RECTANGULAR PARALLELEPI PED FLU 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 [ 00021 Sorbent-based fluid storage and
di spensi ng apparatus have conme into use in sem conductor nanufacturing

applications in ears S_sup I|es for a varlety of
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apparatus includet sour ce syst rks
SDS(r) and sﬂt@tﬁsiembmﬂumm fyikstorgepandidise Vsmmafﬁ'ﬁ’d 20 Mat heson Gas
Products, Inc. (Parsippany, NJ). Such systens typically include a

conventional IHpRiSR L&%:ﬁgiﬁ.vessel as the receptacle for a
.solid- phase .g., a nolecular sieve
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gas cyllnder vessel The gas cyllnder vesSel holds thé sorbent nmedi um

|n “the for mBPIEMERE S PPFIIRISs o hent particles, and the vessel is charged
with 25 the sorbate gas so that it is sorptively retained on the sorbent
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subst ant i al S8 S@%W&“@&ﬁhéﬁsﬂw egajes acconpani ed by the hazards and
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[0004] Commercially available sorbent-based fluid storage and dispensing apparatus include the gas
source systems available under the trademarks SDS® and SAGE® from ATMI, Inc. (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

R

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 concems

incidept to e storage of high'pres_sure compressed gases. High pressure gas cylinders in the event of



incident to the storage of high pressure conpressed gases. Hi gh pressure
gas cylinders in the event of 1 <cylinder rupture or |eakage of gas froma
mal f uncti oni ng or danaged val ve head involve the risk of catastrophic

rel ease of gas to the anbient atnosphere, as the pressurized gas is rapidly
di scharged to the environnment of the vessel. This is particularly

probl ematic in applications such as sem conductor manufacturing, where
many comonly used reagent and cl eaning gases are highly toxic, as well as
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to effect nass transfer of the sorbate 25 gas into the carrier gas stream

for subsequent dispensing fromthe vessel wth the through-fl ow ng
[0008] Desorption can be effected by a pressure differential, whereby a pressure is provided exteriorly

20  of the vessel that is Iower then the interfor pressure in the vessel. Altematively, or additionally,
desorption may be effected by heating of the physical adsorbent medium so as to disrupt the low
associative bonds between the sorbate gas and the physical adsorbent medium. As a still further

-l\u,:“./

dispensing modality, a carrier gas may be flowed through the interior volume of the gas cylinder vessel,
so 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 ha_s 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 conirol valve in a valve head block containing a flow



carrier gas. [0009] The gas cylinder vessel, as used for conventional

hi gh- pressure conpressed gas storage and dispensing, and as heretofore
used for physical adsorbent-based gas storage and di spensing systens, is,
as denoted by its name, a cylindrically-shaped vessel, typically fornmed of
steel or other netal alloy, 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
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20 persistence o eavy net cylinders in sorbent-based
systens is attributable to a nunber of factors. [0013] Such cylindrical
vessel s haveolnp dhe vasseld #at Haod beeveiplod@0n Ye ashimerdd ghytice adperbeanit-daskdloappssorved by

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  persistence of usage of the heavy metal cylinders in sorbent-based systems is atiributable to a number

of factors.

Lo [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 a 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,
«cylindrical 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 siress and deformation, relative
to other geometries. It has therefore been common practice to utilize such vessels at the highest

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




regul atory authorities worldw de for storage, transport and di spensing of
gases. These vessels are readily avail able, being mass-produced by a
nunber of manufacturers. They are relatively inexpensive, 25 and wi dely
accepted. [0014] Ancillary to these factors is the fact that since volune
of stored gas is a function of pressure, ,cylindrical vessels as a result
of their mninmumarea (i.e., circular) cross-sectional shape, are able to
accomodat e el evated pressure l-evel s of contained gas, with m nimum stress
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THE | NVENTI ON [0017] In one aspect, the invention relates to a fluid
storage and_di st abparatus, conprising a 15 fluid storage and
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20  [0018] Another aspect of the invention relates to a gas cabinet assembly, comprising:

pe—

a gas cabinet defining an enclosed interior volume and including flow circuitry in said interior

volume arranged for dispensing of gas from the cabinet; and

a gas source disposed in the interior volume of the 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 ads;erent 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 c1rcu1try '




a gas cabi net defining an enclosed interior volunme and including flow

circuitry in said interior volune arranged for dispensing of gas fromthe

cabinet; and a gas source disposed in the interior volunme of the gas

cabi net and coupled in gas supply relationship to the flowcircuitry,

wherein said gas source conprises at |east one fluid storage and 25

di spensi ng vessel of rectangul ar parall el epi ped form each said fluid

storage and di spensing vessel containing a physical adsorbent sorptively
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20  the semiconductor manufacturing facility is obviated.

[0022] Yet another aspect of the invention relates to a gas cabinet assembly comprising: a vented gas

cabinet defining an enclosed interior volume and including flow circuitry in said interior volume
~arranged for dispensing of process gas from the cabinet; a process gas source disposed in the interior
volume of the gas cabinet and coupled in gas supply relationship to the flow circuitry; a ventilation gas

25 source arranged for feeding ventilation gas to the venied gas cabinet; a ventilation gas outlet for
- discharging ventilation gas from the vented gas cabinet; and a point-of-use scrubber disposed in the
interior volume of the vented gas cabinet, arranged to remove scrubbable contaminant from the

ventilation gas prior to discharge of the ventilation gas from the vented gas cabinet via the ventilation
gas outlet,

30 [0023] Other aspecis, features and embodiments of the present invention will be more fully appa:ent
from the ensuing disclosure and appended claims.




[ 0022] Yet another aspect of the invention relates to a gas cabi net
assenbly conprising: a vented gas cabinet defining an enclosed interior
volune and including flow circuitry in said interior volunme arranged for
di spensi ng of process gas fromthe cabinet; a process gas source di sposed
in the interior volunme of the gas cabinet and coupled in gas supply
relationship to the flow circuitry; a ventilation gas 25 source arranged
for feeding ventilation gas to the vented gas cabinet; a ventilation gas
outlet for BREMNDESCRIFTVONION ZHEDRAWINGSOom the vented gas cabinet; and a

poi nt - of - us rybher. .di sposed in the interior vyolupme of the vented gas
cabi net, arﬁgﬁge tglﬁgﬁ8d$°§¥?388a Fémgﬁﬁﬁﬁﬁﬁﬁ mﬁfﬁﬁgfﬂ@g3§@ﬁ¥$?§T$on
gas prior tdeuslseprdingte opf embhdimens pfthd maitsend mvegtien, Wittoapigehvelvventeetbngas cabi net
via the ventilation gas outlet. 30 [0023] O her aspects, features and
enbodi nent s the present invention will be nore fully apparent.  fromthe
ensui ng disé@%@uﬁgxg%ds583@ﬁ%@8V5Wé£ﬁ§@m§ P el stoseecind FspenpAW NGS
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storage and di spensing vessel according to one enbodi nent of the present
i nvention, k%@ Erife valv? connection. [0025] Figure 2 is a perspective
view of a réc n]g r37 53f70ni qleyptiop visE L £ regteagvler praliglerieed diuidistopenaid digpensing es s el
accor di ng t gessahofttheaype elvipo iti Rigind 2, sfowinl detgils eRB Hmdny BBEION, With a fl ange
type val ve connection. [0026] Figure 3 is a front elevation view of a
rect angul ar |elepiped fluid storage and di spensing vessel of the type
shown in Fi 5@%%@%@&%@“&%&?%@% of s ewbipgi assembdy cprsdiessp » L@ 2Pt P gur e
4 -i.s a schetimtinventioppresedisated alerddf a Muliplcitg abieiiouaseibibpipea Faartiag {0 a
fimﬁherlgsp@&kmgﬁve HEcdd *EQ%MmH&Yi”Q di sposed therein a multiplicity of
rectangul ar parallelepipedTlu storage and 10 di spensing vessels
according to the invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON. AND
PREFERRED EMBCODI MENTS THEREOF 15 [0028] The present invention is based on
the discovery thBETAIDRDDESCRIZEIONTNTHEINTENTION] ANDOFRERERRRY di Spensi ng
apparatus nay be fabricated ut BEMBODIMENTSUHEREQFage and di spensi ng vesse
having a rectangul ar parall el epi ped conformation, with surprising and
unexpect ed advantages as regards the nature and extent of the desorption
process, thﬁgﬁg%gin densi ty achi evabl e for theeEhysical.sorbent medi umin
the vesddl, F\B‘gi‘ff“i ipyeqpipn &y basad con e flisgovery dhang ehysiad] adrorbprshesechBuidgprageat us
conpri si ng swalispensing apparatus may be fabricated utilizing a fluid storage and dispensing vessel having a
rectangular parallelepiped conformation, with surprising and unexpected advantages as regards the

nature and extent of the desorption process, the packing density achievable for the physical sorbent
medium in the vessel, and the utility of the fluid storage and dispensing apparatus compriging such

20 vessel for semiconductor manufacturing operations.

[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

parallelcpiped conformation for a physical-adsorbent-based fluid storage and dispensing system, since:

25 () a rectangular parallelepiped vessel has six faces, and twelve weld-lines required for fabrication if
- each face of the vessel is a separaie piece (by contrast, a cylindrical vessel may be formed without
seams from tubular rolled steel stock); (i) consistent with (3), 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 pe_rpendicular_ly oriented walls that offer the potential of forming voids at the line of juncture,




20 vessel for sem conductor manufacturing operations. [0029] By way of
background to expl anation of the unantici pated advantages of the
rectangul ar parall el epi ped conformation vessel in the fluid storage and

di spensi ng apparatus of the present invention, it would on initial

consi deration appear to be highly di sadvantageous to enpl oy a rectangul ar
paral | el epi ped conformati on for a physical -adsorbent-based fluid storage
and di spensing system since: 25 (i) a rectangular parallelepiped vessel
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of physi cal adgimelsenlls, bontherriiadr ﬂiambdi:’(geu disadventigs rsudhQbvtiBentify sbibent ¥RSSSIn} are and
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t her eon,! reF"aqol""\Pét"?@e ““E"éﬁ?ﬂ@@gsor@%b%drlcal vessel . [0030] Applicant has
dj/skﬁovered however, that the rect angul ar parall el epi ped conf or rrat i on
results in ggsg &8s b tly, packe or be
regi ons adj ace\ri tﬁ% EY‘Q&%Q g?cg&ﬁ Tn ersea%:tveo% of* & ad] a“mer?ossv\%r]ﬁo euat t hat
rather thanSB&mgon vithshpirimmm geumiiratial xms of densicribing lbarve, thednrusgbions

arte i nt Iacaormd:\mis ageeisE” e@smmagme asdrkd Oé/yi&ﬁ?fﬂ{él Mﬁﬁz@d‘f(ﬁ:n?@ehﬁé’@é’h be%lmf(ei%é |
interstitia o flow aut .0 e .bu ol une
of the sor b{élng eréf?eéa ¢ qﬂ%%&# @ﬁg’f’“ﬂd%&e@fageé‘ A% %‘é&%@beﬁ AR PR e&%ﬁ
vessel & agragion |1Imhmeetﬂmlsnsw@tl¢mélcOMamn den fnchaetindviagl vedsélh The medtavguiarm

ci r cunt er enpdraiblefpeh %aiforaiuoﬁ kﬂe&%%ws%gﬂ& MBJnL ofHsE Bt gab ﬁsmmga& o fioB 3 bent

that is "presented” ? I N at%: I ndrl caF}f vessel 1s maxim zed
Consi der i ng@ﬁ@"’iﬁllﬁ*ﬁvé Y mdtrﬁ@ "ﬁsé‘i"] lffﬁ"’é‘fe e Wit wfpcedundpg tatorbentibed isormds
(i s adj acentdsarigijg i bigrasier, hﬁnherd:)xeﬁ:obdmmﬁl@sl&res&@ttm (i\:) rdcﬁnéﬁldﬁ&hnﬂaﬁn@ﬁleﬂﬁse[ ati N the

rectangul arthpglftélni Qf tﬂg Qtriaf )TiXR ef%ris I, flrrb&ut \Ef\esc nagrrels escfrl?e%l The

rect angul ar para eplpe con ormat | on ena
egr ess ¢ g alf fb‘ﬁﬁlltrﬁgongl dsless reagdsqrbpd qub@gﬁeat to 1ts lﬂltlal desorptlve release ﬁ'om the sorbent

medium than desorbed gas in the interior portions of the sorbent bed.

[0032] Further, the rectangular parallelepiped conformation has particular utility for holding sorbent in

_'a monolithic form, 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 infer-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




correspondi ngly sized cylindrical vessel, because the wall surface boundi ng
the sorbent bed is non- adsorbing in character, and there is proportionally
nore of it in the rectangular conformation vessel, at the outer margins of
the sorbent bed, than there is in the cylindrical vessel. As a result, the
desorbed 20 gas at the wall regions is | ess readsorbed subsequent to its
initial desorptive release fromthe sorbent nediumthan desorbed gas in
the interior portions of the sorbent bed. [0032] Further, the rectangul ar
paralIeleplmaﬂmqgﬂﬁakmgtlon has particular utility for holdlng sorbent in

a nonolithic form of a type as disclosed for exanpl e in copending U S
patent application of J. D. Carruthers for "Gas Storage and D spensing
Syst em wi t h {0083 olni qub iexmba@iment theAuwolioh eelties sl edan@@arcmriiclepired tvésyel ldefiningia h.  As

us e? in suchi.&a 'ﬁ{téﬁ&t vo ';rma@ildvﬁlg b Gort {(F%féﬁ 1sth§})tledtakg§s & eﬁ%ﬁ@tassgﬂﬁff Sél&tl‘lﬂn a
unitary or

ontradi st t o conyent | ona I nely
di vi ded for %q@ﬁ%ﬁfl %%ﬂ%&agessel pilﬁfﬁcan%%ﬂfp Qﬁﬁw@svessaémtworb%awﬁ’émm ke,
whi ch are gewigblafomy, et ir 4 ealthhiprdvives sifficiant ofpadity edoptvepetentionef gas in a desired
mul tiplici t yugf %ﬁ?ﬁoQ@é%%ﬁodd@ e 80 ﬂga@makred% sonfiSh belions Shat profiiipod 1 L hE

bed form of nul iple Sl ca ent e
vol ume of t HErEEErRguty é’ﬁ‘ihtﬂé?ﬁ heFié b?hﬁ“%(] % rhlgbzf?“ﬁnt iofy desprgtiqntof ipitiallpayisesped gas)

i nter-parti eldahat hdd acdpprope@iietbrptieaFiityor tﬁ@gﬁ@ﬁﬁiﬁt&%t kdthdt bRy gdd presased iDMBintamdlapE

and packi ng. art . By contrast, in a nonolithic
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intrinsic to the sorbent material and voids that nay have been fornmed in
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form e.g., formthat provides sufficient capacity for sorpfive
retention oﬁm8§§m#ﬁeﬁmﬂﬁ%%ﬁﬁﬁm&ﬁﬁ§W9V@Ve t hat provi des good desorptive
rel ease of gas under desorption conditions, that provides good worKking
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vol ume of thgvenesdet applicatiorgpf sHetivargion, bised@Smdsdemerbrtonsidraliddd adibacklg fafyssi ca
adsor bent capgy Vi in the formof beads,
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20 boules or similar forms of the adsorbent material that are of a size commensurate with the rectangular

parallelepiped vessel, so that vesss! contains one or a small number, e.g., less than 75, more preferably
- ) less than 20, of the discrete monolithic articles. In a further preferred aspect, the vessel contains no
more than & such discrete monolithic articles, even more preferably no more than four such articles, and

most preferably the vessel contains a single monolithic physical adsorbent article.

25  [0037) The monolithic article(s) deployed in the rectangular parallelepiped vessel provide(s) a sorbent
mass (aggregately, if the sorbent is provided in the form of multiple monolithic articles) that is
preferably conformed in size and shape to the interior volume of the rectangular parallelepiped vessel,
so that the sorbent mass of the monolithic article(s) occupies at least 60% of the interior volume of the
rectangular parallelepiped vessel, preferably in a range of from about 75% to about 95% of the interior

30, volume of such vessel. | | |




the interior volune of the rectangul ar parall el epi ped vessel and utilized
therein for holding the gas to be stored in and selectively dispensed from
such vessel. 15 [0035] The physical adsorbent when provided in such divided
formis utilized in the formof a mass of such fornms, as a bed of sorbent
medi um The size of such divided fornms may be readily determined for a
given end use application of the invention, based on nass transfer

consi derations and packing factors for the particular shaped divided form
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pur pose be fpasialipabui one apitienin face-bifee sataat theitvirgular cloys-spfioRind Siricedf an or gani c
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is filled ppior | ysis of sane in the vessel . [0039] If alternatively
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{0041] Further, when multiple vessels are deployed in the gas cabinet, and are arranged in side-by-side

fashion, the circular cross-section of conventional cylindrical vessels produces a significant wasted

St

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, to minimize the presence and amount of the wasied 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 tum reduces the frequency of the vessel change-outs in operation of the gas cabinet, which




menbers to be in the formof solid cylinders, with the respective
cylindrical nenbers being |loaded into = the interior volune so as to
tangently abut one another along their facing side surface, and to at | east
partially abut one another in face-to-face contact at their circular
cross-section end surfaces. [0040] The rectangul ar parall el epi ped shape of
the gas storage and di spensing vessel in the gas storage 15 and di spensing
apparatus of the present invention - accompdates the vessel to

install ati orﬁnaiafimd&emeadpa%ﬂa hin@th@t 1gaﬁs&@@inrbﬁ&gmgu.ﬁ*a??éed g§s éﬁ#pqi}aae\.{seﬂ

sem conduct manuf act i es mnim st el voI urre
Sl “°?1‘°‘3*t°‘° sff’ﬁg“ °é 8§asaab§t?b"§<ﬁl%mtTthGCBE&?@fPafaﬂFlam?déwmhoén to

i nside the gas ca
convent i onal Fl@yq ] Mpmmtailatewes@leﬂles‘ill spiwic ©Fi 3.6 liteis rviliieasof cohMmmwymﬁuéaa Fressel

cross-secti rRAkRe MBSLLRcYG! MR ok 8 He{s%)go -é]l %P%fe cfr}%nlm@ ) Ber? d&l é her

rect angul ar %are conponents O are a

or in cldse 55&?3 Tt@rﬁgnpﬁvére%ofgqu}mgw %'@F Iﬂﬁdgﬁﬁﬁﬂm thereby eeslueie, the[fg@prm}
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arranged in gyde-by-side fashion, the circular cross-section of
conventional cylindrical vessels produces a significant wasted volune in
the interior of the gas cabinet, whereas rectangular parallelepiped vessels
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vessel s of {naencRue Rt pdgdr;@& g% possible with the cylindrical vessels of
the prior art. This in“turn F&duces the frequency of the vessel

change-outs in operation of the gas cabinet, which 9 O further reduces the
oper at i dhal [004#4eThe eadlosins ircopedficrmpplichtionChi@g N@nPotentdRplbeh %}u@a&cﬁyggéeys
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f aci I|ty The rectangul ar para p1p d Vessel of Fi gure 1 accommopdates a
volume-fill space of 3.62 liters whereas a conventional cylindrical vessel
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for safety manétheg J&Bh 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 componeniry

in the enclosure, such as a cycle timer joined fo a microprocessor controller and arranged to operate the

T—

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 other techniques, e.g., ulirasonic bonding, melt bonding, laser welding, etc., from polymeric

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

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

10



cabinet. [00431 As used herein, the term"gas cabinet"” and gas cabi netry"
refer to enclosures in which is deployed at | east one gas supply vessel.
The encl osure may be equipped with flow circuitry, including 10 piping,
mani f ol di ng, valving, mass flow controllers, pressure and tenperature

moni toring devices, and the enclosure may be ventilated, involving flow of
clean dry air (CDA) therethrough froma source of sane exterior to the
encl osure, with the vented exhaust being discharged to a house exhaust
treatnent  dyspeamability il ghsacithidrhest fubiiduf e véshe encl osure is depl oyed, or
ot herw se treated and recirculated through the enclosure as a recycled
sweep gas. L0044 The encl osure in specific applications may be a
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or other nmetals or netal alloys. Alternatively, the vessel nay be formed by

simlar tec S .ar oth t.ec oni

Bondi ng, | abbisl BB sibisa NspElen Rk 36t Brpintons eed BPRapEoegapL it peresl

mat eri al s, gﬂsaﬁi@b@eﬁﬁdﬂn\bﬁEtprebu@mmﬁmmdcsmum aprpp@isi t e material s having
suitable character as a material of construction for the gas storage and

di spensi th suff cie 10.1 ow perneabil it e gas -
ConC ot e, SR Reresfiedpn s loé G ibing D oA pes Aeay” e o't gipipepined ©
fabri cated g storsgrand dispensing vesseld 0 tabrording fto ore.egbodimadnt of thopedaiderenfontita
vessel, to pphimR c&rﬂé‘cﬁ&ﬁh%@h&ﬂ@i"ﬂm@Banﬁl%{‘ﬁ%efﬂe&B%%p’}ch%?ﬁ@@ée}.’ 158 0sR¢1d Oi ned

|nleakt|gﬁt fashion, e XSUI . . .
1n a specific embodunent s formed with a welded steel wall construction, having a square cross-section

along the vertical (longitudinal) axis of the vessel. The walls of the 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.

Fo—

[0051] 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 ports,
- €.g., single port valve heads, dual port valve heads, 3-port valve heads, etc.

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 to the pipe type comlect_io_u shown in Figure 1. The flange cormection

11



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 nmay be fornmed with
installation of the nonolithic formof the sorbent prior to attachnent of
the final wall nmenber, or the nonolithic sorbent can be fornmed in situ as
previ ously described. [0048] Once installed in the vessel, the sorbent
medi um may  REovAaEBigEe congkised h BinkERAbRRr Fith RALRRE erodd HIPMRAEL the SRS ofie

t her mal treat ment, pressuri zation/ depressuri zation cycling, or other

nmet hod. The Sorbate gas is charged to the vessel prior to final sealing,
and the vessel during such charging nmay be cool ed or otherw se thernally

Fggig]ed%hsuq@sasmygﬁt& evsﬂ'trzﬁasﬁmfggwa% iaattﬂé éﬂ‘ib§<§ﬁ1gﬁto?|F§ghl%s h‘%ﬂifz géﬁe a%&ie% i on.
e char vessel. then is sealed, e.g., by closure o e hea

val ve, and t'R&F %:t?att & Wy%??g?d@cg%nt 'B%é““‘s??ﬁ’ﬁl’@y ylanmg e SE‘E e g theregp.gtjth the

t r anspor tSed sotbato pisdeing idispansed  thrasgh dlppvatyp it teroughSdidpBBHY [loRedrafit WaenDwl t O
the draw Nggjreyfelyqui i [ ' r L. .
parallelepipgﬁ f|J?%&Q?gfgagﬁéﬁﬁgﬁﬁgﬁﬁﬁ§%ﬁé&ﬁéggg?gﬁéﬁgggﬁ?3?%3??%“%he
embodi ment &F ety gxeind disphaes cof e, desarhate ges figinptae yesteh do e flewcaiticwiny vud ve
head 12 ap](cj_dblamdéamSgas'LébnMﬁﬁ_'ﬁﬁ@?césﬂ mepxbﬁ@gats aﬁlg b@gesartea ﬁbﬁﬁtﬁl f&lorbeﬂih&tem&&_el 10
In a specitl 0 or wih.a ed steel wa construction,
v g o s iR R BB e B shPARS sbach 1ol 18 S f e enar AT St of

t he vessi@l . tpmsllyapdiaed ipsorptien, gndloneshcepiraioerdi®dt-nediated tidsprplionc ar bon 20 st eel
and the interior volume of the vessel is 3.62 liters. The handles 14 are

Mich rod st rired. into the.shape shown, ,and wel ded at the. respective
onds 1ot ne e i Ui ol RS 30 M8 ot D G ey i DT
connect i on afEstuieeocess. Jliystiativeszaimlsh 9f sechgagiechdwitdr maifeturivems@bsesifeindoy a
1% pipe thieamd GAMRBS b inplabRonY bt AN bmEANE: FAYimShl ai%ln?caxnﬁgnﬂr of
ports, e.g, s#nglenport alvE heads, duaIaFort val ve heads, 3-port val ve
heads. et c. PP e ispine photacesist FUMSEBEYA ¢ vi ew of a rectangul ar
paral | el epi ped fluid storage and di spensing vessel 10 according to another

embodi mant  @bss) Ne REBSERE 1k Vn 0270 Y Ll fle2AAGide QVa\t{'%Lf\éﬁmpﬁ, Gt 1 on
face of fhe vessel 10. The

val ve head %%@mand han §§@%4 wel ded t'o_ the top fa , [

val ve head GF™Ue% e DLoshidiee pigpesn difortss besop ifiyesde, SRoRrinshiprids oifpeas,  as
havi ng a f | timgbylsilape tebomtigiidng disilane, itve, [gtrahaeporgaorudiiRdhstbn ez, 0apgaed to
the pipe tyRe.aom A QW 1o FA fl: connection. |1 shown
in Figure 2 conﬁy?@%% §m¥?§nge%£§ﬁ$§g&§?%ﬁg%%ﬁ%+@%f%?%§5g%gﬁﬂéﬁﬁﬁ?% to
the top sur e plysisy! adyqebent raediym emplyyed and the end use application for which the desorbed and

20  dispensed gas is to be employed.

O

[0056] The sorbate gas can be contained in the vessel at any suitable pressure, including
o :B * subatmospheric, atmospheric and superatmospheric pressures. The pressure of the stored fluid may be
subatmospheric, e.g., a subatmospheric pressure that does not exceed about 700 torr for doping and ion
implantation applications of the invention. For example, on implantation gases, e.g., arsine, phosphine,
25  and boron trifluoride, may be stored in the vessel at a pressure in a range of from about 400 to about
700 torr. Gas may also be stored in the vessel at substantially atmospheric pressure, or at low
‘superatmospheric pressure, e.g., a pressure not exceeding about 1500 torr, in various specific
applications of the mvention. |

[0057] Figure 3 is a front elevation view of a rectangular parailelepiped fluid storage and dispensing
30  vessel of the type shown in Figure 2, showing details of the structure thereof. As illustrated, the gas
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[ 0053] The gas storage and di spensing vessels in the enbodi nents of Figures
1 and 2 have interior volunes that contain physical adsorbent nedi um
sorptively retaining a sorbate gas thereon, with the 5 sorbate gas being
di spensed through the val ve head through di spensing 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

t he desorbate gas fromthe vessel to the flow circuitry and downstream
ga;s- c_onisu ][n rsgmagg @ﬁde&@cns'iﬁfﬁ&eﬁél{daﬁh@sh i ﬁﬁﬁfeﬁi_ﬁWoﬁﬁleQGSQE“}?&? the ﬂ&ki&dﬂﬁds_mérﬁlqﬂt
mat eri al for,_ discharge. m. the vess in.any sujtable nner., . i nvol vi ng
for exanpl e dﬁs %sgdz u'ﬁlée-p%%%clafz’a%éo&beﬁte%ag r t°?8‘i’¥,' Smk%% Wef“ﬂﬁ‘?‘ﬁ‘%ﬁaﬁg&i aglivaigd carbon,
desor pti on, metttimprezeatnd cerben mblewhr giva Gikertositiatt) attethisipsos pliconxsilich, 3Bfnda, The
downst r eam GR&nCANBINTRARE RIyRERS SudtalY, s&?ﬁv@glay@,%cﬁéﬂaﬁz%@éi&er{eyﬁﬁs Etiete. 2

sem conductor manufacturing process. 1llustrative exanples of suc% _
sem conduct or manufacturing processes include, wthout limtation, ion

i mpl ant atSi o058 oBherphysvpl adwitiontohsy dikdwise b bieny suitsbld foqmk @ptopriatdie ie@mad of ViR pes
deposi tion, J AV b i r.esi.s: i > Ly,

[0055] The Seree el epuils Se e SRR upttin RESUANS § RN, 18} et |
way of exange@u gy g‘?)lfi'ta diyidef]jformy sughps beads isganlesslie Ricn & it Bpt ey a monolithic
trifluori de foripes leeitabdvk Has@ibedle, boron trichloride, diborane,

trimethyl silane, tetranethylsilane, disilane, silane, germane,

organonetal | i ¢ gaseous reagents, hydrogen sel enide, hydrogen telluride,
and the |iké‘!°59ﬂ%916§’6§5?3é%%1m@%?§ Wity feee\irng arlye cpamerticn vale bepd dZA. el dheciangs on
;tl\gq Ehyrs]liocghlemblabﬂiiwa&‘ urddedlihe! p ezalpbﬂmeafdsd séifdla Ieﬁketigﬁﬂb tﬂanﬂéiriby ﬁ@%ls bﬁ@-hh[ 00" gééjaalflﬁ,r

hijch the desqy LS se S | e .enpl oyed. 5 The
sorbate gas can %gdleggﬂ?gaslg%ree b ﬁgﬁ%m\t/hggo &l E%f{tged’ﬁvel’sui tabl e pressure,

i ncl udi ng subat nospheric, atnospheric and superat nospheric pressures. The
pressure of [060 I8 bavtirelvatibtioh Of iBYruddee ofShHIBLIBMGRBE S siBrafh and &ispehiRatveRgpheri c
pressure thajs d emswsﬁigtvesge ol eg ab‘(')&lt 7.%0 torr for in 3a$d.i?n .

i mpl ant at i on Appl T Cati ons “ornE RV AR £ gonakap L Hisrnt3. fegistef srismetst i on
gases, e. Q. fomayisjikewise phroeipigilareparalidepipadishiysy @A it provided with deeningsalf dnaespdciveed i n
the vessel gbo AchbOBSHE m@ve@ser@{&9§m9iﬁedf&i@,r£haltb9ﬁagfb|9Qabk&tea%ﬁsut thE GhdicON-

Gas may  al Sgﬁbeiﬂj{[ red hjn t.he vessel at substan at nospheric pressure,
or at iow ¥GpR i ?*?ﬂé}"fgw plaaglp gan bg fafyricated on fhescap 17- STh gpenwsld @B B §2Pabout
1500 ton, i3 yaridowhasikestivtie, albpjkihatdtiengesef adsdubly RVENnealy P& ndFi gur e
3 is a frong ' ' f al | el.epi ped. fluid storage
and i speneyag D hE Rl LR, o foaal AR hahe RLPLLTATD BE ! b ird 2%

the struct ufigPersiig liasyp the dischpngs pogtof e wtve beade gas 12

20 [0061] The cap 13 can be secured to 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
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, threadsbly engageable
matable coupling, mechanical fastener coupling (fatch-type coupling, bolt-and-nut type coupling, efc.),

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 comtact 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

13




storage and di spensing vessel contains an interior volunme 16 in which the
physi cal adsorbent is disposed. The physical adsorbent may be of any
suitabl e type, including carbon, activated carbon, netal-inpregnated
carbon, nol ecular sieve (alumnosilicate) materials, porous silicon,
silica, alumna, styrene divinylbenzene polyneric materials, sorptive
clays, functionalized sintered glass nedi'a, etc. 5 [0058] The physi cal
adsorbent may |ikew se be of any suitable formappropriate to the use of
the gas st dBags. tengddedintpeiaiond afiksd i@ BihbrnablReto@Rhp, CUl ar appl i cation for
which it is enployed. The sorbent nediummay be in a divided form such as
beads, gran%hgg, pellets, etc., or it may be in a nmonolithic formas

her ei nabove lc AP B &L fugfhorpdiemative, dhe yessel assenbly carjinglisio sapamie £4p and handle gembeyme
val ve connechdheepamiyceupled adhehiddel ciitdider bdag f1 ange 10 nmenber bei ng secured
to the top wall of the vessel in a |eak-tight manner by neans of O-ring
seal 18, E L and the handl es being secured by welding to the top wall of
the vessel . {48667 2|speciis srample afay flwd Ferageond tdfspensitg apparainseinofecdrdance with the

par al | el epi pesensineRach, SlafiaAge oty disina kbinl Bes MBS R referlcGto G SNOMRLEE
vessel as b@mﬂgvggsg+ged&¥mtg gp.qgtlonaL C 13. The cag@lS _depicted in
schematic form 1o Tl Réw £&*df~ P& Fﬁﬁﬁﬁ?ﬁr%%ﬁw§wpéméﬂﬁﬁ’ 12 inghss: anhife j s
provi ded wi tall apsillsormgdie y&sebare f.¢88dmbtiickeesd 5Tisd veleel fscfaeid affweldo@boxaibing T Tee
Shomn i 1 F1 G A B 0 A b e bR R B

13. The openingé 15 on the cap 1é provide a handle structure, allow ng the
e piél re vessé&i06¢isHerfighgedt @ritmeseatetopuplhit yrrgppdnppedn a8 eifeckd S5 RS Qale of@GlagdICh
openi ngsioal 8RKRas, Wl BRERESInd0 \ ; in®: Jo or Pln®Qupl ing of a
di spensing linpe togtﬁf diséﬁéf§%ﬁ§§#?h§f“%%§gv%%éﬁmﬁé%ﬁffig&f03 (Tw?%% cap
13 can be sB¥HPEY Fymd fig pervbay pf g Seniplrpeningo af 3 velveHaseriprring ischepefined fin

construct.i opesibn iithe. opdping. N Tha Yal@U inbedvh &ingBiRREs af Spded Wis€ pai &oRYwiiBANS Of
conpl ement agdylVeardBtd i nt.s n.the vessel .coptaj ner body
and the capﬁ,mhgggbfg%ﬁggﬁg 0%%%%%%%@%Fmgg%ﬁg?ﬁ%?mﬁ%§§cEﬁﬂmb@wﬁgﬁﬁﬁﬁ?balIy
i nt er | ocked g Hosehiavithip G |sairal ogenipg of the iyaplbiserithtiygfdringheptermigs utdhsidackily y
engageabl e upptrstisapdreiondift dppg surfBEHaRkplatef ast ener coupling (latch-type
coupling, bolt-and-nut type coupling, etc.), 25 spring-biased conpression
fit coupling etc. [0062] The cap also affords the advantage of protecting
the val ve hB8TI b ¥espohpandes a twishdrleskshcomhismimihonspfiny ergeri ovking Aesgioeiudigt h

ot her strucslshg@ied 98ts BOME €5, ba@Nshd WhBE ok SHIAC tth QLS ek RL B oate® bR GleS

hol di ng the_pot.ential for, da ng .the valve head or 1npairing 1ts utility.
g prsted c{gwn over the three stl;rg er gol , Totated 15 degrees to engage gg bolts, and the locking y

plunger thereafter prevents further rotation and positionally fixes the cap on the vessel. Alternatively,
20  the vessel cap has a direct atiachment and two locking plungers.

Mgt

[0068] The cap side wall openings (openings 15 in FIG. 3) are 3 inch x 3 inch openings, and plastic
grip-pads can be affixed to the upper edges of the openings, to facilitate grippability for manual
handling of the apparatus,

[0069] The vessel of the illusirative apparatus can be drawn over rnandrél (DOM) .square-cross-

25 sectioned tubing, and can have rounded corners or sharp 90° corners, 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 _i_nsertion of the monolithic adsorbent into the interior volume of the square-cross-sectioned
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[ 0063] The cap can be further provided with a handle el enment, wel ded or
otherwi se joined to the cap 13 13, e.g.,, to a side surface thereof or
affixed in other manner to the cap. [0064] As a still further alternative,
the vessel assenbly can include separate cap and handl e nmenbers, each
separately coupled to the vessel container body. [0065] As a specific
exanple of a fluid storage and di spensi ng apparatus in accordance wth the
5 present invention, an apparatus of the type shown in and descri bed mﬁth

reference t I wi.th a sel inch x 4.
inch cross- gledét ﬁgr%g)p l£Il‘fs{eecaﬁle haP Gt PR t?/@%%"é‘? %‘Iatg ﬂ‘fé’%ﬁe F‘%‘é ﬁsé%mb?yaﬁ’&fi sthF\‘lﬁld‘a‘rvval I
and fl oor wﬂﬁﬁéwv€§§é$€%ﬁ@m@mmﬁgcmnsmh$hm@ku$§$nghe vessel is formed of
wel ded box tublng The vessel can be fabricated with a flanged, Oring
seal top pI? ese tHv with a meL §d to ¥E% [ 0066] The
flanged, O sea % ’ﬁqg Lpsgre Vl"rag?"i‘fjaé‘ﬁéf‘ﬁ e el 91 Sfreed Ao, stelaor T pl at e
of SU|tabIeSQWIePQW@ﬁﬂéwmesemme Bwfmaﬂaawwﬂwamnwmehashmwmn@ﬁamweﬁ&fabf
openi ng. 5An c&hstidah, €. 9., of Viton elastomer, is positioned around the
peri phery of the central opening, and a valve insertion ring is then fixed
in position in the opening. The valve insertion ring includes an upper

di sc porti oh®Ho#s vistuedad hetoimshoes fhiy stiepe mlisdigpering Gpjpeatisi io Rc@fdasdBlilhehe

di amet er t hgfsdal¥BvelRRSfo usHifG dgﬁ%&égu&)&s cébpa Bis ' MRl Rl &Js{aL&ah;ggqp&L,Qn%e%t

within the centyal g[Penln te, wt ween
under si de of V¥ HE oF ”ﬁﬂﬁ’é?selﬂ F%"é’e”ﬁ&)‘fapff Gﬁdaﬂ‘\@etﬂii’éf Bpp &y W@c@elbfecmlat op

pi ate. [ 006 PhalEhpipadctspe vesdpottiispraert wivaitiordal bd &h@iéydﬂﬁﬁih'lgﬁlcﬁl:gi\et Watclaniﬁmﬁﬁr I ng
pl.unger J,o0c ase three
shc uIde#bboﬂhﬁgngﬁ¥ﬁ§%%hqﬁﬁﬂ%mugé %ﬁ%ﬁm] Eg f%?§g5q§£1%W%@@@ﬂm@%%h over
the three sHE@rfavngGes with wells af@el ﬂ'llé S@é@raeéélsne@ﬂewmg ¢ldve fdoing poximétndr t he

| ocking pl evges i peferd Inealbuiﬂ:!i NRRdnShif W é her wd’nO&f«'%ﬁé 28 cédﬁfét)Pﬁlé %ﬁ%ﬁlng y

fixes the c the Vess tern tive 0 .the vessel cap has a direct
at t achnent %ﬁﬁg? emf%mﬁ?ﬁﬁmﬁﬂtﬁﬁﬁﬁe @é?e ivgHfiosi de wal | openi ngs

(openings 15 in FIG 3) are 3 inch x |nch openlngs and plastic
gri p- pads C{:unmeﬂ:@gia‘en X28hdoRtd BeRRBh oSAGESiIRS: 2B |4 tate
grlppablg % nJaI hand%ﬁ% of ?ﬁgﬁapparatus)QF&H%%%éﬁﬁhR %4f

the illd3tr% H“"é““a?& OPRETRE T & HEne 2A\EViny &% IirsRGYRme PRoNg veish s éwaqsqs*ss- 25
secti oned t@@mn@hrmmﬂdﬁamdBaw@ﬁgﬂmﬂdﬁﬂaﬂmgﬁﬁﬁkdnaﬁhﬁl@c&ﬂmm&ﬁﬂﬁﬁ&mmﬂhih t he

squar e- Cr 0Sgs §6iakd ARG pens E%p&gmp%{&gctgﬁe tJtﬂmn%nl | ded tube stock, wth

a wel d that disappears in'the co raw ng rocess. he result of such
cold drawi ng process is a seanl ess square-cross-sectioned tube cl osed at
one end andl0073] The gas storage and dispensing apparatus including gas storage and dispensing vessel 50 has a

valve head 48 coupled with automatic valve actuator 44, and operable to open the valve in valve head

20 48 1o flow desorbed sorbate gas from vessel 50 into branch discharge line 34 connected to manifold line
24,

R—

[0074] The automatic valve actuator 44 is connected 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,

f0075] 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 -
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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 nonolithic
adsorbent into the interior volune of the square-cross-sectioned 14 tube.
The top plate can have an NPT thread to accommpdate the val ve head
assenbly, and shoulder pins to acconmodate the cap when the cap is of a
bayonet cap design. [0070] The vessel in the illustrative apparatus can be
formed of forged alum num steel, or other suitable material of

const ruct i onine T@orhRP thd bR EANdiRndRIRAP s, an%%? 16% dgb%lgi% E?&Iat&%%%i al
S

of 5 constructiqn..[Q071] As discussed herei habove, fl ul orage an

di spensi ng gggieldgylﬂgiqqﬁ B‘P’Elg‘ilﬁ:éo i thsh CRY, &8, foy racdulation; of fares @ﬁwégsée%%f ul ly
di sposed i n regakior &pimetcardine withaiengs defidnd fofl itha gloghbasdng Bisicatsluting FREQY @ive Nt
over the cylppghdiGakig¥epsel s conventional ly used in the prior art. By
virtue of their rectangul ar parallelepiped shape, vessels of the present

i nvention can be deployed in a gas cabinet in a conformal 10 nanner, as
reg?r ds ]cs_he [0056}t Hreclidueer 4gemtatraysemfﬂyammenp&dhmllale@aﬁi}ng@%ﬂgléd s stB¥zeShBPE g
conformal ity . S iy € P 1€ e, W of the fluid s e an
di spensi ng )\%séésﬁg?é ‘ib"%e%?’o"‘é‘g‘%é" ?t{é\ 66(1‘6?1%% S%a?%,aug¥1%1c§% é?\?cmﬁgr i Gfscoﬂﬁle ft%b?[é > in
‘abutting relb¥sigesh §rspistion lne §6.créerghy gas pmtvessel §amay bibicleeiivply fiowed ihitpdiranvio| une"
attributabl distiarge Jidel 20 € heEbld URSARLPlell HithWhe HELR Slsplefbink RS R AT % £.6 5ot nlab}Rr
i nvention. Lsotgg%]st_flcgéjre 4.1s adacherratl c representation of a gas cabinet
assenbly acEoPitAgrHo B dioRRtd §ibrame apiaratus BompRgng ¥5558N0i on, conpri sing a
gas cabinet 20 having an interior volune 30, in which is disposed

rect anguloar [qaar)akl te) Mg dasIasins LALRIE ﬂﬁggésd SR GRS HiGRnNBSRES 56 tha?ido2 as

conponents of respective S staorage an i spensi ng appar at us constructed
according t&" Ef"ﬁ% '?ﬁgeébﬁfsfdg ﬁ.ﬂ’%‘i’@fl‘%ﬁms%’r?é" g encthe r“é\@é(eséﬂégg'?%@ﬁ%‘?%mﬁ‘ﬁﬁiar at us
i ncl udi ng gagninst tesrsidg evalh pithecias prbingti2f.pnd Eils@bselS 50 40d §2 BeinpubiitinelyhrgRekd4gisoupl ed
Wit h aut omah bk Vall fehedsd HRPs0, 44, and operable to open the valve in valve
head 20 48 to flow desorbed sorbate gas fromvessel 50 into branch
di scharge line 34 connected to manifold line 24. [0074] The automatic
val ve act uafgy8] 411 the ssead thn elntsied alrprberittmed gat starips mhdsHdpanink sRemd 6F theneativh) al
process 15 Unil gl chtiler 3 mip Bt oBRMa QERIEGS, BRG] Bl alHINEREIPLAY AAIRD! ©
conput er prggr,ammbl afranged to carry out operati on _\ﬁn 1 spensing of
gas from t hEoX/RsUpyenkeps digmithrgees cahingide thereriapb vstpm of B sogcopfuctyp mprpfdciorneof t he
gas cabi net fusijiy! ehivh ByicalptindideOn lofe dchiBben i GRhE GeVhiis AedniadrQhe i 0r
S S T e TR Y
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 fo gas cabinet systems
employing high pressure gas cylinders of the prior art.

[0079] In another aspect of the invention, the enhanced safety of the physical adsorbent-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 contaminanis 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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to automatic val ve actuator 44. [0075] Thus, gas di spensed 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 15 line 38 coupled to the gas flow di spensing regul ator 36. The
gas flow di spensing regulator 36 is coupled by signal transm ssion |line 60
to the CPU 58, for nodul ation of the gas flow di spensing regulator 36 in
accordance with the gas demand of the downstream gas-consun ng process (not

i|lustrated that apjirepdy éie Aresh&ld [liaf) Alue THev) Fif gher PectlicORsardad bddPhneas SR RLY bal SO
i ncludes t hgnfRed 8RR yoar t orage and . di spensing vessel
52, equipped wth valve Sﬁ%g%g%ﬁga%ﬁllﬁg%ﬁ%sgw\r/amﬂéesé%?’ﬁ%f?’@?t‘ 56 coupled to
CPU 58 by signal transm ssion |ine 66, whereby gas fromvessel 52 may be
sel ef:t ij vely éoosam?ﬁ dabindt eeqippad i medﬁtaiahwm 30i i @he 22bikeD 2070 1h fa%iﬁ’t—df—juﬁegae?ﬁ
coupl ed Wi t h.aa%: &l AWndLSPERS regu (.-56 jin the sane manner as the
first-described gas sthoraggq%n‘% ss%%%%% %&rlgrpvﬁ!'iufng%gg"dé%ﬁ’g{’ﬁ‘tff‘*?% ¢ 50.
10 [00777 I fuiaRle Serpher mediving 88, @ gisiiserbend seacdivg Wih the lses cgatamisdnd srages tarahove

di Fpe nsi n%_ \6@Bese Ibelow Bet@hble 221 lﬁ;_&@dou@éoﬁ@ﬂﬂﬁl Shsj E’hééaﬁ?ch%ﬁér%i Hﬁif AWt ﬂ%gvdau-

rel ati onshi not -t ess . being abuttingly repose

agai nst thegréc?_ ed)d\%gﬂ%e g?lp?%ﬁ]? %\gﬁ’gc %F?ﬁlgfte“gw,ﬂl ‘gerfagﬂﬁf wedjnayis dischargesl fogifhes o
bei ng abut t iflifiel20ieysameedisehmpalive 63.a back wal |l of the gas cabinet 20. [00781
In the use of the physical adsorbent-based gas storage and di spensing

systens of i pventi on 15 t as cabinet assenmbly can be materially
sinmplified E@’E@ &#‘”ﬁéﬁ?‘ﬁ‘@‘s ﬁ?@ﬂtﬁa@t‘%ﬁ&e? Bysgatiop Wé‘ﬁ%{l&ﬁ%% ¥ilh pe reqoptiver! gt t he
vent gasiof r $insehidberyaay bedbriloyed intagy $ulitebleoninactsd g,y 8 ki64T) Biublieh SniS@MhCiRIBIWRL O
manuf act ur i Bgssukaqiylok i a ' N ol | arge_scrubher for
treating th§ oy hauot i%(erneans‘ﬁ%flﬁ%(%é(b%lg{:ﬂxltﬂle%gsl. Ecg“ﬁsg‘é“?ﬁ“égﬁﬁ%éksf g&f’fme
adsor bent - b4 88 gagasgﬂf‘é? Hyetucting of fs hanse iexhgust \pynagsingche hdawee ¢xhapsisciuber il a | ow
pressur e gathesbippiuging yistganburddh on fet Rk isghbbag ivﬁlésmzﬁﬁéiﬁnﬁi higR vl P Brgprmged
or mal funct i:e%é}jiﬂgecﬁﬁgc%’e?o@t?e#%&gﬁm%eﬁ%lgltﬁeg%scgbi%gc' in the gas cabinet is

0 a

m nimzed, and the rate ow of sweep ch as CDA through the
cabinet interior volume can be markedly reduced in relation to gas cabi net

SYSE ﬁms 15 e NT[O08HY | I?@éwo@hofm’sembdﬁ eéﬂﬁlSyeﬂ )ﬁ{hihél dlﬁlsoainie.;lt thfgm]@rtif ﬁfe sé}ﬁgbe: 1{1%9] I'n
anot her asp %é’&% 9_\/“ n e e ce Saﬁé (0] e pnhysli cal,
adsor bent - bgqg B gas s‘!f_norp glage&e%ﬁ 5§ & 63%’5?}&%6 &Eé?f”'ﬁér wpiab (edtst o
el i m nate t¥Eropilse pigausipniap aresslinfepsetive depletiperf the yathbenmateB immdentia v inltieze in
pl ace t her eg cbinsy. WriBusRRS S eRboS i858 WRBELidd Ne gas cabinet itself, to
ensure the

[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 window opening of the scrubber housing or container, when the scrubber is of a

’ type that changes color when it contacts the target contaminant species in the gas cabinet vent gas. The
} jncipient exhaustion of the scrubber medium can thereby be visually monitored by an operator of the

gas cabinet, and the change-out of the scrubber medium, 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 medivm is changed out. -
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renoval of any low | evel contami nants in the vent gas di scharged fromthe
gas cabinet. [00801 An illustrative enbodi nent of such point-of-use
scrubber is schematically shown in the Figure 4 gas cabinet system As
illustrated, an inlet Iine 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 contam nants in the cabinet are displaced fromthe
interior volume and do not accunulate to any levels 16 that approach the
threshol d | iIA86] vabxiresa¢ baipr (GM) ey sipeiiidtdsited 3500 SRS o ORI RRDNRMS: it kg MBY
be i nvol vedphbac ISP | ng,.operati.on invol vi ng .t he gas source
vessels in t %a ctl Efe ﬁg{aﬁﬁ ?%%@%hafhgmgg fo%tgtls '“gfs’fl"@' PEB%%”IF’E? theerublst wrpdign

vol ume 30 of™PRECIL e pritt-obuse sfraliernis docn pot gfidanerc agkps chasge findvloet wil thatirgsh

t akes in t heawemtmgasspbdsi@m t he interior volume 30 and subjects it to
contact with a 5 suitable scrubber nedium e.g, a chem sorbent reactive
with the gas contam nant species to renove sane to bel ow detectable and
hazar dous cdMéanf deprth giigont petermirmtionsieomitpiv@tilizgda progranamble hpwrolelwabic) wount ed
on a side wad toufifthed hab&abE -oulsdB ot Ak lé%s‘i,% [ & di i's

di schar ged fs&&rpert h{g cftabi nl?iﬁéezo i nga\%ent&?g‘ggﬁfl sC ﬁ%ﬁs‘%ﬁ&%%?@%b%

Al t hough shdWn & chedit ' &dtaieplapper repge meggs fojpravide aryoyiphighdicative oftigveed forchaes | t
will be rec6riheeabienmit. 1@ RUCamnicnayibb eranpalyto bacullephoXeshnd 6F 0% wHiht@b! e
manner, e. gscrub®& vkl YaekbosSCH: i t inlet (lo essure side) of
a venturj dgcvibgeéli?g. a g%s, adr?glg%i{uﬁgigﬁéeﬂgrg% agglgfsﬂeélflflg gfﬁseewﬁlbdgﬁ?rﬁ%}?é*‘ﬁ“‘tﬁ’as

di schar gé | TRe " E% B 158y the aprpber of gop atorageend digpentingtvesselthangeousscihatest he
bgygassi ng t brefolnpd defore shia sansbbersietivh eshande, is bdkengkhy reduci ng the gas burden
‘onjthe house scrubber, while maintaining a high level of safety as regards
t he charact @5 sgf ‘%‘Bg gpgs di scharged fromthe gas cabinet. 15 [0083] In the
poi nt - of - us B &% L 8P Snerspipted e hersomprsitiensestinstens of gfe ivenjion maylhe prduticed mraubber
may be equividpedarisntrimnaen, comthiemoiitt thalfbA@s@bsuretheroRS AR, W% ENEvRRNt Of

t he scrubbeg, icBbed Wt wit a roach, to exhaustion as a result of
Thies BB el Q# dthﬁlle&s“&hur% g ﬁgtg%e?ﬁ&éfea‘i“ﬁs’@ﬁﬂeﬁﬁ&% erpRodinepfs.(ih Bill Rgas

reactive_depletion o | CI'L

cabi net }? V&FERHY Hf s ingentiom pesit s distiteds thuo s caveptible enippbyiattiol @08@d | n a

first type efiatngpodifitaticel 06 Rbodifens gﬁmcor&ﬂlﬁﬁ %henﬁ.yeng& 1 NGQlLRP {oat;e]?bq?alfjl& the
P 0

scrubber, e 20 instal l.ation thereof TN a w ndow openin

scr ubber hoct?ggltrﬁgiytgf’ oo Sa"{;ﬂr‘f&‘fh, i EatoRs medificarins and egbediments, nggtwﬁbi@ thehanges
col or when $cepe @tihg invenionthiweingfr gadthedc ONt ami nant speci es in the gas cabi net
vent gas. The incipient exhaustion of the scrubber nedium 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 wth fresh

e
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scrubber medium can be efficiently scheduled as part of a program of
routine inspection of the 25 scrubber nedi umthrough the sight glass.

[ 0085] A second type of endpoint detector uses a colorinetric sensor to
automatically detect the color change of the scrubber nediumand to
actuate an alarmor report to alert opggational personnel of the need to
change out the scrubber. The sensor may al so be arranged to shut off the
flow valves in the gas cabinet to prevent operation fromresum ng until
the scrubber mediumis changed out THECLADES] A toxic gas nonitor (TGW may
al so be |n§@g%§h§qwhqto the body of the scrubber unit in a third approach
to endpoin ion. This approach is usefully enpl oyed where the
scrubber medi um enployed in the point-of-use scrubber un|t does not

evi dence aj.col of t ;

peci oo, o[ 008y R aRe ol SRALARL etl Hahidter AR o8R0, SN RTRIANe

progr armabiud frepy sad igswior wilyres and p|valve geringotedtte saidpmit thtrelnﬁhﬁrﬂmct sterhge and
change- out &spedsing38ss8 iQIr g Bn@d ghgg§ﬂ§ pgnvessel s since the installation of
the scrubber unit, and to actuate allarm or report nmeans to provide an

out put indicative of the need to change out the scrubber unit. The PLC

unit may ke ar rraeged stbﬁg@ﬁid@i‘tbb&fsﬁg Rf&ﬁ’el IRl QherdRthe e dhiind RBins s Ubber
will be ex oseg(é%_nta Sl or age and dlﬁgen5|n vessel and from

the i nput g PO ELPTHEERLY) dt*ttgh"%a idjthepeon epchfromp wbish tsiluighis despgrtiger and

di spensi ndlispesselfromhizngsaelout s t hat can be perfornmed before the scrubber
medi um i s exhausted, is determned. [0088] It will be appreciated that the
conpositions and net hods of the invention may be practiced in a wdely
vari ant n@nner TheOmg istetagﬂhndlﬂiiphnsiﬂge/ehbiaﬁdladﬁ 2,0VIRS the PRYsiblIkdsofg0i @f ngl Y,

while the 4nve ({dngonsnglgwgqn%e%n%%pe Wﬁ‘t ﬁﬁn W t h reference to specific

features, aspec recognlzed that the
invention is not thus limted, but is susceptlble of inplenentation in

ot her var4| ati qggﬂtgﬁfggfa%é %%tcfb?%gg?@gssﬁ ”P&‘éilr { é rem salﬁ% cle(q gorX‘x Cf)mgnsesh ot her

invention is inten cons enconpass a
“vari at i ong,forpiferied oinghe sanrl C@n@m afrdds,, paaslels),@ramglew IIeHntsr; ringe plaskope of

t he i nventjupi, RALRLEAR Tk GTdaE!, ac'uﬂ@%hap%?,’ ahd molddi M%lly%ﬁﬁﬂ and qllréag‘.lﬂpd Is:

shapes.

5. The fluid storage and dispensing vessel of claim 2, wherein the physical adsorbent is of

monolithic form.

6. The fluid storage and dispensing vessel of claim 5, wherein said monolithic form is

~ selected from the group consisting of blocks, bricks, and boules.

7. The fluid storage and dispensing vessel of claim 5, wherein the monolithic form

comprises a single monolithic article.

8. The fluid storage and dispensing vessel of claim 5, wherein the monolithic form

comprises a multiplicity of discrete monolithic articles.

9. The fluid storage and dispensing vessel of claim 8, wherein the interior volume of the

vessel contains less than 75 discrete monolithic articles of said physical adsorbent.




1. Afluid storage and di spensing vessel having an interior volune, a port
for dispensing fluid fromsaid interior volunme and a val ve connected to
said port, wherein the fluid storage and dispensing vessel is of

rectangul ar parallelepiped form 2. The fluid storage and di spensi ng vessel
of claim1, wherein the interior volunggcontains a physical adsorbent
sorptively retaining a fluid thereon and fromwhich the fluid is desorbable
for dispensing fromthe vessel. 3. The fluid storage and di spensi ng vessel
of cl ai m 210. wherheiflnid staagshand idspdnsiagl sesdd @i tlains 8,0fheredhi thi: dieetiof eslome ofdt i t ut i ng
a bed int ' ' I he. . . 4. .The fluid storage and

di spensi ng\t%\gl‘sgis%é‘lgfngggsgr{% i%m%f“%{%m“é’ﬁl glllﬂrlfg%i?[gls (%L%E\l/“f1 Bhéﬁlc?lgtrfs%g)glghpri ses a form
selected fromthe group consisting of beads, particles, granules, pellets,
rings, plagel et : Cy:LJ i udat . [ es,...and -

nol ded geofr%et r iiglglf}?;@?glg%ﬁsgﬁd %%#gﬁgﬁl{gr%%tﬂ gfr(&gghg’p‘g%{reng%fﬁ%ﬂ] @&l y%%gr age
and di sperfspaibpayrrewdss agPrbentanass that Iﬁm@g@mm intvéze phd Siapato tadgierientumiesf of
nonol it hi chd @K\, 6. The fluid storage and di spensing vessel of claimb5,
wherein said nmonolithic formis selected fromthe group consisting of

bl ocks, bricks, and boules. 7. The fluid storage and di spensing vessel of
claimb5, whker eiThe (i@ s@RROhdddibpensh késel 6O 13 SPhefeirSthe Hrient RO bdchilésG

article. 8§  The fluid storage d di spensing vessel of claimb, wherein the
nmonol i t hi gea\“oébn/‘i Of&II?ﬁ’f}Fr?%é’%lug‘eHﬁF‘EYeﬁﬁefci ty of discrete nonolithic articles.

9. The fluid storage and di spensing vessel of claim8, wherein the interior
vol une of .the essel contains less than 75 .discrete nmppolithic articles of
sai d physi'dal gg% @P@e%?r?geﬁd d%@‘?ns*ﬁﬁe" e?sglu‘?fcl”?aé‘?‘o%’ aﬁléfeé{hﬁ“‘{]&‘é%‘é%&oﬂ Riessel of
cl aim 8, wheteehaver hetanpilephaielapiledspOf the vessel contains |ess than 20
di screte nmonolithic articles of said physical adsorbent. 11. The fluid

storage and di spensing vessel of claimb5, wherein the nonolithic physical
adsor bent lfr oviTle $uid sporgbend dismssng Veatel ofscldnrt, ohoed dach ol taemalkipticihape t o

the i nterigftokdiifin@ ikl § §388 ialdpmine f1uid storage and di spensing
vessel of clarm1l, ereln the sorbent Tass occupi es at
15, The fluid storage and dispensing vessel of claim 2, wherein the fluid comprises a ﬂuid.

having utility in semiconductor manufacturing.

16. The fluid storage and dispensing vessel of claim 15, wherein the fluid comprises a fluid
species selected from the group consisting of arsine, phosphine, hydrogen selenide, hydrogen
telturide, nitrogen trifluoride, boron trifluoride, boron trichloride, diborane, trimethylsilane,

tetramethylsilane, disilane, silane, germane, and organometallic gaseous reagents.

17, The fluid storage and dispensing vessel of claim 2, wherein the fluid has a pressure in

said interior volume not exceeding about 1500 torr.

- 18. The fluid storage and dispensing vessel of claim 2, wherein the fluid has a pressure in

said interior volume not exceeding about 700 torr.

19. 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.

20. The fluid storage and dispensing vessel of claim 1, wherein the vessel comprises a




| east 60% of the interior volume of the vessel. 13. The fluid storage and
di spensi ng vessel of claim8, wherein said discrete nonolithic articles
have a rectangul ar parall el epi ped shape. 14. The fluid storage and

di spensi ng vessel of claim@8, wherein each of the nultiplicity of discrete
monolithic articles has a solid cylindef form 15. The fluid storage and

di spensi ng vessel of claim?2, wherein the fluid conprises a fluid having
utility in sem conductor manufacturing. 16. The fluid storage and

di spensi ngmaterss ef copftruction satedt& frvd e @iaup hBisfidg bif dheedurpiadsee Serdniéd, itrdous Speci es
selected f Lstin f arsine, phosphine, hydrogen sel enide,
hydr ogen &aﬁFﬁ$ﬁﬁgﬁgﬁi rogé%mFPF%F%orlde boron trifluoride, boron
trichloride, diborane, trinethylsilane, tetranethylsilane, disilane,

si |l ane, gegman Q?ﬂg e Th l.ui d.storage
and dlspeﬁglngeggg@gﬁgﬁgéc %@%h@mﬁggé?ﬁM&H% ?ﬁ§Q$E%V&;ﬂCIm§§%ﬁf%%¥n sai d
i nterior vBtemboirgnstastiivaedi ng about 1500 ton. 18. The f|UId st orage and

di spensing vessel of claim2, wherein the fluid has a pressure in said
interior volune not_exceeding about 700 ton-. 19. The fluid storage and

di spensi ng??ves sr fyid starage pnddisnpprénasiersel dfelaim g ovivesin saidpnosd suelsctphitoma d
interior vl e doflsiding SNERI, gﬁlnﬂ‘eis%blamﬁﬁmﬁ%pﬁe@ RO BlonZOfhdlaRbs theddds. The
fluid storage and dlspen5|ng vessel of claim 1, wherein the vessel
conprises a 21 material of construction selected fromthe group consisting
of metal s,23g| asmeSluid abRps 6, diichdiROUEsel BRIRIH 2] SheRl HEBhBicalBNEorb@POSI t e
materials. 21. Th | uid storage and di spensi ng vessel of claim20, wherein
the vessel® @3W§§F§§? a nmetal material of construction. 22. The fluid
storage and di spensing vessel of clain121 wherein said netal is selected

br ass, br Gz, THRaU Fope pResdsrore Ao g 4 flarfﬁggﬂs‘aw%"%ﬂsgrﬁ%ﬁs. ng

vessel ofawqmmméﬁwMMBmﬂnm t he physi cal adsorbent conpri ses carbon.
The fluid storage and di spensing vessel of claim?2, wherein the phyS|caI
adsorbent conprises activated carbon.

25. The fluid storage and dispensing vessel of claim 1, further comprising a cap detachably

secured to the vessel,

26. The fluid storage and dispensing apparatus comprising the fluid storage and dispensing
vessel of claim 1 and a dispensing assembly coupled to the valve for dispensing desorbed fluid

from the vessel.

27. The fluid storage and dispensing apparatus of claim 26, wherein the dispensing assembly

is coupled to an upper portion of the vessel for dispensing desorbed fluid from the vessel.

28. The fluid storage and dispensing apparatus of claim 26, wherein the dispensing assembly

is protectively surrounded by a cap.

29, A gas cabinet assembly, comprising:
(a)  a gas cabinet defining an enclosed interior volume and including flow circuitry in
said interior volume arranged for dispensing of gas from the cabinet; and

(b)  atleast one fluid storage and dispensing vessel of claim 1.

.30, The gas cabinet assembly of claim 29, wherein the gas cabinet is vented to a house




25. The fluid storage and di spensing vessel of claim1, further conprising
a cap detachably secured to the vessel. 26. The fluid storage and

di spensi ng apparatus conprising the fluid storage and di spensing vessel of
claiml1l and a di spensing assenbly coupled to the val ve for dispensing
desorbed fluid fromthe vessel. 27. The fluid storage and di spensing
apparatus of claim 26, wherein the dispensing assenbly is coupled to an
upper portion of the vessel for dispensing desorbed fluid fromthe vessel.
28. The fI@@@EE%@ﬁagéaﬁﬁﬂwmﬁspem@nﬁgwapQEWQUUs of claim 26, wherein the

di spensing assenbly is protectively surrounded by a cap. 29. A gas cabi net
assenbly, conprising: (a) a gas cabinet defining an enclosed interior

vol ume and3l ncl AdPRGOTIEN BRREasring pravess seingrifire dispensing Ghidnfeorartheafigiéd f or
di spensi ngst&ﬁge&ﬁ@dﬁﬁeﬁﬂéd@%eﬁ@@faﬁﬂ forﬁé@qn éam l east one fluid storage and
di spensi ng vessel of claim1l. 30. The gas ca net assenbly of claim 29,
wherein the gas cabinet is vented to a house 22 exhaust system of a

seni conducior nniaué@e@ddﬁét&gninaﬁuhmfé?fpm&& ofR1aSE A1, GRHRAUCL QA prRAUE agdcidlii NY
process co r|5|%g di s ensln fluid fromthe fluid storaﬁaaand dlspen5|ng

vessel of iR ¥ORIBY dewicp! nvaé’a’i gengpitiene Jeactivep lonTighinge AR ghriRyesisH rresiduc

manuf act urdetigvapr ocess of claim 31, wherein said process is selected from
ion inplant, chem cal vapor deposition, reactive ion etching, and

phot oresi st residue renoval. 33. The sem conductor manufacturing process
of cl ai m 3B, Wike ebmicadidorf hatuthciufing ploes eﬂclaf&f E)lmvihlaﬁlngd’awmn@(imﬁléﬂeﬂ ng of

ar si ne, n en trifl r|de ron rlf r|de
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si | ane, geari¢hiarde, ctﬂmgﬁandnmttwlmame, tegametb]dslanceagmbs;laﬂeyghmgemrgmbmamﬁe and
hydr ogen tg@iel}ﬁkrrlea%gnts 'h?droéén sele%lde zgnd hydrogen telluride.




