RECTANGULAR PARALLELEPI PED FLUI D STORAGE AND DI SPENSI NG VESSEL 5 FI ELD OF

THE | NVENTI ON [ 0001] The present invention relates generally to a fluid
storage and di spensing apparatus including a fluid storage and di spensi ng
vessel having a rectangul ar parallel epi ped shape, and to an integrated gas
“cabi net assenbly including such fluid storage and di spensi ng appar at us.
DESCRI PTI ON OF THE RELATED ART 10 [0002] Sorbent-based fluid storage and
di spensi ng apparatus have conme into use in sem conductor manufacturing
applications in recent years, as gas supplies for a variety of
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filnms, usi n% a_ W de vari eté of organonetaffic precursor reagent gases; and
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SDS(r) and SAGEf ssyemblyduriudihpy/buch flwid storpdsanbdispynsinghpparatnel 20 Mat heson Gas
Products, Inc. (Parsippany, NJ). Such systens typically include a

conventi onal_ hi gh- eSS & das. C | i nder vessel as the receptacle for a

sol i d- phase %MLQ%ME&E& g., a molecular sieve
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t e form of Mpuwarprigg mitpperatisphent particles, and the vessel is charged with
25 the sorbate gas so that it is sorptively retained on the sorbent bed at
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silicon source reagents such as silane and halosilane gases.

[0004] Commercially available sorbent-based fluid storage and dispensing apparatus include the gas
source systems available under the trademarks SDS® and SAGE® from ATMI, Ine. (Danbury, CT) and
20 Matheson Gas Products, Inc. (Parsippany, NJ). Such systems typically include a conventional high-
pressure gas cylinder vessel as the receptacle for a solid-phase physical adsorbent medium, e.g., a
) molecular sieve (aluminosilicate), activated carbon or other material having sorptive affinity for the
} fluid to be stored in and selectively dispensed from the gas cylinder vessel. The gas cylinder vessel
holds the sorbent medium in the form of a bed of the sorbent particles, and the vessel is charged with
25  the sorbate gas so that it is sorptively retained on the sorbent bed at pressures that are typically much
lower than the high pressures at which such gas cylinders have historically been used (e.g., pressures on
the order of 1500-5000 torr or even higher) for gas storage.

{0005] The prior art high pressure gas cylinders utilized substantial superatmospheric pressures for gas
storage, since such pressure levels permitted significant inventory of gas to be supplied from the vessel,
30  This substantial gas supply capacity, however, is accompanied by the hazards and safety concerns
incident to the storage of high pressure compressed gases. High pressure gas oylinders in the event of



30 This substantial gas supply capacity, however, is acconpanied by the
hazards and safety concerns incident to the storage of high pressure
conpressed gases. Hi gh pressure gas cylinders in the event of cylinder
rupture or | eakage of gas froma mal functioning or danaged val ve head
involve the risk of catastrophic release of gas to the anbi ent atnosphere,
as the pressurized gas is rapidly discharged to the environnent of the
vessel. This is particularly problematic in applications such as
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S0 as to impose a concentration differential on the adsorbed gas to effect mass transfer of the sorbate
25  gas into the carrier gas stream, for subsequent dispensing from the vessel with the through-flowing
carrier gas.

[0009] The gas cylinder vessel, as used for conventional high-pressure compressed gas storage and
dispensing, and as heretofore used for physical adsorbent-based gas storage and dispensing systems, is,
as denoted by its name, a cylindrically-shaped vessel, typically formed of steel or other metal alloy,
30  which has an upper neck opening. A valve head assembly is coupled to the neck opening, e.g., by
welding, brazing, or the like, and includes a flow control valve in a valve head block containing a flow



30 which has an upper neck opening. A valve head assenbly is coupled to the
neck opening, e.g., by welding, brazing, or the like, and includes a flow
control valve in a valve head bl ock containing a flow passage, with the
active valve el enment being disposed in the fl ow passage and sel ectively
openabl e and cl osabl e, as desired, to enable discharge flow of the reagent
fluid fromthe interior volune of. the gas cylinder vessel. [0010] The val ve
head may i nclude a hand wheel, autonmatic val ve acutator or other structural
el ements 5 for operation of the valve, The val ve headP%%Plcally I S
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val ve head, ohiQ4ef e gas to be flowed fromthe vessel through the valve
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[0012] The vessels that have been employed in the commercial physical adscrbent-based low pressure
gas storage and dispensing systems have continued to be the heavy metal cylinders of the type
conventionally used in high-pressure compressed gas storage and dispensing apparatus. This

20  persisience of usage of the heavy metal cylinders in sorbent-based systems is attributable to a number
of factors,

[0013} Such cylindrical vessels have been in use for over 100 years, and are generally approved by

regulatory authorities worldwide for storage, transport and dispensing of gases. These vessels are

readily available, being mass-produced by & number of manufacturers. They are relatively inexpensive,
25  and widely accepted.

[0014] Ancillary to these factors is the fact that since volume of stored gas is a function of pressure,
«eylindrical vessels as a result of their minimum area (i.e., circular) cross-sectional shape, are able to
accommodate elevated pressure levels of contained gas, with minimum stress and deformation, relative
to other geometries. It has therefore been common practice to wtilize such vessels at the highest

30  pressure consistent with safety considerations, in order to maximize the inventory of gas in the vessel.



25and w dely accepted. [0014] Ancillary to these factors is the fact that
since volune of stored gas is a function of pressure, cylindrical vessels
as aresult of their mninumarea (i.e., circular) cross-sectional shape,
are able to accommpdate el evated pressure | evels of contained gas, with
m ni nrum stress and deformation, relative to other geonetries. It has

t herefore been conmon practice to utilize such vessels at the highest 30
pressure consistent with safety considerations, in order to naxinize the

inventory of gas in the vessel, _Since the cylindrical vessels are thus
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physi cal adsorbent?%ased gas storagghgﬁd &?s%@%sin@ systens.&% WARY OF THE
| NMENTI ON [0017] In one aspect, the invention relates to a fluid storage
and di spensiltdg6laPheser ia thersforecoewprpeliignpedain Hie it for ihw sihd inggevedpedkaging e physiegl
vessel havi RgoMbhtibt®gak QhradbQhd! efel@ the interior volunme contains a
physi cal adso?bent so%%tf@%ly ?g?g%%?%g a fluid thereon and from which the
fluid is desorbable for dispensing fromthe vessel, and a di spensing
assenbly coSPMMMARY OFTHERSEENTIONd spensi ng desorbed fluid fromthe
\r;: °> ﬂ o ‘g’gfg@gﬂ ’ fgpofrrx]e bt I i85 B0 & AR Gud 65 SRing appatiius. o Smaady af
15 fluid storage and dispensing vessel having an interior volume, wherein the interior volume contains a

physical adsorbent sorptively retaining a fluid thereon and from which the fluid is desorbable for
dispensing from the vessel, and a dispensing assembly coupled to the vessel for dispensing desorbed

fluid from the vessel, wherein the fluid storage and dispensing vessel is of rectangular parallelepiped
form.

20 [0018] Another aspect of the invention relates to a gas cabinet assembly, comprising:

a gas cabinet defining an enclosed interior volume and including flow circuitry in said interior
volume arranged for dispensing of gas fiom the cabinet; and

a gas source disposed in the interior volume of fhe gas cabinet and coupled in gas supply
relationship to the flow circuitry, wherein said gas source comprises at least one fluid storage and
25  dispensing vessel of rectangular parallelepiped form, each said fluid storage and dispensing vessel
containing a physical adsorbent sorptively retaining said gas thereon, and a dispensing assembly
coupled to said fluid storage and dispensing vessel for dispensing said gas from the vessel for flow to

said flow circuitry,



20[ 00181 Anot her aspect of the invention relates to a gas cabi net assenbly,

conpri si ng: a gas cabi net defining an enclosed interior volunme and
including flow circuitry in said interior volume arranged for dispensing of
gas fromthe cabinet; and a gas source disposed in the interior volune

of the gas cabinet and coupled in gas supply relationship to the flow
circuitry, wherein said gas source conprises at |east one fluid storage and
25 dispensing vessel of rectangular parallelepiped form each said fluid
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Yet anotzblerma@a%hdu%nﬁdﬁefaém%mgns&%&HES to a gas cabinet assenbly
conprising: a vented gas cabinet defining an enclosed interior volume and

including flow circuitry in said interior volume arranged for dispensing of
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ventilation gas prior to discharge of the ventilation gas from the vented gas cabinet via the ventilation
gas ouflet.

30 [0023] Other aspects, features and embodiments of the present invention will be more fully apparent
from the ensuing disclosure and appended claims.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0024] Figure 1 is a perspective view of
a rectangul ar parallelepiped fluid storage and di spensi ng vessel according
to one enbodi nent of the present invention, with a pipe valve connection.
[0025] Figure 2 is a perspective view of a rectangul ar parallelepiped fluid
storage and di spensing 5 vessel according to another enbodi nent of the
present invention, with a flange type val ve connection. [0026] Figure 3 is
a front elevation view of a rectangular parallelepiped fluid storage and

di spensing vessel of the t pe shown in Figure 2, showi ng details of the
structure t BREEDESCRI {ORTHEDRAWINGS schenatic representation of a

gas cabi net nmqemgt:e/mmgagkaﬁe trewaeffa%&daana: FaRBAdpiped fibi Qeok-3Y S diQBhsimpavi ng
di sposed t herei muj ti Ilc%ﬁ¥ éﬁgectaﬁgnhargﬁ?rallHBE$RBed fluid storage
and 10 di speH ?1°§°‘ﬁ'}5%‘§81‘ 7 PA e Rresent fpRention, Wity ¢ jpe v B9 DESCRI PTI ON
OF THE | NVENTI ON, AND PREFERRED EMBODI MENTS THEREOF 15[ 0028] The present

i nvention lfﬁoobqsaglueﬂ i ttserqieaﬁwewoftah@émgumwa tpeal(ﬁﬁﬁrsttﬁdgs ataaa@@%fnlgu' d
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conformation, with surprising and unexpected advantages as regards t he
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for the phy5|cal sorb ent nmedium]in _the vesSse ity o
fluid storagesspldhedyresharainijeusns shogingdetailsphib F%tt“ﬁ‘@fe f.20 vessel for
sem conduct or manufacturing operations. [0029] By way of background to
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arat us ofberipgntopchaxing dispasedsrein 2 multinheity) of rtfﬁnsqlﬁrtmralld%ﬁ% ﬂaérstata% A
a ear tm bemﬁmth&mdsaaﬂmm@baganummho enpl oy a rectangul ar parall el epi ped
conformati on for a physical -adsorbent-based fluid storage and di spensing
system since: 25 (i) a rectangul ar parall el epi ped vessel has six faces,
and twel ve wel d-I_ines reoU|red for fabrlcatlon i f each face of the vessel
is a separate pi ddlAlBEILRE RTIO)] INYE INSAND ER :
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[0029] By way of background to explanation of the unanticipated advantages of the rectangular
parallelepiped conformation vessel in the fluid storage and dispensing apparatus of the present
invention, it would on initial consideration appear to be highly disadvantageous to employ a rectangular
parallelepiped conformation for a physical-adsorbent-based fluid storage and dispensing system, since:
25 (i) a rectangular parallelepiped vessel has six faces, and twelve weld-lines required for fabrication if
each face of the vessel is a separate piece (by contrast, a cylindrical vessel may be formed without
seams from tubular rolled steel stock); (ii) consistent with (i), the fabrication cost of a rectangular
conformation vessel would be expected to be substantially higher than for a corresponding cylindrical
vessel; (iii) a rectangular parallelepiped conformation involves “sharp” comers at the juncture of
30  adjacent perpendicularly oriented walls that offer the potential of forming voids at the line of juncture,



5 by pressure or force directed thereon, relative to a "seanl ess”
cylindrical vesseL [0030] Applicant has discovered, however, that the
rectangul ar parall el epi ped conformation results in a vessel which does have
| ess tightly packed sorbent bed regions adjacent the seans at the

I ntersection of adjacent walls, but that rather than being a di sadvant age,
such |l ower density sorb ent bed regions are in fact advantageous as hi gher
gas fl ow conductance pathmays for interstitial desorbed or unadsorbed gas
10 to flow out of th | k volune of the sorb ent bed. [0031] Further,
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conformation than in the cyli ndrical vessel. The rect angul ar paral |l el epi ped
conformati on thereby enabl es hi gher volune egress of gas fromthe vessel
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desorbed gas in the interior portions of the sorbent bed. [0032] Further,
Qﬂ rectangul ar parall el epi ped conformati on has particular utility for
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been formed I ‘ﬁ?r frtagigeRprions Aftggerbqutbefy ocessi ng. [0033] 1n one
enbodi nent, the I nvention reI ates to a rectangul ar parall el epi ped vessel

defining a gdoagepirins! i feasngmg.l PRI BAYRioRhdR BhrtioutP utl P hdidinS0MRk 6] 2

aS di spensin for selectiye
9 P ngonallthlc orm, of a type as disclosed for example in copending U.S. patent application of J. D.

Carruthers for “Gas Storage and Dispensing System with Monolithic Carbon Adsorbent” filed

=

25 concurrently herewith, As used in such context, “monolithic” means that the sorbent medium is in a
unitary or block-like form, in contradistinction to conventional finely divided forms such as beads,
particles, granules, pellets, and the like, which are generally utilized in the form of a bed comprising a
multiplicity of such beads, particles, granules, pellets, etc. Thus, in the bed form of multiple finely
divided physical adsorbent elements, the void volume of the active sorbent is in major part interstitial,

30 or inter-particle, in character, varying according to the dimensions, shape and packing density of the
sorbent particles. By contrast, in a monolithic form, the void volume of the active sorbent is in form of
porosity intrinsic to the sorbent material and voids that may have been formed in the bulk sorbent body



di scharge of gas fromthe vessel. The rectangul ar parall el epi ped vesse
contains sorbent nediumin a 5 suitable form e.g., in a formthat provides
sufficient capacity for sorptive retention of gas in a desired quantity,

t hat provi des good desorptive rel ease of gas under desorption conditions,

t hat provides good worlcing capacity with good heels behavior (i.e., high
extent of desorption of initially adsorbed gas), and that has an
appropriate sorptive affinity for the gas of interest so that |ow gas
pressure is maintained in the interior volume of the vessel during storage
of gas theréWﬁ%“&mﬁ%@@84] The physi cal adsorbent can therefore be in a
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the adsorbent material that are of a size comensurate with the rectangul ar
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15 and di spensi ng apparatus of the present invention accommpdates the
vessel to installation and containnment in a gas cabinet, such as is wdely
used in sem conductor manufacturing facilities, with mnimzation of wasted
vol une inside the gas cabinet This achi eves a substantial benefit in
relation to conventional cylindrical vessels, which by virtue of their
circular cross-section create wasted volune in proximty to the walls and
ot her rectangul ar and square conponents of the gas cabinet that are

adj acent 20 or in close proxinmty to the gas storage and dispensing vessel.
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commodat es . a vol ume- f i

t angul d I
Cpace of 5. BCHP puF el ahiest RE R vt i I o Pecn PLCLE ok ng 1 he

same physical location in the gas box has a volunme-fill space of only 2.2
liters. In mabltmmecméﬂﬂahgmﬂﬁﬁplﬁalw@&ftﬁ@gas Sors@dHRd a@\é&mg%sya afmesgaméra%%d gas
can be de ) | er. ereby_reducing the footprint as cabi net. and

the airfPow™® ep3iig ?pBaIﬁtP%B{JEhé W??E“t\}’é‘f‘?P‘?"I“aﬁcF‘B*ﬁm’f‘?%‘Eseg’ﬁaVFifdf*Srm%]?%‘l“yaq n the
gas cabi net conftdutgy in Agatigbidethariedsris widkle vsedrimsengaadicabmaetituamofagites, with
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vessel . The encl osure nay eqU|p ow circuitry, 1nc
pi pi ng, manFIEERIPRYCylindicd) W?Féels FEDYFYireng, o WPt FitsPlpterass-sepion Siseie E{asﬁﬁd‘ﬂ“me in
t enper at ur e pmmty ar thawgalld endi oﬁﬁﬁmctﬁi@ﬁiartah@scﬁﬂe b@@dﬁ@tg e B cab@iat thdt afeQ@acent

i nvol vi ng ?ﬁkﬁ&'&X%§@“9$¥ﬁﬁﬁﬁw%%%ﬁL t her el qough froma source of sane

exterlor to osure gRted exhaust bei ng di scharged to a
house exhaust treatment systemfor the facility in which the enclosure is

depl oyed, ofoestjhPurthérseheh brRRiple tlestdlbchrd Rployed i B £ cdbheugArelal e ali6 kioSHY.8deaS a

r.e(\:‘ycl ed 5""%%0@ ¥ circular cross-section of conventional cylindrical vessels produces a significant wasted
By

volume in the interior of the gas cabinet, whereas rectangular parallelepiped vessels of the present
invention can be arranged in side-by-side relationship with their adjacent side wall surfaces in abutting

25  contact with each other or in near proximity, o minimize the presence and amount of the wasted space
in the interior of the gas cabinet.

[0042] The rectangular parallelpiped vessels in the gas storage and dispensing apparatus of the
invention therefore achieve significant reduction of unused space within the gas cabinet, relative to
conventional cylindrical vessels. As a result, more gas can be stored in same interior volume of the gas
30  cabinet with the vessels of the invention than is possible with the cylindrical vessels of the prior art.
This in turn reduces the frequency of the vessel change-outs in operation of the gas cabinet, which



15[ 0044] The enclosure in specific applications nmay be a conponent part of
a sem conductor process tool, such as a gas box in an ion inplantation
system [0045] The encl osure can be arranged for holding a single gas
supply vessel, or it may be arranged for holding an array of vessels, e.g.,
2 or 3 or nore vessels, wherein each may be deployed to provide a sanme or
different gas, and wherein the vessel (s) may be coupled with flow circuitry
in any suitable 20 manner, e.g., with a back-up vessel in the enclosure to
which the flow circuitry is swtched upon depletion of the gas froma
current |y ofriberredipss fieopentions) fime thatinesn@med ini changing gutaiepletertogas swbly vomsboasint 1y
in the encl Ggtitr@edutsd @8 cabb ofowadShiptof the BRcaliiftt AGy! Phetedt] RhrRfefe@Vessel of

controller r ed to oper t he =St reamvessel for_a_ predetenni ned
time, or a fI .real tf?cln%bo(%at slacﬁoq%??gﬁ“gslpa"r‘?ﬁf g%?‘rzﬁ?fst B Febenal. oy ofEseli s in
a predet er nidisg thesumqpbyrical loeatiorein tREROMA Bis afvbimedifitspng uf aly Jmiliter. Iie hddfiioped
vessel |8 t iR p@aabifed RPh ¥R RREIR} bSufplied 2feak BYHLH:! eﬁg{rare edu@RE 1€ Alofpilnd' 1

any suitable nner,, e. by, wel ding of sheet neta y extrudatron of
t hi n 'sheet ﬁg{gglgasscﬁ%ﬂ% F%T'h%a’é]@?’é?qq@a" prodse theripnidafion aerpsary fassafety fthe gisng
steel, staimdbggs steel, alum num copper, brass, bronze, or other netals or
nmetdl alloys. Alternatively, the vessel may be formed by simlar techni ques

or other te |.ques, .e.g., ultrasonic bonding, nelt bonding, |aser welding,
etc., from g@%n&? ped gﬁglﬁ’a'f“éﬁ’ﬁl gas cghinel nd gag pabinptry” Jeferylo egelasyres indwhirk bseous
materials, depdbyedarras obecpasmmpply vadteh Tha vicRGurs thid BdUqRipseh KB 660 Eiroﬂ&yﬁnﬂﬁ%@ri al
of constgpuctinn fore b rage i spensi vessel , ..., Wt
sufficientl EApﬁ&?’ow p%lzrhﬁgé’%?iﬁ%?&% ft%% P ﬁ}e%ﬂ%rggr&g%lﬁetaﬁ‘?%%?{?w ﬂ?ﬁ‘?’ftg%d%’l“st #d

v E}S)s el . e enclosure may be ventilated, involving flow of clean dry air (CDA) thersthrough from a source of

- same exterior to the enclosure, with the vented exhaust being discharged to a house exhaust treatment

system for the facility in which the enclosure is deployed, or otherwise treated and recirculated through
the enclosure as a recycled sweep gas,

15 [0044] The enclosure in specific applications may be a component part of a semiconductor process
tool, such as a gas box in an ion implantation system.

[0045] The enclosure can be arranged for holding a single gas supply vessel, or it may be arranged for
holding an array of vessels, e.g,, 2 or 3 or more vessels, wherein each may be deployed to provide a
same or different gas, and wherein the vessel(s) may be coupled with flow circuitry in any suitable
20 manner, e.g., with a back-up vessel in the enclosure to which the flow circuitry is switched upon
depletion of the gas from a currently on-stream vessel, by suitable monitoring and control componentry
in the enclosure, such as a cycle timer joined to a microprocessor controller and arranged to operate the
on-stream vessel for a predetermined time, or a time during which one or more monitored process

conditions is in a predetermined set point range.

25 [0046] The rectangular parallelepiped vessel in the gas supply apparatus of the invention can be
fabricated in any suitable manner, ¢.g., by welding of sheet metal or by extrudation of thin sheet metal
stock. The metal may be of any suitable type, including steel, stainless steel, aluminum, copper, brass,
bronze, or other metals or metal alloys. Alternatively, the vessel may be formed by similar techniques
or ofher techniques, e.g., ultrasonic bonding, melt bonding, laser welding, etc., from polymeric

30 materials, ceramic materials, glasses and vitreous materials, and composite materials having suitable

character as a material of construction for the gas storage and dispensing vessel, e.g., with sufficiently

10



100471 The vessel is suitably fabricated wwth a port at a face thereof,
e.g., at a top face of .the vessel, to which the val ve head or other

di spensi ng assenbly can be joined in |leak-fight fashion, e.g., by suitable
bondi ng or sealing techniques and materials appropriate to the specific
material of the vessel and the 5 dispensing neans. The vessel may be
charged with the particul ate sorbent through the open port prior to joining
of the valve head to the vessel, or the vessel nay be fornmed with
installation of the nolithic formof the sorb ent prior to attachnment of

the final wal"PeRRsAplity for e spsioenisiuprs! fudipnof&svesskt can be formed in situ as

previously described. [0048] Once installed in the vessel, the sorbent
medi um ey BeuACoRSEEH s Bl IHHERA YR abble QLBGE mbBTBRNCE 10p SHER SR, 1o
thermal treatment, pressurization/depressurization cycling, or other
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managed, Su -wi se chargi ng, . i ssi.pate t t of sqrption.
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t ranspor t ed,moRéLitidé MER of the dfRnt pAs: tQRAEHIRA! R finsk Wafd Brefiber, 3t oh i QehO© t he
drawi ngs, Fi %H:rﬁ‘ 1845 _aﬁgers e&tl Vebefol ew of a rectangular parall el epiped
fluid storad® BAYTH 2 FAPEPRYOTRLEE 40 according to one embodi nent of the
present invention, with a pipe valve connection valve head 12 and handl es

14 wel ded t qoduBieOhRRndteB6PinOthe VAR UGS SoRlent Md¥RmY RSP 8L ddbRsstd) o pak&ifehi fid Gther
. enbodi megbt i,s forned Y-]VI h a welded steel wall construction, t@gw a_square
i i % F e

crpss-sett i SR4FS FRient PERETEER RIS Y CX5ting fie® d. Fife
s of theobassmelis chargedlo 16 Qessah piior tdfimmksealiugrad tha Gedse diringand chivging mbyele or
vol ume of t s StkrwlsSm bR debeh § AL Bk, @R hOYelhf Ohudh 00k
formed into the shapesshovvn, anog%vie‘l'lcgg{j@ast gt he regiIl e%tdgﬁll% edrll S to?)&g%gﬁ'
vessel 10. [0051) The dispensi ng val ve of the pipe valve connection val ve
head 12 is tlffHeladlezhyzevend dan wistaed] dpe by eloasd of 12 heddyvalse, Vhdtherpifipahd dhargaid
connecti on. g;ygp\( Ve Y i r of ports, e.g.,
singl e port gvaI vpeﬁtesagg?ﬁ%bog%ﬁ’tf)agﬁ{r%\(}’gq?élg&wé%g%%gpfg)gg%% val ve heads, etc.
25[0052) Figure 2 is a perspective view of a rectangul ar parall el epi ped
fluid storadedsenbefrispensiotiy dadmps|Figdhe: bis agedictiye vwailatrehguabadicrppéd of

t he present d.nv. L Qb 1 3 | i . 2A
and handl s "4 Rl A dilabily Feict MAGPS B LUFodIINHahI Rt Bk £ O
Fi gure 2 th@msigreromestionvdvetheghhapbhandesddpveldpd trihg gapeface of theverssl iTheg vassel {tange
type connectik Dipedific dntbedituéndidieimed GHROMIITE Rbal wlbcoRRROHR hatify 4 BarDEBR-sdURE
connecti on SROWA. b Lhidal @ikifiaiiar) axior fle 3098 FRWIGE e 2 Vessel are 0.100 inch thick carbon

20 steel, and the interior volume of the vessel is 3.62 liters. The handles 14 are ' inch rod stock, formed

into the shape shown, and welded at the respective ends to the vessel 10.

f0051] The dispensing valve of the pipe valve connection valve head 12 is threadably engaged with the
vessel 10, by a 1%4" pipe thread connection. The valve head may have any suitable number of posts,
€.g., single port valve heads, dual port valve heads, 3-port valve heads, ete.

25 [0052] Figure 2 is a perspective view of a rectangular parallelepiped fluid storage and dispensing
vessel 10 according to another embodiment of the present invention, with a flange type valve
connection valve head 12A and handles 14 welded to the top face of the vessel 10, The valve head of
Figure 2 therefore differs from that shown in Figure 1, as having a flange type connection in the Figure
2 embodiment, as opposed fo the pipe type connection shown in Figure 1. The flange connection

11



shomn in Figure 2 conprises a flange nmenber with an o-ring groove that
bolts to the top surface of the vessel 10. [0053] The gas storage and
di spensi ng vessels in the enbodi nents of Figures 1 and 2 have interior
vol unmes that contain physical adsorbent nmedium sorpfively retaining a
sorbate gas thereon, with the 5 sorbate gas bei ng di spensed through the
val ve head through dispensing flow circuitry when such circuitry is coupled
with the valve head and the valve in the valve head is opened to permt
desorption of the_sorbate gas and di scharge of the desorbate gas fromthe
vessel to t K&V RTiews 2 eqmprirey a frnge meries Witcara-geerae v thad helts &p the e sufice of e

sor bat e gasvesgillhe desorbed fromthe sorbent material for discharge from
the vessel in any suitable manner, involving for exanple pressure-nediated
desorption, 10 thernally medi at ed desorption, and/or concentration

gr adi ent - me d9988lc Hhecss eipipge; anth disyeamrmapssain in Ho ombodimsetsroiFigresdnand 2ibavp ipedmes s
nmay be of arylusel bl PIScal BisGibent MeERA sGHRIEY Gitifingd B itfaR Cdad! fubrRsh, RAR |RSS -

i ude. i SRERE CRIPESPBIT 151N Foraih et GRoUeh dBrep e BERGSMBE M ¢ han
ion inplant, clrewtem eapled/ wihcthe vhbp beid tndothg valvedrcthe vadveihead iedpeitidngperpin ddsaptizmi st -
residue renmyale, soﬁatate (f,a%&d[ &Qﬁé&e E,Ehiﬁe ﬁé%BJB{ﬂé %asgﬁ% lﬂle%lst% i@ B il usf%\g

suitable type, inclu ) exa mtation,
phosphi ne, ﬁf"f’?%&%‘rﬁ%‘f’?“ﬂ%ﬂ@éﬁs BB? Wrbaterses 1Ryche; dgworbeq Spms fhesprogns I“BTeF‘ﬂ dor’
di borane, t risnigtga fomitheansel if i st fytnsd, inddidng Ki S SressErb-naddifted GRIFBAE,

|1 dro tell d d
? o1 koo e e RERS LBRNEE huor ML RORH oAl Helip WL g on the

) e}SI cal adsorbent msdl um errpl oyed and the end use application for which
desnbed {e054] ZB: dbivagens @a-cg@sming pioaesbﬁmyemabmﬁdmtaﬂ@%ﬁle gl,nesemRbldadier gas

C an be cont qﬂlaﬂlﬁgc n%@’&ﬁe &/ qﬁlﬁ%{uvgéxam%q c{% 'ﬂucﬁl%%nlﬁaon cfor 1%1%'1{11 Ay C%c%ésesgmclude
at e

subat nospheri c, ric and ressures essure of
the stored fidiPw 1%‘?“0%1% UBBlersien Hoping byen?jhﬂds aﬂlg‘utbw it Spbieti dleprcelsmvre
that does n@kpoeik&eRektadBAéchiHdbhbieRsiftakidddBhegl, and i on i npl antati on
applications of the invention. For exanple, ion inplantation gases, e.qg.

ar si ne, Ehos hi ne, 25 and boron trifluoride, may be stored in the vessel at
a pressufie il#fsa %@a@fgasrlﬂﬁwaﬁwﬁ ofjmy suigblgiynst inchonetbyrway G sxamply. wkhont be

stored in thimistess eﬂsmatphsspbﬁ& afikdgad |t&ﬂuaﬁd50%%ﬁrdlﬁmﬁ&ee$§iéﬁ QricHMridat dii)d?éﬁ{e,

super at nosp ure, €0 . A pressure not exc about ton,
in various sq%é(@ gn%stelp I %11%1 oh%ls'%?eoflﬁ% ?Wgﬁt?r%aﬂom% 1 6‘?7 ag?ﬁmglqﬁ' B is a
front el evatSPlghdwiB@wg@ftelbtﬂqlee@ﬂ&ngﬂw aftegerbad dae frepbopeidelyf Yatibdiin Stperdagrediagiech

di spensi ng IR MRSSE lads%entt kh%alam reﬁ.pﬁj;e@vmcl il dal QY SppReatich YOO B aBdolisq Gfa t he
structurf %eof ted,” the gas storage and dispensing vessel
cont ai ns?%an ?"éﬁdlgﬁsrls °Y in which the physical adsorbent is disposed.
The physi cal adsorbent may be of any suitable type, including carbon,

activated c3idagn TndedBite 'g@)'&&g BA LG it ROfhe @Jep%" laﬁ’f sﬁhﬁl‘éepressure including
(aHJm nosilicate mat eri al égor ous sili con, i ca, al um na, yrene

di Vi nyl benz &RE ?W“@SPH%W q syperatmosghesie P’{?%S“IG? aApe pregsui of the FF&'P‘i‘ g‘éﬁl gy bt er ed
gl ass nedi a sulzatrm:splﬁnc[ 86 58jubaineplphy sreeat tatkes heateetayoul 70k @ fsaddbRg afd igny

sui tabl e for e

system i ¢ r@*§42¥f°?§%k%%&a%ﬂ?%%§#§nF¥ sybiffe SRR RiAGEE 10 SO,
nedi um iy 1584 peyonytrifiparife) ey posterpd i thetvessel abéawuregrfamﬂeeﬁ fropabup 440 to ahot | or
it ma?/ be i rro@ taH N Ghd inblj' alsd B¢ Bores tuhﬂae SkedfeRg ¢eosEanty hta@q)herlm ﬁr@sﬁ@@!jor}g%w o
vessel is e ange e va connec val ve hea Wi
the flange %ﬁpﬁpﬂggn%s%hm%@feﬁsﬁm’se r"‘e%ﬂ\giJg °tR efccﬁf)d%\ﬁa%(’ féa? H& B LRIPUS; Fpegific

| eak-ti ght rEmisetioninf thedyedionf O-ring seal 18, and the handl es bei ng secured
- by welding to the top wall of the vessel.

[00S7} Figure 3 is a front elevation view of a rectangular parallelepiped fluid storage and dispensing
30  vessel of the type shown in Figure 2, showing details of the structure thereof. As illustrated, the gas

iz



[0060] In another variation of the structure of the parall el epi ped-shaped
storage and di spensing vessel, FIG 3 shows the vessel as being provided
with an optional cap 13. The cap 13, depicted in schematic form is

| i kew se of rectangul ar parall el epi ped shape, and is provided w th openings
15 on respective 15 side faces of the cap. The vessel when provided with
such cap can be fabricated without the handle showmn in FIG 3, or
alternatively, a handle can be fabricated on the cap 13. The openings 15 on
the cap 13 provide a handle structure, allowng the entire vessel assenbly
to be manualSioysdyridotieansing ressel coamipie e thierignvplumect$ iopwhichnige phisisel gdearent is
access to tReposad. VeneiBpthalladbbrbeft fay bel lanf Qfitid Qge Aotu@ing! e ¥ti0Med daftn,! O

t he dlschar%%ﬁfort of the valve head., .20 O&géé he cap 13 _can be secured to
the vessel “IeFraRateg Serhon, moleghler feyg;(@lmapes atepials, oprogp Sitiopn, sise, plprinag - |
any suit abl etyreandignylbeasnd mlymencangidriels yyrptivealags, fifictiomnlipdd eiveret glassinyediapic NQ
coupling elenents on the vessel container body and the cap, whereby the cap
and vessel gﬁ%%a' er body can be mechanically interlocked with one another,
e.g., a baydiatl ?‘5}&@% Fortent may ikevdse s ofanx gRjabie Smn apneprials fethe Big 9f he gas
mechani cal fFesige aerdispensipl; isysgm( ih alieCarticylpreappltratfrlni forgwhikhodt s éidoyadit Theyfdebent
coupling, etgs I N&a:Bl d S| i oupl i ng,. .. 100 The
cap al so af %%?]glsu% gpiad vaﬂ@gq%ﬁo?ugg%g{e%%’tﬂ%g B{’ h‘geue%’a%@lr ﬁglgﬁ%fg%o%g?nﬁgé%t ,
conpr essi on/Rr@fEhsinabeye de&itehy contact with other structures or bodies, and
"other interactions with other objects holding the potential for danagi ng
the valve h O J e i b N be.farther

provi ded w ? ﬂggl (fn gllgeF@%@éﬁ%ﬁﬁ%ﬁ%%ﬁ%%ﬁ%‘g@%&%ﬁﬁ% thﬁgmcd;anpge 13,
e.pg , tolla eberdeing srewed tp e daprwalof B Fesel o ekl mesnenkyr meags efifbringspal 18.0064]
j still fabd mblRindied teiRg akddby weldg toMBSGkalT 88 kY, can incl ude separate
cap and handl e nenbers, each separately coupled to the vessel contai ner
body. [0065] As a specific exanple of a fluid storage and di spensing

appar at us i N0048Ic Braaethrs sarigiiqntef the atrusiuysrof the parallelepipadtshapead sterpee apddisnansing vesselt he
type shown imG.anfoviiakoiistiasbddigtifovided RIERCRLHINR dap (3. e bap 1BRPicLR QM 2

vessel havi a. 4.5 . nch 4 5 j .cr.oss-section,, The hel ght, of the vessel
oS o e Rt is ik i po s SBpe.E o ided Wy e e e
t hi cknes¥. Tide fagesnd dlie cpps Thoveseel whén pretidid avith enchitcarbéan e fibhaied adhelt the dandie

fabricated whiwh iRFid, 8RE8Emafely] HendERh bl ARicRbAdGhe B 121 THEbRBREVS Y 1wl 2
wel ded top ate [?g%g%l The Iﬁnged, O-ring seal t pl at'e arrangenment can

. 0
be ef f ect ed qr?.lwdﬁ . sitpeinre, callowing &1& cutire vessel assembly to be manually gripped and
transported, and such openings also permit access to the valve head 124, e.g., for coupling of a

dispensing line to the discharge port of the valve head.

20 [0061] The cap 13 can be secured fo the vessel container body in the modified vessel construction of
FIG. 3, in any suitable manner, as for example by means of complementarily mating coupling elements
AT on the vessel container body and the cap, whereby the cap and vessel container body can be
mechanically interlocked with one another, e.g., a bayonet-type coupling, threadably engageable
matable coupling, mechanical fastener coupling (latch-type coupling, bolt-and-nut type coupling, etc.),
25  spring-biased compression fit coupling, etc.

[0062] The cap also affords the advantage of protecting the valve head from impact,
compression/tension forces in contact with other structures or bodies, and other interactions with other

objects holding the potential for damaging the valve head or impairing its utility.

[0063] The cap can be further provided with a handle element, welded or otherwise joined to the cap
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10 thickness, e.g., about 0.61 inch, having a central opening. An O-ring,
e.g., of Viton(r) elastoner, is positioned around the periphery of the
central opening, and a valve insertion ring is then fixed in position in

t he opening. The valve insertion ring includes an upper disc portion from
whi ch downwar dly depends a plug portion of smaller diameter than the upper
di sc portion, the plug portion fitting closely within the central opening
of the top plate, with the 0-ring between the underside of the 15 upper

di sc portioq and the u ger surface of the top plate. [0067] The vessel cap
has a twi st ‘Arficide fuprthareofer affixediin gthersmanpeg toftesayer | ocki ng key i ncl uding
el ongated slots in the cap base, and three shoul der bolts. In use the cap

base el ongat @15‘415 Wk &u%rﬁler%&ﬁa%%ej m%‘}%!@esi 934%5,”&“ {Aﬁ mElPJe%Epa?]agLO X hanite t}%ﬂhgrg,f ter

rotated 15 q%rees to egg t pT unger t
prevents furtf&rarlyseyp éﬁ%@iﬁ’%‘%ﬁﬁbﬂ@y fixes the cap on the vessel .
Alternatively, 20 the vessel cap has a direct attachnment and two | ocking

I 5.in FI.G 3 3
Ipngﬂg)e(rg [ ncﬁﬁo] é%lg%ﬁ&@ ﬁ%&% é{pathm(%BHI $ad Qngﬁlg E%Sagﬁfi]é(gﬁfoidﬁuc? H'éth%ger
edges of 3 hé" Y“ﬁﬁ@’aﬂtaBPafa&’éPfﬂlﬁt‘EmeégW%Eﬁ@ﬂﬂ@hﬁ?ﬂ%ﬁfeﬁ\@m}aﬂﬂqaﬁv@tﬁn@e@f
the appar at mmak&@@aavmgaesmwbmﬁcmeedubﬂ %Eﬁ tyﬁha@ear@im&@@aﬁa%edram

over mandr el ar e- cti u )i n an have rounded
corners or svn&gr cored'gsP aﬂ§§8r1‘“‘f§’r1‘é‘§‘§‘ﬁﬁar °g'B?§lt‘1r} Hﬂi"ﬁ

formed fro mvessqbean@e @bicatsd with ofagedy ring seabe }'dhtd; btaltemhusapwﬂlaﬁ weliad tdpl‘p&ts: ol d
drawi ng process. The result of such cold drawi ng process is a seam ess

d .t ybs d. at d toit t d.
Tt op. pl atehis Neciied (oot fral BR EERGRERaE fir heARHE P SPOMGL S SURA aned

'?\ e af t &y ithdkoess.ieam abdut 06k ingip heting i captral dpenidge Mo O-nihg) cigh of Vitbs® diatome ksine
of the squapgsfhSRomeald A%y drkec m@%pénglgsaﬁg AEE %ﬁaﬁ&vﬁuafﬁ ﬂk\é% Euead

to accommodate. t he val ve he assenb er piano tcommod: t he
cap when th@c’s&t%% ip Jg, preging, - 1o SEIVE ARsertion tigs, mcf“é‘ﬁ?‘ﬁ‘] Uppefe dife pertien iﬁﬁthECh
iI'lustrati vdoeppaadpsidcapuppeoriorofedalief difmdtd @en & uffen sy pcsﬁoaedhe pmg p@ﬁ@er

sui t abl e matggik élloseﬂrfmﬁlﬂﬂﬁet(feﬁﬁ} dBhtng JH%O&};P t%!swﬁtg &g%sggngtvje% tﬂg und rsxde ofigy ' c. Of

different material canstructi on her el nabove. 11 uid
st or age End“meéfimmganéﬂﬁam%faqeﬁf e®©BPEENCe with the present invention
are usefully disposed in gas cabinets in a manner affor di ng substanti ally

i mpr ovenent @\gﬂrqvﬁmssaycbﬁﬁbg“t&i@é X?o%ﬁﬁle%mﬁ%[l\éﬁﬂt 'Sgr[i}% géﬁwqc'ﬂl Y“‘° “%glngr

art. By Vi I't ue of their rect ang ara vVes

present i nvE&RE§sA Sl?&rfnﬁ@ %bﬁ%)ﬁé‘d threy S&"%Eb‘éﬁblhhé‘{e, the CEP b?@ﬁﬁlenm& Slp‘e are
manner, as npfegm dawit dver memeam@uldaﬁbogeemcr Y5 aﬁg:essoe\é@gagé aae %bngaﬁ @@iau&egt ry.

By shape co t

st or age andgd“c'2 éepe nllg%ﬁr% I{Q/‘gétp T mt‘t‘on M%eqoﬁé?"ﬁ@ f&‘;%l)\@‘? fﬁpt%l} ﬂbe Veés\efe ﬁﬂfﬂa@‘?

pr ef erred, ﬁf?"&’éﬂﬁftﬂw%¢taﬁwmmnéwﬁomspbmemlI of the gas cabinet), the
“lost volune" attributable to cylindrical vessels is av0|ded |n t he

practice of vent aon 0072 Fi.qure. 1c re e |on of
a- gas cabi ngi Eﬁs Krar 5 Al PN qumm gﬁaﬂg‘rgé’é‘% ]5033 F'ﬂr;l

conpri si ng &igyards catbbneffixed Go wwipng edgesiofittier @p@mmg‘z,oﬂowatehta@ griprrebilityi bhmamal

di sposed r egirARgpbrdk ofpasat. | €1 epi ped gas storage and di spensing vessels 50
and 52 as conponents of respective gas storage and di spensi ng appar at us

constructed according to the invention. [0073] The gas storage and
di spensi ng #9pUr Bheuresiched thelillvghatiesamptreinngm @ndtawti spenshdig DEdHedquddcerbas a

25  sectioned tubing, and can have rounded corners or sharp 90° comers, with the square-cross-sectioned
tubing being formed from a welded tube stock, with a weld that disappears in the cold drawing process.
The result of such cold drawing process is a seamless square-cross-sectioned tube closed at one end and
open at its opposite end. The top plate is welded to the open end of the drawn square-cross-sectioned

tube after insertion of the monolithic adsorbent into the interior volume of the square-cross-sectioned

14



val ve head 48 coupled with automatic val ve actuator 44, and operable to
open the valve in valve head 20 48 to fl ow desorbed sorbate gas from vesse
50 into branch discharge |ine 34 connected to manifold line 24. [0074] The
automatic val ve actuator 44 is connected by signal transmssion line 46 to
central process unit (CPU 58, which may conprise a general purpose
programmabl e conput er progranmably arranged to carry out operation with

di spensing of gas fromthe vessel 50 during a predeterm ned period 25 of
operation of the gas cabinet system by actuation of the automatic val ve

act uat or 44 tiberThe el plydtiézp Do, an MPY tErlidtto BdchmBddats R IS héd QBN m@kho¥RENVE 1N
val ve head r jate signal transmtted i.n line 46 to automatic

val ve act uaﬁéﬁrs%ﬁ‘.%%%ecﬁﬁ%n%é: lgl?s%gwggaapgf%%vessel 50 flows through
the valve head 48 and discharge line 34 to manifold line 24 coupled wth
gas flow di yeeasTiRgvesselm! B Mistrdbre APphrdni¥ld Ve Fofmddl STHRRED Abminin ! HR1, QHb&L

line 38 coup|. to. t.he.gas fl.ow di spensin egul atqr 36. T as flow
di spensi ng regu qaf)efl 3P£%?"§“'é§%‘t}1p|ﬂﬁ'g§/&§%§%ﬁ‘;° P sﬁiasﬁn?)ﬁr H&fﬁ‘gﬂtéﬁat"t"ﬂl ?he
CPU 58, foor cpnstitetion: i on of the gas flow di spensing regulator 36 in

accordance with the gas denmand of the downstream gas-consum ng process (not
illTustrated n,.Figure 4 5 [L0076]..,The Figure 4 .gas cabi net assenbly al so

i ncl udes t hébo?:gr‘tagglﬁ%‘ﬁs i r]?‘@rf”?ibg % esa’r‘tfﬁs"g‘gfiﬁ?e TRy %%ﬁ%’ﬁ’ﬁ@e &y 5o,
equi pped wi tPresaphipveatidnarechsEully disposed in gasmetinets ired mamneraffording subStieliyippeetnteat CPU

58 by si gnalgyds LORsk ) S !
58 eztisi/ gln;t f%@é:ﬁé?:&éﬁﬂ% dets BB Rionih) SEEOK B85 ragtm HEIRRL %ﬁhcfﬁﬁx&t&%

n the branch discharge line 22 to  manifold |1 ne
coupl ed wi t B JOWP& EFER OF theyPESSHIvERtR cancbeidppleied inggre cabingtia & conpformple
{L i&')st - de¥cr inpedtr,gaspsdsahagamgiid ghorsqae 05 tongentqaplphodatinets0 B shape DehfRRREto 50.
106 10077] |yt L gur.e et . ; to e_and.
di spensi ng \%sésai‘l:égﬁl gg‘ 'eéir‘i‘gm %ﬁﬁao(r%ggz{lrﬁ ?afﬁg‘?g%{@ ?nélggge?gg?lcfzos%%%% Prr%:’a%lty or
rel ati onshi V80350 @reked: ik pbuttpg eelatigestipdp asige mall 9§ thetpas eabivgl.ythe Epsh Selpme”
agai nst t he afditdebsl dylimdfical Wesel aSavEidddid s prdddce R d iR@iibn vessel s 50 and 52
bei ng abuttingly reposed agai nst a back wall of the gas cabi net 20. [0078]
In the use of the physical adsorbent-based gas storage and di spensing
systems of 92l ﬁ%ﬁg js@schemsic rapessegtrtioncaf b rsetbingtastemblyypcaoniinetiea furthes pspedt b/
si npl i fis]g lye 'ﬁwnﬁﬁnna&ﬂzpa%mg h6zadl uﬁiﬂﬁflgl) m%s&igc:@ll in&ri&m@eesbﬁfi@wch kiighséde
vent gas fr as;.cabinet to t exhaust em t he sem conduct or
nmanuf act ur i 2%}3’%1 gair ?‘i‘@{?@‘”ﬁﬁ% BRSNS atl:lg f‘F@fﬂi%‘Fﬁ%}é §6 aq %raé SOMRPELY FepEFve
treating thé&acsiomanand dspongipgappasftustchrstricted intopiding toBlescianssont he physi cal
adsor bent - based gas storage and di spensing system of the invention is a | ow

ressure ga | y_syste .he potentjal .eqress rate of, gas fro maged
P ol T oo oo P Bleea P S B didene bR b B e S oA BT Do
m ni mi zed, apEe heakdd eeupedoyithfantomatist valyoueatyatoy éds am apkratle toQPen thivaltegin valtecicad

cabi net dont @B tolow\iedokbeBsoRAR G VeIl Yatd mmhir?e 18 58 bdnR0 el & HATIG B net
syst ens errplzgyl ng high pressure gas cylinders of the prior art.

o

10074] The automatic valve acluator 44 is connecied by signal transmission line 46 to central process
unit (CPU) 58, which may comprise a general purpose programmable computer programmably
arranged to carry out operation with dispensing of gas from the vessel 50 during a predetermined period

25  of operation of the gas cabinet system, by actuation of the automatic valve actuator 44 for such purpose,
and shut-off of the gas flow conirol valve in valve head 48 by appropriate signal transmitted in line 46
to automatic valve actuator 44.

[0075] Thus, gas dispensed from vessel 50 flows through the valve head 48 and discharge line 34 to
manifold line 24 coupled with gas flow dispensing regulator 36 and finally is discharged in the outlet

i5



[0079] In another aspect of the invention, the enhanced safety of the
physi cal adsorbent-based gas storage and di spensi ng systens can be
exploited to elimnate the piping to the exhaust scrubber system 25and to
utilize in place thereof a sinple point-of-use scrubber in the gas cabi net
itself, to ensure the renoval of any low |level contamnants in the vent gas .

di scharged fromthe gas cabinet. [0080] An illustrative enbodi nent of such
poi nt - of -use scrubber is schematically shown in the Figure 4 gas cabi net
system As illustrated, an inlet line 25 delivers CDA or other sweep gas

into the gadingdbieveled x0the go fuw djepeming regulator 6. e Theogas oimdipeBBig oégutzoe 3¢ &bi net
so that any chipiddbyMendl AeAkARIS 1R06F R EAEPO3B! Br nBauiREn Sﬁﬂb{égslﬂﬁﬁisﬁbsﬁﬁl aced

fromthe interjor _volune and do not accunulate to any |evels at” approach
the thres hoFﬁF“faPﬁP{{ I, agcprdaneer Pyl thgr &2 H’@“%“H]é’é iaﬂ?ei dovKsiEEarn FBHROTRIRRROPTETESS 0P at
may be i nvolitwsthtédin Fipeegas di spensi ng operation involving the gas source
vessels in the cabinet. [00811 The cabinet is equipped in the interior

volume 30 of the cabhinet 20 with a point-of-use gas scrubber. 61 which
takes in % hd0@7&hThefigs4 g redpet ﬂsﬁ?ff'é‘?’ialﬁ? inglydes; the cagtssnendingly Meaged gas storagp and
contact W t RlispenSingvbisdebd2] @uippdi Wil @hlvelRad S4nd Sutdatic hvehedted6 banied koaas save

with the ga ' ‘ i or ve tQ bel aw.det ect.ahl e and
hazar dous c%ﬁ%@%&%ﬁ%@%ﬁé%ﬁ%ﬁ%’g%§%§5?§gné?ﬂ%@ﬁE%?Q§§§s Bﬂ%ﬁgggﬁﬁﬁfﬁﬁ%%hted
on a side welischagg lipg72 tempifald dine Zecoupiedwith ersdigw dispinsingwegulatordb bfhe sawelimanmed s
di schar ged fak @B ¥itshsiBdl gaeora@ addVisy &g SPSathl cOGMRINGFedsd1 B¢ 63. [ 0082]

Al t‘hough shown schematically for ease of illustration and description, it
wi Il be recognized that 10 the scrubber may be deployed in any suitable
mapner , & g.19073s Ingthe Fignee 4y eabipetrassgpibly, e gas istorapm ingh dispeusing yrseds 6 mdsi2ded  of

o B 3

a nturi dewhifzed nRiddbPade HaMes relaforkilS (dRS afodB, R vesHE 5@ 86ngd BuMSIH refAS

di scharge |ine e.passed.to, the ducting, of e, house exhaust, .
bypassi ng t §& Sg%%g&%‘%ﬂgﬂ gagc?ignﬁ'ﬁg % argrli’atﬂtvﬁéﬁlsg’g?nq T ARPOER TP B RN on
t he house scebatkyal of thiiak enbiveti2At ai ni ng a hi gh | evel of safety as regards the
character of the gas discharged fromthe gas cabi net

[0078] In the use of the physical adsorbent-based gas storage and dispensing systems of the invention,
15  the gas cabinet assembly can be materially simplified by eliminating the ducting typically employed for

flowing the vent gas from the gas cabinet to the exhaust system of the semiconductor manufacturing

facility, which typically includes a large scrubber for freating the exhaust streams of the facility.

Because the physical adsorbent-based gas storage and dispensing system of the invention is a low

pressure gas supply system, the potential egress rate of gas from damaged or malfunctioning valve
20  heads, couplings, etc. in the gas cabinet is minimized, and the rate of flow of sweep gas such as CDA

through the cabinet interior volume can be markedly reduced in relation to gas cabinet systems
} . employing high pressure gas cylinders of the prior art.

§:
[0072] In another aspect of the invention, the enhanced safely of the physical adsorbeni-based gas
storage and dispensing systems can be exploited to eliminate the piping to the exhaust scrubber system,

25 and to utilize in place thereof a simple point-of-use scrubber in the gas cabinet itself, to ensure the

removal of any low level contaminants in the vent gas discharged from the gas cabinet.

[0080] An illustrative embodiment of such point-of-use scrubber is schematically shown in the Figure
4 gas cabinet system. As illustrated, an inlet line 25 delivers CDA or other sweep gas into the gas
cabinet 20, to purge out the interior volume 30 of the cabinet so that any toxic or hazardous

30  contaminants in the cabinet are displaced from the interior volume and do not accumulate to any levels
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15[ 0083] In the point-of-use scrubber enployed in the enbodi nent of Figure
4, the scrubber nmay be equi pped with an end-point detector, to ascertain
the end point of the scrubber material (viz., its approach to exhaustion as
a result of reactive depletion of the scrubber material in extended use in
“ the gas cabinet). Various types of endpoint detection can be enpl oyed.
[0084] In a first type of endpoint detector, a sight glass may be
incorporated in the scrubber, e.g., by 20 installation thereof in a w ndow
openi ng of the scrubber hou5| ng or container, when the scrubber is of a
type that cHihgeesoseh, the throheld int valym (HeV)sof tihrespegificyhazardons camponenit theypyeryi kes i n
t he gas cabiibeivedis e ggalspendilopeatidnih@Ring @ Ba\isirteBssalf intiaatitet ubber nmedi um
can thereby be visually nonitored by an operator of the gas cabinet, and
‘the change-out of the scrubber nmedium to replace the depleted material
with fresh J098UpRbies cahiptiiseauippedrin e irterior ¥olupr B0 offheheabingtedd veith apoint-ofyfse gas

plr ogr am[ 01;) 8rsauiblem wmlﬂﬂdai ianibf wht %bﬂou? fhe gﬁéridbhﬁﬁnefm%&lﬁﬂbjem RUOBnlaRGyifi gt

gl ass type of e i, Nt et ect uses col orlnetrlc sensor
Do aut ot glé‘f"fg‘ o SEERAIARE o p SHRR SRRy Ao FPEFIFS ShEmeY
actuate an &hkeg tmdeW ldév@ble anbhaadr@qus caoprairationso r'ﬁb gq;sc:ghherﬁl mayfas shoern be eelllt 0
change out - toRantSCdnttlie iall e moemmm@hmﬁ@sﬂ%a;mﬂmn@m&ﬁ%d%& dhe

fl ow val ves |W$}) g giaclnet]t prevent operation fromresumhg until the
scrubber medf G Wgﬁ‘i'ﬁ hygeire 63.0086] A toxic gas nonitor (TOVW) may al so
be integrated into the body of the scrubber unit in a third approach to

endpoi nt  detqagy M@%omc&ﬁmmpasec?m&sm aha%%&g,h ﬁ@xlléﬂ%cg%ﬁ%gthat

scrubber rre um en oi nt use scru
deence a 6‘?"%91’3?%‘5’ qeployeg ﬁ‘taé’éfts“’%}’? Hl%eﬁa?ﬁg”e%maﬂ&@‘@ﬁﬁ’&@ﬁ&mlﬂé}%’m es.
087] A f pusdnte seladfeivatiuidbies iarpad pafsd ﬁtﬁe:@@lcamef_ l:lthb hﬂsmﬁenagapﬂi@@h@ém&bl e
Cogi < CoNt [ @ lnfly v Pubela Hthd aoloeCRURY nellCer D Gn Bhe GAANAR LS <,
on of “the

storage and d |spen |ng vessel s osince Lhe 1S Sl un|t
and to act udieEbyreducinedhe gas huiden opethm Boussysopibbsg wile angingining a highhigve af W@@ of the
need to chamngerdetlé cliataeterSE thel BA@lschdiped fomltiegaPbdbmeni t may be arranged to

cal cul ate the anount of gas to which the scrubber wll be exposed froma

si ngl e gas storagf and di spensi ng vessel and fromthe inputted 10 scrubber

nmedi um cdpad?983i Inierdiunhese sepbbgaanplayvet ndgee embgdioens 96 Fighua . the sereliber may be
change- out s eipfiped &@h abendlﬁ:ruft%ﬂam Berfs&&ﬁn &meena%klbbﬂhe @&@Hbﬁmnht&xa?@lﬂth%t ed,

i's determ ng 8 ted.t hat 05|t| ns, ang
net hods of roallhg@eg%afl%l%n ey D Ie Of rreac &%%mf’ ﬁ’fé é‘f’ﬁ“\?ﬁ "éﬁ‘ttenflr%ﬁlﬁee‘?
consi st ent \Sﬁ%qﬁblﬁqﬁevblfmatfp‘élﬁ@ﬁm#@ech@?@weﬂlﬁbﬁ@r dingly, while the

i nvention has been described herein W|th r ef erence to specific features,

aspects, C ed tha t.h inyentio

not thus i i?ﬁgbﬂldqbﬁgt%é “’E%“é',' s det%c?or, “th %ﬁ) Pt'ﬁ?c'lrp(? sdn @Fﬁ"é‘?{’%?fa"r% ’;‘{yl ons,
modi i cat0i oArstallatin temsefan wmdcsv OPﬂ@@Bﬁfd!e gibper hpdsing ionepatainerowhen sheiserabbardecf o o be
broadl y Con%uﬁﬁhadge&ﬂﬁpmﬁ%mﬁ&cksﬂ%&t%ﬂﬁx&aﬁﬁ@ﬁ&i@éh%ﬁudﬁﬁ%%&é&"Plﬂss and

odlrrents hin the scope of the iIinvention hereinaftéer
CI i med. mc%%ﬂ € gtlon o}' the scrubber medglgl can thereby be visually monitored by an operator of the

gas cabinet, and the change-out of the scrubber medivm, to replace the depleted material with fresh
scrubber medium, can be efficiently scheduled as part of a program of routine inspection of the
25  scrubber medium through the sight glass.

[0085] A second type of endpoint detector uses a colorimetric sensor to automatically detect the color
change of the scrubber medium and to actuate an alarm or report to alert operational personnel of the
need to change out the scrubber. The sensor may also be arranged to shut off the flow valves in the gas

cabinet to prevent operation from resuming until the scrubber medium is changed out.
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19 What is clainmed is: 1. A fluid storage and di spensing vessel having an
interior volune, a port for dispensing fluid fromsaid interior volune and
a valve connected to said port, wherein the fluid storage and di spensi ng
vessel is of rectangul ar parallel epi ped form said vessel containing
nmonol i thi c form physical adsorbent defining a cavity therein, and including
a val ve assenbly conprising said valve, wherein the val ve assenbly incl udes
a downwardly extending portion received in a cavity in the nonolithic
physical adsorbent. 2. The fluid storage and dispensing vessel of claim 1,
wher ei n t he [9BSIsf doxfe EatFEOHBR M arpeliahe ijeeras ditne body ofbelsonyber euihip adiid sai d

fluidis desmmioendmmmmmmusmaﬁpp@m% a-emﬁy én@ﬂoyga m@me Elglbﬂér n&eﬁﬁmf luid
fromthe Ve?j‘ﬁﬁoeﬂm Ome% b e aqd g vesse claiml

wher ei n sai Je5 i P pointe PSFnsTrg eéﬂo %G‘EB?@“S Yithfhe greet

bl ocks, bri ewsontzmipanbpedicss. 4. The fluid stor age and di spensi ng vessel of
claim1, wherein the nonolithic formconprises a single nonolithic article.

5. The flui 0 and .dj en5|n essel_of claim wherein the )
monol i thic fuc??‘h] %gﬂﬁpe‘g}@%’n@s ‘ie?\vﬁf“ﬂ%)’ Ulizegip Rrepraablags roomelier G1LF) wites .
6. The fluith mrt@gmnhmbfwaagcemsloﬂ@s\mmgeednddfspeﬁ&@ Vesols sinbratheinftallabidn dfeer i Or
volune of t Q&ub‘ﬁ@ﬁ}ﬁi@l &99&@3@%&5@ Iﬁ% }r&d@%&%ﬁx&%‘n&l\% L H e Ilf'%fs of .

sai d physi cal éﬁdso gf I spensing vVesse
claim5, whéft S T upit. eﬁ%ﬂ%‘&’ﬂ*&ﬁ’é’ ‘t&‘fmf%éd eglsepte gherpmaim of pasde whigh the20

di screte nopumibberhivill terdcpabefomia sipledeap v ald dgsBmpaRtsel ad ok e fulpu!téé
t d | ai th lithi |
Storage gn S&&b%&%hlﬁl%&%(%ﬁ}s e nq;nb&' ﬁga{g]sgbtagéé\%nﬁ;dg Ipeﬂnglag %ﬁgeg S éeécwh tléaﬁ &%lsb ca

adsor bent provides a eto
m interi oPeffPHP"Gr‘?éf°’€9ﬂhetsﬁébb9’é§%i@m“e@a“m‘hédﬁﬂﬂm@ist orage and di spensing

. sel of claim8, wherein the sorbent nass occuples at | east 60% of the
interior volgde® @it Yides d di spensing. vessel .
of claims5, kv\/ﬁ%r ehll %gfpg&gﬁg(ﬁate?;&%%&%u i ¢ eﬂéﬁso g?}‘emaé' P BEEERGTRar
paralleleplﬁ Y§W§ﬁbmmm%1“m$ﬁ@“Fﬁ%ﬂ@b@ﬂbﬁﬁﬁeﬂeh@ﬂﬂléﬁeﬂ@@thhbSEEmwmmmclalm
5, | V\A;er ei n kadaerDdesdribel ¥oddid with !rd'fdrénye t%fspéi:ﬁiﬁ:%a%r& BRARY, blddnboditubid :1153\5:%1%'5 a
solid cykin 12, The g spen vessel of claim
2, wher elkn %Eéegu{z?«{]?{'t t(}:%rrl%vre?t?esm ém g‘uﬁ Mgvg‘ﬁds ﬁ?sf"fpu{’)]ﬁ ‘?ﬁm ERG b Pt e PBs

manuf act uri ﬁ@atlons modifications and embodiments. Accordingly, the invention is intended to be broadly

construed to encompass all such other variations, modifications and embodiments, as being within the
scope of the invention hereinafier claimed.
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13. The fluid storage and di spensing vessel of claim?2, wherein the fluid
conprises a fluid species selected fromthe group consisting of arsine,
phosphi ne, hydrogen sel eni de, hydrogen telluride, nitrogen trifluoride,
boron trifluoride, boron trichloride, diborane, trinethylsilane,
tetramet hyl sil ane, disilane, silane, germane, and organonetal | i c gaseous
reagents. 14. The fluid storage and di spensing vessel of claim2, wherein
the fluid has a pressure in said interior volume not exceedi ng about 1500
torr. 15Whatleecidihedidt st orage and di spensing vessel of claim2, wherein the
fluid has a ressure |n sald |nter|or volune not exceedlng about 700 torr

2, e e I i gff o ﬁ, TR e SR e [
as a pre é ni thl
about 700,405 knt de c:flt’% fﬁe[ nU B&.ﬁ@% @fé%%&s&ﬁ P%brﬂ&:s‘rﬁ@ss%%hv claim

1, wherei whetréheth\é%ls@ ssGRAB ilcRiBSs AdIWHWFdlyddxted fiing P&l re6dived h -:.sealv&;ctnaﬂle from
t he gr oupmenticphysitgl sakorb@t.al S, gl asses, ceramcs, vitreous materials,

pol ymers, and conposite materials. 18. The fluid st orage and dlspen5|ng
vessel of 2.chaifwid stpragejaed disrensingvaped oblaimophpreie shepphygiea dsegieat ostivels
const r uct fels¥ps a fivig therens. andgaid fid i dagerbaifrem Sseheiicayadradertorsisreisap ol 18,
wher ei n sYf QG R[eveSSEl| ect ed from the group consisting of steel,

stai nl ess; Sg.eqly O@f'rag,@‘anw% &Qﬂgﬂéssmb&%éﬁn AR iR il QY RfseiBh Of t he
f oregoi ngfrgﬁaﬁ%p nsBfHg@Phlocks Hrcks, K storage and di spensing vessel
of claim1, whérein the physical adsorbent conprises carbon. 21. The fluid

st orage af dhd ifigip etosdga Gnd dispeking essblalf ntailny 1, Wheret the iragoliiivyfeint edmpgisksor bent
conpr i sessiegs mermtittid adielebon. 22, The fluid storage and di spensing vessel of
claim1l, %urther nggrésén a cq§§gﬁtggggbly éﬁﬁgéedB&$Wb£%’é§§%§%é’ 23. A
fluid sto g} t hpte and

di spensi n§Q i géﬁmﬁ?HQFQW#ﬁ$E§&G a di spensi ng assenbly coupled to the val ve
for di spegsihD§uidSRRRaHd fispndind LT R BaHeS SRkrein e inteliBolumdl 4 1Rl REREE and

di spensi ngnePRMsainds 79kisG4ta mdhaliic IMMREOF dhid dhgsichi sa6MeMNg assenbly is
coupl ed to an upper portion of the vessel for dispensing desorbed fluid

fromthe uassdlid stodge aiidh dispdneingl vessel roh gleimai avheiemptan dienior \apperaithesvesdel cl ai m
23, wher efantainkdesslihapahdibareje moraithisl apticles opsaist rbigisaedsgrbsiir r ounded by a cap.

8. The fiuid storage and dispensing vessel of claim 1, wherein the monolithic physical adsorbent
provides a sorbent mass that is conformed in size and shape to the interior volume of the vessel.

9. The fluid storage and dispensing vessel of claim 8, wherein the sorbent mass occupies at least
60% of the interior volume of the vessel.

10. The fluid storage and dispensing vessel of claim 5, wherein said discrete monolithic articles
have a rectangular parallelepiped shape.

11. The fluid storage and dispensing vessel of claim 5, wherein each of the multiplicity of discrete
monolithic articles has a solid cylinder form.

12. The fluid storage and dispensing vessel of claim 2, wherein the fluid comprises a fiuid having
utility in semiconductor manufacturing.

13. The fiuid storage and dispensing vessel of claim 2, wherein the fluid comprises a fluid species
selected from the group consisting of arsine, phosphine, hydrogen selenide, hydrogen telluride,
nitrogen trifluoride, boron frifluoride, boron trichioride, diborane, trimethylsilane, tetramethylsilane,
disilane, silane, germane, and organometallic gaseous reagents.

14. The fluid storage and dispensing vessel of claim 2, wherein the fluid has a pressure in said
interior volume not exceeding about 1500 torr.

15. The fluid storage and dispensing vessel of ciaim 2, wherein the fluid has a pressure in said
interior volume not exceeding about 700 torr.

16. The fluid storage and dispensing vessel of claim 2, wherein the fluid has a pressure in said
interior volume in a range of from about 400 to about 700 torr.



26. A gas cabi net assenbly, conprising: (a) a gas cabinet defining an

encl osed interior volunme and including flow circuitry in said interior

vol une arranged for dispensing of gas fromthe cabinet; and (b) at |east
one fluid storage and di spensing vessel of claim1l. 27. The gas cabi net
assenbly of claim 26, wherein the gasagabinet is vented to a house exhaust
system of a sem conduct or manufacturing facility. 28. A sem conductor
manuf act uri ng process conprising dispensing fluid fromthe fluid storage
and di spetvsiThgflukesisrege afd didpansinglvebsef of s il nwissasind thp vesses®Mprists a Maferial

seni condueit @nstrasinnf erteciadi fign gho Gkss ensigingi h EalswABYSER NCAANIES. pHitseEss i s
sel ect ed T#iEiAlS: B‘HV"F%Iaa‘i‘t?"mpeﬁt?rﬁ‘%‘?i'la‘svapor deposi tion, reactive ion etching,
and phot Ojne% mti%m u8nd 8 §E9Kahg vosif of IR Fr2Uh ORI OLer BRAWLAC HelanO
process o ere I's s ected from e gro

consi sting of arsi ne, phosphi ne, n|trogen trifluoride, boron tr|fluor|de,
bor on tri mhires fikitestordgdosdaisendingi veadehyfl ciinh a) evhelelit sapimedidlyd sdldcad &omdhesi | ane,
si | ane, ggvupatesistog gastestettaitiéss Gtegh slbminsmr epgenbress, hsedzeogehalbed grangdef and
hydr ogen theforagping materigd thergofret hod of fabricating a gas sour ce package, said

net hod conpr.i sin rocessin net al work ece rocess to
forma se%r’rogﬂé%fg" c{g%%%e(ﬁ”géiﬁaergf‘g Yespplos play| Rkﬂ@?ﬁt‘?fphasrﬁcﬂ' %%A%rﬁgrﬂt%mapr?‘é%ond end

t hereof, €41°d t ube defining an interior volune therein; introducing into
sai d int e ofe MR eHnd |d§a§1tsm?0@ssglo@8&molf whdHia t%@hy%ﬁﬁs%éﬂt cORirREd al ;

after i nticostdamon0f said at [east one block of physical adsorbent
material into the interior volune of said tube, welding a top plate nenber
to the sepde énid stfagehmndtdidpendirg wnedl o elaivhé fwrﬁteeermJPriSt'mIaJm; degavbiatdecur i ng
a fluid &%we%@itwea%enbly to the top pl ate rrerrber 21 32. The fluid

st or age az[i]ﬁ" popm ng,vesse cl a m 1 & %en anréQse'lt ic

o ccicor ‘St S e S B A e B R R

i ncl udi ng,dq Y a ve asse ng sal drein the va

assenbly |ncludes a domnmardly extendlng portlon received in a caV|ty in

t he singlz. mepanlid §thiage dasidpemsingpipypsraabf adls @sbatetein thd Jispéhsinh ubdnmblyas age and
di spensi nguptes®eh upmETportiai ¢itie vassel feadidpemsirg deesisel fluiddiom toefessilng an interior
volume; a port for dispensing fluid fromsaid interior volume, a nonolithic
form phys2 - ahe %t?rﬁaﬁﬂnddt@?@%r@oﬁmr@w Af ¢afa Z?ﬁt‘"@fft"bt“e\%P%ﬂ%‘gaFﬁf"ﬂk‘!f'? ning a
cavity i nPTPREVAHFBIOPIYEH &Y £ 6% physi cal adsor bent and a val ve assenbly

connect edyd Q Sai.6;OLLcemb) ol Jédﬂg; atl%a rga' GLHAASniio Qe di' y
ext endi NG, ARt if ISP Gkl s'ale aYran sink ¥f Shs SrbRARORbAG

di spensi nghd\(®seRhst Ghe fihcAdtdh nd\ataeér@in@v&staa ovaaaa is of rectangul ar

paral | el epi ped form  35. A sem conduct or manufacturing process conpri sing

di spensi nzy. Thaigad chbinanasdeenblylof cleimsiGowhagein dmdadcabpehis verged/iesdebsegfxhalshi m 33
for use |gystsmjofja pqn@j@c@gtg:_tor manufacturing facility.

28. A semiconductor manufacturing process comprising dispensing fluid from the fluid storage
and dispensing vessel of claim 1 for use in said process.

29. The semiconductor manufacturing process of claim 28, wherein said process is selected from
ion imptant, chemical vapor deposition, reactive fon etching, and photoresist residue removal.

30. The semiconductor manufacturing process of claim 28, wherein said fluid is selected from the
group consisting of arsine, phosphine, nitrogen trifluoride, boron trifluoride, boron trichloride,
diborane, trimethylsilane, tetramethylsilane, disilane, silane, germane, organometallic gaseous
reagents, hydrogen selenide, and hydrogen telluride.

31. A method of fabricating a gas source package, said method comprising: processing a metal
workpiece by a drawing process to form a seamless tube closed at a first end thereof and open at
a second end thereof, said tube defining an interior volume therein; introducing into said interior
volume at least one block of physical adsorbent material; after introduction of said at least one
block of physical adsorbent material into the interior volume of said tube, welding a top plate
member to the second end of the tube to enclose the interior volume; and securing a fluid
dispensing assembly to the top plate member.
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32. The fluid storage and dispensing vessel of claim 1, containing a single monolithic block of
physical adsorbent having rectangular parallelepiped form, and including a valve assembly
comprising said valve, wherein the valve assembly includes a downwardly extending portion
received in a cavity in the single monolithic block of physical adsorbent.

33. A fluid storage and dispensing vessel comprising: at least one vessel wall defining an interior
volume; a port for dispensing fluid from said interior volume; a monolithic form physical adsorbent
disposed within the interior volume and defining a cavity in the monolithic form physical
adsorbent; and a valve assembly connected to said port, wherein the valve assembly includes a
downwardly extending portion received in the cavity.

34. The fluid storage and dispensing vessel of claim 33, wherein the vessel is of rectangular
parallelepiped form.

35. A semiconductor manufacturing process comprising dispensing fluid from the fluid storage
and dispensing vessel of ¢laim 33 for use in said process.



