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 parall el 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 cone into use in sem conduct or nmanufacturing

applications |n [ n ears, as supplies for a variety of
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Gas Products, Inc (Par3|ppany, NJ). Such systens typically include a
conventi onaly, vessel as the receptacle for a
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cyllnder vessel as cylindéer vessél ds the sorbent nmediumin
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25 the sorbate gas so that it is sorptively retained on the sorbent bed at
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"such gas cyllngﬁrs hayve hi storicall een used (e.g., pressures on
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silicon source reagents such as silane and halosilane gases.

[0004] Cormercially 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
fluid to be stored in and selectively dispensed from the gas cylinder vessel. The gas cylinder vessel
holds the sorbent mediwn 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.
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[0005] The prior art high pressure gas cylinders ufilized 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 cylinders in the event of



storage, since such pressure levels pendtted significant inventory of gas
to be supplied front the vessel. 30 This substantial gas supply capacity,
however, is acconpani ed 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
damaged 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
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dispensing modality, a carrier gas may be flowed through the interior volume of the gas cylinder vessel,
50 as to impose a concentration differential on the adsorbed gas fo effect mass transfer of the sorbate

25  gas into the carrier gas stream, for subsequent dispensing from the vessel with the through-flowing
catrier 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 conirol valve in a valve head block containing a flow



di spensi ng, and as heretofore used for physical adsorbent-based gas storage
and di spensing systens, is, as denoted by its nane, a cylindrically-shaped
vessel, typically forned 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

i n a valve head bl ock containing a fl ow passage, wth the active valve
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[6012] The vessels that have been employed in the commereial physical adsorbent-based low pressure
gas storage and dispensing systems have continued to be the heavy metal cylinders of the fype
conventionally used in high-pressure compressed gas storage and dispensing apparatus. This
206 persistence of usage of the heavy metal cylinders in sorbent-based systems is attributable to a oumber
of factors,

- h
i [6013] 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,
«cylindrical vessels as a result of their minimum area (ie., 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 utilize such vessels at the highest
30 pressure consistent with safety considerations, in order to maximize the inventory of gas in the vessel.



[ 0013] Such cylindrical vessels have been in use for over 100 years, and
are generally approved by regulatory authorities worldw de for storage,
transport and di spensing of gases. These vessels are readily avail abl e,
bei ng mass- produced by a nunber of manufacturers. They are relatively
| nexpensive, 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 mninumarea (i.e., circular)
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Furt her, the heavy cylindrical vessels are of vertically upstanding

el gngat e fornh having a |length to dianeter 10 ratio that is generally >> 1,
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adsorbent-based gas storage and dispensing systems.

SUMMARY OF THE INVENTION
[0017] In ome aspect, the invention relates to a fluid storage and dispensing apparatus, comprising a

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

20  [0018] Amnother 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 from the cabinet; and

a gas source disposed in the interior volume of fhe gas cabinet and coupled in gas supply
relationship o 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 adsbrbent 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.



[ 00161 There is therefore a conpelling need in the art for new and i nproved
packagi ng for physical adsorbent-based gas storage and di spensi ng systens.
SUMVARY OF nut | NVENTION [0017] In one aspect, the invention relates to a
fluid storage and di spensi ng apparatus, conprising a 15 fluid storage and

di spensi ng vessel having an interior volune, wherein the interior volune
contai ns a physical adsorbent sorptively retaining a fluid thereon and from
which the fluid is desorbable for dispensing fron1the vessel, and a
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paral | el epi ped form [0020] A still further aspect of the invention relates
to a method of storing and dispensing a gas at | ow pressure, conprising:
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[0022] Yet another aspect of the invention relates to a gas cabinet assembly comprising: a vented gas
N 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 vented 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 aspects, features and embodiments of the present invention will be more fully apparent
from the ensuing disclosure and appended claims.



15 scrubber of a sem conductor manufacturing facility conprising a vented
gas cabi net through which ventilation gas is flowed in operation of the gas
cabinet, said nethod conprising contacting said ventilation gas prior to

di scharge thereof fromthe gas cabinet with a scrubbing nediumin the gas
cabinet, to renove scrubbabl e contam nant therefrom and discharging
scrubbed ventilation gas fromthe gas cabinet, whereby need for treatnent
of discharged ventilation gas by said exhaust scrubber of 20 the
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type val ve connegigofyy pifIREERFE-BeOF T1in icTEARToR! SNB BBk RO 2

rect angul ar paraftereprped 1 U BB N TS Y HE IST g vesser or the type
shown in Figure 2, showing detdrts of the structure thereof. [ 0027]
Figure 4 is a schematic representation of a gas cabinet assenbly accordi ng
to a further aspect of the invention, having disposed therein a
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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) consisient with (i), the fabrication cost of a rectangular
confonmation vessel would be expected to be substantially higher than for a corresponding cylindrical
vessel; (jii) a rectangular parallelepiped conformation involves “shatp” comers at the juncture of
30  adjacent perpendicularly 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 confornmation 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 conformation for a physical -adsorbent-based fluid storage
and di spensi ng system since: 25 (i) a rectangul ar parall el epi ped vessel
has si x fac,g]?er scVE: e QUi | ON.. 1 f £ face
of the vesse el@ﬂg se éa%gt“gﬁlggwé ggc?baéa con tér‘gtog'feE qgat{:ngJA%Q@]d &lrray be
formed wit h&fe@etaéfm (wb!elhﬁtfm @f seh Pm@@w w@tr@e@m Qgss ;ec'mﬁmtsbm Wi th
(i), the fa&mrcmﬁsmm@mtof ysiaal sEBénR Mgttial in BORIAGrRInine Bf mes&@b, WAy smbe
expected. to, ﬁgrs c% .Wgﬁﬁer t han for a corresi)wFt g? él | ndr| caI
vessel ; (iify gt t%?lfﬁ?"& ‘15”5 GSP BeerRIpHegss AdmiaRt 1 SUsTRY

corners at hﬁmesfqumedlr@ﬂtedmmrdmmoaﬁ@mplsss‘dc}bnﬂmallvyssdr| ent ed vval S that
of fer the potential of form' ng voids at the line ofjuncture, wherein the

sor bent bed ai nst the corn r lative to a .
cor r espondi W@ﬂ! fI‘PPE%'Ft ‘s"ﬁ"é r-g]f’?’?v% GPP%WB#’YD%%&%E%IH& s,
and i nst eadvas&elwlumdnesthmisﬁg\ﬂspMsmbmbedae@m deaﬂﬁﬂﬁlséaﬁﬂmhd’ﬂlthim@oﬂ&fe bed

of phy5|cal r r
(iv) the |nt er sectlon o%rﬁtﬁéﬂﬂa@r’ endi cu{;\tl suFtFﬂoH&%e%i ongggt\r?o ﬁe? pﬂ&guces

a j oi nt t hafectiadvaatagepys st highes gﬁsélowlfmqﬂ?t@wspwaw%&%ﬁ%ﬂ%ﬂew@d@ewﬁq@e &4

t her eon,10 r efodlow o of the Bulk G of 8 sorbtietddr i cal vessel [0030] Applicant has
di scovered, however, that the rectangul ar parall el epi ped confornation

;kré ults in a vessel which dges have |ess tlghtly packed sorbent bed regions
adj acent th@ 031d Fivethent prefigely beapssele; piindsicaladgsset dhta VEINIMEm prgss-seoignal rageher

t han bei ng enfbrsaicky aritha MminiBuit Rirdudif@dntitlenteht of Goireriiinded] eqidengndhteofl N

fact advant I t tial
dosor bed or ey BRubluabis 825l i 8 RRAMELAN RNt B i GhRbE | 2
bed. [0031] FB‘?"ﬁ’h‘é"fl extﬁ#@%ﬂlg &l thgionngls is mifjacentybp); thorbent|bed imeaqst-seption ds Mgk num
cross-sast |b freadr mmeaecﬁﬁgmaepﬁﬂteleﬁpea d&hﬂ)ﬂnaﬁombﬁ 1ﬁlﬂiﬁh@hﬂdﬁbﬁﬁﬁ1@E& nﬂeﬁject@éﬁl&nt hof
ci rcunscri sor.bent t rese to the
e |t ekl Rens oBlchRuicn e BBl i SRS ot Bt e G0 R P | ne
peri pher al Wmdﬂtsbf si29@ cylinfiticat Yrasel, benawsd $he(wall sad}caénetmdm@e Sptbalté'gfr sane- bed
in ]g:r osst sesds¢:eiag in%hzﬂ%@eh andihere %%@bmbﬁhu& Hﬁfero?fli_%@ﬁgkél:t o oh@a!u&mlreﬁs%ﬂ AR
conformatio an I vesse cta ar al. | e| epi pe
O o Ol b abgpeioh s U e 65 U T i gy DGR TR Okt P et
t han fr @t agaset ﬁneyplbwdnomgb Yessieaipaibalysubsaqieitdaits maslsbkqxptbeme?rotme walicht
surface bOUﬁ%ﬁgM&&&?ggmﬂgﬁl@&l&%m&d’}(&ég&@éﬂﬂgﬁl n character, and there
it

is proportionally nore o I n the rectangul ar conformation vessel at the
outer margins of the sorbent bed, than there is in the cylindrical vessel .
Aa a resul tIﬂﬂiﬂi@m,dhdle@hnzﬂmgaﬂsllmpIMethdﬁomMgpanwldrsuﬂtﬁbshqi@mexbmbed

B

sequent P18 | han
desor bed ga%i;iihﬁldeﬁﬁtogr ﬁﬂ;’r%%g (U)irgél?%ﬁg& gh%ﬁ%e g{;)p% %QJBF%MI? Fdlfm

the rectang ef5afon ey éﬁfaﬁ%&m{; Sipersing (Jreem g B‘QP‘{liﬂE‘U (Cagbory ydparpept” 14
hol di ng 25 or nententdyheewithnAl idel irCsutlDéamiextpfmanolithiFemenns thaisiid @@k rﬁddfuuﬁxafml e

in copendi ngnitla{'y%r b&@l&-ﬁﬁt foﬁirlz% Ic&l@-a&ﬁﬂc&;x ttL bonpenﬁonal 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



Carruthers for "Gas Storage and Di spensing Systemw th Monolithic Carbon
Adsorbent” filed 25 concurrently herewith. As used in such context,
"nmonolithic" nmeans that the sorbent nediumis in a unitary or block-1ike
form in contradistinction to conventional finely divided forns such as
beads, particles, granules, pellets, and the |like, which are generally
utilized in the formof a bed conprising a nultiplicity of such beads,
particles, granules, pellets, etc. Thus, in the bed formof nultiple finely
di vi ded phyglcal adsor bent el enents, the void volune of the active sorbent
is in mjor YHESHOPSPE i tial, 30 or inter-particle, in character, varying
according to the dinensions, shape and packing density of the sorbent

particles. ﬁﬁsﬁ%%@%bodhﬁn@m&&f}éﬁei R dMecihlifita ghﬁleléﬁibwﬁ?es&f adisg active

sorbent is I.n prnqof EérOSIt intrin to the sor ent, mat er and_voi ds
that may hat¥esehRERoTYEmE ] ipving a e fohish it eonpled,t, g5 dispgpipsejsemp {?Fﬁ?&eé € ng.
[0033] In odimhagd:m‘(ﬁmmm the tvévseli Mivenadtingularpedabidicpiped mesal ccmatnascgheluanedmmm a

paral | el epi pad;y fgﬁ%%g ﬂeﬁog,lasp v&‘de&%%ehnbﬁ r 0t ctlve gag aeg,r@ort

to which is cou asse or ‘se
gas fromt h@%@@r pro EP@&CWP Ef‘?“'ﬂsﬁélf g5 Mg ees?sg@epn@g@@ns,é‘@hrraw% ggqslr bent

medi um i N aworking capacity with good heels behavior (i.c., high extent of desorption of initially adsorbed gas),
and that has an appropriate sorptive affinity for the gas of interest so that low gas pressure is maintained

in the interior volume of the vessel during storage of gas therein,

_ ) 10 [0034] The physical adsorbent can therefore be in a divided form, e.g., in the form of beads, pellets,
e ) rings, platelets, tablets, cylindrical exfrudates, granules, cubic shapes, molded geometrically regular or
irregular shapes, or any other form that is usefilly applied to the adsorbent medium when disposed in
the interior volume of the rectanpgular parallelepiped 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 form is utilized in the form of a mass of
such forms, as a bed of sofbent medium. The size of such divided forms may be readily determined for
a given end use application of the invention, based on mass fransfer considerations and packing factors
for the particular shaped divided form that is employed in the vessel.

[0036] Alternatively, the physical adsorbent may be in a monolithic form, comprising blocks, bricks,
20  boules or similar forms of the adsorbent material that are of a size commensurate with the rectangular
. parallelepiped vessel, so that vessel contains one or a small number, e.g.; less than 75, more preferably
- } Iess than 20, of the discrete monolithic articles, In a further preferred aspect, the vessel contains no
more than 8 such discrete monolithic articles, even more preferably no more than four such articles, and

most preferably the vessel contains a single monolithic physical adsorbent asticle,

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,



5 suitable form e.g., in a formthat provides sufficient capacity for
sorptive retention of gas in a desired quantity, that provides good
desorptive rel ease of gas under desorption conditions, that provides good
wor ki ng 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 nmaintained in the
interior volume of the vessel during storage of gas therein. 10 [0034] The

e e BB b0t 1 i Sty Lo e Sof itk
granul es, cehiictemapbs.g., MMmQManmmainlﬂmmﬁgiqhiﬂmﬁherinsdfmgutlafonﬁhﬂﬁes,
or any othegm§9@$“*gﬁ&ﬁm§pﬁﬁqégh%*h%ﬁﬁ&hgg&éﬁz&fe adsor bent nedi um when

di sposed in the interior vo e rectangular parallel epiped vessel
and utilized therein for holding the gas to be stored in and selectively

di spensed f [0889] Sk eteratvelyephovidedin[AES] of HivltipRitidbkiEtk a:aeis@pééapaﬁsuwwme@ haw ded
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bod”of s bieHt s Bt dots 8%l b Bl OF e e PGS S e iail, o Goas™®
det ermi ned f5tonal ape thahis beiteen 84 eadhd? timesttheoertantularisess-goctional mnof tlya@de &achmass
transfer COBﬁhﬂﬂﬁo&h&rﬂJ&ﬁp@ﬁGblﬁﬁﬁ‘skﬂ &Mg@%ﬁfaﬁexwed ﬁe R o) iac

di vi ded f | t Ry ,
physi cal  adbBPDA e HeG Bule otbTucral MFRER ot e e Frpbe Bouk s

20 boul es orndéir dgnigitydingilyn shartieslf int sfaca demadh evith. adiatest ma:hohﬂ:itataerdres mftheam&nme
comensupat Qofivhd & deVRssbe AlaRbIR EAmeQﬁs'iﬁLels qt {ﬁw RER:URS B Ithe s§9 olift&SSel
era

contains one o ess than 75, nore ess

SN 20, of HeRkertle BER die O o eYpin ik B ooty edidhel Fgkbep benelordini
as pect, t he the ddgint vahomt saian® tagentlp mbut bikeanoBerslonp tid Seing tside smfacd, iddhd 6t least

articles, eysfalfiolRafdiRl ARy 1) ToktE: LURR c{r&%ﬁmﬁé&%ﬂ{ énd%-.lrﬁ . and nost

preferably the vessel contains a single nmonolithic physica or bent
article. 25[0037] The nonolithic article(s) deployed in the rectangul ar

par al | el epi [8&0]VBeselangiopirdiespedahpootibngas soasg a@digjg:remg@tvedsglm thé gals BiGrage
sorbent jss Q{do}f&ﬂﬁs@lg' Shpirifs bOY dﬂésﬁx[mh&eh@&ne JTRRR LD e Ak f & E§%ﬂa§iﬁlatand S

preferably confornmed 'n sjze an fe i'nteri or Vo
rect angul ar SRnRepp @ Brobncheudeys is welefwaqd ip Feniesyston fnw@w fapifjides, with
monol i t hi ¢ enitimiztiog &f wasted vthin@Snsite tHe@asdabiBQUTES achid@es b BibeGAHRY beNd@k 1tTBatdh td he

t | f f f t 75%
rect angu gg&g@@% yg}gdtngﬁqesye% gﬁkn lp%%e%g%& ol sl ARG %[cge@%{as?dfm AN

vesse
in a singl ePISHEEY fortha walls mdrﬁﬂwtqq@awmnémuarmmwﬂww cebieshibphiarepdisecnbe

formed Mo Sbiib clos pidiEnity @5tHekas stbragh and SidpeRiip@bdql S of an organic resin that
isinliquid or otherwise flowable form wth which the vessel is filled
prior to pyrolﬁ5|s of sane in the vessel. [0039] If alternatively provided

in the for m%8#1nkrtheryhen mattple vessalsaredeployad dmsthe gos e#bingt, ans et ruranged inlsisbiside a 5
length that fuslior) &eVéaeilar Grods-tbn lof Qoﬁ\bﬁﬂ%ﬁaﬂcﬂ&dﬂ@! Q&Eel@ﬁro&ub& d ﬁénﬁfcblﬂrway@d une
of ‘it he vessg‘%amealqlc{he m%glgrs%tgectl nal rea tl'{ I S m@ eHD llf ﬂ&l t| rres
the rectangular Cross-secti onar TEHERPEE sleaipstorEsel £ Epﬁﬁ
preferabl y Haention pas be arrgend dr Sl‘iﬁdmslde edlwpmmlﬁh@p@dm@nt sivie viali s farey zrtdbetung

vol unet rasc bkﬁl%ﬂm&lfeaéhhﬁ;eir RluPhdarotiQity) Bmiimide i HEIRELnd MR BF Be GAERA siee ¢ hE
nmonol i thic nqgh n&% beg%aterally and/ or I ongi tudinally abutted in
surface cont’tt mﬁf?ﬁ RE: monol i thic nembers in the interior 10 vol ume
of the vessel. Alternatlvely, in sone instances, it may be desirable for

the sorbent jog@s10lrid hicaNBIBRNIRICkRA Q&séwlntﬁ@ gfaQEnB?aélJaxﬁl{ ﬁ%e F%%E\,m . SO

t he respectlve cylindrical nmenbérs beling loaded 1nto t
as to tangeﬁ't‘"’;pm @ﬁ?°5H€mﬁﬁdﬁﬁ€?mﬁP@H§mﬂH&W@“?%%ﬁﬁg“ e@ﬁﬂ@ﬁ@éfddﬁ@f?o at
| east parti ednventiodalidylindtieal @E6dld) &s airédult, a0 dadcdh BE Roredinls@hd inBiorvbiGing ofGhd gkl ar

cross-sagti QRyeNPiuSHE {RERSE 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



[ 0040] The rectangul ar parall el epi ped shape of the gas storage and
di spensi ng vessel in the gas storage 15 and di spensi ng apparatus of the
present invention acconmpdates the vessel to installation and contai nnent
in a gas cabinet, such as is widely used in sem conductor manufacturing
facilities, with m nimzation of wasted volune 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
vol une in proxim 0 the walls_ _and other, rectangul ar, and square
conponent s g"ftﬁ?rﬁeedtuég/eg egﬁeﬁﬁ‘%ﬂﬁ%ﬁg‘% ’%\?‘Jésuﬁﬁﬁg ﬁ‘c@?‘ﬂg"‘ﬁﬁ‘“cﬂq’l?tf’fi %6 SRRy ypssls i y to
the gas st ofusthe reineks S speeforngshipes Be kas cftdB4M)ilityL The restangulivparalialifijcl péseel of
vessel s ar ergRhiowabhloRads 1Py -MHAPLBSE 3,63 MbrAlirdl 4 0GRl o ihilaR S 0
al cylindric

fashion, the circul ar cross-section of convention ~al  vessel's
producci a ZGRPeSTRRbY Rejon Ap thg s Yor, baspevolumendillispace of onfyva2 s Tn adsiitiony |
wher eas dﬁ ecthaggpuehiziet foas aink alveirpefduppaived Gn Bimida emfjlreﬁ 8Rfthy ﬂeﬂﬁ(«j‘,ﬁ@tﬁe;gﬂ,tﬁ@p be
arranged i n_skde- hy-.S| o ] ' ] thei r..adj acent side wa

surf aces inog%ggﬂts %‘bﬁg%ﬁc%eﬁ%%%#q%ﬁ?ﬁg‘é%h%tﬂﬁe‘?m 6}10{’ H“ﬁ%%rﬁ"ﬁrs%‘??ﬁ’f #% o

mi ni:ni ze t h&@Fesence and anpbunt of the wasted space in the interior of the
gas cabinet [0042] The rectangul ar parall el pi ped vessels in the gas storage

and di spensj a 0, «L nvent i.on .t heref or hj eve signi f | cant
reducti on otﬁgsAugg%re‘g%%%% t\i}\? Fﬁ?néa? ﬁ%mgegsangfﬁﬁ ﬁagln?t"?er?%'f *"ve af’%’ %Vh‘ﬁ “onal
cyl i ndri cal deployedst least pre g3 mpaly vassel. Kbe encipawe manberauigped vl fipw csaite, fncleding or
vol une ab t pipingasenBE@iadvilGhe, WalsHokwEntb8SS Bhefsuffand ReEpbdu S Roh@tink B&kbed, Snd

possi ble with the cylindrical,vessels of the prior_art. This i1n turn

T @%uces ¢ hel? F‘é"z"ﬁ%’ﬁ v b vepililed, e fomfslest @i(ﬁng%?%@mMW%mm@a%
cabi net, whjagly exterir e enclodue evith the enqdexlatst dpiag dischanged: th ahoiiss extiouBtAREn N
changi ng 0U§ysﬁlﬁ9$ﬁﬁe%ﬂ .ﬁvﬁﬁbﬁme%nc\f(_ﬁﬁé %ld%]_loﬁﬁ',%r I)tﬂérmg{rea{eﬁ Elt&gd 1%1%\3/%152];'

owner shi p oIb th as ca |1net facility. € rectangul ar pandl el pipe
of Figure 1%4&% Pl sysP@e-fi11 space of 3.62 liters whereas a
conventional cylindrical vessel taking the same physical |ocation in the

gas box (has[0a44] OTrd TReidsiub lin SRABE R licalis ¥nag b alci)&fo'ilgnt pmopg%%oﬁcﬂmoﬁ rh&gs gas
I e nade smaller, f

Feduci ng ¢ nieoh BEF FAHREoB 0 TERBUBBLIHER and t he ai 111 ow required o
produce the ventilation necessary for safety in the gas cabinet. [0043] As
us ed hel’ e! NE0043) €THe @fidBsurtl 85 bE BpnRaltor h@ﬁﬂg d3mgle E;Q'sﬁ}ﬁ»iyr Wsse r&fiﬁﬁaytbg aﬁﬁgéd%lu res
In which i Sholding 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 2 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 fimer 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, e.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., 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



depl oyed at | east one gas supply vessel. The encl osure may be equi pped with
flow circuitry, including 10 piping, manifolding, valving, nass flow
controllers, pressure and tenperature nonitoring devices, and the encl osure
may be ventilated, involving flow of clean dry air (WA) therethrough froma
source of sanme exterior to the enclosure, with the vented exhaust being

di scharged to a house exhaust treatnent systemfor the facility in which

t he encl osure i s deployed, or otherw se treated and recircul ated through

t he encl osu o e | ed swee S,. 15.10044] The enclosure in specific
application{s('%ﬁgéle gﬁ§&¥ li2e]6 Bar °%I“§ﬁ%§ﬁﬁ%onductor process tool, such
as a gas box in an ion inplantation system [0045] The encl osure can be

arf g_nged f ofool! The :y&ssmsaaifmy ?abﬂ@&d%J'gﬂﬁ)béﬁ?)éf@@a%@hmreé}‘,reé.,tat iy f&mﬁoﬁéﬁﬁ&eﬂhf or
olding an arr of vessels, e.4.. 0 of NDre Vvess . .wherein e may
be depl oyed“’i’%ﬁ%‘P Bovedgeter ol dispeling sspblyay 'gf'g!a’&?d in JeA Ut PR 5,0 el (s)
may be coupbadingiot $ealing deshriquecand inmierialsn appropristeliot thddperifROmataiashafithe wssgl and wiet h a
back-up ves J: 1 GJ . ' ' j ] d
pon deptet [yt 3RCISHAEG o tultal by el ikl b el Bpifole S
noni t ori ng ¥nQnEgRf s valis hsshienhs yespah arrke waseel sgy be formed pith dnstaligtipn [of &e ner
joined to amhdlifiHRCEIIRAbHEN Pidt @) duadhmBiRs fE fiad §eN mbabe e b3 endiee QFbest r eam
vessel for @mﬁ%ﬁﬂﬁ&ﬁﬂgh@?%m&%ﬁgmwg%aﬁ time during which one or nore

|'ONS |

noni t ored process condit in a predeterm ned set point range.
25[ 0046] The rectangul ar parallel epi ped vessel in the gas supply apparatus
of the inve#g)nORaninshitedf ialitid Gsadel Ghel sdrbaityneditind MY} Be BRAREY or Prefeated By ol di ng

- of sheet,ne I L.on .0 i 0. t al .0Ck may
bgor - anssnitasbshis SEHA A beds bR oI SBHGE b ogfd)cliEd 2ime
*c@p}per , br a§‘§‘9at°cﬁae)ﬁz°ga,rseé o the wessel ProF & Snabealipganf! thy vpsss} during|seehchaging BRy/be t he

vessel may beidior sRewibdth@iilly mdhagh€ 6IR kLHYREp-Rise MallBly, b ARG IERat 0B sddption.

ul trasoni ¢ bonding, nelt bonding, |aser welding, etc., frompolyneric 30

materials, ceramic materials, glasses and vitreous materials, and conposite

mat eri al s h&#P# gTheishargss vesse than 1 eqeled, e by clonrefitiglheadivalye aad thereaftershe dhanged he

gas st or age gaibplli veReIRE HaGtod8 38 Mported, i placeVth hs8, 28 bifpfdpRdient [y | ow
perneability for the gas containment finiction of the vessel.

15  [0050] Referring now fo the drawings, Figure 1 is a perspective view of a rectangular parallelepiped
Tluid storage and dispensing vessel 10 according to one embodiment of the present invention, with a
pipe valve connection valve head 12 and handles 14 welded to the top face of the vessel, The vessel 10
in a specific embodiment is 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. o

[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 connection shown in Figure 1. The flange connection

11



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-tight 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 fanned with
installatio of the nollthl onn of the sorb eat prlor o attachnent of
the final 2 cogipriteh B RYER S SOoYe PSR RSTHSH B as
previ ously des&ﬂlbed. [ 00481 Once installed in the vessel, the sorbent
medi um may be degassed, or pretreated in other 10 manner, such as by

t her mal treﬁ@gﬁngFéPressurlzatlon/depressurlzatlon %ﬁ|lnq or ot her

net hod. The b geand, g veselt fgths, erdhodiments pifiewrss Irangd 4| bavedateriong
and the vesseihmduhat n@mﬁmﬂsmahmsgtangmmyn beptivel retdininy a pitaeroat heredo) @itinglel v
managed, g sorption.
[ 0049] The gﬁ%@%ag%\% ggféﬁ%eaen |s sea e eQd .%O%Eﬂ E@; Sil&(%suorvgg%}m?’h%h 89%

val ve, and: P!‘Fé‘f"’é{a%‘ qomrled: with thervalvehead ndshesvalyginythe velve dibad dnepetsd tospegmie desorption

t ransport edof @ splbae %asl ﬂldLlﬁ@harg%&)faﬂ:pﬂ@&Bét@rgﬁ fréla5 tl0RRA) to Fﬁf 86w 1cBEhitROMdt O

the draw ng Figure i.S.a persp e View

par al | el epi %e“c?l #“T%m é’?‘&ﬁ‘& gﬁ é’ﬁrg gFFng%é"s‘ig? rbf%h%%ﬁ B'ii’ﬂ’énla’ﬁnﬂrf@
enbodi nent @ischatge from QEG‘FFBBI iorapR switakdepannért invaving ﬁaeexmadlwwessnuﬂmatéctﬂowmiome
head 12 gnd ﬁféﬁﬁhﬁ%ﬁﬁdﬂtéﬁ AMRIASH] addor E&@enﬁ%nfgﬁ&&tqwﬁt@?dey&% The vessel 10
in a specific enbodinent i's formed wth a welded steel wall construction,
,h@wlng a square cross-section along the vertical (longitudinal) axis of the
vessel . The [4484]| Theglownstreany gassaisuming pideectOMay brcdf anfn suitable mpb;arg 20semtcaeiugtorand
the interi Oma@hctite ﬂfyce&sh ‘ilhﬁ@a%%?éxmhﬁes%f@%h 'shﬁl@oﬁx&ucml e ﬁoc@ées%&ude

inch rod st“%tg fornmed jnto the respective
“ends to the “/A%E tmitan, Pﬁd@ﬁlf“taﬁﬂ‘b %P@%iﬁsﬁlﬁﬁ‘ﬁ’dﬂlaﬁ‘?feth@f iop H’é‘Plﬁ‘F’p ghetpigpl, gapor
connection daiomeonh@@dvehﬁnﬂ@uigmhamdaﬂkeyxdmgageuemth the vessel 10, by a 1W
pi pe thread connection. The val ve head may have any suitabl e nunber of

ports, g. ort val ve heads, dual port valve heads, 3-port valve:
heads, ebc. T"é’?flog‘?z“f‘%ﬁ g5 Hkevgsq cen o gny Suizble feron inclygingby ey F eigrgle wthont

par al | el epi padatioh,uirsine trhpsabjee, aritchgeli gffmmgden Yorme Idtbloride) baoa cmdﬂmge,t dibaae} her

enbodi ment  gfm, 18NS s
val ve head 1 %ﬁﬁzﬁﬁﬁéﬁ* S S e A el gl R T,

val ve head & firgees telydeqng fhg Ligs- f"’Fhé F%ﬂ’al“‘r Wﬁ@t“"%\’ﬁﬁeq ’ﬁ fsmF’giswedﬁg o5
having a fl &mgﬁy&oﬁpeismnﬁfdlmﬁ Rmplayet ned BeGiid @sc2applicandi OE®hich &8 degfes @l t 0

the pi pegt yRg,H RaGE in Figure 1. The flange connection shown in
Figure 2 comg)?lseg& tﬂa \r%‘gnber with an o-ring groove that bolts to the

top surface of the vessel 10
[0056] The sorbate gas can be contained™in the vessel at any suitable pressure, including

Yy
i 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, ion 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 tomr, in various specific
applications of the invention, ‘

[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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[ 00531 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 now 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 the flowcircuitry and dovvnstream
gas-consumi s. The s gas. ma de orb 1.t he sorbent
T er al 1 oRSgRL B Pt St i Bopl Bhyeah B faIA RS Ping

f or exanpl edispossls tﬁilepimxdalaﬂmmeutewrhatqf oy suiwﬂnletdsrm imluliiyg n&bhnaﬁmohtdembmptl on,
and/ or conc =To I ec?ﬁfjél %gl,mg&%

gas- consumi ﬁig%{oi?ﬁoﬁg%gtsegrray b any sul ta EJP%EIB@MJ’ Q%uﬁsjsm-g&g Sﬂ&b\/\ﬁg&lﬁ@
manuf act ur i ﬁ‘ﬁre'ﬂfr‘i%‘é@%“melpP%FWeﬁé‘sﬁé%a% clegs, @rchsttr&#dgle

manuf acturing processes include, without limtation, ion i rrpl ant at| on,

doping b i A r.

Fenct Pve i Nl e ﬁ%&%@?‘&@@t@%ﬁ%‘f o L Pl KRR f@%@s&wﬁﬁs&s
sorbate gasSPRRH petewfio figypaigiliapplisatiop for whighct isdemnlpyes ogpfent
exanpl e, W ieditkh nlaj B8 atdivided faimSdubttas URAIS SRAGEES pellBis t QIR 1t rhaly bk il PfbfdBthicbOr ON

trifluori defn?%ﬁ%ﬁa g&vgﬁgs&{bw di borane, trimethylsilane,

~tetranet hyl siTane I'sifane, silane, gernane, organonetal lic gaseous
reagents, hydrogen sel enide, hydrogen telluride, and the |like. The sorbate

gas may be ydoesl 'yhe\rta@d’stleﬁeqhiﬁpetd)‘vﬂﬁ a {ARCHEH VAGe @bhnbdibn PANESIeERT 2.2 4R RS RALoe

medi um t he .en i catjon r. which the desorbed
aci%s;pense gas%?esf%ggg md% &‘oy aﬁ[gg%%ﬁse‘lr'ﬁ@l?g éy %qg’e
't he vessé#ldth‘thaafﬂvhgaﬁﬂewdéwmlé%mmnw@ltﬁﬂhﬂwsesubat rrospherr c,

at nospheri ¢ and supent nospheric pressures The pressure of the stored fluid

may be suba 5P ubat er t hat . does. not exceed
out 700+ SISOk veiafla ocfle SHOBITPER P ErbeaShRAl o At freping vess
invention. FEHy 3é&%¢}ﬁlee%5¢le$bmmt0adpchvﬁm ogtieleap B. (fhe car1§i depictop hodiphative, 25
and bor on t ik #d Gkdwi of FEBdn ﬁr&}ﬁéﬁﬂpddQhép@%nd’ﬁ%ﬁﬁide@&nﬂ?oﬂlﬁ:ﬁ&sﬂroﬂ rbseciivd aNge
of from about gif i abo 700 tg f t?: al so be_ stored 1n the vessel at
subst ant Pal F9° BESHL B cpresee he prosed wih gyt 8yer e ABEHE oy fedeniie,
e.g., a pressuna FiGt 3, exadieredively adbwilit cad bOfdbricaier onithe ceald. AHS ofpidgs 1f5|oﬁﬁlecap

appl i cationgs q,tov;d@ea haﬁM@@Hcﬂl?e auowmg 9@ &lgﬁle&w &seﬁ‘tbi 6 %d;f t&t&nﬁ%@a g%

view of a rect aw%érl Ig.1§)ara urd storag nd vessel
of the type@HBUHR awr’e"zsa %@wgacefaa.thsv%‘fe tea%l%tarwtar sopbpg oF . As
i 11 ustr at edgdispdngingins to tist ddncleagpe padnof thhvappehad.ng vessel contains an interior

vol unme 16 in whi ch t he physi cal adsorbent is disposed. The physical

adsor bent Be | tabl e type, .including_ carbon, actiyvated carbon,
met al -i rfr 28%5 TheeaR bisn D irutdlp 4 vessehpentaingr hady imthe pogified veysel gopsimstion of
po}:\}ous sili &6h3, by som,bleaﬂamm nafor stayple hpmekiny oftghifiandenty fehy eapling elements
maltieri al s, I i

e pﬁytfé)elt bedter Ghicny wldyéil & D8 3ty Bb Y &%@L&?&@@%&& bofif Gan Be
appr opr i at e ™eghapipally jutes! 061F‘3dt‘ﬁ§1 @"és“ﬁ@*gr Sde 2alrroiongt- %‘lr?e?@l’]ﬁ@ Syepdably prgagephde
particul ar appble CaupliNmédinicahtxfdher doupliig ARFH-9HAGuplil) Bol dIRPypIBAbILE) iRy be

in a div b as head ranul es, pellets, etc., or it may be in
a nonol i thi gpringrir%egz erse'?nnt%a)t gﬂ%g's'crl bed. [ 0059] The vessel is equi pped

with a flange type val ve connection valve head 12A, with the flange 10

nenber bei ngoosgcmreedaﬁ carsbh@ffctr&p W2 lalivatihed @ %&8&3& 8 ﬁm}ee%lsadt inght wARRNer

?g D ns\g lnis 8; c?rﬁéés\r}tgrgtg%s?on forces macrontaét r\]rr(?th f(]) QrdsLtSc%ures or diteg ea%hl t% t%rac\{t\%llsd\;n?hgoﬂge? the

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 otlierwise joined to the cap
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[0060] In another variation of the structure of the parall el epiped-shaped
storage and dispensing 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 wi thout the handle showmn in FIG 3, or
alternatively, a handl e can be fabri cat ed on the cap 13. The openings 15 on
the cap 13 Q?%w e & d!]tE stglr C t,hal | owi ng, the entire vessel assenbly
to be manual Ty & sb§ AF‘F FPaHE n‘éa L WEH “Bpeni ngs al so pernit
access to the val ve head 12A, e.g., for coupling of a dispensing line to

the di schar gecROns a @it fieh: HahtFe, BRYEbsel 20erdtAPEH hnoit oS ch3aSiidiEnSREHT ed

to the vessel , cont t he nmodi fied vessel construction of FIG 3,
in any suit ABPEPRR %@?“Pleg?&/eo‘?m%lfmeé % means of conpl ementarily mating

coupling elenents on the vessel container body and the cap, mhereby the cap

and vessel qmslamers &&GMIQ,&E&% ﬁE&Q@& Sald a{spbﬂgﬁg %ﬁz&l& qg| bl PR St Rs her .

e.g., a bayonet- t ou 1 ng, threa a | 1 ng
mechani cdl PEFéeLnE‘H RS of tag wpp sh ’W@“é‘@@gﬁ ““%Eﬂqueﬂa?\fﬁfi[ﬁ:th%%@md

coupl i ng, etvdth)ives%mtuglagélﬁicnse.d mﬁﬁﬂﬁﬁs%s&xpﬂmﬁ:h&glﬁ@ﬁmdveﬁ@m m:;:mct{eg%ﬂhe The
cap al so af fv@ﬁgédﬂogre?ﬁg\(rgsgélgt%%l Ituaf t?tclgl%%s!n Dﬁ? %Q&ﬁ 1\4?0 gd[or}%veﬁeé goxrRl

conpressi on/ tensi on her 's ure es and
ot her i nt er ¥e¥¢! 68de fibrigsted wiler fagpsde rise fesl teti piafe, praliempasively with b whided tetaﬁﬁg. ng
the valve head or inpairing its ut|I|ty [0063]. The cap can be fluffier

rovi ded wi ot. her w to . the.c 13,
pg% to a Z 3@ su%unge {ﬁﬂgeea*to\é\f‘pllagef e'l}tr?ano %gnnela t?Popl?tﬁgf%gtgble
T 64] AY g thigkness, efg,rabeps .64 fuck having veentrplmenmss@n Oamsseﬂrﬁal of iten® letdmdes

separ at e Ca@osaabded’l&aﬁh eher@ﬂ&ﬁfysof tRAER A %B@Engt &ldYa ﬁﬁéﬂﬁsﬁﬁoﬁ @ing R&héfﬁﬁ:@@'
a fluid.storal

cont ai ner bod a ecifi.c ex f
di spensi ng g’ppar l%%us ° P m‘é‘ colrﬁlpanérg e Fﬁ% '?Lﬁ?segneﬁ?pe’f N7 ek g’h ﬁ"%wmch
appar at us ofdopmerdly fppendhpplng borticnnd selallse diptoetet then tlie uppsk dise portion; gie P portips

fabricated Witng cRseWOBiBRI thd\ ANtk Gpefting ofthd B&ﬂa&s vﬂth%édlﬁ%&h%ﬁﬂé%ﬁde}sﬂg of thbe
hei ght of. the v&sse and %}ee wal | fl oor of the vessel

are 0.188 i AR ﬁcPc?f?ﬁ'e%“gjﬂ‘e'Fﬁ%ﬁ’?}’é@%eé’FmF?pP med of wel ded box tubing. The

vessel can be fabricated with a flanged, O-ring seal top plate, or

al ternati veljpoevy tThe wsdEdai B4 alt@Rt slh'dél&,ﬁ .mebIRER] with¥espfih ﬁ%@g[logoﬂg' 1R it Ridihg ¢ OP
Su

plate arr an%ﬁggeape% sﬁ:%nm%% c%; fbae."sgz:,ta&\l three s}g\mﬁder %Eltspllgtuge e cap as% € ongatcd slots are

pressed down over the three shoulder bolis, rotated 15 degrees to engage the bolts, and the locking

plunger thereafter prevents further rotation and positionally fixes the cap on the vessel. Alternatively,
20  the vessel cap has a direct attachment and two locking plungers.
B }‘ [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 illustrative apparatus can be drawn over mandrel {DOM) square-cross-
25 sectioned tubing, and can have rounded comers 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 insertion of the monolithic adsorbent into the interior volume of the square-cross-sectioned
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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 portion and the upper surface of the top plate. [0067] The vessel cap
has a tw st tihadhe dpkplateeeh hmie NP thrtaddo ageoiomeplate thengbe head ckdembly kenyt shomlibrudi ng
el ongated shak & abdnhiiiiap ARG e dfhs LIV ERERMIET DOl LS. | N use, the cap
base el ongated slots are pressed down over the three shoul der bolts,
rotated 15 degrees to engage the bolts, and the | ocking plunger thereafter
prevent s f ufQOR@r Theotesstl iorthealﬂdsh'pﬁl%i@izmaldalybé famesl ¢fhferged plupinuihgec, @ Stbr.

Al ternati Vekd{mm@%aﬁﬁﬁ of 853FlGAPTRAS pglae'csﬁeﬁé R AENERS P AElCnl QRK LA
pIungers [ 0068] e cap SI openi ngs (openings 15 I n 3) are 3
inch x 3 |ﬂ&ﬂ“ﬁﬁ’ﬁﬁngs and plastlc gri p-pads can be affixed to t he upper
edges of the openings, to facilitate grippability for nanual handl i ng of

t he appar at QQ% rawn
over mndre@?[&(%%)g%%ﬁ%?gﬂgﬁ%ggé ﬂ%@ sec |%!r11g§£éthﬂl{l) g%ﬁrﬁ vgmfpgillfﬁded
corners or Bifgnpnreptiougretestuly dispase ip ges calinpliine BHEY: S@@SF‘S’H@H‘“FWWW? ng
formed fromogervied eigiddrictib@sssk Qeﬂmwhanlp wed B e phidtardi BRPAGRI their ﬁeaaagmad d

dr awi ng pro S col d.dra rocess i 5.a seanless
squar e-cop os ERERIp Pl s 8 08 R iAW S B Wi BRARUPTR o
r}a t op 1§l afmenges %ﬁ@dﬁqwﬁﬂﬁ@ﬂcﬁswﬂemﬂmﬁwﬁmm%hne@qtmwmmm oned
‘t*fu tehaf ter ieasdabiasn (@, uﬁtﬁ@alﬁ’dl‘%dbﬁum s%x;@d?ﬂf@s%éﬁsmg Rl f\Rosk ?Jcﬁé ki biarn;

0 e square-Ccross- sec e e to can “ ga

to accommdit & FhQPW%FVQHhQE%m§§é§WE??1D§ﬁﬂp‘ﬁ%d% %’ ¢ 8ﬁﬁ%@5te
the cap \Ahentmﬂneblemylu@n@lwasebmmé@m&pprd@mqmemvemaml The vessel in the
Il lustrative apparatus can be forned of forged al um num steel, or ot her

SRR e T P

15  the invention, comprising a gas cabinet 20 having an interior volume 30, in which is disposed

rectangular parallelepiped gas storage and dispensing vessels 50 and 52 as components of respective
gas storage and dispensing apparatus constructed according to the invention.

[0073] 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 to flow desorbed sorbate gas from vessel 50 into branch discharge line 34 connected to manifold line

24, T “

[0074] The automatic valve acluator 44 is connected by signal transmission line 46 to central process
unit (CPU) 58, which may comprise a general purpose programmable computer programemably
arranged to carry out operation with dispensing of gas from the vessel 50 during a predetermined period

25  ofoperation of the gas cabinet system, by actuation of the autoraatic valve actuator 44 for such purpose,
and shut-off of the gas flow control 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 ouflet
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[0071] As discussed hereinabove, fluid storage and di spensing apparatus in
accordance with the present invention are usefully disposed in gas cabinets
in a manner affording substantially inprovenment over the cylindrical
vessel s conventionally used in the prior art. By virtue of their
rectangul ar parall el epi ped shape, vessels of the present invention can be
deployed in a gas cabinet in a conformal 10 manner, as regards the
rectangul ar geonetry of conventional gas cabinetry. By shape conformality
to the gas cabinet (i.e., with walls of the fluid storage and di spensi ng
vessel n R wuglkdy tht eatifiom Jomesing Feshlstonas.| Shooses e Baensing remaior pérés

rel ationshi pouplad 8y Sighi® tré@inssio lite6d @aBe CEDISB Y modubion bP®E gOfidH Bispensing

attri but abl cylindrical v els i,s avoi.ded.in the practice of th
Mvention (oBURS Bk YR E S Epl O B8 e el Bt Focete ot e
assenbl y acdlysteitedin Higwre®)f urt her aspect of 15 the invention, conprising a
gas cabinet 20 having an interior volune 30, in which is disposed ‘

rect angul_ar | el. epi ped gas, st or.age and, dispensin essel § 50 and 52 as
o ananse” iR TIR s aBBR SRR R, Aot 8 e sl RS sroires ol oy
accor di ng t dispehsing vesselr2] cgwippefl 83 33veliival Haed stamtigelendudirsp eapled i GRIHI at us
i ncl udi N9 983 sigdP friRis@Rdind 68 ARLY gﬁ\ﬁ%ﬁ%&glﬁa M%eile%bﬁfﬂa@fvine ﬂ? r?&ggﬁol ed

with automat)] ¢ valve actuatgn 44, Qgera e . to open _the va ve
head 20 48 fi5oheesifeda ypield dns A sowied yath gpsdiom diseanging seplton3§ mjhe samp manner

di schar ge | msthe fidi-desarited @lisesthrdge andalispéneihglapparites caprisin@@dsddl sdhe aut omati c val ve
actuator 44 is connected by signal transm ssion line 46 to central process
unit (CPU) 58 which_may conprise a general purpose_progranmable conputer
ngggr armi@b| P47 'étﬁbf‘e%rg'tf%"f@a%‘faymwﬁses‘g‘&%% BB TRt Prdlisesigivaseln FO ad>2farom

tHe vessel Gfangulih mige-by-gMeathatiay wiatkeehiprdne ehodbr, aith o@el 80 beuy dittihdierepasd

cabi net sys RV si@RGlaH 3k . t ' r h

bt pose, - angaps @St b fho Mkl B oL 23 R BBl 1ot QS

appr opr i at e 2&pgall ofthegissbingtalt in |ine 46 to automatic val ve actuator 44.

[0075] Thus, gas dispensed fromvessel 50 flows through the valve head 48

Fequl ator oL 0Le] iy b TR Alatrhanl\ach ol S B0 ki ek SRS | 1O
15  the gas cabinet assembly can be materially simplified by eliminating the ducting typicaily 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 treating the exhaust streams of the facility.
Becanse the physical adsorbent-based gas storage and dispensing system of the invention is a low
pressure gas supply sysiem, 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.

[6079] In another aspect of the invention, the enhanced safety 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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line 38 coupled to the gas flow di spensing regulator 36. The gas fl ow

di spensing regulator 36 is coupled by signal transmssion |ine 60 to the
CPU 58, for nodul ation of the gas fl ow di spensing regulator 36 in
accordance with the gas demand of the downstream gas-consum ng process (not
illustrated in Figure 4). 5 [0076] The Figure 4 gas cabinet assenbly al so

i ncl udes the correspondingly arranged gas storage and di spensi ng vessel 52,
equi pped with val ve head 54 and autonatic vaIve actuator 56 coupled to CPU

58 by sign t 1,5S] i r.om yessel

sel ecti vel 3&‘ # %&x@%@tﬁe tbfo{mrhobd i Qgge gﬁﬁé\%!? ﬁ{c uﬁﬁ?ﬁﬂ"ﬂ? Eﬁ%‘ﬁ’éﬂyﬂ’f
coupl ed W tﬁ“@‘é@é’qﬂlwéiﬁmmwonmgdm ‘ng@eourqueﬁhfésmmabmhner as the
first-described gas storage and dlspen5|ng apparatus conprising vessel 50.

10 100771 1 as.ca t assenh t he St.
di spensi ng Oéz ﬁch'g o4 i, 5 %ﬂb&i‘“ﬁ‘ ngogqfélée ‘69‘9%‘38 ‘S&Pg”t“f'g%‘“e gas
rel ati onshi ivnlbberéherhah@k«ﬁen the it igas\feoas i inGGiodelung 38kud subjegs it to @plog erdth a

agai nst § heg&hiiescoiBhbdr nidfiiulaEp, %eﬁﬁ&b&@ I'ea&iQe wﬁﬁ' qletﬁ% &n&ﬁml sﬁecé@ s o2
bei ng abutti ng t“%‘éeﬁﬂb‘ﬁ‘%sed a Inst_a back as_cabi net 20. f0078]

In the use B Ertably d’éﬁ‘fdﬂﬁsn"t"“‘l?&%ﬂfmg %"t‘é‘? & &l iTeey s Shown & all-
systens of tiwetadiow @pitld mil,ofﬂii ctbiiret. gZes cansbiedeith the ®aibbdr ynediam isischapded o they

sinplified &lﬁm@t'beHd%ﬁl w%ﬂyggl ng typically enployed for flow ng the
vent gas fromthe gas.cabinet to t he exhaust system of the seni conduct or

manuf acturing facility, which typically includes a | arge scrubber for
treating thpogyhethsighsiowaaciematicallylfer chaof filhdtnitionBRCdusGtidnhE will e Sdcoglized that

adsor be b S j a I o\
pygssur B s E%%b%?fgn%yst Ao il LORAP Bl SYPLTAl ehliel (NS bl Ml B
mal f unct PIE¥PR§IS) &F ¢ Eendrg dﬁ@%ﬁd@ a eescransl inrflepseas esbinet. [The gdadn Yeabene dibiheret h#es

m ni m zed, 63ﬂd1aj’z bepdsati qo ee Jubﬁw@fmemrbxma, wmng&emetmmgauﬁﬂaﬁm

Cabl net I nt &r thing%ﬁ%%&ng)en On%e l?ouseyscru céll'{c el I%:: IOO ¥lg€ abl net

systens enployi'n ssure gas cylirnders of
anot her aspﬁ%%d%W°4Wﬂ?“FﬁV@mﬁ$émﬂmﬁﬁﬂﬁﬂ@ﬁhaﬁteﬂmgafety of t he physi cal
adsor bent - based gas storage and di spensing systens can be epr0|ted to

el i m na t Mo} hee aust, scr.ubber . s tilize in

pl ace thgre@&iﬁmn%omgoguse ?er 81°¥cruglbermb|%mﬁ%nh? eca ﬁcéilb%ert’?@ﬁ . to
ensure the t@ippsfayitosn md;minbﬁpw@mﬂo agagriain therrah tpging of 'ﬁlhecr's‘:@mmgagl Giis.cisar ged
fromthe gagpfahih amal[s&%’@]a &t b rladdﬁ\terdaﬁléﬁéﬁ oD QLiLHR Matefhl 1S BGRAIRARNEwf - USe

scrubber is e 08 sh ure 4 gas cabi net system As
i |l ustrated®™ I?’ rﬁ ‘fm}m# %@H‘%ﬁ%"“ %Y%Er sweep gas into the gas

cabi net 20, to purge out the interior volune 30 of the cabinet so that any
toxi ¢ or hagesqlaus fﬁs@tyﬁ@ﬁﬁeﬂ@oih@-&ét&to&‘ R stgneglaaahﬁ&t m@’r@raeudstp&ae&@b&r &l dyhe

interio bo v o] %ﬁon%ereo?mna%m ogvcolﬁlglumga%&e scrubgg'}{lousmg 01!' 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

} \} incipient 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 & 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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t hat approach the threshold limt value (TLV) of the specific hazardous
conponents that nmay be involved in the gas di spensing operation invol ving
the gas source vessels in the cabinet. [0081] The cabinet is equipped in
the interior volune 30 of the cabinet 20 with a point-of-use gas scrubber.
61 which takes in the vent gas fromthe interior volume 30 and subjects it
to contact with a 5 suitable scrubber nedium e.g., a chem sorbent reactive
wi th the gas contam nant species to reane sanme to bel ow det ectabl e and

ha72r dous c n ions ) 6 S wn wal | - npunt ed
on a side \A@P‘?ﬁo“% {O%hgaséﬁ%ft?fgﬁ(}%g b“?egﬁ e&ﬂw’fﬁ’é‘ E’gﬁﬁﬂ’g’ger IR 3 s

di schar ged #npeoashtth endpeili detetmi@dion. n’ﬂnwpm@ass wefBlhampdieyed wheee 68 scn{bﬁﬁ&ié]:hum

Al t hough  shguloysd RaRBolnt 8kdsy sdberGaE Sochot %&a&tm %nﬂc&‘i‘a%%th%

will be recgagnl zed that 10 the scrubber may be d oye n any suita
manner , coplaminagt spgeies-s o ybber unit on t he |nI et (low pressure si de) of
a venturi deV| ce in a gas panel in the gas cabinet The gas in vent gas

di schar | § 6

bypasel g t [0 20 TR enlfos 88 Gthalih diol Ml S lnIOHE BTy ot
the house stEreaBh&e nugher pechaggesrta phean gomedng %Wmvwhﬁﬁﬂetbglmﬁﬁlah@gﬁm t he
char act er ofcnibbe uif snddb m&ramaﬂoﬁrs@mﬂem ide a@bd&ﬁft indiedtRH08Bhe bl th Bfinge

poi nt - of - us r enbod t he s rubber
may be equi glpzl% é&?ﬁ an en p0| et e@fmﬁge‘{ ?Emﬁ'gﬁt%ﬂea"?‘}?“‘%ﬁg e Bk rﬁ‘ of

t he scrubbeferipharetill e egnosed from 1a§ma¥9maaatelhget wdedigpensingi vosvelamd dframe the | inputiéd
reactiveo deghdbdraitdii chi6itys G WRRBY: of Bk QlolaBd ardWisPersBP JEE! UB8ed dhtslif HPG

cabl net). V s. of. .end 0| nt ete tl 20 ca be enpl oyed [0084] In a
zfst type %Fle 38%?“%?‘ Faphbe g S’E‘E““?‘ng be incorporated in the
%5 ubber, e.g., by 20 |nstallat|on thereof in a w ndow opening of the

scrubber howssgpgt ﬂiﬂlb@&fﬁe@i&fé@ that M&p&sﬁﬁn&%& HBETs of Be Qxﬁrelﬁoﬁ Mﬂﬁae&:&@&w&wges

col or when | cont cts 0 pDECi as cabi_net
vent gas. Tk r‘l%rf% en ere%?ﬁs %é‘? Y”glh&‘fb a#és"g’é"rrﬁg dﬂ’r‘?{yc‘glf'f “ipeireEptone
visual ly rrt)iﬂriistbeffﬂe‘i!E sanihederegrpwitin tefarenod tot shepifiyefeatwesh agpextts, Mdnﬁoﬂmemhangd} wut of

the scrubbefecipRidduifu 40 ifveiloRGE nbBu Rkl Bl 1IRILLJ B oM ,Luple{n&ﬁa%tan S bigPer
medi um can_he.effici ntlﬂ% CQT?P@ | ed as part of a program of routine

i nspecti on GFai%d ™Y RFSTEY: fis %regmn iglinjended foorpgiypadly
second typecaftruehdzoionpass elf sch otherumemo:a, 1oalifivationedndi etnbsdinany; ad @ing within the

aut omat i cal Loy m&g%e&megﬂaﬁgrcﬁmgge of the scrubber nediumand to actuate
an al arm or report to alert operational personnel of the need to change out
t he scrubber. The sensor may al so be arranged to shut off the flow val ves
in the gas cabinet to prevent operation fromresumng until the scrubber
medi umis changed out. [00861 A toxic gas nonitor (TOM nay al so be
integrated into the body of the scrubber unit in a third approach to

endpoi nt determ nation. This approach is usefully enpl oyed where the
scrubber medi um enpl oyed in the point-of-use scrubber unit does not
eviidence a color change in contact with the target gas contamni nant species.
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5[0087] A fourth endpoint determ nation technique utilizes a progranmabl e
|l ogic controller (PLC) unit to count the nunber of change-outs of gas
storage and di spensing vessels since the installation of the scrubber unit,
and to actuate alarmor report means to provide an output indicative of the
need to change out the scrubber unit. The PLC unit may be arranged to

cal cul ate the anount of gas to which the scrubber will be exposed froma
singl e gas storage and di spensing vesggl and fromthe inputted 10 scrubber
medi um capacity, the nunber of gas storage and di spensi ng vessel

change- . ScQat can be perfornmed before the scrubber nmediumis exhausted,
i's detéﬁ%?ﬁeéL—F%EBS] It will be appreciated that the conpositions and

nmet hods of the invention may be practiced in a widely variant manner,

consi st ent i

cons! SUEnt Whnd LR SCEIAPNEREL Iy AR e B G0
aspect girangaditoeatioidiagespupply systeipdluding 835311139'6,‘ oeple b aaid matifw(% ¢PEPFifORETZON i S

not t h'ﬂﬁ){fﬁdﬂﬂd&&ﬁlﬁﬂt—@é&d b3 sﬁﬁg%ﬂfdtsp&ﬁmgtesga@j a%,r;ﬁ@g@tsum TekeRb)GthedBY | AL I ONS,
fications and enbodi nen Accordingly, the Irnvention is intended to be

br oadl yedueniiay efsrresnsastheyisidkingrior volys, Bidhgion %%aﬁ PPy gsselpp HRE et i ons and
eﬁbOdl%ﬁﬂ&ﬁlm@§b§@b£ngAthln t he scope of the invention hereinafter

cl ai nmed. What is clained is: 1. A nethod of reducing flow of sweep gas
t hrough an |nter|or volune of a ventil ated gas cabinet arranged to contain
a gas uppl Y¥hémsthendfcheh UditReigas Suaphbly Wweasptdntin a eatt gaedt badtneepipfie Si ng
usi ng physi cal adsorbent-based gas storage and di spensing vessel (s) as said
gas sup H¥ %essel(s) to thereby reduce flow of sweep gas through said
interior volume, in relation to gas supply vessel (s) that are not physi cal
adsor bent - base The nmet hod o
vessel ('5) cgﬁ aietrtllocz?ffscci)a F%é@ereénssaé gas ?}Eg# r‘r’ic)gsselm%ngam arszjgbagrg9 sf‘s%legtfé&’%% T'hr‘%et hod
of cl aignmup consbsgngifarsga lehognamesugtpggl seleside Ihyd;?gec mlivladenmaom tithoddeg bgron

sel ect obi rsi r sgl eni de,
hydr ogZﬂﬂ ‘e %?l tr%fral#?el’ gggﬁhefs %HLQH %I’ll ’et?'er@ge?hg Er%h%r%l (? 1‘3%? flg% d ggor on
trlchl@nmd@pﬁdﬁ®m$®m%mwﬁn$nethyIS|Iane, tetranet hyl sil ane, disil ane,

silane, germane, and organonetal |ic gaseous reagents. 4. A nethod of

fabrlcatlng a gas source package, said nethod conprising:
A method of fabricating a gas source package, said method comprising:

introducing a monolithic carbon physical adsorbent material into said an interior volume of a metal tube

closed at a first end thereof and open at a second end thereof; and

after introduction of said monolithic carbon 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.

5. The method of claim 4, further comprising securing a fluid dispensing assembly to the top plate
member.
6. The method of claim 4, wherein the monolithic carbon physical adsorbent material is conformed

in size and shape to the interior volume of said tube, and occupies from about 75% to about 95% of the

interior volume.

7. The method of claim 4, further comprising introducing gas to the interior volume for adsorption

on said monolithic carbon physical adsorbent material.



i ntroducing a nonolithic carbon physical adsorbent material into said an
interior volune of a nmetal tube closed at a first end thereof and open at a
second end thereof; and after introduction of said nonolithic carbon

physi cal adsorbent material into the interior volune of said tube, welding
a top plate nenber to the second end of the tube to enclose the interior
volunme. 5. The nmethod of claim4, further conprising securing a fluid

di spensi ng assenbly to the top plate ngnber. 6. The method of claim 4,
wherein the nonolithic carbon physical adsorbent material is conformed in
size and shape to the interior volunme of said tube, and occupies from about
75% to about 95% of the interior volume. 7. The nethod of claim4, further
conpri $i ng iThe metliercdfislging dovhersin thegas ftediced o iggaorrvelumgdsiBereriicoerehins ai d
monol i i Ge SR VBoRe BYS AAbhadSERRNt material . 20 8. The method of claim
7, wherein the gas introduced to the interior volune is thereafter stored
in the interior volune at subatnospheric pressure. 9. The nethod of claim
7, whepei N ThEmBRS SRRRK 7, SARrdiiAthe %'c@rﬁ%r%@s dat WMctch SroBrRUPoHADisEhg Y Of

arsi ne, phosphine, hydrogen sel eni de, hydrogen tellurjde, nitrogen

tri f | udrIngehomBInghyHPeI SEERiic Bydregsp GlfuR ‘&‘HgﬂﬁP FIH%‘P“% BRyPriid uoride, boron

t ri met kydhforil@ ABorahe irfrmaBisMdeS icl-@nahyldiasd, Higin@Ae, sBink,aieAnang @hdradgenomaillic
organonetal | i c gaseous reagents. 10. A gas cabinet assenbly conprising an
enclos@ﬁ?WﬁW%?@% interior volume that is adapted to contain a physical
adsor bent - based gas storage and di spensing system and arranged to be
ventil ated hy flow of swee as_through the interi a source
of sai363megﬁyﬁg%"§Y?g¥$?fBP%“?ﬁ%mgﬁ%%8gﬂpg¥m§%§“ﬁ?Qgﬁgﬁég??%@ggg? fromthe
encl oswpmain aphaiceledsoctedt-raatdazapftorhgecand dispansih@syisiom, and amanged tods pentidhiteddygas

cabi ne t.al (208 ] I 2 thg said
physicaoagﬁg%%ggﬁﬁbgagfa!@ﬁgmgggm%a |netuggg%%%?ggﬁﬁhggg?%f%gg%ﬁﬁgﬁg?n t he
encl osanédipcharge therpigtranthe prelasurafat aredeasi comefilewan refptiotwgasonesppndingeps  The gas
cabi net,35s gdspiear 1%t 3R hag W@ ligleRsifd S st HlcORyLAl HONPI b&BDHeR, gas box in
an ion 1 nplantation system %3. The gas cabi net assefbly of claim 10,
wherein the enclosure is equipped with flowcircuitry. 14. The gas cabi net
assenblyy, of 16t gisPible 200001 Lb 114 @0, flHRWIChE Gldicklry isiaREhpEes pal of £2St one
conponent, sel ected fromthe group consisting of piping, manifolding,

val vi ngemiRRpsiEcte mieGetsétir ol | ers, pressure and tenperature nonitoring

devi ces.

12. The gas cabinet assembly of claim 10, wherein the enclosure comprises a gas box in an ion

implantation system.
13. The gas cabinet assembly of claim 10, wherein the enclosure is equipped with flow circuitry.

14. The gas cabinet assembly of claim 13, wherein the flow circuitry includes at least one component
selected from the group consisting of piping, manifolding, valving, mass flow controllers, pressure and

temperature monitoring devices.

15. The gas cabinet assembly of claim 13, wherein the flow circuitry is adapted to be coupled with an
array of gas supply vessels of the physical adsorbent-based gas storage and dispensing system, and the
flow circuitry is switched, upon depletion of gas from a currently on-stream vessel, to a back-up vessel in

the enclosure.

16. The gas cabinet assembly of claim 10, wherein the enclosure contains monitoring and control



15. The gas cabi net assenbly of claim 13, wherein the flow circuitry is
adapted to be coupled with an array of gas supply vessels of the physical
adsor bent - based gas storage and di spensing system and the flow circuitry
is switched, upon depletion of gas froma currently on-streamvessel, to a
back-up vessel in the enclosure. 16. The gas cabi net assenbly of claim 10,
wherein the enclosure contains nonitoring and control 21 conponentry. 17.
The gas cabi net assenbly of claim 10, ppherein the enclosure contains at

| east one gas supply vessel. 18. The gas cabinet assenbly of claim 17,
wherein the at |east one gas supply vessel contains a sorbate gas selected
fromthe group consisting of arsine, phosphine, hydrogen sel eni de, hydrogen
telluride, nitrogen trifluoride, boron trifluoride, boron trichloride,

di bor ang, 1 ihiEk Byhiel hsahry SRIAATENIMCH hABeousl ShlR G ol 4208 oy BN,
and organonetallic gaseous reagents. 19. The gas cabi net assenbly of claim
10, whé&es¢ln the sweep gas discharged fromthe enclosure is discharged to a
house exhaust systemof a facility in which the enclosure is deployed. 20.
The gas cabi net assenbly of claim 10, wherein the smeegﬁgas di scharged from

t he endPosurtke g3 catinshsermbhngf clog | F-otrmindbe 3 Ha8 OBhes RPPEREIEOPanas a
recycl getb¥RRReISAS from?the grdflh @SB BNArsiBE PBdspllihd) BydddeeR YeldideZigdrogmol it hi c
car bon d3$rbent of re&tgngul&%gﬁfralleLe |8Fd,shapeh h vLﬂg adsor bed

t her eofflArife BirgesRfierifs YRR P RFH e AHE TR 8 s pensi ng,
wher ei fetfaliethlkitting disgasadiiet) gambdepandioR@n@ i@l £89084 Siderig of ar si ne,
phosphi ne, hydrogen sel eni de, hydrogen telluride, nitrogen trifluoride,

boron trifluoride, boron trichloride, diborane, trinethylsilane,

t et ramgphyl §hé gmeabinkt ssbdnshiyeof chaiith adevheglrthasvesp gas disdragad dnmttla dnclosugais eous
r eagent wher ej al VA ¢ nol i i.hi r i.s..contained in a
fluid §1 58*%"‘5%§E°aﬂn%’”§.es’f%%‘%ss ?s%égd\%/tgagfggﬁty%@@} tﬁe ?ﬂ%’?‘b‘gf%% 912%’3' nmonol ithic
adsor bent occupies from60%to about 95% of interior volume of the fluid

st oraggpand 1fli SRENFNL é{«?%@ im 10 Ihﬁ %J kiR H0M R UnciBfure i
cIain\?phavinggﬁoroﬁ tFI Iuof%ﬁg a sgfbe e%ﬁ%@ Sn. & e
treated and recirculated through the enclosure as a recycled sweep gas.

21. An adsorbent consisting of pyrolyzed monolithic carbon adsorbent of rectangular parallelepiped
shape, having adsorbed thereon a fluid which is desorbable from the adsorbent for dispensing, wherein
the fluid is selected from the group consisting of arsine, phosphine, hydrogen selenide, hydrogen telluride,
nitrogen trifluoride, boron trifluoride, boron trichloride, diborane, trimethylsilane, tetramethylsilane,
disilane, silane, germane, and organometallic gaseous reagents, wherein said pyrolyzed monolithic
adsorbent is contained in a fluid storage and dispensing vessel wherein the pyrolyzed monolithic

adsorbent occupies from 60% to about 95% of interior volume of the fluid storage and dispensing vessel.

22, The monolithic adsorbent of claim)glzgf\ing arsine adsorbed thereon.
l/\
23. The monolithic adsorbent of clai\%f&having phosphine adsorbed thereon.
A
24, The monolithic adsorbent of claim\éhaving boron trifluoride adsorbed thereon.
:L\
25. The adsorbent in a fluid storage and dispensing vessel as claimed in claini ¥, wherein the fluid

storage and dispensing vessel is contained in a gas cabinet, wherein the gas cabinet is adapted for flow of

a ventilation gas therethrough so that any toxic or hazardous contaminants in the cabinet deriving from



25. The adsorbent in a fluid storage and di spensing vessel as clainmed in
clai, wherein the fluid 22 said rectangul ar parallelepiped fluid supply
vessels therein, are displaced fromthe cabinet and do not accunulate to
threshold limt value (TLV) levels of such toxic or hazardous contam nants.

22

said rectangular parallelepiped fluid supply vessels therein, are displaced from the cabinet and do not

accumulate to threshold limit vatue (TLV) levels of such toxic or hazardous contaminants.



