facility 200 may comprise any suitable

arrangement of semiconductor process equipment for the production of semiconductor

materials or devices, or products containing such materials or devices.
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greater fluid storage capacity, when the fluid is in the liquid phase. By
way -of exanple, for a sorbent-based gas storage and di spensi ng systemof 5

t he type shown ibed in U S Patent 5,158,528, using A
cyl i nder as thea@&?g/g@%{ and di spensi ng vessel, and contai ni ngq’g“pg?/géolg‘csgll

sorbent material having sorptive affinity for the gas to be di spensed,

typically delivers, i nF&rr@(aﬁﬁﬁ?tthseﬁfcﬁﬁ&&tog%nﬂ&uﬁﬁ?fa@ﬂi@eﬁomfna?b,&ﬂﬁrisg-a§
ki | ogram of gas. 10 n the correspondi ng vessel of the Tluid
e

" q di . . N e
storage and gas ai ?43%%3‘?5%%9?@%?{"3’9 SHefmréal’ aﬂoPM&BE:h&Prea&BFax{%akfo"ma&ﬁ

. . . 1
|l iquid arsine can rans of "arsi'ne gas can

di spensed therefrom The f,luid stora . d] | yst.e the. ent
i nvention permts r?ﬁgar%[ B by aﬁ‘ur‘l' 9"“%?%%’5%‘5’9%%‘3 al‘ﬂgg ?%ﬁiltdd?ﬁ]%ge%p% e,
potenti al contam na]?rht%s or Jnpurities.char actt eristically present in sorbent
materials utilized"WHTEEIDFN Yl SRMMEAPRYRUS S di spensi ng systens of the

prior art. Further, the fluid storage and di spensi ng system of the present
i nvention affoPds 20 a high level of safety in the depl oynent of fl uids,
in that the storage and di spensing vessel may be fabricated with an .
interiorly di sposed prBsugparicelay smhadiment, af &p Presens Anveptinsea Bawd hydride fluid,ig
the seam associated with the fluid flow port of the vessel wll constitute
the only | eak pat aintinedeunsien progfse in vesiele S22 ood gy derbyed ttherefrom s selequivelyr |
in the case of a conventional fluid cylinder, because of the relative small
size of the dispensed in line 142 to the semiconductor manufacturing facility 200 comprising an

ion implantation chamber. The dispensed gas, together with suitable carrier and/or
10  diluent gas(es), is subjected to ionization, and the resulting ion species are implanted in

a substrate such as a semiconductor device precursor structure or subassembly.

The semiconductor manufacturing facility 200 subsequent to use of the
dispensed gas, discharges an effluent gas stream in line 202 which may be flowed to an
15 effluent gas treatment system 204, for treatment and discharge of final purified effluent

in line 206.

It will be recognized that the semiconductor manufacturing facility may be
widely varied and configured, as for example to employ a multiplicity of process gases
20  which may be dispensed from corresponding individual fluid storage and dispensing

vessels constructed and operated in accordance with the present invention.

It will also be recognized that the fluid storage and dispensing apparatus of the

present invention provides a highly effective and readily fabricated means for high
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21 WD 99/ 56057

PCT/ US99/ 09137 cylinder neck i.n contrast to the cross section of the body
of the vessel, a mnimal |eak path for ingress or egress of '

provi ded, whi ch"OaH* W& easily rendered | eak-tight, by brazi ng’iwéﬁ”.%’g’,
adhesively sealing wwth a highly fluid inperneable sealant, etc. 5

Additional |y, as,eptLangdand heitviry/ct 3R el 6 GAASLINE! akiBlelthted

: . ignéfigage
and di spensing v onl'y a“sing ow port. If the flurd

pressure regulator is set at suitabl e pr ure level, e.g., 700 Torr,
then the vessel M PEEYS Oé'gm?dlilfeffg?r'#)%rr%f’gnf% to the point that the gas

vapor pressure (of the fluid to be dispensed) is below the regul ator set

poi nt. Under these conditions the poppet el enment of the 10 regul ator wll

di sengage fromits seat and allow gas to flow nto the storage yessel from
Bodienasing: 2uioHy e g

an exterior source. F&HeE by nierinmpllyodispasing, 3 Bressirc, (788 © M Mat i c
cross-sectional, elevation view of a |liquid storage and gas di sper_lsio%
system 10 ac&or diohupetof aflvid storpgscandndispensing vessek e vpselauaybe; fabricateg gtk opye
fluid storage and gas di spensing system 10 i ncludes a storage and i
a single seam at its neck portion as a potential leakage path for ingress or egress of fluid
species. Accordingly, the vessel may be readily fabricated, and in use, the interiorly
disposed gas pressure regulator is protected from impact as well as environmental
exposure, which could otherwise deleteriously affect the structural integrity or
10  operation of the vessel, as well as constituting an additional potential leak path for the

storage and dispensing vessel.

While the approach of the system described in connection with Figures 1 is

generally satisfactory, it is possible that under long-term storage conditions of the fluid

15  vessel, condensation of liquid on the downstream side of the membrane can occur. For
example, if the vessel is reposed on its side and the liquid volume extends above the
height of the permeable phase-separator membrane in such position, then a small
potential .gradient is present and is equal to the gravitational potential associated with

such liquid *head” In order to equilibrate this liquid head potential, liquid will

20 condense on the valve side of the membrane until the respective liquid levels on the

opposing sides of the membrane have equalized.

Additionally, for gas storage and dispensing vessels of the high pressure

cylinder type, such as are conventionally employed for boron trifluoride (BFs), the gas
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di spensi ng vessel 12 including a cylindrical side wall 14, a bottom fl oor
16 -and an upper neck portion 18, defining an enclosed interior volunme 15
hol ding the liquid 17. 20 Liquid 17 may conprise any suitab | . aMi, g such
as a |liquid hydW®5B7 use in sem conductor manufacturing d%@?%??@%gf
II'l.ustrative hydrides include arsine, phosphine, stibine, silane, diborane,

etc. The 1iquid LS cHBHcRY ¥F MR %&ei@r' Sbtfalil (leRBhinBY G8S Wnfiteli Nby/ B8 S&lindeZ SO
as to remain in a ﬁgqucigigdcg%ase. 5 ls\/\D 59}’55057111 ATy @’hm

PCT/ US99/ 09137 Dispased 1B o nkbnlp r w88 e ROt dalNol BarackiBe of lifldichs a
val ve head asse?B%y cgrrp'[‘rhlgglgr%g“ va gtewg‘g g%mru%ﬁa@};togna V\?ctlﬁt?\?afh\?zggoht é:t 22,
from whi ch vapor _i IS e E the vessel in the direction indicated by
arrow A. 5 m deén{\%glgég 5{9}113@ shown wi th an associ ated actuator 24,

whi ch may be of any suitable type (electrical, pneumatic, etc.) as desired
in the given end use application of the invention. Alternatively, the valve

20 may be manual |y actuated, or provided with other flow control neans. 10
The val ve 20 ?s | oi neldPribgr d%ls’g? | Ve ofPFuBASC SYUNGFT WFSSHS t‘Wé"ﬁS‘PE‘é@ﬁr Eseg for
regul ator compressed gas service typically utilize valve inlets, as measured by National Gas
Taper (NGT) standards, of % inch NGT, %2 inch NGT, and smaller. In order to usefully
exploit the “regulator in a bottle” approach, larger cylinder inlets are required than are
currently conventionally available. The Compressed Gas Association’s (CGA’s) largest
10  recommended compressed gas cylinder inlet is a 1.5 inch NGT-11 % tpi (threads per
inch) opening having a minimum diameter of 1.79 inch. Openings larger than % inch
NGT are typically designed for applications in which high flows and larger cylinders (>
50 liters internal volume) are required. The inventors are not aware of any cylinders
with volumes of less than 50 liters that have openings larger than 1 inch NGT, and it is

15  very unlikely that any openings larger than ! inch NGT have been employed for

cylinders with volumes of less than 20 liters.

In order to commercially enable the “regulator in a bottle” approach, it is

necessary to provide a cylinder that satisfies United States Department of

20 Transportation (USDOT) packaging standards, has a larger inlet opening than is
conventionally available, and can withstand pressures in the range of from about 1000

to about 5000 pounds per square inch (psi). No such vessel has been proposed or

fabricated by the prior art, and none has been commercially available.
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26, which is of a conventi onal

type enpl oying a poppet el ement which may

for exanple be spring biased in a closed condition and wherein the poppet

s subject to %é%&ﬁ@mant when the pressure differential a%ylijgﬁagmpoppet
€

el enent exceeds

ain level. The pressure regul ator 26

be-set to a subatnospheric, atnospheric or 15 superatnospheric pressu

value, e.g.. 700 Tong y Hhe, SRecklus MESRRY SuLEVSnd BnGRRSoRlihY o iR

to the liquid or other

tarned 1n e vessel ,

as appropr

ot orese and 9 SRens B SRR R CRRLEE D) ANE A8 RS

a phase separat

exanpl e

re
ect

o the
26 is

perneabl e to gas or, _vapor derjving fromthe liquid 17, but is inperneable
fupled, e iy

to.the Iiquid i?ssamblyc

Bty

may be fornmed of any suitable material that transmts only the gas or
from the |i qui dassesates with theeporpaccordingrioghe dnyention may suitably comprise a double
PCT/ US99/ 09137 |liquid flow therethrough. The nenbrane nmay in practice be
formed of a Wi dwageasgulatoy, tofesplye thetphase|sgpaatiof issuerdgsazibedibereindbavd. udi ng, f or
pol ypr opyl ene, polyvinylidene

exanpl e,

10

15

20

As mentioned, if the storage and dispensing vessel utilizes a single stage
regulator in combination with a phase-separator unit, the vessel if reposed on its side
may contain sufficient liquid so that the liquid volume extends above the height of thé
permeable phase-separator membrane. Under such condition, liquid will condense on
the valve side of the membrane until the respective liquid levels on the opposing sides

of the membrane have equalized.

The use of a double stage regulator obviates such shortcoming. If liquid from
the bulk interior volume of the vessel moves between the first and second stage of the
double stage regulator, the pressure-sensitive element of the high-pressure stage of the
double stage regulator (the high-pressure stage being the stage of the regulator in initial
fluid flow communication with the liquid in the vessel, and the low-pressure stage
being the stage of the regulator in subsequent fluid flow communication to the first
stage) will be forced to a closed position. Typically, the pressure-sensitive element of
the respective regulator stages is a poppet valve. As the high-pressure stage is forced

closed and the pressure in the interstage region (between the high-pressure stage and the
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fluoride, polytetrafluoroethylene, polyfluoroacetate, silicone, and
surface-treated glass fabrics. One preferred useful nmaterial conprises

pol yvi nyl i dene f) uori "breat habl e" 5 fabrics such as thos i.al |y
w3t S

mar ket ed under t emark "Gore-Tex[err]" (Gore- tex Corporation her
commercially available materials for use as nmenbrane phase separator

mat eri al s includ f.d i il Fhek . In
use.of the Iiqui @%ﬁ%ﬁ'&é{aﬁ?&‘ sgggigﬁﬁﬁégg%g%&gayéstlem o¥ Wﬁﬁé‘hﬁiﬁtﬁ‘gl"ﬁ%“é’w qui d

i1s 10 st ored a;tshg%nﬁrp%qngeEmgﬁggHl{sgl?a?s%??gﬁngy%& b8 liquidity. For this

pur pose, the pressure  regurl ator redeterm ned | evel ensuring
the appropriate interior pressure in the interior volune 15 of the vessel.
The |i qui d-i nperneabl e, gas/vapor-perneabl e menbrane 30 ensures that no

liquid will flowintqg.the gas regulator 26, even if t vessel is tilted
fromthe vertical at tW&EFég%%W‘%P'rf%ﬁ&ﬁmggﬂeWF F'éger%'hdg‘? {orYipgg &rRYlaLgr 9P 15
upright. Wen it is desired to dispense gas fromthe vessel 12, the valve
actuator 24 i%5 aba whtony sutableaesiyre lavelabove the presspre,efythe fingl staeq ewdrestishor
deriving fromthe liquid to flow t hrough the perneabl e nenbrane 30, the
pressure regul at #$agePef thedual istags reigvlatop. 0By serh arfngement: thediguidendansatipn ispue head
di spensi ng assenbly through outlet 22. The opening of the valve 20 effects
a reduction of tbfcthpsimgleustage geguldiar atiapgdmenys siabeedpfvithént ippactwatthe ovasttbr ane
30 and causes perneation of vapor deriving fromthe liquid through the
menbr ane, for diephaiogef thdtfluidwtorageand tdispensinighsestérh linduding s filleoperation (fluid
charging) of such system.

10

Accordingly, the storage and dispensing system utilizing a dual stage regulator
may be configured as generally shown in Figure 1, described hereinabove, but wherein
the pressure regulator 26 is a dual stage regulator rather than a single stage regulator.

The

15  double-stage fluid pressure regulator thereby is associated with the port of the vessel,
and is arranged to maintain a predetermined pressure in the interior volume of the

vessel.

Another aspect of the invention relates to a fluid storage and dispensing system

20  comprising a vessel containing a physical adsorbent material with sorptive affinity for a
gas, e.g., a gas selected from the group consisting of hydride gases, halide gases and
organometallic compound gases. A gas of such type (i.e., one for which the physical

adsorbent material has a sorptive affinity) is contained in the vessel at an internal vessel
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24 WD 99/ 56057

PCT/ US99/ 09137 regulator will maintain the pressure of the gas being

di spensed at the_ set point pressure |level. The vessel 12 in | 1
enbodi nent may %gggﬁgﬁ%n be equi pped with a 5 separate fill Lgyofpgs’&gé?i n
retation to the fluid flow port at the neck of the vessel), and such
separate fill port ma e _cou (O J: | e of., |iqui QL filli .of the
vessel . Alter naP'ie‘?fgfey& ?’ﬁg‘ \g%’g'g?ﬁ tr‘r’waag‘/boél?S (rzrl’g@y B B‘éndﬁr‘ggiusagadé vfna(fhhg%)uﬁéqﬁsel%k
opening, with the_pressure regul ator t an _appropriate tenper.atur
level for filli E’&f&b& 20 P0RF p iy 2aayt ﬁg‘%‘?p‘% (SHE B 1S PSETS J1 8 dfee V"f&’é"e"?
chilled, as by placenent of the vessel in a cryostat or cqolant bath, to
reduce the tenp@ptsad fromrbeyt S0 jo.ahout 957 phtich gas ipBresfnt ranpdsor St o the ned
pressure established by the pressure regulator. The fluid pressure

regul at or then physicalisgipentanatesial.pr essure in the interior volune 15 of the
vessel which is below the set point of the regulator, thereby allow ng the
poppet el enmeft of the pressure 15 regulator to disengage fromits seat and
allowingress of fluid to the vessel, for subsequent storage of the liquid
t herein. The vessel in which the adsorbent material is contained may be constructed and

arranged with a dispensing assembly or other discharge means, as described in U.S.
Patent 5,528,518, issued May 21, 1996 in the names of Glenn M. Tom and James V.
McManus, the disclosure of which hereby is incorporated herein by reference in its
10  entirety. The vessel may alternatively be constructed as shown in Figure 1 hereof, but
wherein the liquid 17 is replaced by a bed of physical adsorbent material so;ptively
retaining a gas species which also is present in the interstices of the physical adsorbent

bed as well as in the head s;pace in the interior volume of the vessel.

15 Although the prior art has disclosed sorbent-based gas storage and dispensing
systems of the type referred described in U.S. Patent 5,528,518 as having utility for gas
storage and dispensing at pressures above atmospheric pressure, e.g., U.S. Patent
5,704,967 issued Janumary 6, 1998 to Glenn M. Tom et al. (which describes
superatmospheric pressure ‘“below about 1200 torr™), the prior art has not contemplated

20  that such sorbent-based gas-storage and delivery systems could be usefully employed as
a gas source at significantly higher pressures, e.g., above about 50 psig, and more
preferably above about 100 psig. The reason for this circumstance is that on initial

consideration, it would appear that the occlusion of volume by the physical mass of the
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Figure 2 is a schematic representation of a sem conductor manufacturing
systemutilizing a fluid storage and di spensing system 110 in accordance
with the present 20 i nvention. The fluid storage and di spensing s §t

110 includes a g&RPEFIY cylindrical vessel 112 constructed geﬂ@$§$% lgfgng
the-lines of vessel 12 in Figure 1. The vessel holds liquid at a

predeterm ned pregagune maltal Wohid e Gigidvarsseb! YreaMpPh 1“RE6 valutie! Which2WouM t h

an actuator 124 being arranged to selectively actuate the valve and effect

discharge of gas Ieﬁl?éptlrlen\%t Xvﬁ&ﬁlﬂ)f thﬁ'éﬁlj iﬂl?ch]c%attd bg §ﬁo(raeg i%‘@e%%s?mﬁ?

PCT/ US99/ 09137 The val ve act uat or I's control central processor
unit- 210, which nmay conprise a conputer or m croprocessor control
apparatus, coupled in controlling relationship with the valve actuator 124

by neans of signal trapsm ssion |ine 212. The centyal .processor . .unit 210
oy be const r uct ed ancRERSCAHSGCBRCS IS beRuR el 2ot BROPHE I IOES o
time program Alternatively, the central processor unit 210 may nonitar a

process condi t? onthathdephpyment ot sRIbRt-Brsed @At FLarage: anth giSpapsing jsysfem yiiZg high

pressure storage conditions in the interior volume of the vessel provides a striking
improvement in the storage capacity of the vessel containing the sorbent. By filling the
cylinder with a solid phase physical adsorbent material, preferably in a divided form, as
described in the aforementioned Tom et al. U.S. Patent 5,518,528, adsorbable gas can
10  be stored in the cylinder in a physical state akin to a liquid phase, with a greatly

enhanced gas storage capacity as compared to conventional high pressure gas cylinders.

Such unexpected enhancement of gas storage capacity is illustratively shown by

the data in Table I below, in which the storage capacity of BF; is compared in an

15  adsorbent-filled gas cylinder and in a conventional gas cylinder at room temperature
(20°C). The adsorptioﬁ capacity of BF; in Table I is determined using a computer
model having a predictive reliability of + 20%, for a gas storage and dispensing vessel

of 2.2 liters internal volume (equivalent to a commercially available “JY” cylinder),

with the adsorbent being a bead activated carbon sorbent material of the type disclosed

20 in Tom et al. U.S. Patent 5,704,965, the disclosure of which hereby is incorporated

herein by reference in its entirety.

Table I

33



means of process condition signal transm ssion |ine 216 which conveys a
signal 10 indi (r:]ative of a given process condition to the central processor
unit, causing the unit to responsively actuate the valve actugtfy 0 a
correspondi ng e¥@M56¥ o nodul ate the gas flowin line 142 in pr o?o%’rgf'isf)n to
t he needs of the sem conductor manufacturing facility. 15 The

central processor unit 210 may al so receive a signal correlative of the
tenperature of the vessel in.signal transm ssion line 214, which may be
joined to a therMfeSRNS0T Qldsdhint P CYIAeFDCOYPI € afighPressufdiCylinddt VeSS
112, to conpensdt Cpsidf 1|1 AWsorbed! T[UT Opredl TN NE 147 Adgorb&@l 4l | @Feet O t he
t enperature of Jessel 112. Bfs BFI he | sesricondmes or | mamFBact{ur imoeal
facility 200 mayconpri e any sulffablg arijangenment @©F s¢m gendudt or (fHr ocess
equi pnent for t PROTUCT T ORp0T  Sem cpndugt @ps mht er pal sfor devi des, @r

1%

products cont ai I MaEg | al|S Olxg0eVviiC@s3 206 ¢ VWO[99/4805 46
PCT/ US99/ 09137 H pre gigne Sem ggynaudt @gs nenuf gct uii ngig aci]l 1 t 18200
My conprise an [FOTgoh TP ANt ggd on [SYSEEM |1 1801 | aCKp, chemaggl aposse
deposition r eactOT—md'“Jtl S50l € 215 1121 0 430 430

' 1500 925 321 1246 0 642 642

As shown by the data in Tai)le 1, the total amount of boron trifluoride contained in the
5 cylinder filled with adsorbent is consistently greater than the amount of boron
trifluoride contained in the conventional (adsorbent-free) gas cylinder. For example, at
100 psig, the total amount of boron uiﬂuoﬂde contained in the cylinder filled with
adsorbent is 12.35 times greater than the amount of boron trifluoride contained in the
conventional (adsorbent-free) gas cylinder. At 1500 psig, the total amount of boron
10 trifluoride contained in the cylinder filled with adsorbent is 1.94 times greater than the

amount of boron trifluoride contained in the conventional (adsorbent-free) gas cylinder.

According to another aspect of the invention, a fluid storage and dispensing

system according to the present invention, including a fluid storage and dispensing.

15  vessel with a fluid flow port, a fluid dispensing assembly in flnid flow communication
with the port, and a fluid pressure regulator associated with the port, may be configured

with the following features:
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reagent supply and vapori zation equi pnment (including |iquid delivery
equi pnent, bubblers, etc.), etch unit, cleaning apparatus, etc. 5 In one
particul ar enbQgi of the present invention, a liquid hydsiG&oefbdi-d is
mai nt ai ned und%{oprfsg&s%ure in vessel 112 and gas derived there rom{)s
sel ectively dispensed in line 142 to the sem conduct or manufacturing

facility 200 cogpri Sinfgte@ JoRiined sMbsRMantdbon 0NaEH ahere pRferfbly RENGEHaHAE .
together with suitable carrier and/or 10 di luent gas(es), is subjected to

ionization, and the LGk g gy ed, | I such
as a sem conduct or dég\?:ﬁ%:getalﬁ?g‘gtt?)gec{%g@ ?ﬁi{%gbdgmsgﬁgégéhglt%éﬂ%fﬁw

sem conduct or manuf ning facility 200 subsequent to use of the dispensed
gas, discharges an gﬁ%‘#de‘% ngsﬂlg r’eaetllr%n inline 202 which nay be flowed to
an 15 ef fl uent gas treatnment system 204, for treatnent and di scharge of
final purified @fl wendletiopedinglerg2Oian 1 inckNGT. be recogni zed that the

sem conduct or manufacturing facility may be widely varied and confi gured,
as.for exanple to enploy a nultiplicity of process gases 20 which may be
di spensed from correspondi ng individual fluid storage and di spensing

vessel s constructed d o rat{%gqb' n, accordance w.th the gr esent invention.

It will also be rec 2’8*%'3 P chas) & REesSyrs capability, i Gy & GAMWUAYS SEIVISE At us

of- the present invention provides a hidghl y effective and readil ¥h fabr{ cated
means for high pressure level that can be accommodated ‘without adverse effect (rupture of the vesse

or leakage of fluid therefrom), of up to at least abont 1000 pounds per square inch, and

more preferably up to about 5000 pounds per square inch.

10
In one embodiment, such vessel may be of 2.0 liters internal volume with a 1.5
inch NGT cylinder valve inlet, so that the inlet opening is sufficiently large to fit a
regulator device such as an IFS set point regulator.
15 For the “regulator in a bottle” configuration, an inlet opening of such character

(> 1 inch NGT) is necessary, since (1) the diameter of a regulator such as the IFS set
point regulator is typically greater than 1.5 inch and less than 1.6 inch, which requires
an opening on the order of 1.5 inch NGT in order for the regulator to fit inside the
cylinder, and (2) an NGT opening is the only accepted and USDOT approved cylinder
20  inlet for applications involving the storage and delivery of gases such as BF,, AsH,, F,,
PH,, SiH,, etc. Any other type of cylinder valve inlet such as an externally threaded
connection or a straight thread is not cumently accepted as a legally permissible

connection by the USDOT for such gases.
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27 WD 99/ 56057

PCT/ US99/ 09137 capacity storage and delivery of fluids such as arsine,
which are able to b 64 kquefled under pressure W thout undue eféRidoonsar
expense. Furt heM© %‘ teriorally disposing a fluid pressure regulator in
the interior 5 volune of a fluid storage and di spensi ng vessel, the
vessel may be fabricated with only a single seamat its neck portion as a
potential |eakage path for ingress or egress of fluid species. Accordingly,
the vessel may be reag thé’ma{ilﬁ chf Fﬂ?efsse?é‘gf il ¥R wili> ] HoR N et Spaiiis ed
gas pressure regul ato d rominpact as well as environnental
exposure, whi ch oul d ot se de af f ect the structural
integrity or %'ed’ﬁ%pF%ft (ﬂ‘f sfeﬁe y@ s)’eﬁ%&%g%l wel | as constituting an

addi ti onal potentlal | eak path f.or the r .di spensi ng vessel. Wile
t he approach of the s%te @é&?ﬁ‘%%ﬂ‘c 'Elbﬁﬁg%‘fyq@ ri aj?"ﬁ Figures 1 is
general |y satisfactor IS possi bI et nder .1 ang-term st orage
condi tions of Sthe fl uéﬁ 15‘onm% & £ylind E‘dﬁa%a\g% tl“EﬁtFlERmﬂ 51@‘?%] on the
downstream si de of the menbrane can occur. For exa

ane C! -or o) T th]e .\f.esselhis
reposed on its side afd tﬁéchﬁ'éf!ﬁtbe%&nﬂwpél)&%ﬁb@ea \Pétf{eﬁfgsse utilizing either

a manual or an automated machining process.

A specific embodiment of the vessel of such type comprises a 2.0-2.25 liter

10 DOT 3AA 2015 cylinder with a 1.5 inch NGT opening with a 1% -11% NGT thread,
with the vessel having a 4.187 to 4.25 inch outer diameter, a nominal wall thickness of
0.094 to 0.125 inch, a nominal neck outer diameter of 2.5 inches, a maximum neck
inner diameter of 1.5 inches as spun, and a length of 12.75 to 13.75 inches. Such a
vessel is suitable for use with boron trifluoride as the gas species being stored in and

15 dispensed from the vessel.

Figure 3 is a schematic cross-sectional elevation view of a fluid storage and

dispensing system 300 according to an illustrative embodiment of the present invention.

The system 300 includes a fluid storage and dispemsing vessel 302 of generally

20  cylindrical form, with cylindrical side wall 304 closed at its lower end by floor member
306. At the upper end of the vessel is a neck 308 including a cylindrical collar 310
defining and circumscribing a top opening of tﬁc vessel. The vessel wall, floor member

and neck thereby enclose an interior volume 328 as shown.
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hei ght of the perneabl e phase-separator nenbrane in such position, then a
smal |l potential gradient is present and is equal to the gravitational
potential associated with such liquid "head." In order to quH%&%&ﬁﬁ this
liquid head po™MOBEST |iquid will 20 condense on the valve side of the
menbrane until the respective liquid |evels on the opposing sides of the
menbr ane have equal i zed. Additionally, for qas st orage and di spensi ng

p

vessel s of the hi gh fribeseskef hyivesseled thrgaded plug 212 ofsheyalve bgad assrmbin3l4 sy
enpl oyed for boron trifluoride (BP[err]), the gas 28 WO 99/ 56057

PCT/ US99/ 09137 gtreadaljyengagraoviththointeriopthsspdedapenisg ofshextdlipr Hé: dinavaleahead
limted by the cylinder pressures. The pressures that woul d be necessary
for |iquefacti oassahbly hgl4gashides sucéntiah Stuid sy rpassagee 390 ghinkd tinvBuid Sflow
Further to the above, the gas cylinder vessels conventionally used for

conpressed gas g&hMuilatiol Pithal deitrdl iwokkiZEvol@hy Eavit ircths valesheye assambly. The
Nati onal Gas Taper (NGI) standards, of [err] inch NGI, [err] inch NGI, and

smal ler. 1n grdeinubPwbiksWoluneSoaRiyistin bl joifiedas oade 324, Whichhiyt becexteripfly oach,
| arger cylinder inlets are required than are
threaded or otherwise constructed for attachment of a connector and associated piping,

conduit, etc. thereto.

Disposed in the central working volume cavity is a valve element 322 that is
10  joined to a hand wheel 326 in the embodiment shown, but may alternatively be joined

to an automatic valve actuator or other controller or actuating means.

The valve head assembly 314 also features in the valve block a vent flow
passage 316 joined to an over-pressure relief valve 318 and communicating with the
15 interior volume 328 of the vessel, for relief of gross over-pressure conditions in the

vessel.

The central fluid flow passage 320 in the valve head assembly 314 is joined at

its lower end to a connector flow tube 330, to which in tum is joined to the regulator

20  332. The regulator is set to maintain a selected pressure of the fluid discharged from
the vessel.. At the lower end of the regulator is joined a tubular fitting 336 which in turn

is joined, e.g., by butt welding, to a diffuser unit 334 having a diffuser end cap 331 at its
lower extremity. The diffuser unit may be formed of stainless steel, with the diffuser

wall being formed of a sintered stainless steel such as 316L stainless steel. The diffuser
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currently conventionally avail able. The Conpressed Gas Association's
(CGA's) largest 10 recommended conpressed gas cylinder inlet is a 1.5 inch

NGT-11[err] tpi s per inch) opening having a mninmmdiga

1.79 inch. Openi &Jd)s”fgnger than [err] inch NGT are typically d%g&ﬁ or
appkications in which high flows and |arger cylinders (> 50 liters i nternal
vol une) are reqwred The ipventors are nat aware of any cylinders

vol unes of |ess t¥#nbap? ‘”f’%r%"’?%éit ‘hﬁ'a\PEmBﬁeFﬁ'?Pdgl I°5r3d11erpa‘?'ﬁ]§ﬁ qeqt‘ﬁcwa’i\l@f
and it is 15 very unlikely that any openings larger than 1 inch NGT have
‘been enpl oyed forpregﬂqm@éqléwmeteh oulb| grpaser than ¢.8Q3smigrametery at 3¢ gtandard lijers paer
to commercially enable the "regulator in a bottle" approach, it is
necessary to proviingteaflew ratedfrgas Heam she systanes Rilgrt diffussr aniss obespelr type rare of
20 Transportation (USDOT) packagi ng standards, has a | arger inlet opening
than i s convent i otoairheyciadlyaavhitabledronaMillipara Corporeion (Bedford MA) wgier the trademagnge
of from about 1000 to about 5000 pounds per square inch (psi). No such
vessel has been pwaRBRGARD. fabricated by the prior art, and none has been
comercially avail able. 29 WO 99/ 56057

PCT/ US99/ 09137

In use, a suitable fluid reagent is contained in the interior volume 328 of the

~ vessel 302, e.g., a high pressure gas or a liquefied gas, or alternatively a sorbable gas
sorptively retained on a physical sorbent having sorptive affinity for the gas, wherein

10 the interior volume contains a bed of suitable solid-phase physical sorbent material.
The fluid pressure regulator 332 is set to a selected set point to provide flow of
dispensed fluid when the valve in the valve head assembly 314 is opened, with the fluid
flowing through the diffuser unit 334, fitting 336, regulétor 332, connector flow tube

330, central fluid flow passage 320 in the valve head assembly 314, the central wbrking

15  volume cavity, and outlet 324. The valve head assembly may be joined to other pip_ing,
conduits, flow controllers, monitoring means, etc. as may be desirable or required in a

given end use application of the invention.

Figure 4 is a perspective view of the valve head assembly 314 of the Figure 3

20 fluid storage and dispensing systerh. In Figure 4, wherein corresponding elements are
correspondingly numbered to Figure 3, the plug 312 is shown as being provided with
threading 313 complementary to threading on the inner surface of the collar 310,
whereby the plug of the valve head a.;.sembly and the vessel may be complementarily

mated with one another in a leak-tight fashion.
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In the fluid storage and di spensing system of the invention, including a
flurd storage and di spensing vessel featuring a fluid flow port, with a
fluid dispensi ngY assenbly coupled in fluid fl ow comuni cati on WI th t£§7
port, the regul XY®P%3t i s associated with the port accordi n§Ye R

I nvention nmay suitably conprise a double 5 stage regqul ator, to resol ve

t he phase separation issue described herei nabove. As nentioned, if the
storage and di spensing vessel utilizes a single stage regulator in

conbi nation with a phase-separator unit, the vessel if reposed on_its side
may contain suffici erfigure §us en elevaiipmyicy o the diffussr yail %@Qﬁﬁ@smﬁﬁéﬂ?@ $he
hei ght of the 10 per meabl e phase-separator nmenbrane. Under such

condi tion, |iqui fluidistorage andidisprasiog system 3091 \ihe dliffiseromitt33é asrshewmndne a tubular t he
respective liquid | evel s on the opposing sides of the nenbrane have

equal i zed. The ufisingfporiod ahdslie the¢adef with gnkading 335 foranasbls engagehent tvabrtherg.

If liquid from15 the bulk interior volune of the vessel noves between the

first and sec®ndhaisiagef e rdghitod 38hihews irtBiguiesgul at or, the
pressure-sensitive elenment of the high-pressure stage of the double stage
regul ator (the high-pressure stage being the stage of the regulator in
initial fluid fl ow conmunication with the liquid in the vessel, and the

| ow-pressure stage beatiage 61§ aSaR@fy Qlfokélhﬁwi)ﬁﬂbl\lv%tf %c x'cElﬂ&Hp%?ﬂéﬁB& F{gluké' 3l

fl ow communication to tThe first 20 stage) wi | forced to a cl osed

T Yot B S T S 1 s e
.ﬂmd inlet 333, to which the tubular fitting of the diffuser unit is threadably joined. The
10  regulator 332 at its upper end is provided with a fluid outlet 335 that is joined to
connector flow tube 330 as shown in Figﬁre 3. The regulator may be a single stage
regulator or a multiple stage regulator. As mentioned, a double stage regulator has the
advantage that it overcomes the fluid condensation problems attendant the use of
membrane phase separators, relative to overturning or tilting of the vessel, and the
15  vessel may employ a single or multiple stage regulator, without such a membrane phase

separator unit, and with or without the particulate-filtering diffuser unit, as may be

desired in a given end-use application of the present invention.

Figure 7 is a sectional elevation view of an upper section of the fluid storage and

20 dispensing vessel 302 of the Figure 3 fluid storage and dispensing system 300. The
illustrated portion of the vessel 302 includes the cylindrical wall 304, neck 308 and
collar 310. The interior surface of the collar is threaded with threading 309 that is
complementary to the threading 313 on the plug 312 of the valve head assembly 314

(see Figure 4). The vessel may be formed of a stainless steel material or other ferrous
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cldsed and the pressure in the interstage region (between the high-pressure
stage and the 30 WO 99/ 56057

PCT/ US99/ 09137 | ow pressure stage) rises, such increased inter

pressure will haW¥@°?7¥% e i npact on the final pressure of thepiﬁﬁggmwwv

di scharged fromthe second stage. The pressure set point for the

hi gh- pressure st ageiofiiohN6r s Shetdl Cor’ fSHmBhD imAdHAl 3f col@rusdn, LibrAKd as
sui tabl e pressure | evel "above the pressure of the final stage (low pressure

stage) of the dUaksbaOftiMle WY profitind 6> 3HAANNGTREL opehifie bhibifopriare

condensation issue of the single stage regul ator arrangenent 1s r

W t hout | npact og«%ﬂgngxerall operation of the fluid storage and di spensing
system including e |P¥‘operation (fluid charging) of such system 10
Accordi ngly, the storage and di spensing systemutilizing a dual stage

regul ator may be configured as generally shown in Figure 1, described

her ei nabove, but wherein the pressure re%uliitor_ 26 i s. a dual. sta%e .
regul ator ratfer than!Be W98} @d ppgit Hlugtratively disclosed herein may be utilized

separately or in various permutations or combinations with one another, to provide a
fluid storage and dispensing system constituting a useful source fluid apparatus for

specific usage requirements.

10 Thus, while the invention has been illustratively described herein with reference
to specific elements, features and embodiments, it will be recognized that the invention
is not thus limited in structure or operation, but that the invention is to be broadly
construed consistent with the disclosure herein, as comprehending variations,
modifications and embodiments as will readily suggest themselves to those of ordinary

15  skill in the art.

INDUSTRIAL APPLICABILITY

The fluid storage and dispensing system of the invention may be industrially employed
20 to advantage in the manufacturing of semiconductor devices, in which gases are
required for various unit operations, such as etching, chemical vapor deposition, ion
implantation, etc. Many of such gases are hazardous and/or expensive, and the gas
supply vessels must be leak-tight, and highly reliable in dispensing source gases with

precision, as well as preferably having a high storage capacity, since space constraints
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15 doubl e-stage fluid pressure regulator thereby is associated with the
port of the vessel, and is arranged to nmaintain a predeterm ned pressure in
the interior volu of .the vessel. Another aspect of the invept.i l,at es
to a fluid stor é’égggésr?{’fmi spensi ng system 20 conprising a vegétlﬁ&%&s‘?
contai ning a physical adsorbent material with sorptive affinity for a gas,
e.g., a gas selected fromthe group consisting of hydride gases, halide
gases and or ganoMetseMicPRIVCSRTRApHERCYERS Jacilitics, are o yery | MEREEYpe (he. gloragefpdf or
whi ch the physical adsorbent material has a sorptive affinity) is contained
in the vessel at diPEOSIAg SYSRM oh e prspenBinventiopys %ﬁﬂ@ﬁwﬁm for such applications and
PCT/ US99/ 09137 pressure of from about 50 to about 5000 pounds per square

i nch gauge (psi ginmenting sychistisgeria.f r om about 5 to about 40% of such gas is
present in a free (unadsorbed) state and from about 60 to about 95% of such
gas is present in an adsorbed state on the physical sorbent material. 5 The
vessel in which the adsorbent material is contained may be constructed and
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arranged with a di spensing assenbly or other discharge neans, as descri bed
in-U S Patent 5,528,518, issued May 21, 1996 in the names of Genn M Tom
and Janmes V. McManus. the disclosure of which hereby is inco erein
by reference i WVOPEHB entirety. The vessel nmay alter nativef%%%ﬂw
constT Ln Figure 1 hereof, but wherein the liquid 17 is

repl ac d of physical adsorbent material sorptively retaining a gas
speci eﬁ"’ﬂﬂ”@ﬁi’ﬁﬂ ir”i"ﬁresent in the interstices of the physical adsorbent
bed as we ead space in tgh%% @I‘qﬁg% vol une of the vessel. 15
Al though the prior art has disclosed - ed gas storage and

di spensing systens of the type referred described in U S. Patent 5,528,518
as having utility for gas storage and di spensing at pressures above

at nospheric pressure,_e,gd.,, U S Patent 5,6 704,967 issued January 6, 1998 to
G enn M Ton1et§gﬁﬁﬂggﬁﬂgﬂ9§escribes super at nospheric pressure "bel ow about
1200 tore"), the prior art has not contenplated 20 that such sorbent-based
gas storage &nd delivery systens coul d be usefully enployed as a gas source
at significantly higher pressures, e.g., above about 50 psig, and nore
preferably above aboniguiQebritiabd difP@sing systim, tomprisiigs Ci rcunstance is that
on initial consideration, it would appear that the occlusion of volune by

t he physical mass of the 32 . . i L _
a fluid storage and dispensing vessel enclosing an interior volume for holding a

fluid, wherein the vessel includes a fluid flow port;
a fluid dispensing assembly coupled in fluid flow communication with the port;

10 a double-stage fluid pressure regulator associated with the port, and arranged to

maintain a predetermined pressure in the interior volume of the vessel;

the fluid dispensing assembly comprising a flow control element which is
selectively actuatable to flow gas, deriving from the fluid in the interior volume
of the vessel, through the fluid pressure regulator and fluid dispensing assembly,

15 for discharge of the gas from the vessel.

2. A fluid storage and dispensing system according to claim 1, wherein the fluid

pressure regulator is interiorly disposed in the interior volume of the vessel.

20 3. A fluid storage and dispensing system according to claim 1, wherein the fluid
pressure regulator has operatively associated therewith a phase separator, for

preventing flow of liquid through the fluid pressure regulator.

I —
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WD 99/ 56057 _ PCT/ US99/ 09137
sor:agnt (rjrat eri ﬁl woul d be di saﬂmgﬁ)mmmuﬁmat : ggba "| ost dvoI unme" whi chI
wou reduce the net anount of ou e storedj ssel .
Agai nst this ci VR nce, it Rwascbeen ®surprisingly. and unexsgg?%%{a?\ﬁ

di scovered 5 t hat depl oynent of a sorbent-based gas storage and

di spensing systemutlizing high pressure storage conditions in the interior
vol une of the vessel provides a striking inprovenent in the storage .
capacity of the vessel containing the sorbent. By filli ng the cylinder with
a solid phase physi8dluihetemehend: dispensing systemmeedrdipg b glair3.avherejn hephassr m  as
described in the aforenentioned Tomet al. U S. Patent 5,518,528,

adsor babl e gas can $paratobeongirisessigas-pernicable \liguiddimpeimeable pieybrapel st ate akin
to a liquid phase, with a greatly enhanced gas storage capacity as conpared
to conventional high pressure gas cylinders. Such unexpected enhancenent of
gas storage capacity is illustratively shown by the data in Table | bel ow,

in which thg storagg g@dakirhge d Bispensing CIBAr Rdordinga0d di&im 1, wherein the
adsorbent-filled gas cylinder and in a conventional gas cylinder at room

tenperature (20'C). diIﬁh%siaQ_aﬁsxﬂsliy%bhgﬁpaqiokwc&fuo%é\l/é Spelatiel9 cg\gﬂ&i Wik ar m ned

using a conputer nodel having a predictive reliability of + % for a gas

storage and di spensi,g.& g&&ﬁ&l thg‘%folgn%,glr%x; %V\tnﬁ?htm SontdhierV ok UbRadfzOmt walvent to

a comercially avai "Jy" t he adsorbent being a bead

activated .Car bon Sogctplﬁpotr tg?rﬁgarxé Qﬂjus@;lentt QF theXRfve %rsc%l)t?(ﬁﬁg discharge flow of gas
deriving from fluid in the vessel.
10
6. A fluid storage and dispensing system according to claim 1, further comprising
a liquid contained in the vessel interior volume selected from the group

consisting of liquefied hydride gases and liquefied acid gases.

15 7. A fluid storage and dispensing system according to claim 1, further comprising
a liquid contained in the vessel interior volume selected from the group
consisting of arsine, phosphine, stibine, silane, diborane, hydrogen fluoride,
boron trichloride, boron trifluoride, hydrogen chloride, halogenated silanes and
disilanes.

20

8. A fluid storage and dispensing system according to claim 1, further comprising
a liquid contained in the vessel interior volume selected from the group

consisting of arsine, boron trichloride and boron trifluoride.
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20 in Tomet al. U S. Patent 704, 965, the disclosure of which hereby is

i ncorporated herein by ref (Hmmﬂllu "H”ﬂ"ll rety. Table | 33 WO 99/ 56057
PCT/ US99/ OQlS?&@giﬁge ed Cyliner Pr ess%ézus@,hd‘gyjer

(psig) Adsor *Adsor bed BF3
Tot al BF3 BF3 Total ( g) (9) (9) (9)
(9) (9) 223 0 6

6 100 56?9 A fluid stogqge and gas dlsgaygmg system, Gompnsmg 48 46 500
836 109 945 0 218 218 800 889
173 1062 0 346 346 1000 906 215
1121 0o . 430 430 1500 925 321 1246
0 642 a storage 6dddispensing wessdd\constmerdd tand jarrarigad far holdinghe ligeid avhossrount

of boron trifluoride contained in the
vapor constitutes the fluid to be dispensed, wherein the fluid is contained in the storage

5 and dispensing vessel, at a pressure at which the fluid isin a liquid state;
the storage and dispensing vessel including a fluid flow port;

a dispensing assembly coupled to the outlet port; and

10
a fluid pressure regulator/phase separator assembly interiorly disposed in the vessel, to
retain liquid in the vessel and to prevent liquid from flowing into the dispensing

assembly during gas dispensing; and

15 a controller for selectively actuating the dispensing assembly to effect flow of gas
deriving from the liquid in the vessel, through the fluid regulator/phase separator

assembly and the dispensing assembly, for discharge of the gas from the system.

10. A fluid storage and gas dispensing system according to claim 9, having a single

20  seam at the fluid flow port.

11. A fluid storage and gas dispensing system according to claim 9, wherein the
phase separator comprises a porous membrane which is permeable to gas deriving from

the liquid, but is not permeable to the liquid, disposed upstream of the pressure

— .
. 44
This Sheet HasB

[T

THIS SHEET HAS BEEN
REPLACED




5 cylinder filled with aMntly greater than the anount
ofI bo(rjon trifluori dF cont ai'n-ﬂ ' & “am\l onal (adfso[)bent -free) gasd
cylinder. For example, _at 10-$ E!“ “ wm amount of boron _trj Lde
contained in thewgg?’fﬁﬂﬁer filhedcw wdsordent is 12.35 ti rres"szé]'}rufgél9 gﬁ’than
t he-amount of boron trifluoride contained in the conventional
(adsorbent-free) gas cylinder. At 1500 psig, the total anmpunt of bqgron 10
trifluoride cont acadgor 1p thadheliqud,isprevented g’ﬁ"\/ﬁ“feﬁ“éa%‘blf‘ﬁgﬁ‘?“gi with thg funciipn, 5
greater than the anount of boron trifluoride contained in the conventi onal
(adsorbent - free) @fabe Syidi presswre rogulagnr dn mpintyniag dhenliquid ppibe vessel. abpreventing

i nvention, a fluid storage and di spensi ng system according to the present

i nvention, incl udégmeys of liquid o thgvasgel. and di spensing 15 vessel with a
fluid flow port, a fluid dispensing assenbly in fluid flow comruni cation
with the port, and a fluid pressure regul ator associated with the port, may
be configured with the followi ng features: 34 WO 99/ 56057

PCT/ US99/ 091375 (i92. a0 flufat eorig) andlab MRpefsidgessteinhbordibo s clab bj whersin theor e
preferably | ess than about 20 liters, and nost preferably |ess than about

10 liters, e.g., veisel B daRATHRI Miw porRM

13. A fluid storage and gas dispensing system according to claim 9, wherein the
vessel contains a fluid selected from the group consisting of liquefied hydride

10 gases and liquefied acid gases.

14. A semiconductor manufacturing system comprising a semiconductor
manufacturing apparatus utilizing a gas, and a source of said gas, wherein said

source comprises:

15
a fluid storage and dispensing vessel enclosing an interior volume for holding a
fluid, wherein the vessel includes a fluid flow port;
a fluid dispensing assembly coupled in fluid flow communication with the port;
a fluid pressure regulator associated with the port, and arranged to maintain a
20 predetermined pressure in the interior volume of the vessel;

the fluid dispensing assembly comprising a flow control element which is

selectively actuatable to flow gas, deriving from the fluid in the interior volume
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about | to about 10 liters+ an 1 nlet opening larger than 1 inch

NGT. 5 Such vessel preferabl f capability, i.e., a continuous
service pressure |evel thatu MBWt ed w thout adv Shiaet
(rupture of th&QRE8%& or | Ovsf1'si d*t herefrom), of up to at |east

about 1000 pounds per square inch, and nore preferably up to about 5000
pounds per square inc 10 on adi nent, such v el .may .be of .2 0
liters internal vol u??ghweﬁﬁl’%‘.‘&' ‘ﬁ‘?qﬁ't‘fg N{gﬁ“{%ﬁ%ﬁ@f&a‘@iﬁ“{}t‘i‘f%ﬁs&% g t_’?’ﬁat
the inlet opening is sufficiently large to fjit a regul ator device such as
an |1 FS set point regler diseharge pEthe gas from thegiessehe " reqgul ator in a bottle"
configuration, an inlet opening of such character (> 1 inch NGI) is
necessary, since (1) the dianmeter of a regulator such as the IFS set point
regul ator is typically greater than 1.5 inch and |l ess than 1.6 inch, which
requi res an openbng Arsemivenductie rmafufatiubing rsyste@Tcirding el glair od, mhereinethal at or
to fit inside the cylinder, and (2) an NGI opening is the only accepted and
USDOT approved cyl i neaticonBuctorinmnefactiiting appatatus d¢ selzoed fromahe/gmgp ¢dasistatgaf age
and delivery of gases such as BF, AsHerr], Flerr], PHerr], SiHerr] etc.

Any other type of Cyjohnigilaniatibly echisiibeed, chemhicaRSapot depbsitionakdaytois) Mitmtracks
connection or a straight thread is not currently accepted as a legally

perm ssi bl e units, bubblers, liquid delivery units, and cleaning equipment.

16. A method for storage and dispensing of a fluid, compnising: |
10
containing the fluid in a confined state against a fluid pressure regulator in a-
fluid flow path closed to fluid flow downstream of the fluid pressure regulator;

and

15 selectively dispensing the confined fluid by opening the fluid flow path to fluid
flow downstream of the fluid pressure regulator, and discharging fluid at a rate

determined by the fluid pressure regulator.

17. A method according to claim 16, wherein the contained fluid is a liquid and the
20 flnid during dispensing is phase-separated upstream of the fluid pressure
regulator, to permit only gas to be discharged from the fluid contained in a

confined state.

18. A method of manufacturing a semiconductor product, comprising:
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connection by the USDOT for WD 99/ 56057

PCT/-US99/ 09137 I n t he manuf acfim'! W’ Hﬂ I"i"tf such type with a >1 inch
NGT inlet openin roces ps typically in ‘

cold pressing a %Qt %ﬁ% 7|Dsk into a cyI [ ndr| cal cup; 5 ?ﬁﬁﬁw};&g% ng
the-cylinder neck by hot nmetal spinning; and (3) fabricating the cylinder
opening in the neck of the vessel utilizing either a manual or an autonated
machi ni ng process. A specific enbodi mrent of the vessel of such type .
conprises a 2.0-2.25 liter 10 DOT 3AA 2015 cylinder with a 1.5 inch NGI
opening with a 1[err] <dmainag thehfleiddn avionfined states against a iflaid progssaredeguddrornip a
4.25 inch outer dianeter, a nomnal wall thickness of 0.094 to 0.125 inch,
a nom nal neck outer diflaidefiosw patf cldseB to findid @ew dawnwsreammofithe dlold presswe regnlatwet er
of 1.5 inches as spun, and a length of 12.75 to 13.75 inches. Such a vessel
Is suitable for use with boron trifluoride as the gas species being stored
I n and 15 di spensed fromthe vessel.

5 selectively dispensing the confined fluid by opening the fluid flow path to fluid

flow downstream of the fluid pressure regulator, and discharging fluid at a rate

determined by the fluid pressure regulator; and

using the discharged fluid in the manufacture of the semiconductor product.

10
19. A method according t0 claim 18, wherein the use of the discharged fluid
comprises ion implantation.
20. A method according to claim 18, wherein the use of the discharged fluid
15 comprises chemical vapor deposition. |
21. A fluid storage and dispensing system according to claim 1, wherein the fluid
pressure regulator is arranged for discharge of the gas from the vessel at a
sn_xbatmosphcn'c pressure.
20
22. A fluid storage and dispensing system accofding to claim 1, wherein the fluid
pressure regulator is arranged for discharge of the gas from the vessel at a
pressure below 700 Torr.
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Figure 3 is a schematic cr - [ ljgyati on view of a fluid storage
and di spensi ng system 300 gﬂ mglmg‘lgmml ustrative enbodi nent of the
present invention. The syst J nel udes*a fluid storage | i ng
vessel 302 of JENEry 20 cylindrical form with cyli ndr?%%’g%? eg’swau
304 closed at its lower end by floor menber 306. At the upper end of the
vessel is a neck_ 308 including a cylindrical collar 310 definjng and
circunscribing 33t opAdb’éﬁF‘ﬁ&g%fmdc ﬁé RPSREPE SYFIFIR oseudiing tqeplqim I"g’BF“‘r’r.'é’Frber
and neck thereby enclose an interior volune 328 as shown. 36, . WD 99/ 56057
PCT/ US99/ 09137 At t hiduif Peqssuss reghiatoy/phase sepagtqriasseapbiis Argpged ifor discharge of 5 ve
head assenbly 314 is threadably engaged with the interior threaded opening
of the collar 310. Tthe sasdronethssystemhaasubatpospheiq pressWees a central fluid '
fl ow passage 320 joined in fluid flow communication with a central worKking
vol une cavity in the valve head assenbly. The 5 central working vol une
cavity is in turn joined to outlet 324, which nmay be exteriorly threaded or
ot herwi se cofist pdict edl fluid statap® alnhpast dispensing: systeac dqordmgdo atadn @, athertinpthpi ng,
conduit, etc. thereto.

fluid pressure regulator/phase separator assembly is arranged for discharge of

the gas from the system at a pressure below 700 Torr.

25. A semiconductor manufacturing system according to claim 14, wherein the fluid
10 pressure regulator is arranged for discharge of the gas from the vessel at a

subatmospheric pressure.

26. A semiconductor manufacturing system according to claim 14, wherein the fluid
pressure regulator is arranged for discharge of the gas from the vessel at a

15 pressure below 700 Torr.

27. A method according to claim 16, wherein the fluid pressure regulator is
arranged for. discharge of fluid to the fluid flow path at a subatmospheric
pressure.

20
28. A method according to claim 16, wherein the fluid pressure regulator is

arranged for discharge of fluid to the fluid flow path at a pressure below 700

i



-

Di sposed in the central workin . y is a valve elenent 322 that
is 10 joined to a hand V\/neml\‘ ﬁ@‘m @ﬂln&yodl ment shown, but may
alternatively be 0| ned to ve actuator or ot h% ,%gﬁoggl,l er
or actuating mea¥e? 2 val ve head assenbly 314 also features I'n

bl oek a vent flow passage 316 joined to an over-pressure relief valve 318

and communicating wwth the 15 interior_volunme 328 of the vessel, for
relief of gross g?fer -Hriethed accopting fq slaimi 1P, tW%é%"eF]“‘dTH’@ssé‘Eﬁnferg&WOH‘ﬁl d
fl ow passage 320 in the valve head assenbly 314 is joined at its |ower end
to a connector flow tassesed3fyr disshasgr ef flnid fouthe fluid jflopnpath tap 2t srbatmosRiieEE or
20 332. The reqgulator is set to maintain a sel ected pressure of the fluid
di scharged fromthe vmeswt. At the |ower end of the regulator is joined a
tubular fitting 336 which in turnis joined, e.g., by butt welding, to a

di ffuser unit 334 having a diffuser end cap 331 at its |lower extremty. The
diffuser unit may be fornmed of stainless steel, wth the diffuser wall

bei ng forned ®f 30.Si NA emalods acordings o $labe| 185 Ueliereis thkl fhids pressntee segukatoeds .
The diffuser 37 WD 99/ 56057

PCT/ US99/ 09137 arranged for discharge of fluid to the fluid flow path at a pressure below 700

Torr.

31. A fluid storage and dispensing system, comprising:
10
a fluid storage and dispensing vessel enclosing an interior volume for holding a

fluid, wherein the vessel includes a fluid flow port;
a fluid dispensing assembly coupled in fluid flow communication with the port;

a double-stage fluid pressure regulator associated with the port, and arranged to

15 maintain a predetermined pressure in the interior volume of the vessel;

the fluid dispensing assembly being selectively actuatable to flow gas, deriving
from the fluid in the interior volume of the vessel, through the double-stage
fluid pressure regulator and fluid dispensing assembly, for discharge of the gas
from the vessel.
20
32. A system according to claim 31, wherein the double-stage fluid pressure

regulator is interiorly disposed in the interior volume of the vessel.

49
This Sheet Has Been Repl THIS SHEET HAS BEEN

T A




unit has a wall porosity th ' | of all particles greater than
a predeterm ned di aneter, erul‘mgﬂ&m&ﬂmg ©0.003 mcroneters at 30
standard liters ] nut e c e 0l sgas fromthe system,Ei

wetslseet, RPE

di ffuser units type are comercially available from

Cor poration (Bedford, MA) under the trademark 5 WAFERGARD. In use, a
suitable fluid reagent is contained in the interiaqr vo]une 3%@1 of . the
vessel 302, e. 3 ahFyirmpicsendinedoglam . whereip the dispensing assgmbly malpdesg e y
a sorbabl e gas sorptively retained on a physical sorbent having sorptive
affinity for the gadlowpsirel Yﬁl‘{FOOPeWECIVﬁ9‘§¥%W‘tK)GIWYE acWAOR theteTer Adiahf
sui tabl e solid-phase physical sorbent material. The fluid pressure

regul ator 332 is setautomatic enniroldar dor acwatingthe val yepacpatoy keigitiatecajustmes of s s ed
fluid when the valve in the val ve head assenbly 314 is opened, with the
fluid flow ng throughlve e coitfolled discharge flo@f gasf detiving fro@3Biid inghriveatebr 332,
connector flow tube 330, central fluid fl ow passage 320 in the val ve head
assenbly 3145 the central working 15 vol une cavity, and outlet 324. The
val ve head assenbly may be joined to other piping, conduits, flow

controllers, nogy t org figid WaRE anddispensiy T mACcoiding (oMM 30! furhétitompasing) a
given end use application of the invention. Figure 4 is a perspective view

of the valve head assgilh Yeorththe®fin tthe vELsEI iiferior ARlunte SdisktHl BOMY the 3Bup
di spensing system In Figure 4, wherein corresponding elenents are

cor respondi ngly numgr.edy,t g 18 Fhydridd fiesiihlt Sqivhiea o glaeun as bei ng
provided with
10 35. A fluid storage and dispensing system according to claim 31, further comprising
a liquid contained in the vessel interior volume selected from the group
consisting of arsine, phosphine, stibine, silane, diborane, hydragen fluoride,
boron trichloride, boron trifluoride, hydrogen chloride, halogenated silanes and
disilanes.
15
36. A fluid storage and dispensing system according to claim 31, further comprising
a liquid contained in the vessel interior volume selected from the group

consisting of arsine, boron trichloride and boron trifluoride.
20 37. A fluid storage and gas dispensing system, comprising:

a storage and dispensing vessel constructed and arranged for holding a liquid

whose vapor constitutes the fluid to be dispensed, wherein the fluid is contained
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threadi ng 313 conpl ementary t nHmmuﬂmMe i nner surface of the collar
310,” whereby the plug of the mn e |y and the vessel nay be
conpl enmentarily i th one* arfot fer "i n®a Teak-tight fashi opcyaResnerfO
99/ 56057 HBbfisod! PCT/ US99/ 09137

Figure 5 is an elevation view of the diffuser unit 334 enployed in the

Figure 3 fluid storage | S S 4. 300... | VIl as
shown has a tubul ar f1nttﬁ€%%rg%eoar%§irazsﬁ&gwg%%%sgghﬁ%gséglg%\ng{“%ﬁ Fﬁ?{g&d&? F{{;a %?ﬁ
for matabl e engagenent with the 5 housi ng of the regulator 332 shown in
Figure 3. Figure 6 is“@e’partially br oken away view of the regul ator 332 of
the Figure 3 fluid storage and di spensi ng system 300. The regul ator 332 as
illustrated has a lower fluid inlet 333, to which the tubular fitting of
the diffuser unit is threadably joined. The 10 regul ator 332 at its upper
end is provided with @CF‘IOEHEHa‘lf{ﬁﬂfpé{m%‘ﬁs%eh'd'?l@@g?@luﬂéﬁ’“tEP“éonnector f1 ow
tube 330 as shown in Figure 3. The regulator may be a single stage

regul ator or anultiple stage regulator. As mentioned, a double stage
regul ator has the advantage that it overcones the fluid condensation

probl ens attendant t hadispeasiog assembly coupled to the outlet port; and

a double-stage fluid pressure regulator/particulate filter assembly interiorly
disposed in the vessel; and

10
a controller for selectively actuating the dispensing assembly to effect flow of gas
deriving from the liquid in the vessel, through the fluid regulator/particulate filter

assembly and the dispensing assembly, for discharge of the gas from the system.

15 38. A fluid storage and gas dispensing system according to claim 37, wherein the
vessel contains a fluid selected from the group consisting of liquefied hydride

gases and liquefied acid gases.

39. A semiconductor manufacturing system comprising a semiconductor
20 manufacturing apparatus utilizing a gas, and a source of said gas, wherein said

source COmprises:

a fluid storage and dispensing vessel enclosing an interior volume for holding a

fluid, wherein the vessel includes a fluid flow port;

51
is Sheet Has Been Reilaced

BT

REPLACED




vessel, and the 15 vessel Ie or nmultiple stage

regul ator, wthout such a rator unit, and

wi thout the par MOF4Pe-fi I tering (!Jl ffuser unit, as may be deﬁgﬁ%aﬁ M¥a

gi ven end-use application of the present i nvention. Fi gure 7 is a sectlonal
~elevation view of an upper section of the fluid storage and, 20 di spensi ng
vessel 302 of the Fi gdiid dispepsipgpssameynepupled in ﬂ‘F‘Qﬂ@W§PW§‘“§‘9§P@M‘%@e Pofhe
illustrated portion of the vessel 302 includes the cylindrical wall 304,

neck 308 and col | ar I [oft B Rbialell Sifhthd B afid WA &
wi t.h threadi ng 309 t%z]ir?u?-smg r?égglgrg?%%tag&t he 1ta reédl nga%l?i1 on the plug

312 of the valve hea y be forned
of ‘a stainless steel ma erl fe\égtg&rg{.@&f{rlﬁ%@@@J&l%&@gﬁggﬁ%

PCT/ US99/ 09137 nmetal alloy, or other metal or non-netal material of
construction, fabri cahefiniddispensing iassemblydeingselocively aauatable o flew iggs, demving 1

i nch NGT neck opening and appropriate NGI threading. 5 The vari ous

features and smspect s fiold thetfludd inviht yntetios oolmsedofithe eessel mhyouple thet fldid peedsure

menbr ane phase separators, rel atlve!wl‘ m rning or tilting of the

regulator and fluid dispensing assembly, for discharge of the gas from the

vessel.

40. A semiconductor manufacturing system according to claim 39, wherein the
10 semiconductor manufacturing apparatus is selected from the group consisting of
ion implantation chambers, chemical vapor deposition reactors, lithotracks

units, bubblers, liquid delivery units, and cleaning equipment.

41. A method for storage and dispensing of a fluid, comprising:

15
containing the fluid in a confined state against a multi-stage fluid pressure
regulator in a fluid flow path closed to fluid flow downstream of the fluid
pressure regulator; and

20 selectively dispensing the confined fluid by opening the fluid flow path to fluid
flow downstream of the fluid pressure regulator, and discharging fluid at a rate
determined by the fluid pressure regulator.
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separately or in various p ' conbi nati ons wth one another, to
provide a fluid storage anam}magﬂimﬂﬁiumtm constituting a useful source
fluid apparatus for specific us nts. 10 obish e the
i nvention has b¥@A"3P7ustratively described herein with ref er-%ﬁ@gg to

specific elenents, features and enbodinents, it will be recognized that the

I nvention is noj,thu L0 I t g uCt ur . | . .

i nvention is toa%)'e b’?é‘lé’%tag%ﬁdé %ecﬁgz's‘?g%éelﬁ?ﬁ\%o?ﬁn?ﬁgmg?%%f@g{ljraxlieJ]ﬁ%rei n,
as conprehending vargatipns, nodifications an mbodi ment.s,, as; Wil | readily
suggest thensel ves ttlg"é hdfi'g'égo it g‘}%ﬁ %r ygfg sg’?%‘ltﬁ%l u‘fsg'eﬁeotfatp ?.ﬂ%ﬁiﬁg&
APPLI CABI LI TY The fluid storage.and dispepsi,ng system qf the invention may
be industrially enpl ﬁ°r28° p?"gma %ﬁ?%goeg? H’s&??égéﬁéfﬂﬁ g'tetff'ﬂ‘&r‘f&m@f‘e& n a

sem conductor devices, _in which gases are required for various unit
operations, such as SPERASHE- cheni cal vapor deposition, ion inplantation
etc. Many of such gases are hazardous and/or expensive, and the gas supply
vessel s nustdbe |eak-tight, and highly reliable in di spensing source gases

with precision, as well as preferably having a high storage capacity, since
space constrai nf¥ 40A method of manufacturing a semiconductor product, comprising:

containing the fluid in a confined state against a multi-stage fluid pressure
regulator in a fluid flow path closed to fluid flow downstream of the fluid

10 pressure regulator;

selectively dispensing the confined fluid by opening the fluid flow path to fluid
fiow downstream of the fluid pressure regulator, and discharging fluid at a rate

determined by the fluid pressure regulator; and

15
using the discharged flnid in the manufacture of the semiconductor product.
44. A method according to claim 43, wherein the use of the discharged fluid
comprises ion implantation.
20

45. A method according to claim 43, wherein the use of the discharged fluid

comprises chemical vapor deposition.
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WD 99/ 56057

PCT/ US99/ 09137 in sem condu facilities are very
stringent. The stora e and(ulmmmnE("m,”n of the present 14({'1%?39569?9 S
hi ghly effici entY%%8r% ﬁch app*l i Catfon® ahd %in meeting such criteria. 41

42 -THE CLAI M5 1. A fluid storage and di spensing system conprising: a

fluid storage apgl digpaashdisgeaa IR erﬁﬂ%'s?ﬁéxﬂgc&mxﬂg%%d:ﬁmV%éi@iﬁ theOfluid
hol'ding a fluid, wherein the vessel 1ncludes a f|UId flow port; a fluid

di spensi ng asserrbl y Léﬁqn e NBsRP b

fluid pressure regul%%org g%lomraltke Véfﬁﬂ%%{é po t %gsa\#roanéed tso rrllta?nt ain
a predeterm ned pres%J%{ug‘Pél)?fl1 s. Qi scharged fromt he vessel deriving from
fluid in the interior & vessel ; the fluid dlspen5|ng assenbly

conprising a flow control el errent which is selectively

5 47. A fluid storage and dispensing system according to claim 31, wherein the fluid
pressure regulator is arranged for discharge of the gas from the vessel at a

pressure below 700 Torr.

48. A fluid storage and dispensing system comprising a vessel containing a physical
10 adsorbent material having adsorbed thereon a gas at an internal pressure in the
vessel of from about 50 psig to about 5000 psig, and a gas dispensing assembly

coupled with the vessel and selectively operable to dispense gas from the vessel.

49. A fluid storage and dispensing system according to claim 48, wherein said gas
15 comprises a gas species selected from the group consisting of hydride gases,

halide gases and organometallic compound gases.

50. A fluid storage and dispcnsing system according to claim 48, wherein the

vessel contains said gas in a free state as well as in an adsorbed state.

20
51. A fluid storage and dispensing system according to claim 48, wherein from
about 5 to about 40% of said gas is present in a free state, and from about 60 to
about 95% of said gas is presént in an adsorbed state on the physical sorbent
material.
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actuatable to flow gas, deriwing—fronrttie ftuid in the interior volune of

t he’ vessel, through the fl ui.ﬁ _ ‘ tor and fluid dispensing
assenbly, for discharge of “‘@Eﬁ‘tﬁiﬂiﬁmﬁessel; so t hat : sai d
di scharge fl owsVPAMYh thet! iabe) Us € ¥ egul ator prior t%%?ll'%bvg/dtgﬂgough
the flow control elenent. 2.. A fluid storage and di spensi ng system
according to claiml1l, wherein the fluid pressure regulator is interiorly

di sposed in the interior volunme of the vessel. 43 3. A fluid storage

and di spensing system according to claim1, wherein the fluid pressure
regul ator has opér ath vepRiceRBIGOr amapufaienng,i SYBem plomPpEsisg par Semiconqugtor

preventing flow of liquid through the fluid pressure regulator. 4. A
fluid storage and di mpwfechmigg spparatus witiciog digas) and acbwarerpf3said gasr whemein kaid phase
separator conprises a gas-perneable, |iquid-inperneable nenbrane. 5. A

fluid storage and disspessionprisegsd @esselCantaitiing at ghysitaAi ddsdrbenthreateriah hiavieg
di spensi ng assenbly includes a flow control valve operatively coupled with
a val ve actugtor thejdedrbéd théroéh Bghs attnqfBinkCpréspie fiPtht O¢ssdl OF fron tabiéut 50 @sig he-
val.ve actuator to initiate

to about 5000 psig, and a gas dispensing assembly coupled with the vessel and

selectively operable to dispense gas from the vessel.

53. A semiconductor manufacturing system according to claim 52, wherein the
10 semiconductor manufacturing apparatus is selected from the group consisting of
ion implantation chambers, chemical vapor deposition reactors, lithotracks

units, bubblers, liquid delivery units, and cleaning equipment.

54. A method for storage and dispensing of a fluid, comprising:
15 containing the fluid in an at least partially adsorbed state at a pressure in the
range of from about 50 to about 5000 psig; and
selectively dispensing the fluid by desorbing same from the adsorbed state

releasing same from containment.

20 55. A method according to claim 54, further comprising using the fluid released

from containment in a semiconductor manufacturing process.

56. A fluid storage and dispensing system, comprising
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adj ustnent of the valve for . charge flow of gas deriving from

fluid in the vessel. 6. Afluid d di spensi ng system
conprising: a fluid storage aﬂtmuﬂ ‘gj@“sel encl osi ng ' iy

vol ume for hol dWRGY880F1 ui d, *‘ ! \| ; \ sel includes a flaﬁ&a@%%dvﬁlﬁgort;
a fluid dispensing assenbly coupled in fluid fl ow comruni cation with the
port; a fluid pressure regulator associated with the port, and arran%ed to
mai ntai n a predet er m addidysteragaand digpensing eSseL PRAIGING A IHENITHOIUREdpss than
deriving fromfluid in the interior volunme of the vessel; 44 the fluid
di spensing assenbly cabogut 5&litary and having apamletrapening targenthap ineh NGT:sel ecti vel y
actuatable to flow gas, deriving fromthe fluid in the interior volune of
the vessel, through thdluid dispbnging ssembly meangedtfor sekatively disgensing faidsfrany the
assenbly, for discharge of the gas fromthe vessel; and a liquid contained
in the vessel interiokesdd] ange sel ected fromthe group consisting of

| i quefied hydride gases and |iquefied acid gases.

5 a fluid pressure regulator in the interior volume of the vessel, arranged to

maintain a predetermined pressure therein.

57. A fluid storage and dispensing system according to claim 56, wherein the

interior volume of said vessel is less than about 20 liters.

10
58. A fluid storage and dispensing system according to claim 56, wherein the
interior volume of said vessel is less than about 10 liters.
59. A fluid storage and dispensing system according to claim 56, wherein the
15 interior volume of said vessel is in the range of from about 1 to about 10 liters

60. A fluid storage and dispensing system according to claim 56, wherein the

pressure capability of the vessel is at least 1000 pounds per square inch.

20 61. A fluid storage and dispensing system according to claim 56, wherein the

pressure capability of the vessel is at least 5000 pounds per square inch.
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7. A fluid storage andfd%sp§ﬁ§Tﬁ§~§§§?gﬁl conprising: a fluid storége

and di spensi ng vessel em:ﬂ% ' mrm\mw\m vol ume for holding a fluid,

wherein the vessgel | ud ' \ rt; a fluid dispensj nbl y
‘@%ﬁy@&ﬁ%o i}”ﬁﬂ . ?%Hﬂgmﬁﬁﬁﬁ

coupled in flui lon®w €h the port; a fluid pressure

regul ator associated wth the port, and arranged to nmaintain a
predeterm ned pressure of gas discharged fromthe vessel, deriving from
fluid in the interior volune of the vessel; the fluid dispensing assenbly
conprising a flow control elenent which is selectively actuatable to flow

gas, deriving fgpm tAguid sdrsgel di\dtdlibPeﬂsﬁfgafchs&I aototditgeo @faith 156, whasialthe inler ough
the fluid pressure regulator and fluid dispensing assenbly, for discharge

of the gas fromthe ypsagls1vansh Ngerein the liquid hydride conprises a
hydri de species selected fromthe group consisting of arsine, phosphine,

stibine, silane and diborane. 45 8. A fluid storage and di spensing
system conprising: a fluid storage and di spensi ng vessel encl osing an
interior volune for holding a

5 63. A fluid storage and dispensing vessel according to claim 56, wherein the inlet

opening is 1¥2 inch NGT-11%4 tpi.

64, A semiconductor manufacturing Ssystem comprising a semiconductor
manufacturing apparatus utilizing a gas, and a source of said gas, wherein said

10 SOUICE COmprises:

a fluid storage and dispensing vessel enclosing an interior volume of less than
about 50 liters and having an inlet opening larger than 1 inch NGT;
a fluid dispensing assembly arranged for selectively dispensing fluid from the
vessel; and

15 o a fluid pressure regulator in the interior volume of the vessel, arranged to

maintain a predetermined pressure therein.

65. A semiconductor manufacturing system according to claim 64, wherein the
semiconductor manufacturing apparatus is selected from the group consisting of
20 ion implantation chambers, chemical vapor deposition reactors, lithotracks

units, bubblers, liquid delivery units, and cleaning equipment.
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fluid, wherein the vessel W—How port; a fluid dispensing
assenbly coupled in fluid W commruni cat i with the port; a fluid
pressure regul ator associ at MM‘E and arranged to maintain
predet er mi ned pr¥S W7 of gﬁﬁm\m\““g ®m the vessel, der F’W’H@”‘P?‘a?n
fluid in the interior volunexofcthe VesSel; the fluid dispen5| ng assenbly
conprising a flow control elenment which is selectively actuatable to flow
gas, deriving froff-t het fluig gomge andedispengng gesselotompeisiog a he-228den DOTHARIgh
the fluid pressure regulator and fluid dispensing assenbly, for discharge
of the gas from the ve¥d2rylindeiwith laj Ghiinth VAT aperaniz With tahbs v BiSs HCT fiwead] or
vol unme selected fromthe group consisting of arsine, boron trichloride and
boron trifluoride. 9. 4.187 14f25inch eutteyrdiapaetenal ngmixxaUWslbdﬂddnmg of P9¢ e 0.125
conprising: a storage and di spensi ng vessel constructed and arranged for
hol ding a |iquid whosdnshamaira lenpdsof 125as 13.M®inkhesi d t 0o be di spensed, wherein
the fluid is contained in the storage and di spensing vessel, at a pressure
at which the f%uid isinaliquid state;

67. A fluid storage and dispensing assembly comprising a vessel with an interior
volume less than 50 liters and a >1 inch NGT neck opening, a dispensing
assembly coupled to the neck opening, a regulator coupled to the dispensing

assembly and disposed in the interior volume of the vessel.

10
68. A fluid storage and dispensing assembly according to claim 67, wherein the
neck opening is a 1.5 inch NGT neck opening.
69. A fluid storage and dispensing assembly according to claim 67, further
15 comprising a particulate filter connected to the regulator, for preventing
particulates from entering the fluid dispensing assembly.
70. A fluid storage and dispensing assembly according to claim 67, wherein the
regulator comprises a muiti-stage regulator.
20
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46 the storage and di spensiag—vesset—incliuding a fluid flow port; a

di Sp?nSi n;g ﬁssenbl y coupl edHM“m\m‘tmmrtd and adfl ui dhpressure
regul at or/ phase_ separat or al y disposed int to
retain |iquid WP essel cta pmevent *Iiquid fromfl ow ﬁ%%?sn%?@l??he
di spensi ng assenbly during gas di spensing; and a controller for selectively
actuating the dispensing assenbly to effect flow of gas deriyi fromthe
liquid in the Vdsseb, ﬂ‘!’%rsmﬁ apg dispensing @%ﬁh‘h?@%?ec@gb%’ﬂqgfe"hg?enbl y
and the dispensing assenbly, for discharge of the gas fromthe system so
that gas during sai ¥esstl sk@héragEhYISiCdvﬁiSthfFféquaﬁ@ﬂﬁ Rugag forr whishthe physiGalat or
prior to flow through the flow control elenent. 10. A fluid storage and
gas di spensi ng syst aisprbemtmatérial hag:somptivd affivityst or age and di spensi ng vessel
encl osing an interior volunme for holding a fluid, wherein the vessel
includes a fluid flow port; a fluid dispensing assenbly coupled in fluid
fl ow communi cation with the port; a fluid pressure regul ator associ ated
with the port, and arranged to maintain a predeterm ned pressure of gas
di schar ged fsr ormRet he Avilwig atoragd eanil \dispepsingcasseinibly dedordinghe® ¢laime? 1, ovheveid thee of
the vessel; the fluid dispensing assenbly conprising a flow control el enent
whi ch is sel ecti vel gressure in the interior volume of the vessel is greater than 50 psig. -
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actuatable to flow gas, rﬂ" Iuidintheinterior vol une of
t he vessel, 47 through ulm'u '@ m e regul ator and fluid dispensing
assenbly, for wbowbsge of *thé gas e vessel; and havi PErresosmigl e
seamat the fluid flow port. A fluid storage and gas dispensing -
system according to claim9, wherer n the phase separator conprises a porous
menbrane which is perneable to gas deriving fromthe liquid, but is not

permeable to the liquid, disposed upMENSEMGAIMS e pressure reguI ator so

that the liquidis preve [ ente and interf [ h the
function of the fluid pr@ésogﬁgﬁllgg?y ‘@tﬁé‘% Pﬁ{]"‘é{’f]’ﬁf Pﬁ)’qur din the
vessel , and preventing egress o I qui ro the vesse . Afluid
storage and gas dispensing system according to claim9, vvherei n the vessel
has dual fluid flow ports. 13. A fluid storage and gas di spensi ng system

conprising: a flbid gtByidgeragmanddispensing kystymy exsepeibingincl osing an interi or
volume for holding a fluid, wherein the vessel includes a fluid flow port;

a fluid storage and dispensing vessel enclosing an interior volume for holding

a fluid, wherein the vessel includes a fluid flow port;

a fluid dispensing assembly coupled in fluid flow communication with the

port;

a fluid pressure regulator associated with the port, and arranged to maintain a
predetermined pressure of gas discharged from the vessel, deriving from fluid

in the interior volume of the vessel;

the fluid dispensing assembly comprising a flow control element which is
selectively actuatable to flow gas, deriving from the fluid in the interior
volume of the vessel, through the fluid pressure regulator and fluid dispensing

assembly, for discharge of the gas from the vessel§

so that gas during said discharge flows through the fluid pressure regulator

prior to flow through the flow control element.
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a fluid dispensing assenbl ynm“ﬁ“ﬁﬂluwlmﬁw fl ow communi cation with the
port; a fluid pressure regullg with the port, and arranged to
mai ntai n a prevweteseshed pressure of gas di scharged from t hePgEUSI9/09137
deriving fromfluid in the ipterior volune of the vessel; 48 the-fluid
~di spensi ng assenBly cbilpidistorage aed ¢ispspyingcysiem ascoming i plaimph iwhhreinghes@idet i vel y
actuatable to flow gas, deriving fromthe fluid in the interior volune of
the vessel, through tHEESYE (FEvlater e duaricdy fisppstddn Hie imerigr Yqlumep fdkesysesalsi ng
assenbly, for discharge of the gas fromthe vessel; and wherein the vessel
contains a fluid selected fromthe group consisting of liquefied hydride

gases and |iquefied acid gases. 14. A sem conductor manufacturing
system. conprising ' : ' a. . Ujti.zing a-
gac, and a sourod or A0y SPuERunk b RULR GRS, RACT Sptintha if

storage and di spensi S%%éfeglélfﬁgg%%?"??ﬁ 4 s%({g;a{%g itkgge“)_{tgla%efsgﬁmj@&! ﬂ;i- ng a

fluid, wherein the vesse oW port;
preventing flow of liquid through the fluid pressure regulator.

4. A fluid storage and dispensing system according to claim 3, wherein the phase

separator comprises a gas-permeable, liquid-impermeable membrane.

5. A fluid storage and dispensing system according to claim 1, wherein the
dispensing assembly includes a flow control valve operatively coupled with a
valve actuator therefor, and an automatic controller for actuating the valve
actuator to initiate adjustment of the valve for controlled discharge flow of gas

deriving from fluid in the vessel.

6. A fluid storage and dispensing system, comprising:

a fluid storage and dispensing vessel enclosing an interior volume for holding

a fluid, wherein the vessel includes a fluid flow port;

a fluid dispensing assembly coupled in fluid flow communication with the

port;
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a fluid dispensing assenbl ' gd fl ow communi cation with the
port; a fluid pressure regnlﬁmm'mnmlu'g with the port, and arranged to
mai ntai n a presevmssasned pressareL ofm gas al scharged from t hePomAssseDII37
deriving fromfluid in the interior volune of the vessel; the fluid- -

di spensi ng assenbl y @&&Hidraressid regulptopagseciatadrvgih the rove Ard amapeed 9 maigleingct j vel y
actuatable to flow gas, deriving frogmthe fluid in the interior volunme of
the vessel, through PIfdteifed PrrewEsefieas disshereed fim e desptludervine Eprafiyidng
assenbly, for discharge of the gas fromthe vessel, so that gas during said
di scharge flows throtfghi® PHETY BthsI&%e regul ator prior to flow through
the flow control elenent; and 49 a fluid in the interior volunme of the
fluid storage and di spensing vessel, wherein said fluid is selected from

t he group consi sti ngtsfivd gipensiag assembly comprisingda floyrentrad ¢lepgntewhich B, A
sem conduct or manuf acturing system according to claim 14, wherein the
seni conduct or manuf a&lesHively) agypabie tq, doy gay cdepiving drony B, fuid inythsuigteBomsi st i ng
of ion inplantation chanbers, cheni cal vﬁeﬁ‘g‘r} depositjon reactors,

lithotracks units, bY¥BRepSthe vessrl;thropglyth Presiire segulgiop and fuid dispgnsingui pnent .

assembly, for discharge of the gas from the vessel; and

a liquid contained in the vessel interior volume selected from the group

consisting of liquefied hydride gases and liquefied acid gases.
7. A fluid storage and dispensing system, comprising:

a fluid storage and dispensing vessel enclosing an interior volume for holding

a fluid, wherein the vessel includes 2 fluid flow port;

a ﬂuid.dispehsing assembly coupled in fluid flow communication with the

port;

a fluid pressure regulator associated with the port, and arranged to maintain a
predetermined pressure of gas discharged from the vessel, deriving from fluid

in the interior volume of the vessel;

the fluid dispensing assembly comprising a flow control element which is

selectively actuatable to flow gas, deriving from the fluid in the interior
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16. A nmethod for stora ' ' of a fluid, conprising:
containing the fluid in aﬁWMNﬂ"’EﬂWHﬂgai nst a fluid pressure regul ator
ina fluid fl 999456057 cl osell t© f4 ui®d #l otv downstream of t hePETUFWOMBESSUr e
regul ator by a flow contral el enent id fluid fl ow pat h. downst ream of

said fluid pressure "P’é‘ﬁ‘ﬁl°§i"‘5|”essﬂﬁhr°§@tg‘i:$ g gressugg;T F"i‘fbﬂ"c“l‘lélsl?f‘aﬂ?ﬁ ned
fluid by.opening the flow control sai fderowpathto cause
fluid to flow doms@?%’&ﬁ%’o‘% é}?fga"\gf?}]‘% é‘g‘g@?eé’e?sggﬂ\ ator, and di scharging
fluid, so that fluid during such di scharge flows through the fluid pressure
regul ator prior to flow through the flow control elenment; wherein said

fluid i s maintained hereathy liggidrlvdedr enmprisesi y hydside spdciss seleqtes Bomh dhe vol une
of a fluid storage and di spensi ng, vessel having a fluid flow port, and said
fluid pressure reguleEugiconsitingefgeing Rbespline-Frbipke sifantifnd dthosRe-por ¢ . 50 17.
A met hod according, to claim 16, wherein the contained fluidis a liquid
and the fluid during dispensing is phase-separated upstreamof the fluid
pressure regulator, to permt only gas to be discharged fromthe fluid
contained in a confined state.

8 A fluid storage and dispensing system, comprising:
a fluid storage and dispensing vessel enclosing an interior volume for holding

2 fluid, wherein the vessel includes a fluid flow port;

a fluid dispensing assembly coupled in fluid flow communication with the

port;

a fluid pressure regulator associated with the port, and arranged to maintain a
predetermined pressure of gas discharged from the vessel, deriving from fluid

in the interior volume of the vessel;

the fluid dispensing assembly comprising a flow control element which is
selectively actuatable to flow gas, deriving from the fluid in the interior
volume of the vesse), through the fluid pressure regulator and fluid dispensing

assembly, for discharge of the gas from the vessel; and

a liquid contained in the vessel interior volume selected from the group

consisting of arsine, boron trichloride and boron trifluoride.
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18.. A nmethod of manufach ik ]l conduct or product, conprising:
containing the fluid in a,gﬂwmﬂi@mﬂ gainst a fluid pressure regul ator
in a fluid fl QP YPHF7cl osed (o wd downst r eam of t he PCTHSE/MIEssur e
regul ator by a flow control elenent in said fluid flow path downstr-eam of
said fluid pressure regul ator; selectively dispensing the confined fluid by
openi ng t-he flow contro], el emen(t%aiér_ sai.d fluid flow path to cause fluid to
fI ow downst ream’of tA&udstarags PRentRE AYPERSPMPRIRE- di scharging fluid, so
that fluid during such discharge flows through the fluid pressure regul ator
prior to flow through the flow control elenent; and using the discharged
fluid in the manuf act siprageomdidispensipivesst gorsiruriedang amenged fphbolding a Sigvid f | ui d
is maintained in said confined state in_an enclgsed interior volune of a

fluid storage and di ¥iensrpry spagitues ths\fwd to be| dispansed. oiherdn the Bwd isai d

fluid pressure regulator is associ atﬁg, with the fluid flow port. 19. A
met hod accordi ng t o $PRRS inghe siprage-ang, disprosing vesss). 2t apressyrs atdichdhe fwid ¢
conprises ion inplantation 51 :

is in a liquid state;
the storage and dispensing vessel including a fluid flow port;
a dispensing assembly coupled to the outlet port; and

a fluid pressure regulator/phase separator assembly interiorly disposed in the
vessel, to retain liguid in the vessel and to prevent liquid from flowing into the

dispensing assembly during gas dispensing; and

a controller for selectively actuatihg the dispensing assembly to effect flow of
gas deriving from the liquid in the vessel, through the fluid regulator/phase
separator assembly and the dispensing assembly, for discharge of the gas from

the system;

so that gas during said discharge flows through the fluid pressure regulator

prior to flow through the flow control element.

10. A fluid storage and gas dispensing system, comprising:
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20. A nmet hod accordi ng ﬂmﬂlmmﬂﬁﬂmmﬁrel n the use of the discharged
fl-uid conprises chemcal v 21. A fluid storage and

di spensi ng sy3@awseesonprisi hg:©a 41 di dsstdrage and di spensi RETHSE%EIS?
enclosing an interior volune for holding a fluid, wherein the vessel -

i icl udes a fluid fl otfipigrstorazs apd diFREntRE YraRkLRIgSIBEYERSTISr volmsi ferdroldires | ui d
fl ow communi cation with the port; a fluid pressure regul ator associ ated
with the port, and af‘&l‘e\‘ﬁg‘éi?f’?‘%thﬁﬁ?sﬁetl&}cﬁ‘d%?aﬁi“‘é‘i‘g’(‘”@ﬁi ned pressure of gas

di scharged fromthe vessel, dériving fromfluid in the interior volune of
the vessel; the fluid dispensing assenbly conprising a flow control el enent
whi ch is sel ectivel yadhididispebting assembly gpupled in dluidj flgw, gompmgtigatierewith thed i n t he
interior volune of the vessel, through the fluid pressure regul ator and -
fluid dispensing ass&®Bly, for discharge of the gas fromthe vessel;
wherein the fluid pressure regulator is arranged for discharge of the gas
fromthe vessel at a subatnospheric pressure.. 22. A fluid storage and
di spensi ng syst em ac e @inidi pregsirereghlatonasiqciated ovithithe porteanfd| amangep teemaintkia a

regul ator is arranged for discharge of the gas fromthe vessel at a
pressure bel ow 700 Tpredetermined pressure of gas discharged from the vessel, deriving from fluid

in the interior volume of the vessel;

the fluid dispensing ass_embly comprising a flow control element which is
selectively actuatable to flow gas, deriving from the fluid in the interior
volume of the vessel, through the fluid pressure regulator and fluid dispensing

assembly, for discharge of the gas from the vessel; and

having a single seam at the fluid flow port.

11. A fluid storage and gas dispensing system according to claim 9, wherein the
phase scparator comprises a porous membrane which is permeable to gas deriving
from the liquid, but is not permeable to the liquid, disposed upstream of the pressure
regulator so that the liquid is prevented from entering and interfering with the
function of the fluid pressure regulator in maintaining the liquid in the vessel, and

preventing egress of liquid from the vessel.
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52 23. A fluid storage aH ﬂﬂ"’ﬂﬂ!ﬂg system according to claim?9,
wherein the fluid pressure A msepar ator assenbly is arranged
for di scharge WP%/5@5gas fromthe syst&m#t a subat nospheri cPEWEIBNET 24,
A fluid storage and gas di spensing system according to claim9, wherein the
fluid pressure r&qul g SpidFomgs a%‘b%?ﬁrdyb?!’?ﬂsm%&@'?%?"ymg’%éﬁ ¢laimgs vbesin 1 schar ge
of the gas fromthe system at_ a pressure below 700 Torr. 25. A
sem.conduct or  n¥FitH BSEuRlithd loXRMtE M conprising a seni conduct or

manuf acturi ng apparatus utilizing a gas, and a source of said gas, wherein
said source conprises: a fluid storage and di spensing vessel enclosing an
interior vol une ?j)r hog&lli ng aea];nldmaéji \é\n/nsgnr %i nen'g ngvr_assnsel includes a fluid
flow pert; a fluld diAs eﬁ5| ﬁé as§en%5fpy cguﬁted PAP P d 1 ow conmuni cati on
with the port; a fluid pressure regul ator associated with the port, and
arranged to maintain a predeterm ned pressure of gas di scharged fromthe
vessel , deriving frorhiidseragepnd qispensipgyssss enrlpsingan penonolyasiopholdipg,e £ yj g
di spensi ng assenbly %OdTu?cf, |“§| ng a fl ()l%c?u%re];[gf?llidﬁl enent which is

erein the vessel OW port;

a fluid dispensing assembly coupled in fluid flow communication with the

port;

a fluid pressure regulator associated with the port, and arranged to maintain a
predetermined pressure of gas discharged from the vessel, deriving from fluid

in the interior volume of the vessel;

the fluid dispensing assembly comprising a flow control element which is
selectively actuatable to flow gas, deriving from the fluid in the interior volume
of the vessel, through the fluid pressure regulator and fluid dispensing

assembly, for discharge of the gas from the vessel; and

wherein the vessel contains a fluid selected from the group consisting of

liquefied hydride gases and liquefied acid gases.

14. A semiconductor manuiacturing system comprising a semiconductor

manufacturing apparatus utilizing a gas, and a source of said gas, wherein said source

comprises:
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sel ectively actuatable to deriving fromthe fluid in the interior
vol ume of the vessel, thr M@l]ﬂﬂ !"ﬂﬂ'l”l‘m ssure regul ator and fluid

di spensi ng aswenibeps7 f or Fas fromt he vesseCT/USINHI?
wherein the fluid pressure regul at or i% arranged for discharge of the-gas
fromthe vessel at a subatnospheric pressure. 26. A sem conduct or

manuf act uri ng system according to claim 14, wherein the fluid Eressure
regul ator is arr angeddlwbstor@zfs%lﬁalrsg@sm veshrl epplosing e aarigevahmefer hojding,
pressure bel ow 700 Torr. 27. hod for storage and di spensing of a
fluid, conprising: (?cfH{“hl“fli‘Ffﬁt&ﬂP%‘@ssFlllﬁ‘il‘éﬁefﬁﬂ‘& 86%PPHed state against.a fluid
pressure regulator in a fluid flow path closed to fluid fl ow downstream of
the fl.uid pressure raefuil aispénsing Rssembly aotpleteinyfidd fipe rsmmgnitdtien edifthered f 1 ui d
by opening the fluid flow path to fluid fl ow downstream of the fluid
pressure regul ator, pand di scharging fluid at a rate determned by the fluid
pressure regul ator; wherein the fluid pressure regulator is arranged for

di scharge of fluid taoﬂufié]sressure regulator associated with the port, and arranged to maintain a
predetermined pressure of gas discharged from the vessel, deriving from fluid

in the interior volume of the vessel;

the fluid dispensing assembly comprising a flow control element which is
selectively actuatable to flow gas, deriving from the fluid in the interior
volume of the vessel, through thc fluid pressure regulator and fluid dispensing
assembly, for discharge of the gas from the vessel, so that gas during said
discharge flows through the fluid pressure regulator prior to flow through the

flow control element; and

a fluid in the interior volume of the fluid storage and dispensing vessel,
wherein said fluid is selected from the group consisting of high pressure gases

and liquefied gases.

15, A semiconductor manufacturing system according to claim 14, wherein the
semiconductor manufacturing apparatus is selected from the group consisting
of ion implantation chambers, chemical vapor deposition reactors, lithotracks

units, bubblers, liquid delivery units. and cleaning equipment.
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fluid flow path at a subatr ressure A nmet hod according to
claim16, wherein the flui Wﬂ %ﬂ” ﬂﬁtﬂ | s arranged for discharge of
fluid to the fVRP¥SMFOw pa beI ow 700 Torr. 2BCT/USIXONER hod

of manufacturing a sem conductor pr oduct corrprr sing: containing the fluid
in a confined state against a fluid pressure regulator in a fluid fl ow path

closed to-fluid Wdo dtfr m of hef u& §sureregulator 54
sel ectively disp I‘ISI & ont rf%?éqﬁ iR QIE)’ hiHE™ P fluid flow path to
fluid fl ow downstream of the fluid pressure regulator, and di scharging

fluid at a rate determined by the fluid pressure rgﬂul ator; using, the

di scharged fluid in tcﬁ‘éa‘ﬂ‘ﬁﬁﬁ’legh‘t%‘r“é cﬁ?ﬁ‘teﬂé‘a‘§é|$?‘ﬁ%ﬁ 1k REPSSYSE ERERIETT infher e n
the fluid pressure r tor [ r dISCh of fluid to the
fluid flow path at a ‘ﬁ@?‘; @%B'?dgg% QgmstEgm o th%i‘"r‘?é’t’?%‘ﬂe EUHPYi ng t o
claim 18, wherein th

: d f i
fluid to the fluid rﬁ?’ fﬁoarr ﬁJ)“&f’ grﬁ%érg’g%rJeﬁﬂgrﬂ8WP?§'oJ angg"“‘ ra‘gfﬁ‘ ?lrgiedo
storage and di spensi rlr)%ssu}/st eurlr;tor, gprl si ng: '

e reg

selectively dispensing the confined fluid by opening the flow control element
_ in said fluid flow path to cause fluid to flow downstream of the fluid pressure
regulator, and discharging fluid, so that fluid during such discharpe flows
through the fluid pressure regulator prior to flow through the flow control

element;

wherein said fluid is maintained in said confined state in an enclosed interior
volume of a fluid storage and dispensing vessel having a fluid flow port, and

said fluid pressure regulator is associated with the fluid flow port.

17. A mcthod according to claim 16, wherein the contained fluid is a liquid and
the fluid during dispensing is phase-separated upstream of the fluid pressure
regulator, to permit only gas to be discharged from the fluid contained in a

confined state.

18. A method of manufacturing a semiconductor product, comprising:
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a fluid storage and di spensing vessel enclosing an interior volune for
hol'ding a fluid, wherein thmmmﬁﬂ““l "I:Hiﬂuoa fluid flow port; a fluid at
super at nospheNOdS’/éﬁﬂé%sure i lune; a fluid BFQH&}?@P‘%@)
assenbly coupled in fluid fldw éomhun’ cation with the port; a fluid -

preéssure regul ator associated with the port, and arranged to maintain a

predeterm ned pressure of S. di schar fromt he essel , de ving from
fluid in the interi 6?“‘6‘81”6?&@ Bp df“n%“vgg"g ate %alf‘ﬁﬁt %’eﬁs‘érediT F?éf'b%d from

the vessel at press t.han.s e nos phe ressur 55 the
fluid di spensing asé%%’il ath clPseQmﬁmgﬂ?‘?’ o(\’/vwngs‘%enaf“réglﬁ‘ Q“édn@ﬁis“w elhmf s

sel ectively actuat a%,ea &,fcbm ?@ﬁxequ‘?%& H&q ﬂo&p}ﬁ# Elﬁng{r%kndoti dttﬂﬁ I nterior

vol une. of the vessel; along a rough pressure

regul ator and fluid Q£§gggihgg.assenbly, for dlscharge of the gas fromthe
vessel, so that gas durlng sai d discharge flows through the fluid pressure
regulator prior to flow through the flow control el ement. 32. Afluid

storage and di spen5| em ac I 1, er ei A | ui d
conprises a fluid sﬁ%g‘ftlggﬁ' desPecs’t g& %E‘gﬁgb gg;’n%ncgoﬂr‘ﬁ\gﬁs |°°n“g o‘?qe"i}len rides,

hal i des, etch in said fluid flow path to cause fluid to flow downstream of the fluid pressure

regulator, and discharging fluid, so that fluid during such discharge flows
through the fluid pressure regulator prior to flow through the flow control

element; and
using the discharged fluid in the manufacture of the semiconductor product;

wherein said fluid is maintained in said confined state in an enclosed interior
volume of a fluid storage and dispensing vessel having a fluid flow port, and

said fluid pressure regulator is associated with the fluid flow port.

19. A method according to claim 18, wherein the use of the discharged fluid

comprises ion implantation.

20. A method according to claim I8, wherein the use of the discharged fluid

comprises chemical vapor deposition,

21. A fluid storage and dispensing system, comprising:
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gases, and cleaning reagents for sem conductor manufacturing equi pnent. 33.
A fluid storage and di spensing system according to claim31, wherein said
fluid conpri sewogedehati d speci es sel ected fromthe group consRGEYYSIYONI7
arsine, phosphine, stibijne, silane, chlorosilane, dibqrane, and boron -

trifluoride. 34.  AfpMdRseep? deRemartd aitbpeiReraty Bisparalms ordyigne sing: a |
VAR D . 2 Bt R e MR R s {0 - predot er i ned

preéssiiretl eVel® f'or dispensing of gas, deriving fromfluid in said vessel,
at the predeterm ned pressure |evel; and a valve head joined to the neck of
the vessel, said val ¢dlifedispensing axsmhly soupledvie fujdafloy somyanication, wity thepenabl e
or closable, arranged so that gas during said dispensing flows through the
fluid pressure regul 886r prior to flow through the valve, to control

di spensing of gas at the predeterm ned pressure |evel for which the gas
regul ator is set. 56 35. The fluid storage and di spensi ng appar at us
of claim 34, containgd ﬂgidgprcfsplm‘, tbenlator associated with the port, and arranged to maintain a

predetermined pressure of gas discharged from the vessel, deriving from fluid

in the interior volume of the vessel;

the fluid dispensing assembly comprising a flow control element which is
selectively actuatable to flow gas, deriving from the fluid in the interior
volume of the vessel, through the fluid pressure regulator and fluid dispensing

assembly, for discharge of the gas from the vessel;

wherein the fluid pressure regulator is arranged for discharge of the gas from

the vessel at a subatmospheric pressure..

22. A fluid storage and dispensing system according to claim 1, wherein the fluid
pressure regulator is arranged for discharge of the gas from the vessel at a pressure

below 700 Torr.

23. A fluid storage and-gas dispensing system according to claim 9, wherein the
fluid pressure regulator/phase separator assembly is arranged for discharge of the gas

from the system at a subatmospheric pressure.
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sem conduct or manufacturing. 36. The -fluid storage and di spensi ng
apparatus of claim 34, hayj at the port. 37. The fluid
storage and dvepesses7ng appHImn I“cnlmmﬂﬁn& vvherel n at | SLFUSAPIt i on of
the regulator is within the*neckof "t hé véssel . The fluid storage
and di spensi ng apparatus of claim34, wherein at Ieast a portion of the
regulator is in the interior vaolunge of the vessel The fluid storage

and di spensi ng %ppaf‘ uid stgrpec-ang;gat SpensipE Yl af??éd‘%'i"\};@“ﬁfs’ vhrgeig dheve head

t | t d di
T it of ol rsdate febulatophegs sepaPUSSeGT § AT HoerEt BBt PRes

manual val ve. The fl UI d stora nd di spensing apparatus of claim
34, contai ni ng%nﬂhﬁf ata nté’olgw%‘a%??rae gas. 42. The fluid storage

and di spensi ng appar at us of cI a| m 34, containing a fluid conprising an acid
gas. 43. The fluid storage and di spensi ng apparatus of claim 34,

containing a fluid gorgp,h{c%ﬂgop ,J:‘Angfagmﬁ&ecgy%msg&@fg}gﬁg & Qit G uddOuUP

consi sting of arsine, phosphine, stibine, Silane, and di borane.
manufacturing apparatus utilizing a gas, and a source of said gas, wherein said

source comprises:

a fluid storage and dispensing vessel enclosing an interior volume for holding

a fluid, wherein the vessel includes a fluid flow port;

a fluid dispensing assembly coupled in fluid flow communication with the

port;

a fluid pressurc regulator associated with the port, and arranged to maintain a
predetermined pressure of gas discharged from the vessel, deriving from fluid

in the interior volume of the vessel;

the fluid dispensing assembly comprising a flow control element which is
selectively actuatable to flow gas, deriving from the fluid in the interior
volume of the vessel, through the fluid pressure regulator and fluid dispensing

assembly, for discharge of the gas from the vessel;

wherein the fluid pressure regulator is arranged for discharge of the gas from

the vessel at a subatmospheric pressure.
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57 44. The fluid storage and di spensing apparatus of claim 34, further
conprising a gas- perneabl g mn [ rranged to prevent liquid
contact with {ee@ass regul a“"’"” : mlmﬁmm ui d storage anBCHVESPERST ng
apparatus of claim 34, whereln $hé gds fegul ator conprises a poppet elenent
that is biased to a seat structure to prevent flow at a pressure above the
predeterm ned pressure |evel. 46. The fluid storage and dispensing
appar at us of cl 26.m 3% scmisendaster mpufagvEing xsismagcairding iclpimy L4y WheheIngiae ¢
devi ce. 47. The fl ui ' [ '
Wher ef 1 the gas THAGUPEND eaEio i TRH] 7 SBENBE: 1 g, KO tpgvesse ST 1 i g
st orage and di spensi ng, a ratus of claim 34, wherein said val ve head

< jow 0

conprises an el EEFHF vaT 49, The fluid storage and di spensi ng
apparatus of claim 34, wherein said valve head conprises a pneumatic val ve.
50. The fluid storage and di spensi ng apparatus of claim 34, wherein said

vessel conprises,a sjingle,port. 51.. .. I+ e and di spensi ng
apparatus of cl §7m Sél fhﬁcrl? rgtrora_ %%n%rdfsgfn-r%ggf%/aK\g/’éé{'&{sg@'

containing the fluid in a confined state against a fluid pressure regulator in a
fluid flow path closed to ﬂuid flow downstream of the fluid pressure regulator;

and

selectively dispensing the confined fluid by opening the fluid flow path to
fluid flow downstream of the fluid pressure regulator, and discharging fluid at

a ra:Le determined by the fluid pressure regulator;

wherein the fluid pressure regulator is arranged for discharge of fluid to the

fluid flow path at a subatmospheric pressure.

28. A method according to claim 16, wherein the fluid pressure regulator is

arranged for discharge of fluid to the fluid flow path at a pressure below 700 Torr.

29, A method of manufacturing a semiconductor product, comprising:

containing the fluid in a confined state against a fluid pressure regulator in a

fluid flow path closed to fluid flow downstream of the fluid pressure regulator;
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actuator for said valve.: ““““‘E \Hm storage and di spensi ng appar at us
of- claim 51, further conHm“ processor unit coupled in

control ling rvebewisomship with the “al’'ve actuator to nodul at®YSSUPIEY gas in
sai d di spensing thereof. | d storage _and di spensing

L..28 53. The f1, o] .
apparatus of claim Sﬂ?ctibiﬂ%rdgpﬁ‘s't“ﬁéhcc@r’fﬁ?ﬁil ﬂ‘b‘fB%@%"é‘B\g i flpd; ow patik ey
itori | ati hi.p, t facility wh I n_di. . '
Consuned t o' moni ¢ ofuid sy iioRelRaR R e nspeite Fatad o i Riae Fgf 2 ' ©

responsively actuate the valve actuator to nmodul ate flow of gas to the
facility in correspgn eeﬁeée m‘:“(fe)g}r“étg]’ﬁl trué1 rer%‘.“?%ﬁ“?ag% d facility for said gas.
54. The fluid storage and di spensi ng appar.atus of claimb53, wherein the
process facility conprises, a sep cqonductor manufacturing faciljty. 55.

The fluid storage aﬁﬂnﬂﬁhgﬂﬁ?@f%nh‘égﬂé‘gﬁf‘ﬁ‘g’f%W%qf espmisondypienprodicti he central
processor unit is linked in thermal nonitoring relationship to the vessel
to correspondingly adjust the flow of gas to conpensate the flow of gas in
relation to tenper amhensindglie fuidpressure gggulator is arranged for discharge of fluid to the

fluid flow path at a subatmospheric pressure.

30. A method according to claim 18, wherein the fluid pressure regulator is
arranged for discharge of fluid to the fluid flow path at a preséure below 700

Torr.

A fluid storage and dispensing system, comprising:

a fluid storage and dispensing vessel enclosing an interior volume for holding

a fluid, wherein the vessel includes a fluid flow port;
a fluid at superatmospheric pressure in said interior volume;

a fluid dispensing assembly coupled in fluid flow communication with the

port;

a fluid pressure regulator associated with the port, and arranged to maintain a

predetermined pressure of gas discharged from the vessel, deriving from fluid
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56. The fluid storage aratus of claim 34, containing a

fluid conprising arsine. II rmﬂm ““ “mEt orage and di spenS| H}ggg&ﬁr atus

of claim34, CYAPHHH ng a um conpri si mg phosphine. 58.

St ibine. 5. he FTUF BRarbrR el Bl et R SR e kT R B,

containing a fluid c I he fluid storage and
8{)2?!& %\QQ; ¢ ,sa%‘ ?uﬁt rgtlrrﬁ)?ﬁqupprﬁsurl

di spensi ng appar at us urd conprising diborane.

61. The fluid storage and dlspen3|ng apparatus of claim 34, containing a
fluid conprising borgn chl orj The fluid storage and spensi ng
apparatus of claim 3@‘ 'i‘B‘%nd ?ﬁs'ﬁé a%felf‘%ﬁlcamf}%ﬂ'ﬁ'?éf’ﬁgmﬁt&ilﬁ “FP‘l ‘I”ﬁ“g‘bﬁ de. 63.
The fluid storage and,disaendlng 2RPRLS HS Qhivish Hom 3 af0Y Aenhgod Ui d

volume of the vessel, along a flow path through the fluid pressure regulator
and fluid dispensing assembly, for discharge of the gas from the vessel, so that
gas during said discharge flows through the fluid pressure regulator prior to

flow through the flow control element.

32. A fluid storage and dispensing system according to claim 31, wherein said
fluid comprises a fluid species selected from the group consisting of hydrides,
halides, etch gases, and cleaning reagents for semiconductor manufacturing

equipment.

33. A fluid storage and dispensing system according to claim 31, wherein said
fluid comprises a fluid species selected from the group consisting of arsine,

phosphine, stibine, silane, chlorosilane, diborane, and boron trifluoride.
34. A fluid storage and dispensing apparatus, comprising:

a fluid storage and dispensing vessel having a neck defining 2 port of the

vessel;
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conprising a halide. 64. i ' Wigwe and di spensi ng apparat us of
cl-aim 34, containing a fl u” "I ”mngml eani ng reagent. 65. The fluid
storage and Weg#siTng syst&m of tcl ai ms1, *wherein sai d vesP&USEMY’ses a

neck bounding said fluid flow port, 66. The fluid storage and dispensing
system of cl ai m 65, 2 feF@idPraoupisd vy thepqsiy and ssifo dpregdeiermined peessyredavelir e

regulator is within_the neck of the vessel,  67. .. The fluid storage and
di spensi ng system of°rg158ﬁ“ﬁ‘f‘%8€g f"é‘f‘%gﬁ’f’ q“@dgfa‘ﬁvﬁffitafg‘ﬁ%?ﬁe‘t’ | ui d

pressure regulator is in th'F idnt erior volune of the vessel. 68. The fluid
storage and di spensPRESYEERM%Df claim 1, wherein said interior vol ume of
the vessel does not contain a heater. 60 69. The fluid storage and

di spensi ng systemof claiml1, wherein the fluid _&)ressure_ regul ator is set
to a subat mospheri c@ pedicedionrdiodhenegk el thevessl, gaid vajng head inclyghngrq \3lvg st or age

and di spensing systemof claim1, erein Ge fluid pressure regulator is
set to an atnospher %8t Br¥ é‘f"é[’;}rﬁmggep?‘églgﬁ&’ » prERpggd so that gas during ‘said
dispensing flows through the fluid pressure regulator prior to flow through the
valve, to control dispensing of gas at the predetermined pressure level for

which the gas regulator is set.

35. The fluid storage and dispensing apparatus of claim 34, containing a fluid for

semiconductor manufacturing.

36. The fluid storage and dispensing apparatus of claim 34, having a single seam

at the port.

37.  The fluid storage and dispensing apparatus of claim 34, wherein at least a

portion of the regulator is within the neck of the vessel.

38. The fluid storage and dispensing apparatus of claim 34, wherein at least a

portion of the regulator is in the interior volume of the vessel.

39. The fluid storage and dispensing apparatus of claim 34, wherein the valve of

the valve head comprises an automatic valve.
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71. The fluid storage ' ' temof claiml1, wherein the
fl-uid pressure regul ator ?ﬁ“ﬂ“ﬂﬁﬂ‘ﬂ”ﬂ;ﬂ%t nospheri c predeterm ned
pressure | evekooysdos? The #1 wa dist orage and di spensi ng sysSR@MS8Y0%37ai m 1,
wherein said fluid conprises gas. 73. . The fluid storage and di stpen-si ng
system of clai mMP1, Whetwd somgs and fisperpingamparataee claing dbrvhsgpinthe valyyo The
fluid storage and dispensjng systemof claim1, further conprising a
central processor umetyalgg)\zfﬁggqqurﬁesedpﬂnpmv "fig rel ati onship with the flow
control elenment to nodulate flow of gas in said discharge thereof. 75.

The fluid storage and dispensing systemof claim1, wherein said fluid
storage and di sfensiThgyflvidstasage apdndispasise aprasatisi of stairy 34) enntpining y8pidral | y
cylindrical vessel. 76., A fluid storage and di spensi ng system
conprising: a flui dcetrsisingah¥dilde @sspensi ng vessel enclosing an interior
volume for holding a fluid, wherein the vessel includes a fluid flow port;
61 a fluid dispensing assenbly coupled in fluid fl ow conmuni cation with the
port; 42,  The fluid storage and dispensing apparatus of claim 34, containing a fluid

comprising an acid gas.

43.  The fluid storage and dispensing apparatus of claim 34, containing a fluid
comprising a fluid species selected from the group consisting of arsine,

phosphine, stibine, silane, and diborane.

44.  The fluid storage and dispensing apparatus of claim 34, further comprising a
gas-permeable liquid barrier arranged to prevent liquid contact with the gas

regulator.

45.  The fluid storage and dispensing apparatus of claim 34, wherein the gas
regulator comprises a poppet element that is biased to a seat structure to

prevent flow at a pressure above the predetermined pressure level.

48.  The fluid storage and dispensing apparatus of claim 34, wherein the gas

regulator is a fixed set point device.

47. The fluid storage and dispensing apparatus of claim 34, wherein the gas

regulator is a variable set point device.
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a doubl e-stage fluid press ciated with the port, and
arfanged to maintain a preammmﬂ"'mm!lggmr;e in the interior volume of the
vessel ; the fwaseisspensi ng asserbly el rg sel ectively act 8ET/ABIOBS | ow
gas, deriving fromthe fluid in the interior volune of the vessel, -through

the doubl e- st ag#® f | (fite fyideteagecand disprensing 2pparaustaf fladin dftsmsain sgd ad¥enbl y,

for discharge of the gas fromthe veﬁs?f,l . 71T, A system according to
claim 76, wherein t PEFOMBTIES 87 HER B 3G pressure regulator is interiorly
di sposed in the interior volume of the vessel. 78. A system according to

claim76, wherein the dispensing assenbly includes a flow control valve
operatively couffted Wtfwdgswaae\/@dd’@?ﬂﬁ%ﬂmw# Slaim 3hqwherein said velve c
controller for actuating the valve actuator to initiate adjustment of the
val ve for control | ededi OPRHHAPRUBHGRNSas deriving fromfluid in the

vessel . 79. A fluid storage and di spensi ng system according to claim 76,
further conprising a liquid contained in the vessel interior volune

sel ected from tée grlbefuidosteragstand gispénsing gppafaive @1 bigidr 341 ovhgreiesaidavessel | quef i ed
acid gases. 80. A fluid storage and di spensing systemaccording to claim
76, further conpri sicogpeses ¢ gugleipdtont ai ned i n. the vessel interior vol une

sel ected fromthe group consisting of arsine, phosphine, stibine, silane,

di borane, hydrogen fluoride, boron trichloride, boron trifluoride, hydrogen
chl ori de, hal ogenat dtie fluidasnesze andl didpensibgapparatus of claim 34, further comprising a

valve actuator for said valve.

52, The fluid storage and dispensing apparatus of claim 51, ﬁxr;her comprising a
central processor unit coupled in controlling relationship with the valve

actuator to modulate flow of gas in said dispensing thereof.

53.  The fluid storage and dispensing apparatus of clafm 52, wherein the central
processor unit is linked in monitoring relationship to a process facility wherein
dispensed gas is consumed, to monitor a process condition of said facility and
to responsively actuate the valve actuator to modulate flow of gas to the

facility in correspondence to requirements of said facility for said gas.

64.  The fluid storage and dispensing apparatus of claim 53, wherein the process

facility comprises a semiconductor manufacturing facility.
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62 81. + A fluid storage“mmm Py st em according to claim 76,
further conprising a liqu ’m’nﬁ' he vessel interior vol une

sel ect ed fromwa twssesroup cohsiStilng ¥of sarsi ne, boron trichl JiGTEE¥¥E bor on
trifluoride. 82. A fluid storage and gas dispensing stem conprising:
a storage and @rspehds fyd ergepnd %??%%’Eﬂa'ﬁhﬂ‘;@?‘?‘aﬁg@’gz’?% thesPlng a

| i qui d whose vapor constitutes

the fluidt . di d in the fluid
i s contained in thePStGAYR" é%%&é‘ﬂ)gﬁlg?%@%\?:ggg‘éir,glglg"?‘agp Zf‘r@gg’rﬁ‘%‘éqﬁt \(/a\hi cﬁl
the fluid is i liquid state;. t t d di ' l. i ncl udi
2 F1ui d 1 ow port: ERIEBENGY AR ABMy Tt T car e dfiel & SBdR and a
doubl e-stage fluid f%faﬁ&?ﬁrtgn e&gﬂ%ﬁ&gﬁmﬂ lculate filter assenbly
an

interi.orly disposed in e vessel; a controller for selectively
actuating the dispensing assenbly to effect flow of gas deriving fromthe

liquid in th . through the fluid | at iculate filt
asserbl y and  HB. o SihaP ek i Ao sl g iR PHOm ¢ e

system

comprising arsine.

57.  The fluid storage and dispensing apparatus of claim 34, containing a fluid

comprising phosphine.

58, The fluid storage and dispensing apparatus of claim 34, containing a fluid

comprising stibine.

59, The fluid storage and dispensing apparatus of claim 34, containing a fluid

comprising silane.

60.  The fluid storage and dispensing apparatus of claim 34, containing a fluid

comprising diborane.

61. The fluid storage and dispensing apparatus of claim 34, containing a fluid

comprising boron trichloride,

62. The fluid storage and dispensing apparatus of claim 34, containing a fluid

comprising boron trifluoride.
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83. A fluid storage a m system according to cl ai m 82,
wherein the vessel cont al ﬂn 'Immﬂ'"ml ed fromthe group consisting o

li quefied hydWaitesgsses artd I qlef I‘eds ac*l d gases. 63 84 PCT{&S”"””"

sem conduct or nuf.gct r sin em conduc '
manuf act uri ng ar%ara s‘Hh‘{ PPe8s %’& ISPC%ng 8’“35 §g°lal f°°§‘§1fuﬂggaa wher ei n
sai d source conprises storage and di spensing vessel encI05|ng an

interior volunme for ﬁ?@dsx%&dﬂﬁ uid, wherein the vessel includes a fluid
flow port; a fluid dispensing assenbl y coupled in fluid fl ow conmuni cation

with the port; a nul t eflwd. essure reg tor, associated_w th the
port, and arran8&d t'h’ nfg‘i‘ﬂ i %Pdp?‘g"&%?ﬁp?féﬁ *g?gh? ?fa‘PW§al%‘\iA%r| or
vol une.of the vessel; the Y p5| ng assenbl y being selectively :
actuatable to flow ggg'p"ﬂ%%accaﬁmgfeagm the fluid in the interior volune of
the vessel, through the fluid pressure regul ator and f|UId di spensi ng

assenbl y, for di scharge of the gas fromthe vesse] A _sem ?onductor
manuf act uri ng s§Bt emheaRuid siorage apd dispepsing sBﬁem\%é]raé’i‘ﬂ f"ﬁé‘em said vesse

comprises a neck bounding said fluid flow port.

66. The fluid storage and dispensing system of claim 65, wherein at least a portion

of the fluid pressure regulator is within the neck of the vessel.

67. The fluid storage and dispensing system of claim 65, wherein at least a portion

of the fluid pressure regulator is in the interior volume of the vessel.

8. The fluid storage and dispensing system of claim 1, wherein said interior

volume of the vessel does not contain a heater.

69.  The fluid storage and dispensing system of claim 1, wherein the fluid pressure

regulator is set to a subatmospheric predetermined pressure level.

70. The fluid storage and dispensing system of claim 1, wherein the fluid pressure

regulator is set to an atmospheric predetermined pressure level.

. 71.  The fluid storage and dispensing system of claim 1, wherein the fluid pressure

regulator is set to a superatmospheric predetermined pressure level.
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sem conduct or manuf act ur i sel ected fromthe group consisting
of -“i on inplantation chant"ﬂmﬂnmmum Imlpor deposition reactors,

li thotracks uwotsssokrubbl ers, cliguitd del *very units, and cl eBEHVEYY8YST prent .
86. A method for _storage and dispensing of a fluid, conprising:- 64
contai ning the 2 ui dbf dluif slgres RS dsparias sysismm of %IMWhegeerag@dff?um d
pressure.regulator in a . fluid flow path closed to fluid fl ow downstream of
the fluid pressure FEGEUHEI®P; and sel ectively dispensing the confined fluid
by opening the fluid flow path to fluid fl ow downstream of the fluid
pressure regul ator, and di schargi n%_flu_id at a rate determned by the fluid
pressure regul atdor. T8y fluid gorgs Aol diseeeingsutem of claim nh gderejih &aidiflid he
contained fluid is a liquid. 88. A et hod of manufacturing a

sem conduct or pr oduCPMPEEHAUEREIEES- containing the fluid in a confined state
against a nulti-stage fluid pressure regulator in a fluid flow path cl osed

to fluid flow downstream of the fluid pressure regul ator;
74.  The fluid storage and dispensing system of claim 1, further cornprising a

central processor unit coupled in controlling relationship with the flow control

element to modulate flow of gas in said discharge thereof.

75. The fluid storage and dispensing system of claim 1, wherein said fluid storage
and dispensing vessel comprises a vertically elongate generally cylindrical

vessel.

76. A fluid storage and dispensing system, comprising:

a fluid storage and dispensing vessel enclosing an interior volume for holding

a fluid, wherein the vessel includes a fluid flow port;

a fluid dispensing assembly coupled in fluid flow communication with the
port;
a double-stage fluid pressure regulator associated with the port, and arranged

to maintain a predetermined pressure in the interior volume of the vessel;

the fluid dispcnsing assembly being selectively actuatable to flow gas,

deriving from the fluid in the interior volume of the vessel, through the
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selectively dispensing the confined fluid by opening the fluid flow path to
flauid fl ow dowmnmstream of the fluid pressure regul ator, and di schargi ng
fluid at a rawesdsdesr mi ned by the fluid pressure regul at or; PEUSYEIIAY t he

di scharged fluid in the manufacture of the sem conductor product. 89.- A
met hod accordi ng t o 9eybig-fieeegBuid\ pesswr feguipior 2od fpd (dispensing cassambplyal 1 ui d

conprises ion inplantation. 65 90. A nmet hod according to claim 88,
wherein the use of gﬁglalﬁ?éﬂ‘ﬁrg@%fg‘“?g‘ﬁi"ﬁs"éonpri ses cheni cal vapor

deposition. 91. A fluid storage and di spensing system according to claim
86, wherein the fluid pressure regulator is arranged for discharge of the
gas fromthe vessel at a subatnospheric pressure. 92. A fluid storage and

di spensi ng syst-gm agCgfsflhN bRz @i dRiR676, WSIER! fe lWBRbiId-LikhednRl ??Egéﬁi:ee

regul ator is arranged for discharge of the gas fromthe vessel at a

pressure bel ow 700 F&Qfator R3nteriorly dispbledintheihBHG voRithe dfBPGRSA.NG System
conprising a vessel containing a physical

78. A system according to claim 76, wherein the dispensing assembly includes a
flow control valve operatively coupled with a valve actuator therefor, and an
automatic controller for actuating the valve actuator to initiate adjustment of

the valve for controlled discharge flow of gas deriving from fluid in the vessel.

79. A fluid storage and dispensing system according to claim 76, further
comprising a liquid contained in the vessel inferior volume selected from the

group consisting of liquefied hydride gases and liquefied acid gases.

80. A fluid storage and dispensing system according to claim 76, further
comprising 2 lignid contained in the vessel interior volume selected from the
group consisting of arsine, phosphine, stibine, silane, diborane, hydrogen
fluoride, boron trichloride, boron triflyoride, hydrogen chloride, halégenated

silanes and disilanes.

* c L N S *
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adsorbent material having ad;mmnul“mllﬁﬂmmﬂas at an internal pressure in
the vessel of from about 50 psig, and a gas di spensing
assenbl y coupwedssdosh t he vesstl ‘and sél edtively operabl e tBCTHVSPEHEE gas
fromthe vessel, said vessel including a fluid flow port with a fluid-
préssure regul dtor As§idi seweeE WY W‘?ff@’“éo%3f‘temmﬁ°€?f3‘t‘lﬁel°f‘FIE}F’d 76 Bgderr e

regul ator. and gas di spensi ng. assenbly bein ranged such tha
di spensed fromthe m*ngf*‘qﬁ\‘z\g PRABFSRA then sslgflﬂieﬂ W@??GF’@“F‘E%W%&FN prior
to flow through the as dI.S st orage and

di spensing system a Eﬁnﬁ‘é gf %mggmc\kl%gﬁieeﬁ“ﬂbgrﬁ?H‘ﬂé‘&ré‘gcorrpri ses a gas
species selected fromthe group consi sting of hydride gases, halide gases
and organonetal | i c conpound gases. 66 95. A fluid storage and

di spensi ng system according to claim93, wherein the vessel contains said

gas in a free spate Aétﬁud/\ﬁ&rhgeéhﬁd g@d@per@,gggg.rs@@ldcompag,ﬁg 96. A fluid storage
and di spensing system according to claim?93, wherein fromabout 5 to about

40% of said gas is present in a free state, and fromabout 60 to about 95%
of said gas is present in an adsorbed state on the physical sorbent

material . a storage and dispensing vessel constructed and arranged for holding a liquid

whose vapor constitutes the fluid to be dispensed, wherein the fluid is
contained in the storage and dispensing vessel, at a pressure at which the fluid

is in a liguid state;
the storage and dispensing vessel including a fluid flow port;
a dispensing assembly coupled to the outlet port; and

a double-stage fluid pressure regulator/particulate filter assembly interiorly

disposed in the vessel; and

a controller for selectively actuating the dispensing assembly to effect flow of
gas deriving from the liquid in the vessel, through the fluid regulator/particulate
filter assembly and tl;e dispensing assembly, for discharge of the gas from the

system.

82

AMENDED SHEET (ARTICLE 19)

THIS SHEET HAS BEEN

Sheet Has Been Rerilaced REPLACED

T




97. A seniconductor ﬂ!ﬂn lu Im”mlmu m conprising a
sem conduct or. manuf acturing ng a gas, and a source of said
gas, wherein ¥QWS68irce conmpri Ses“a Veskel* containing a phyP&TEEPY BT or bent

mat eri al havi ng_adso g 9 t her eo as .at an intey naI Bressure in the -
vessel of from Sbout” BYY5OE° ?‘Hngéﬁﬂg?e“%%fysﬁ?la&” Slapm &2, yyhersiodls ng

assenbly coupled wth the yesse er abl nse gas

fromthe vessel, sai 5sve°§'s‘glnsf‘n sefcrtleg & fhl Ve|¥f° tB’ér"anWe?FfP@dB&"w d

pressure regul ator he port, with the fluid pressure
regul at or and gas di spenmﬁggkwa&ﬁﬁ%“e bei ng arranged such that gas

di spensed fromthe vessel flows through the fluid pressure regulator prior
to flow through the gas dispensing assenbly. 98. A sem conduct or

nmanuf act uri ng syst en ageaodintrt MamlfAnMin 7 sysheBnpridide =5 S odte! OF
manuf acturi ng apparatus is selected fromthe group consisting of 1on

i mpl antati on chanmbemfanufatierivgGpparatdnfilizide B S| dnd ABodr@VE LAY Sas, WhekdhPiaiICKS
units, bubblers, liquid delivery units, and cleaning equipment.. 99. A

met hod for stor age angedbopsssi ng of a fluid, conprising: 67

a fluid storage and dispensing vessel enclosing an interior volume for holding

a fluid, wherein the vessel includes a fluid flow port;

a fluid dispensing assembly coupled in fluid flow communication with the
port;
a multi-stage fluid pressure regulator associated with the port, and arranged to

maintain a predetermined pressure in the interior volume of the vessel;

the fluid dispensing assembly being selectively actuatable to flow gas,
deriving from the fluid in the interior volume of the vessel, through the fluid
pressure regulator and fluid dispensing assembly, for discharge of the gas from

the vessel.

85. A semiconductor manufacturing system according to claim 84, wherein the
semiconductor manufacturing apparatus is selected from the group consisting
of ion implantation chambers, chemical vapor deposition reactors, lithotracks

units, bubblers, liquid delivery units, and cleaning equipment.
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containing the fluid in an at |east rtially adsorbed state at a pressure
in the range of from abon Hlu"jl Hﬂﬁmmoo psig in a vessel InCl‘ﬁg’l ng a
fluid fl ow pd¥QINGEHBA a fl ul at or associ at ed M 47Y port
with the fluid pressure regulator and gas di spensing assenbly being
arranged such that gas dispensed fromthe vessel flows through the fluid
pressure regul g or L nsi ng assenbly; and
sel ectively di g%enﬁﬁgﬂ§%§gp?t§%%\égnggfsg%%gﬁ %?agggon"% ?lﬂgm t he adsorbed state
rel easi ng same from contai nment and fl ow ng sane t hough the gas di spensing
assenbly. 100. A nethod according to claim99, further conprising using

the fluid rel eased chigiing QM Akl 7R Alconfthed sBRMakiBR QUAHIA st fRAIE Bfdstid NY
process. 101. A fluid sForage and di spensing system conprising a fluid

storage and di Spen&é%?ﬁitdﬁﬁ%Qimcﬁﬂ&b%&ﬂ*x%s@d’ltol i (bW ldoWRdtesHE of thel RS t han
about 50 liters and having an inlet opening larger than 1 inch NGI;, a fluid
di spensi ng assenbl prasuwewrgasodt aid sel ectively dispensing fluid fromthe
vessel; and a fluid pressure regulator in the interior volunme of the
vessel, arranged to maintain a predeterm ned pressure therein, with the
fluid pressure regul ator and gas di spensing.assenbly being arranged such

t hat gas di spensed séleaively Rissperemg abe édnfimml fluid by opening the fluid flow path to

fluid flow downstream of the fluid pressure regulator, and discharging fluid at

a rate determined by the fluid pressure regulator.

87. A method according to claim 86, wherein the contained fluid is a liquid.

88. A method of manufacturing a semiconductor product, comprising:
containing the fluid in a confined state against a multi-stage fluid pressure
regulator in a fluid flow path closed to fluid flow downstream of the fluid
pressure regulator;
selectively dispensing the confined fluid by opening the fluid flow path to
fluid flow downstream of the fluid pressure regulator, and discharging fluid at

a rate determined by the ﬁuid pressure regulator; and

using the discharged fluid in the manufacture of the semiconductor product,
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t hrough the fluid pressure reﬁul at or r|or to flow through the gas

di-spensi ng assenbl y. "l"mm l'JHI torage and di spensi ng ystem
accordi ng t owoloaissusi01, vol une of sai BCTESROPT s | ess

t han about 20 liters. 103 A flui g sforage and di spensing system
according to claim101, wher ei n the interi or vol une of said vessel is |less
than about 10 liters

according to Fai nﬁlﬁT}l’ oq, AesP fl u ?18%; d st ID'$ 33%}%’%@?3 isin

the range of fromabout 1 to ai[lgnIO I|ters 105 A fluid storage and

di spensi ng system SR dﬁﬁffl%mf arm 101, wherein the pressure capability
of the vessel is at |east 1000 pounds per square inch. 106. Afluid
storage and di spensi ng system according to claim 101, wherein the pressure

capabi | ity of d é&\eaaﬂ!,d h&ofing t@ac‘ﬁmeBQOQ«hQQHﬁgéuﬁQ{ftﬁaﬁﬁélﬁrgE@%td 107. A
fluid storage and i spensi ng veéssel according to claim 101, wherein the

inlet opening is 1Lb&hdrsed dhedich¥Sdpor 86hBsition. A f1 Ui d storage and di spensi ng
vessel according to claim101, erein the inlet
9. A fluid storage and dispensing system according to claim 86, wherein the fluid
pressure regulator is arranged for discharge of the gas from the vessel at a

subatmospheric pressure.

92. A fluid storage and dispensing system according to claim 86, wherein the fluid
pressure regulator is arranged for discharge of the gas from the vessel at a

pressure below 700 Torr.

93. A fluid storage and dispensing system comprising a vessel containing a
physical adsorbent material having adsorbed thereon a gas at an internal
pressure in the vessel of from about 50 psig to about 5000 psig, and a gas
dispensing assembly coupled with the vessel and sclectively operable to

dispense gas from the vessel,
94. A fluid storage and dispensing system according to claim 93, wherein said gas

comprises a gas species selected from the group consisting of hydride gases,

halide gases and organometallic compound gases.
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opening is 1[err]inch NGT- rrl tpi. 69 109. A sem conductor

manuf acturing system cor’ﬂ'ﬂ@‘mb Jm ﬂm,:onductor manuf act uri ng appar at us
utilizing a gamoosmees7a soul.Cecam! wherein said sourRsa/UsSeMMI'ses: a
fluid storage and di spensing vessel encldsing an interior volune of |ess
than about 50 liters and having an inlet opening larger than 1 inch NGI;, a
fluid dispensing assenbly arranged for selectively dispensjng f] u&ld from
the vessel; and®%a fl%uiﬂ_(?l%ft%@% 4’%’@%&“&%Ft°’f‘r?°‘f%nﬂ?t‘3$f“o?s3’ TRe"Bf t he
vessel, arranged to nmaintain a_gredet rm nedﬁp@essure tper%n, with the
fluid pressure regulvgssskcontaps sadeayingEssstarr s ¥eU &P S adses % ranged such
that gas di spensed fromthe vessel flows. through the fluid pressure

regul ator prior to flow through the gas dispensing assenbly. 110. A

sem conduct or pnuf acturj syst.em g rgilgP L M, 10t he
- sem conduct or gg?wf a‘gttﬁﬁ ﬂ‘%ﬂ%\p g%ésfﬁngﬁlgs se g%c%&%h?é gﬂfln&r?%é vg@%&gﬁ%%nsi sting

of

about 5 to about 40% of said gas is present in a free state, and from about 60
to about 95% of said gas is present in an adsorbed state on the physical sorbent

material.

97. A semiconductor manufacturing system comprising a semiconductor
manufacturing apparatus utilizing a gas, and a source of said gas, wherein said
source comprises a vessel containing a physical adsorbent material having
adsorbed thereon a gas at an internal pressure in the vessel of from about 50
psig to about 5000 psig, and a gas dispensing assembly coupled with the

vessel and selectively operable to dispense gas from the vessel.

98. A semiconductor manufacturing system according to claim 97, wherein the
semiconductor manufacturing apparatus is selected from the group consisting
of ion implantation chambers, chemical vapor deposition reactors, lithotracks

units, bubblers, liquid delivery units, and cleaning equipment.

99. A method for storage and dispensing of a fluid, comprising:
containing the fluid in an at least partially adsorbed state at a pressure in the

range of from about 50 to about 5000 psig; and
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ion inplantation chanbers, chem cal vapor deposition reactors, lithotracks
upits, bubblers, liquid delivery units, and cleaning equiprent. 111. A
fluid storaggomadesdt spensi ng vessel conprising a 2.0-2.25 PEVEFOPT 3AA
2015 cylinder with a 1.5 inch NGI opening witha 1[err]-11[err] NGT thread,
a-4.187 to 4.25 i nchegivelyrdigensingtthy fluig byoiesosbing oame freohithekassarbedoftat)). 094 to
0.125 inch, and a length of 12.75 to 13.75 inches, said vessel including a
fluid flow port wi trplestingsyPeiTgiR eaniqieent equl at or associ ated with the port,
and a gas di spensing assenbly coupl ed 70 with the fluid flow port, with
the fluid pressure regul ator and gas di spensi ng assenbly being arranged
such that gas djspense romthe vess l.ows thr h the Jf].ui essure
regul ator pri o?dot ot 0% ﬁ?%ﬁ%%et? ﬁF ng'ggés’ ff%’l‘“s%%%“é‘“ﬁiggg"s‘“ Iﬂyldfiga}sg A fluid
storage and di spensin . 1:S] iLh an interior volune
| ess than 50 liter s%oang?f%gﬁ%%mMné%%kﬁéé%%ag%%ﬁ%ﬁg%m\g&%i spensi ng assenbly
coupled to the neck opening, a fluid pressure regulator coupled to the

di spensi ng assenbly and di sposed in the interior volunme of the vessel, with

the fluid pressyre 4 fGHLRLPE aRHpliRfe HsRRE Bthgidingssenbl y being arranged
gas - .

such t hat

a fluid storage and dispensing vessel enclosing an interior volume of less than

about 50 liters and having an inlet opening larger than 1 inch NGT;

a fluid dispensing assembly arranged for selectively dispensing fluid from the

vessel; and

a fluid pressure regulator in the interior volume of the vessel, arranged to

maintain a predetermined pressure therein,

102. A fluid storage and dispensing system according to claim 101, wherein the

interior volume of said vessel is less than about 20 liters.

103. A fluid storage and dispensing system according to claim 101, wherein the

interior volume of said vessel is less than about 10 liters.

: * 0 C L M S *

87

AMENDED SHEET (ARTICLE 19)

This Sheet Has Been Repllaced

Ll

THIS SHEET HAS BEEN
REPLACED




di spensed fromthe vessel flows through the fluid pressure regul ator pri or
to flow through the gas dispensing assenbly 113. A fluid st
di spensi ng aseEmtsbes7according to cI ai m 112, vvherel n the nec {S’Sem ng is a

1.5 inch NGI neck o st or an asserrbly
according to cﬁiﬁ m‘gii%ﬁpg?rﬁ%etﬁ’d dlsc?e"snfg sggem a%tc%a 1Pl gfn\ FE onnect ed

h I Juid
0 sponsi ng. acsonbl yRegOlER of i BR] B RLERER o ?@‘5@%&?%&“2‘&2% )

according to claim 112, wherein the regul ator conprises a nulti-stage

regul at or. 71 116. A fluid storage and di spensing assenbly according to
claim 112, wherein the vessel holds a physical adsorbent material and a gas
for which the piysiAdluiddsagdant dispaisigi stterh accomiingd iclaim a0f,iwhiefejn thé17. A
fluid storage and di spensing vessel according to claim 116, wherein the
pressure in the intgmessme capabilitysf die vedee isae Base 1 000 pogriemir aquateisoh. 50 psi g.

106. A fluid storage and dispensing system éccording to claim 101, wherein the

pressure capability of the vessel is at least 5000 pbunds per square inch.

107. A fluid storage and dispensing vessel according to claim 101, wherein the inlet

opening is 1% inch NGT.

108. A fluid storage and dispensing vessel according to claim 101, wherein the inlet

opening is 1% inch NGT-11; tpi.

109. A semiconductor manufacturing system comprising a semiconductor
manufacturing apparatus utilizing a gas, and a source of said gas, wherein said

source comprises:

a fluid storage and dispensing vessel enclosing an interior volume of less than

about 50 liters and having an inlet opening larger than I inch NGT;

L
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a fluid dispensing assembly arranged for selectively dispensing fluid from the
vessel; and

a fluid pressure regulator in the interior volume of the vessel, arranged to

maintain a predetermined pressure therein.

110. A semiconductor manufacturing system according to claim 109, wherein the
semiconductor manufacturing apparatus is selected from the group consisting
of ion implantation chambers, chemical vapor deposition reactors, lithotracks

units, bubblers, liquid delivery units, and cleaning equipment.

111. A fluid storage and dispensing vessel comprising a 2.0-2.25 liter DOT 3AA
2015 cylinder with a 1.5 inch NGT opening with a 1% -11% NGT thread, a
4.187 to 4.25 inch outer diameter, a nominal wall thickness of 0.094 to 0.125

inch, and a length of 12.75 to 13.75 inches.

112. A fluid storage and dispensing assembly comprising a vessel with an interior
volume less than 50 liters and a >1 inch NGT neck opening, a dispensing
assembly coupled to the neck opening, a regulator coupled to the dispensing

assembly and disposed in the interior volume of the vessel.

113. A fluid storage and dispensing assembly according to claim 112, wherein the

neck opening is a 1.5 inch NGT neck opening.

[
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A fluid storage and dispensing assembly according to claim 112, further
comprising a particulate filter connected to the regulator, for preventing

particulates from entering the fluid dispensing assembly.

A fluid storage and dispensing assembly according to claim 112, wherein the:

regulator comprises a multi-stage regulator.

A fluid storage and dispensing assembly according to claim 112, wherein the
vessel holds a physical adsorbent material and a gas for which the physical

adsorbent material has sorptive affinity,

A fluid storage and dispensing vessel according to claim 116, wherein the

pressure in the interior volume of the vessel is greater than 50 psig.
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