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PARALLELEPIPED FLUID STORAGE AND  DISPENSING VESSEL 5
FIELD OF THE INVENTION [0001] The present invention
relates generally to a fluid storage and dispensing
apparatus including a  fluid storage and dispensing
vessel having a rectangular parallelepiped shape, and
to an integrated gas  cabinet assembly including such
fluid storage and dispensing apparatus. DESCRIPTION OF
THE RELATED ART 10 [0002] Sorbent-based fluid storage
and dispensing apparatus have come into use in
semiconductor  manufacturing applications in recent
years, as gas supplies for a variety of semiconductor
manufacturing unit operations. [0003] Examples of such
semiconductor manufacturing operations include,
without limitation: ion  implantation, using gaseous
reagents such as boron trifluoride, arsine, phosphine,
and diborane; 15 chemical vapor deposition of
metal-containing films, using a wide variety of
organometallic precursor  reagent gases; and
fabrication of silicon-on-insulator (SOI)
optoelectronic device structures, utilizing  silicon
source reagents such as silane and halosilane gases.
[0004] Commercially available sorbent-based fluid
storage and dispensing apparatus include the gas
source systems available under the trademarks SDS(r)
and SAGE(r) 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 affmity for the  fluid
to be stored in and selectively dispensed from the gas
cylinder vessel. The gas cylinder vessel  holds the
sorbent medium in the form of a bed of the sorbent
particles, and the vessel is charged with 25 the
sorbate gas so that it is sorptively retained on the
sorbent bed at pressures that are typically much
lower than the high pressures at which such gas
cylinders have historically been used (e.g., pressures
on  the order of 1500-5000 torn or even higher) for
gas storage. [0005] The prior art high pressure gas
cylinders utilized substantial superatmospheric
pressures for gas  storage, since such pressure levels
permitted significant inventory of gas to be supplied
from the vessel. 30 This substantial gas supply
capacity, however, is accompanied by the hazards and
safety concerns  incident to the storage of high
pressure compressed gases. High pressure gas cylinders
in the event of 



I WO 2004/052487 PCT/US2003/037719 cylinder rupture or
leakage of gas from a malfunctioning or damaged valve
head involve the risk of  catastrophic release of gas
to the ambient atmosphere, as the pressurized gas is
rapidly discharged to the  environment of the vessel.
This is particularly problematic in applications such
as semiconductor  manufacturing, where many commonly
used reagent and cleaning gases are highly toxic, as
well as  5 environmentally dangerous, e.g., pyrophoric
or explosive, in contact with the atmosphere. [0006]
The physical adsorbent-based gas storage and
dispensing vessels of the above-referenced type
achieve a substantial improvement in the safety and
utility of gas supply systems, since the gas is
advantageously held on the sorbent bed at low storage
pressures, e.g., subatmospheric pressures of 400  to
700 torr, or otherwise at pressures that are well
below those at which gas has been stored in high 10
pressure compressed gas cylinders. Accordingly, in the
event of a vessel breakage or valve head  failure, the
rate of gas egress into the ambient environment is
very low, e.g., diffusional egress when the  contained
gas on the sorbent bed in the vessel is held at
subatmospheric pressure. As a result of its  enhanced
safety character, the sorbent-based gas storage and
dispensing vessel is correspondingly  accommodated by
simpler and less costly containment, monitoring and
back-up safety systems during 15 transportation and
use, than those required by conventional high pressure
compressed gas cylinders. [0007] In use of the
physical adsorbent-based gas storage and dispensing
system, dispensing is carried  out by effecting
desorption of gas from the physical adsorbent medium
held in the interior volume of  the vessel, so that
the desorbed gas may then be flowed out of the vessel.
[0008] Desorption can be effected by a pressure
differential, whereby a pressure is provided
exteriorly  20 of the vessel that is lower than the
interior pressure in the vessel. Alternatively, 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
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 has an upper neck opening. A valve head assembly
is coupled to the neck opening, e.g., by  welding,
brazing, or the like, and includes a flow control
valve in a valve head block containing a flow 2 WO
2004/052487 PCT/US2003/037719 passage, with the active
valve element being disposed in the flow passage and
selectively openable and  closable, as desired, to
enable discharge flow of the reagent fluid from the
interior volume of the gas  cylinder vessel. [0010]
The valve head may include a hand wheel, automatic
valve acutator or other structural elements  5 for
operation of the valve. The valve head typically is
fabricated with a flow connector at a discharge face
thereof, or equipped with other means for coupling
flow lines, conduits, manifolds, etc. to the  valve
head, to enable gas to be flowed from the vessel
through the valve head and flow circuitry  coupled
thereto, to a locus of use. The valve head may
optionally include additional passages and ports
therein, e.g., for fill of the vessel with sorbent
medium, for charging of the installed sorbent bed with
10 adsorbable gas, for purging of the vessel, for
bake-out of the sorbent medium in the vessel in
pretreatment thereof, etc., and the valve head may be
integrated with or coupled to suitable dispensing,
monitoring, instrumentation and control devices, as
desired for operation of the gas storage and
dispensing system. [0011] Fluid storage and dispensing
apparatus of the above-described type are more fully
described in  15 U.S. Patent 5,518,528 issued to Glenn
M. Tom and James V. McManus, the disclosure of which
is  hereby incorporated herein by reference in its
entirety. [0012] The vessels that have been employed
in the commercial physical adsorbent-based low
pressure  gas storage and dispensing systems have
continued to be the heavy metal cylinders of the type
conventionally used in high-pressure compressed gas
storage and dispensing apparatus. This 20 persistence
of usage of the heavy metal cylinders in sorbent-based
systems is attributable to a number  of factors.
[0013] Such cylindrical vessels have been in use for
over 100 years, and are generally approved by
regulatory authorities worldwide for storage,
transport and dispensing of gases. These vessels are
readily available, being mass-produced by 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 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.
3 WO 2004/052487 PCT/US2003/037719 Since the
cylindrical vessels are thus "overdesigned" for high
pressure gas duty, such vessels have been  regarded as
a safe packaging. Further, where toxic and hazardous
gases are involved, regulations have  mandated such
safe packaging. [0015] For all these reasons, heavy
metal cylindrical vessels have been the standard
packaging for  5 physical adsorbent-based gas storage
and delivery systems. Despite this fact, it is to be
recognized that such vessels have numerous associated
deficiencies. As a consequence of their overdesigned
character,  the cylinder wall is thick, and due to
their fabrication of steel or other structural metals,
such vessels  have significant weight and therefore
are costly to transport, relative to lighter weight
articles. Further,  the heavy cylindrical vessels are
of vertically upstanding elongate form, having a
length to diameter  10 ratio that is generally >> 1,
and thus are bulky and unwieldy to move, install and
change out. [0016] There is therefore a compelling
need in the art for new and improved packaging for
physical  adsorbent-based gas storage and dispensing
systems. SUMMARY OF THE INVENTION [0017] In one
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 to
the vessel for dispensing desorbed  fluid from the
vessel, wherein the fluid storage and dispensing
vessel is of rectangular parallelepiped  form. 20
[0018] Another aspect of the invention relates to a
gas cabinet assembly, comprising: a gas cabinet
defining an enclosed interior volume and including
flow circuitry in said interior  volume arranged for
dispensing of gas 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 adsorbent sorptively retaining
said gas thereon, and a dispensing assembly  coupled
to said fluid storage and dispensing vessel for
dispensing said gas from the vessel for flow to  said
flow circuitry. 4 WO 2004/052487 PCT/US2003/037719
[0019] A further aspect of the invention relates to a
method of reducing footprint of a gas cabinet
assembly comprising a gas cabinet containing a gas
source including at least one gas storage and
dispensing vessel containing a physical adsorbent
sorptively retaining said gas thereon, said method
comprising providing each of said at least one gas
storage and dispensing vessel as a vessel with a  5
rectangular parallelepiped form. [0020] A still
further aspect of the invention relates to a method of
storing and dispensing a gas at low  pressure,
comprising: fabricating a vessel having a rectangular
parallelepiped form; disposing a  physical adsorbent
in the vessel having sorptive affinity for said gas;
charging said gas to said vessel for  adsorption on
said physical adsorbent; sealing said vessel with a
valve head containing an actuatable 10 valve, to
enclose the physical adsorbent and adsorbed gas, and
isolate same from an exterior  environment of the
vessel; desorbing the adsorbed gas from the physical
adsorbent, and actuating the  actuatable valve in the
valve head, to flow gas from the vessel and through
the actuatable valve, for gas  dispensing. [0021] In
another aspect, the invention relates to a method of
reducing fluid burden on an exhaust  15 scrubber of a
semiconductor manufacturing facility comprising a
vented gas cabinet through which ventilation gas is
flowed in operation of the gas cabinet, said method
comprising contacting said  ventilation gas prior to
discharge thereof from the gas cabinet with a
scrubbing medium in the gas  cabinet, to remove
scrubbable contaminant therefrom, and discharging
scrubbed ventilation gas from  the gas cabinet,
whereby need for treatment of discharged ventilation
gas by said exhaust scrubber of  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
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. 5 WO
2004/052487 PCT/US2003/037719 BRIEF DESCRIPTION OF THE
DRAWINGS [0024] Figure 1 is a perspective view of a
rectangular parallelepiped fluid storage and
dispensing  vessel according to one embodiment of the
present invention, with a pipe valve connection.
[0025] Figure 2 is a perspective view of a rectangular
parallelepiped fluid storage and dispensing  5 vessel
according to another embodiment of the present
invention, with a flange type valve connection. [0026]
Figure 3 is a front elevation view of a rectangular
parallelepiped fluid storage and dispensing  vessel of
the type shown in Figure 2, showing details of the
structure thereof. [0027] Figure 4 is a schematic
representation of a gas cabinet assembly according to
a further aspect of  the invention, having disposed
therein a multiplicity of rectangular parallelepiped
fluid storage and  10 dispensing vessels according to
the invention. DETAILED DESCRIPTION OF THE INVENTION,
AND PREFERRED  EMBODIMENTS THEREOF 15 [0028] The
present invention is based on the discovery that a
physical adsorbent-based fluid storage  and dispensing
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 comprising 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
parallelepiped conformation for a
physical-adsorbent-based fluid storage and dispensing
system, since: 25 (i) a rectangular parallelepiped
vessel has six faces, and twelve weld-lines required
for fabrication if  each face of the vessel is a
separate piece (by contrast, a cylindrical vessel may
be formed without  seams from tubular rolled steel
stock); (ii) consistent with (i), the fabrication cost
of a rectangular  conformation vessel would be
expected to be substantially higher than for a
corresponding cylindrical  vessel; (iii) a rectangular
parallelepiped conformation involves "sharp" corners
at the juncture of 30 adjacent perpendicularly
oriented walls that offer the potential of forming
voids at the line of juncture, 6 WO 2004/052487
PCT/US2003/037719 wherein the sorbent bed would not
"pack" against the corner, relative to a corresponding
cylindrical  geometry vessel (which is free of such
corners, and instead is a minimum cross-sectional area
shape  circumscribing the bed of physical sorbent
material in the interior volume of the vessel); and
(iv) the  intersection of two perpendicular walls with
one another produces a joint that is susceptible to
rupture  5 by pressure or force directed thereon,
relative to a "seamless" cylindrical vessel. [0030]
Applicant has discovered, however, that the
rectangular parallelepiped conformation results in a
vessel which does have less tightly packed sorbent bed
regions adjacent the seams at the intersection of
adjacent walls, but that rather than being a
disadvantage, such lower density sorbent bed regions
are in  fact advantageous as higher gas flow
conductance pathways for interstitial desorbed or
unadsorbed gas  10 to flow out of the bulk volume of
the sorbent bed. [0031] Further, precisely because the
cylindrical vessel is a minimum cross-sectional area
conformation, with a minimum circumferential extent of
circumscribing wall area, the amount of  sorbent that
is "presented" to the wall in the cylindrical vessel
is maximized. Considering the converse,  the
peripheral extent of the wall that bounds (is adjacent
to) the sorbent bed in cross-section is much 15
greater in the rectangular parallelepiped conformation
than in the cylindrical vessel. The rectangular
parallelepiped conformation thereby enables higher
volume egress of gas from the vessel than from a
correspondingly sized cylindrical vessel, because the
wall surface bounding the sorbent bed is non-
adsorbing in character, and there is proportionally
more 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 less readsorbed
subsequent to its initial desorptive release from 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 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 7 WO 2004/052487
PCT/US2003/037719 during its processing. [0033] In one
embodiment, the invention relates to a rectangular
parallelepiped vessel defining a  closed interior
volume and having a port to which is coupled a gas
dispensing assembly, for selective  discharge of gas
from the vessel. The rectangular parallelepiped vessel
contains sorbent medium in a 5 suitable form, e.g., in
a form that provides sufficient capacity for sorptive
retention of gas in a desired  quantity, that provides
good desorptive release of gas under desorption
conditions, that provides good  working capacity with
good heels behavior (i.e., high extent of desorption
of initially adsorbed gas),  and that has an
appropriate sorptive affmity 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,  rings, platelets, tablets,
cylindrical extrudates, granules, cubic shapes, molded
geometrically regular or  irregular shapes, or any
other form that is usefully applied to the adsorbent
medium when disposed in  the interior volume of the
rectangular 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 sorbent medium. The size of
such divided forms may be readily determined for  a
given end use application of the invention, based on
mass transfer 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  less 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
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. 8 WO 2004/052487
PCT/US2003/037719 [0038] If provided in a single
monolithic form, the sorbent medium may for such
purpose be formed in  situ in the vessel, e.g., by
pyrolysis of an organic resin that is in liquid or
otherwise flowable form, with  which the vessel is
filled prior to pyrolysis of same in the vessel.
[0039] If alternatively provided in the form of
multiple monolithic articles, each of such articles
has a  5 length that is between 0.3 and 1.0 times the
height of the interior volume of the vessel, and a
cross sectional area that is between 0.1 and 0.5 times
the rectangular cross-sectional area of the vessel.
Each  monolithic member preferably has a rectangular
parallelepiped shape for maximizing the volumetric
usage of the interior volume of the vessel, wherein
each of the monolithic members may be laterally
and/or longitudinally abutted in surface contact with
adjacent monolithic members in the interior 10 volume
of the vessel. Alternatively, in some instances, it
may be desirable for the sorbent monolithic  members
to be in the form of solid cylinders, with the
respective cylindrical members being loaded into  the
interior volume so as to tangently abut one another
along their facing side surface, and to at least
partially abut one another in face-to-face contact at
their circular cross-section end surfaces. 



[0040] The rectangular parallelepiped shape of the gas
storage and dispensing vessel in the gas storage  15
and dispensing apparatus of the present invention
accommodates the vessel to installation and
containment in a gas cabinet, such as is widely used
in semiconductor manufacturing facilities, with
minimization of wasted volume inside the gas cabinet.
This achieves a substantial benefit in relation to
conventional cylindrical vessels, which by virtue of
their circular cross-section create wasted volume in
proximity to the walls and other rectangular and
square components of the gas cabinet that are adjacent
20 or in close proximity to the gas storage and
dispensing vessel. [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  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 wasted space  in the interior of the gas
cabinet. [0042] The rectangular parallelpiped vessels
in the gas storage and dispensing apparatus of the
invention therefore achieve significant reduction of
unused space within the gas cabinet, relative to
conventional cylindrical vessels. As a result, more
gas can be stored in same interior volume of the gas
30 cabinet with the vessels of the invention than is
possible with the cylindrical vessels of the prior
art.  This in turn reduces the frequency of the vessel
change-outs in operation of the gas cabinet, which 9
WO 2004/052487 PCT/US2003/037719 further reduces the
operational time that is consumed in changing out
depleted gas supply vessels, and  further reduces the
cost of ownership of the gas cabinet facility. The
rectangular parallelpiped vessel of  Figure 1
accommodates a volume-fill space of 3.62 liters
whereas a conventional cylindrical vessel  taking the
same physical location in the gas box has a
volume-fill space of only 2.2 liters. In addition, 5
the gas cabinet for a same inventory of supplied gas
can be made smaller, thereby reducing the footprint
of the gas cabinet and the airflow required to produce
the ventilation necessary for safety in the gas
cabinet. [0043] As used herein, the term "gas cabinet"
and gas cabinetry" refer to enclosures in which is
deployed at least one gas supply vessel. The enclosure
may be equipped with flow circuitry, including 



10 piping, manifolding, valving, mass flow
controllers, pressure and temperature monitoring
devices, and  the enclosure may be ventilated,
involving flow of clean dry air (CDA) therethrough
from a source of  same exterior to the enclosure, with
the vented exhaust being discharged to a house exhaust
treatment  system for the facility in which the
enclosure is deployed, or otherwise treated and
recirculated through  the enclosure as a recycled
sweep gas. 15 [0044] The enclosure in specific
applications may be a component part of a
semiconductor process  tool, such as a gas box in an
ion implantation system. [0045] The enclosure can be
arranged for holding a single gas supply vessel, or it
may be arranged for  holding an array of vessels,
e.g., 2 or 3 or more vessels, wherein each may be
deployed to provide a  same or different gas, and
wherein the vessel(s) may be coupled with flow
circuitry in any suitable 20 manner, e.g., with a
back-up vessel in the enclosure to which the flow
circuitry is switched upon  depletion of the gas from
a currently on-stream vessel, by suitable monitoring
and control componentry  in the enclosure, such as a
cycle timer joined to a microprocessor controller and
arranged to operate the  on-stream vessel for a
predetermined time, or a time during which one or more
monitored process  conditions is in a predetermined
set point range. 25 [0046] The rectangular
parallelepiped vessel in the gas supply apparatus of
the invention can be  fabricated in any suitable
manner, 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 WO 2004/052487
PCT/US2003/037719 low permeability for the gas
containment function of the vessel. [0047] The vessel
is suitably fabricated with a port at a face thereof,
e.g., at a top face of the vessel, to  which the valve
head or other dispensing assembly can be joined in
leak-tight fashion, e.g., by suitable  bonding or
sealing techniques and materials appropriate to the
specific material of the vessel and the 5 dispensing
means. The vessel may be charged with the particulate
sorbent through the open port prior  to joining of the
valve head to the vessel, or the vessel may be formed
with installation of the  



monolithic form of the sorbent prior to attachment of
the final wall member, or the monolithic sorbent  can
be formed in situ as previously described. [0048] Once
installed in the vessel, the sorbent medium may be
degassed, or pretreated in other  10 manner, such as
by thermal treatment, pressurization/depressurization
cycling, or other method. The sorbate gas is charged
to the vessel prior to final sealing, and the vessel
during such charging may be  cooled or otherwise
thermally managed, such as by step-wise charging, to
dissipate the heat of sorption. [0049] The charged
vessel then is sealed, e.g., by closure of the head
valve, and thereafter the charged  gas supply vessel
can be stored, transported, or place in use, as
appropriate. 15 [0050] Referring now to the drawings,
Figure 1 is a perspective view of a rectangular
parallelepiped  fluid 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 '/a inch rod
stock, formed  into the shape shown, and welded at the
respective ends to the vessel 10. [0051] The
dispensing valve of the pipe valve connection valve
head 12 is threadably engaged with the  vessel 10, by
a 1'/z' pipe thread connection. The valve head may
have any suitable number of ports,  e.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 WO
2004/052487 PCT/US2003/037719 shown in Figure 2
comprises a flange member with an o-ring groove that
bolts to the top surface of the  vessel 10. [0053] The
gas storage and dispensing vessels in the embodiments
of Figures 1 and 2 have interior  volumes that contain
physical adsorbent medium sorptively retaining a
sorbate gas thereon, with the 5 sorbate gas being
dispensed through the valve head through dispensing
flow circuitry when such  



circuitry is coupled with the valve head and the valve
in the valve head is opened to permit desorption  of
the sorbate gas and discharge of the desorbate gas
from the vessel to the flow circuitry and  downstream
gas-consuming process. The sorbate gas may be desorbed
from the sorbent material for  discharge from the
vessel in any suitable manner, involving for example
pressure-mediated desorption,  10 thermally-mediated
desorption, and/or concentration gradient-mediated
desorption. [0054] The downstream gas-consuming
process may be of any suitable type, e.g., a
semiconductor  manufacturing process. Illustrative
examples of such semiconductor manufacturing processes
include,  without limitation, ion implantation, doping
by methods other than ion implant, chemical vapor
deposition, reactive ion etching, photoresist residue
removal, etc. 15 [0055] The sorbate gas likewise can
be of any suitable type, including by way of example,
without  limitation, arsine, phosphene, nitrogen
trifluoride, boron trifluoride, boron trichoride,
diborane,  trimethylsilane, tetramethylsilane,
disilane, silane, germane, organometallic gaseous
reagents, hydrogen  selenide, hydrogen telluride, and
the like. The sorbate gas may be widely varied in
type, depending on  the physical adsorbent medium
employed and the end use application for which the
desorbed and  20 dispensed gas is to be employed.
[0056] The sorbate gas can be contained in the vessel
at any suitable pressure, including  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 torn 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
torn. 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 tort, in various specific
applications of the invention. [0057] Figure 3 is a
front elevation view of a rectangular parallelepiped
fluid storage and dispensing  30 vessel of the type
shown in Figure 2, showing details of the structure
thereof. As illustrated, the gas 12 WO 2004/052487
PCT/US2003/037719 storage and dispensing vessel
contains an interior volume 16 in which the physical
adsorbent is  disposed. The physical adsorbent may be
of any suitable type, including carbon, activated
carbon,  metal-impregnated carbon, molecular sieve
(aluminosilicate) materials, porous silicon, silica,
alumina,  



styrene divinylbenzene polymeric materials, sorptive
clays, functionalized sintered glass media, etc. 5
[0058] The physical adsorbent may likewise be of any
suitable form appropriate to the use of the gas
storage and dispensing system in the particular
application for which it is employed. The sorbent
medium may be in a divided form, such as beads,
granules, pellets, etc., or it may be in a monolithic
form as hereinabove described. [0059] The vessel is
equipped with a flange type valve connection valve
head 12A, with the flange  10 member being secured to
the top wall of the vessel in a leak-tight manner by
means of O-ring seal 18,  and the handles being
secured by welding to the top wall of the vessel.
[0060] In another variation of the structure of the
parallelepiped-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 likewise of rectangular parallelepiped shape,
and is provided with openings 15 on respective 15 side
faces of the cap. The vessel when provided with such
cap can be fabricated without the handle  shown in
FIG. 3, or alternatively, a handle can be fabricated
on the cap 13. The openings 15 on the cap  13 provide
a handle structure, allowing the entire vessel
assembly to be manually gripped and  transported, and
such openings also permit access to the valve head
12A, e.g., for coupling of a  dispensing line to the
discharge port of the valve head. 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,
threadably engageable  matable coupling, mechanical
fastener coupling (latch-type coupling, bolt-and-nut
type coupling, etc.),  25 spring-biased compression
fit coupling, etc. [0062] The cap also affords the
advantage of protecting the valve head from impact,
compression/tension forces in contact with other
structures or bodies, and other interactions with
other  objects holding the potential for damaging the
valve head or impairing its utility. [0063] The cap
can be further provided with a handle element, welded
or otherwise joined to the cap 13 WO 2004/052487 13,
e.g.,, to a side surface thereof or affixed in other
manner to the cap. PCT/US2003/037719 



[0064] As a still further alternative, the vessel
assembly can include separate cap and handle members,
each separately coupled to the vessel container body.
[0065] As a specific example of a fluid storage and
dispensing apparatus in accordance with the  5 present
invention, an apparatus of the type shown in and
described with reference to FIG. 3 is fabricated with
a vessel having a 4.5 inch x 4.5 inch cross-section.
The height of the vessel is 12.3 inches, and the  wall
and floor of the vessel are 0.188 inch thickness. The
vessel is formed of welded box tubing. The  vessel can
be fabricated with a flanged, O-ring seal top plate,
or alternatively with a welded top plate. [0066] The
flanged, O-ring seal top plate arrangement can be
effected with a top plate of suitable  10 thickness,
e.g., about 0.61 inch, having a central opening. An
O-ring, e.g., of Viton(r) elastomer, is positioned
around the periphery of the central opening, and a
valve insertion ring is then fixed in  position in the
opening. The valve insertion ring includes an upper
disc portion from which  downwardly depends a plug
portion of smaller diameter than the upper disc
portion, the plug portion  fitting closely within the
central opening of the top plate, with the O-ring
between the underside of the  15 upper disc portion
and the upper surface of the top plate. [0067] The
vessel cap has a twist and lock mechanism, with a
spring plunger locking key including  elongated slots
in the cap base, and three shoulder bolts. In use, the
cap base elongated slots are  pressed down over the
three shoulder bolts, 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. [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 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 insertion of the
monolithic adsorbent into the interior volume of the
square-cross-sectioned 14 WO 2004/052487
PCT/US2003/037719 



tube. The top plate can have an NPT thread to
accommodate the valve head assembly, and shoulder
pins to accommodate the cap when the cap is of a
bayonet cap design. [0070] The vessel in the
illustrative apparatus can be formed of forged
aluminum, steel, or other  suitable material of
construction. The top plate can be formed of a same or
different material of  5 construction. [0071] As
discussed hereinabove, fluid storage and dispensing
apparatus in accordance with the  present invention
are usefully disposed in gas cabinets in a manner
affording substantially improvement  over the
cylindrical vessels conventionally used in the prior
art. By virtue of their rectangular  parallelepiped
shape, vessels of the present invention can be
deployed in a gas cabinet in a conformal 10 manner, as
regards the rectangular geometry of conventional gas
cabinetry. By shape conformality to  the gas cabinet
(i.e., with walls of the fluid storage and dispensing
vessel in close facing proximity or  even, as is
preferred, in abutting relationship to a side wall of
the gas cabinet), the "lost volume"  attributable to
cylindrical vessels is avoided in the practice of the
invention. [0072] Figure 4 is a schematic
representation of a gas cabinet assembly according to
a further aspect of  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. [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 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 outlet
15 



WO 2004/052487 PCT/US2003/037719 line 38 coupled to
the gas flow dispensing regulator 36. The gas flow
dispensing regulator 36 is  coupled by signal
transmission line 60 to the CPU 58, for modulation of
the gas flow dispensing  regulator 36 in accordance
with the gas demand of the downstream gas-consuming
process (not  illustrated in Figure 4). 5 [0076] The
Figure 4 gas cabinet assembly also includes the
correspondingly arranged gas storage and  dispensing
vessel 52, equipped with valve head 54 and automatic
valve actuator 56 coupled to CPU 58  by signal
transmission line 66, whereby gas from vessel 52 may
be selectively flowed in the branch  discharge line 22
to manifold line 24 coupled with gas flow dispensing
regulator $6 in the same manner  as the
first-described gas storage and dispensing apparatus
comprising vessel 50. 10 [0077] In the Figure 4 gas
cabinet assembly, the gas storage and dispensing
vessels 50 and 52 are  arranged in side-by-side
abutting relationship to one another, with vessel 50
being abuttingly reposed  against the side wall of the
gas cabinet 20, and both vessels 50 and 52 being
abuttingly reposed against  a back wall of the gas
cabinet 20. [0078] In the use of the physical
adsorbent-based gas storage and dispensing systems of
the invention,  15 the gas cabinet assembly can be
materially simplified by eliminating the ducting
typically employed for flowing the vent gas from the
gas cabinet to the exhaust system of the semiconductor
manufacturing  facility, which typically includes a
large scrubber for treating the exhaust streams of the
facility.  Because the physical adsorbent-based gas
storage and dispensing system of the invention is a
low  pressure gas supply system, the potential egress
rate of gas from damaged or malfunctioning valve 20
heads, couplings, etc. in the gas cabinet is
minimized, and the rate of flow of sweep gas such as
CDA  through the cabinet interior volume can be
markedly reduced in relation to gas cabinet systems
employing high pressure gas cylinders of the prior
art. [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 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 16
WO 2004/052487 PCT/US2003/037719 that approach the
threshold limit value (TLV) of the specific hazardous
components that may be  involved in the gas dispensing
operation involving the gas source vessels in the
cabinet. [0081] The cabinet is equipped in the
interior volume 30 of the cabinet 20 with a
point-of-use gas  scrubber 61 which takes in the vent
gas from the interior volume 30 and subjects it to
contact with a 5 suitable scrubber medium, e.g., a
chemisorbent reactive with the gas contaminant species
to remove  same to below detectable and hazardous
concentrations. The gas scrubber 61 may as shown be
wall- mounted on a side wall of the cabinet. Gas
contacted with the scrubber medium is discharged from
the  cabinet 20 in vent gas discharge line 63. [0082]
Although shown schematically for ease of illustration
and description, it will be recognized that  10 the
scrubber may be deployed in any suitable manner, e.g.,
as a small scrubber unit on the inlet (low pressure
side) of a venturi device in a gas panel in the gas
cabinet. The gas in vent gas discharge line  63 may be
passed to the ducting of the house exhaust, bypassing
the house exhaust scrubber and  thereby reducing the
gas burden on the house scrubber, while maintaining a
high level of safety as  regards the character of the
gas discharged from the gas cabinet. 15 [0083] In the
point-of-use scrubber employed in the embodiment of
Figure 4, the scrubber may be  equipped with an
end-point detector, to ascertain the end point of the
scrubber material (viz., its  approach to exhaustion
as a result of reactive depletion of the scrubber
material in extended use in the  gas cabinet). Various
types of endpoint detection can be employed. [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
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 a program of routine inspection of the  25 scrubber
medium through the sight glass. [0085] A second type
of endpoint detector uses a colorimetric sensor to
automatically detect the color  change of the scrubber
medium and to actuate an alarm or report to alert
operational personnel of the  



need to change out the scrubber. The sensor may also
be arranged to shut off the flow valves in the gas
cabinet to prevent operation from resuming until the
scrubber medium is changed out. 17 WO 2004/052487
PCT/US2003/037719 [0086] A toxic gas monitor (TGM) may
also be integrated into the body of the scrubber unit
in a third  approach to endpoint determination. This
approach is usefully employed where the scrubber
medium  employed in the point-of-use scrubber unit
does not evidence a color change in contact with the
target  gas contaminant species. 5 [0087] A fourth
endpoint determination technique utilizes a
programmable logic controller (PLC) unit  to count the
number of change-outs of gas storage and dispensing
vessels since the installation of the  scrubber unit,
and to actuate alarm or report means to provide an
output indicative of the need to change  out the
scrubber unit. The PLC unit may be arranged to
calculate the amount of gas to which the  scrubber
will be exposed from a single gas storage and
dispensing vessel and from the inputted 10 scrubber
medium capacity, the number of gas storage and
dispensing vessel change-outs that can be  performed
before the scrubber medium is exhausted, is
determined. [0088] It will be appreciated that the
compositions and methods of the invention may be
practiced in a  widely variant manner, consistent with
the broad disclosure herein. Accordingly, while the
invention  has been described herein with reference to
specific features, aspects, and embodiments, it will
be 15 recognized that the invention is not thus
limited, but is susceptible of implementation in other
variations, modifications and embodiments.
Accordingly, the invention is intended to be broadly
construed to encompass all such other variations,
modifications and embodiments, as being within the
scope of the invention hereinafter claimed. 18 WO
2004/052487 THE CLAIMS What is claimed is:
PCT/US2003/037719 1. A fluid storage and dispensing
apparatus, comprising a fluid storage and dispensing
vessel having  an interior volume, wherein the
interior volume contains a physical adsorbent
sorptively retaining 5 a fluid thereon and from which
the fluid is desorbable for dispensing from the
vessel, and a  



dispensing assembly coupled to the vessel for
dispensing desorbed fluid from the vessel, wherein
the fluid storage and dispensing vessel is of
rectangular parallelepiped form. 2. The fluid storage
and dispensing apparatus of claim 1, wherein the
physical adsorbent is of divided  form constituting a
bed in the interior volume of the vessel. 10 3. The
fluid storage and dispensing apparatus of claim 2,
wherein said divided form comprises a form  selected
from the group consisting of beads, particles,
granules, pellets, rings, platelets, tablets,
cylindrical extrudates, cubic shapes, and molded
geometrically regular and irregular shapes. 4. The
fluid storage and dispensing apparatus of claim 1,
wherein the physical adsorbent is of  monolithic form.
15 5. The fluid storage and dispensing apparatus of
claim 4, wherein said monolithic form is selected
from the group consisting of blocks, bricks, and
boules. 6. The fluid storage and dispensing apparatus
of claim 4, wherein the monolithic form comprises a
single monolithic article. 7. The fluid storage and
dispensing apparatus of claim 4, wherein the
monolithic form comprises a  20 multiplicity of
discrete monolithic articles. 8. The fluid storage and
dispensing apparatus of claim 7, wherein the interior
volume of the vessel  contains less than 75 discrete
monolithic articles of said physical adsorbent. 9. The
fluid storage and dispensing apparatus of claim 7,
wherein the interior volume of the vessel  contains
less than 20 discrete monolithic articles of said
physical adsorbent. 25 10. The fluid storage and
dispensing apparatus of claim 7, wherein the interior
volume of the vessel 19 WO 2004/052487
PCT/US2003/037719 contains less than 8 discrete
monolithic articles of said physical adsorbent. 11.
The fluid storage and dispensing apparatus of claim 7,
wherein the interior volume of the vessel  contains
less than 4 discrete monolithic articles of said
physical adsorbent. 12. The fluid storage and
dispensing apparatus of claim 4, wherein the
monolithic physical adsorbent  5 provides a sorbent
mass that is conformed in size and shape to the
interior volume of the vessel. 13. The fluid storage
and dispensing apparatus of claim 12, wherein the
sorbent mass occupies at least  60% of the interior
volume of the vessel. 14. The fluid storage and
dispensing apparatus of claim 12, wherein the sorbent
mass occupies from  



about 75% to about 95% of the interior volume of the
vessel. 10 15. The fluid storage and dispensing
apparatus of claim 4, wherein the physical adsorbent
is a  pyrolysis product of an organic resin. 16. The
fluid storage and dispensing apparatus of claim 15,
wherein the physical adsorbent has been  formed in
situ in the vessel. 17. The fluid storage and
dispensing apparatus of claim 7, wherein each of the
multiplicity of discrete  15 monolithic articles has a
length that is between 0.3 and 1.0 times the height of
the interior volume of the vessel, and a
cross-sectional area that is between 0.1 and 0.5 times
the rectangular cross- sectional area of the vessel.
18. The fluid storage and dispensing apparatus of
claim 7, wherein each of the multiplicity of discrete
monolithic articles has a rectangular parallelepiped
shape. 20 19. The fluid storage and dispensing
apparatus of claim 7, wherein each of the multiplicity
of discrete  monolithic articles is laterally and/or
longitudinally abutted in surface contact with
adjacent  monolithic members in the interior volume of
the vessel. 20. The fluid storage and dispensing
apparatus of claim 7, wherein each of the multiplicity
of discrete  monolithic articles has a solid cylinder
form. 25 21. The fluid storage and dispensing
apparatus of claim 1, wherein the fluid comprises a
fluid having 20 WO 2004/052487 PCT/US2003/037719
utility in semiconductor manufacturing. 22. The fluid
storage and dispensing apparatus of claim 21, wherein
the fluid comprises a fluid species  selected from the
group consisting of arsine, phosphine, hydrogen
selenide, hydrogen telluride,  nitrogen trifluoride,
boron trifluoride, boron trichloride, diborane,
trimethylsilane,  5 tetramethylsilane, disilane,
silane, germane, and organometallic gaseous reagents.
23. The fluid storage and dispensing apparatus of
claim 1, wherein the fluid has a pressure in said
interior volume not exceeding about 1500 torr. 24. The
fluid storage and dispensing apparatus of claim 1,
wherein the fluid has a pressure in said  interior
volume not exceeding about 700 torr. 10 25. The fluid
storage and dispensing apparatus of claim 1, wherein
the fluid has a pressure in said  interior volume in a
range of from about 400 to about 700 torn. 



26. The fluid storage and dispensing apparatus of
claim 1, wherein the vessel comprises a material of
construction selected from the group consisting of
metals, glasses, ceramics, vitreous materials,
polymers, and composite materials. 15 27. The fluid
storage and dispensing apparatus of claim 26, wherein
the vessel comprises a metal  material of
construction. 28. The fluid storage and dispensing
apparatus of claim 27, wherein said metal is selected
from the  group consisting of steel, stainless steel,
aluminum, copper, brass, bronze, and alloys thereof.
29. The fluid storage and dispensing apparatus of
claim 1, wherein the physical adsorbent comprises a
20 sorbent material selected from the group consisting
of carbon, activated carbon, metal-impregnated carbon,
molecular sieve (aluminosilicate) materials, porous
silicon, silica, alumina, styrene  divinylbenzene
polymeric materials, sorptive clays, and
functionalized sintered glass media. 30. The fluid
storage and dispensing apparatus of claim 1, wherein
the physical adsorbent comprises  carbon. 25 31. The
fluid storage and dispensing apparatus of claim 1,
wherein the physical adsorbent comprises  activated
carbon. 21 WO 2004/052487 PCT/US2003/037719 32. The
fluid storage and dispensing apparatus of claim 1,
wherein the dispensing assembly is coupled  to an
upper portion of the vessel for dispensing desorbed
fluid from the vessel. 33. The fluid storage and
dispensing apparatus of claim 1, further comprising a
cap detachably secured  to the vessel. 5 34. The fluid
storage and dispensing apparatus of claim 33, wherein
the dispensing assembly is  protectively surrounded by
the cap. 35. The fluid storage and dispensing
apparatus of claim 33, wherein the cap has openings
therein. 36. The fluid storage and dispensing
apparatus of claim 35, wherein the cap has a
rectangular  parallelepiped shape. 10 37. The fluid
storage and dispensing apparatus of claim 36, wherein
the cap is of cross-section co- extensive with
cross-section of the vessel. 38. The fluid storage and
dispensing apparatus of claim 35, wherein the openings
are of a size adapted  for manual carrying of the
apparatus by the cap. 



39. The fluid storage and dispensing apparatus of
claim 1, further comprising a handle secured to the
15 vessel, for carrying of the apparatus. 40. The
fluid storage and dispensing apparatus of claim 1,
wherein the vessel comprises a drawn over  mandrel
forged metal body. 41. The fluid storage and
dispensing apparatus of claim 1, wherein the forged
metal body is formed of  aluminum. 20 42. 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) 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 22 WO 2004/052487 PCT/US2003/037719
storage and dispensing vessel of rectangular
parallelepiped form, each said fluid storage  and
dispensing vessel containing a physical adsorbent
sorptively retaining said gas thereon,  and a
dispensing assembly coupled to said fluid storage and
dispensing vessel for  dispensing said gas from the
vessel for flow to said flow circuitry. 5 43. The gas
cabinet assembly of claim 42, comprising at least two
fluid storage and dispensing vessels  of rectangular
parallelepiped form. 44. The gas cabinet assembly of
claim 43, wherein successive ones of said at least two
fluid storage  and dispensing vessels of rectangular
parallelepiped form are arranged in side-by-side
relationship  to one another. 10 45. The gas cabinet
assembly of claim 43, wherein successive ones of said
at least two fluid storage  and dispensing vessels of
rectangular parallelepiped form are arranged in
abutting relationship to  one another at their facing
walls. 46. The gas cabinet assembly of claim 42,
wherein the gas cabinet is vented. 47. The gas cabinet
assembly of claim 46, wherein a source of ventilation
gas is coupled to the gas  15 cabinet, for flow of
ventilation gas through the interior volume of the gas
cabinet, and venting  thereof. 



48. The gas cabinet assembly of claim 47, wherein the
source of ventilation gas comprises an air source. 49.
The gas cabinet assembly of claim 42, wherein the gas
cabinet is vented to a house exhaust system  20 of a
semiconductor manufacturing facility. 50. The gas
cabinet assembly of claim 42, wherein the gas cabinet
is vented to a treatment and  recirculation unit,
wherein vented gas is treated and recycled to the gas
cabinet. 51. The gas cabinet assembly of claim 42,
wherein the gas cabinet comprises a gas box of an ion
implantation system. 25 52. The gas cabinet assembly
of claim 42, comprising at least two vessels coupled
with said flow  circuitry, and a monitoring and
control unit arranged to shut off a gas-depleted
vessel and to 23 WO 2004/052487 PCT/US2003/037719
contemporaneously actuate a gas-full vessel for supply
of gas to the flow circuitry. 53. The gas cabinet
assembly of claim 52, wherein the monitoring and
control unit comprises a cycle  timer joined to a
microprocessor controller and arranged to operate the
on-stream vessel for a  predetermined time, or a time
during which one or more monitored process conditions
is in a  5 predetermined set point range. 54. The gas
cabinet assembly of claim 52, wherein the flow
circuitry comprises valves for controlling  flow of
gas from each of the gas storage and dispensing
vessels in the gas cabinet, with each of  said valves
being coupled to an automatic valve actuator connected
by a signal transmission line to  the monitoring and
control unit, wherein the monitoring and control unit
comprises a general 10 purpose programmable computer
programmably arranged to carry out operation with
dispensing of  gas from a first vessel during a first
predetermined period of operation of the gas cabinet
assembly,  by actuation of the automatic valve
actuator of the valve controlling flow of gas from the
first  vessel, and shut-off of the valve controlling
flow of gas from the first vessel at the end of said
first  predetermined period of operation of the gas
cabinet assembly, and with dispensing of gas from a 15
second vessel during a second predetermined period of
operation of the gas cabinet assembly, by  actuation
of the automatic valve actuator of the valve
controlling flow of gas from the second  vessel, and
shut-off of the valve controlling flow of gas from the
second vessel at the end of said  



second predetermined period of operation of the gas
cabinet assembly. 55. The gas cabinet assembly of
claim 42, wherein the gas cabinet is vented and
arranged for flow of  20 ventilation gas therethrough,
further comprising a point-of-use scrubber in the gas
cabinet for scrubbing of said ventilation gas prior to
discharge thereof from the vented gas cabinet, to
remove  contaminant therefrom. 56. The gas cabinet
assembly of claim 55, wherein the point-of-use
scrubber comprises a chemisorbent  material reactive
with said contaminant for removal thereof from the
ventilation gas. 25 57. The gas cabinet assembly of
claim 56, wherein the chemisorbent material is
effective to remove  said contaminant below its
threshold limit value (TLV) concentration. 58. The gas
cabinet assembly of claim 55, wherein the point-of-use
scrubber is mounted on a wall of  said gas cabinet. 24
WO 2004/052487 PCT/US2003/037719 59. The gas cabinet
assembly of claim 55, further comprising an end-point
detector for said point-of- use scrubber. 60. The gas
cabinet assembly of claim 59, wherein the point-of-use
scrubber comprises a scrubber  housing containing a
scrubbing medium therein, wherein the scrubbing medium
undergoes a color 5 change on contacting with said
contaminant, and said housing has a sight glass
viewing port  therein, for visual determination of
exhaustion of the scrubbing medium. 61. The gas
cabinet assembly of claim 59, wherein the point-of-use
scrubber comprises a scrubber  housing containing a
scrubbing medium therein, wherein the scrubbing medium
undergoes a color  change on contacting with said
contaminant, and the gas cabinet assembly further
comprises a 10 colorimetric sensor unit for detecting
said color change and producing an output indicative
of  exhaustion of the scrubbing medium. 62. The gas
cabinet assembly of claim 61, wherein said output is
arranged to shut off gas flow control  valves in the
gas cabinet and to prevent operation of the gas
cabinet assembly from resuming until  the exhausted
scrubbing medium is replaced by fresh scrubbing
medium. 15 63. The gas cabinet assembly of claim 59,
wherein the point-of-use scrubber comprises a
scrubbing  medium, and the gas cabinet assembly
further comprises a toxic gas monitor (TGM) unit
arranged  



to (i) detect breakthough of said contaminant from the
scrubbing medium and (ii) produce an  output
indicative of exhaustion of the scrubbing medium. 64.
The gas cabinet assembly of claim 59, wherein the
point-of-use scrubber comprises a scrubbing  20
medium, and the gas cabinet assembly further comprises
a programmable logic controller (PLC) unit arranged to
count the number of change-outs of gas storage and
dispensing vessels since the  installation of the
scrubbing medium, and to provide an output indicative
of need for change out of  the scrubbing medium. 65.
The gas cabinet assembly of claim 64, wherein the PLC
unit is arranged to calculate (i) the amount  25 of
gas to which the point-of-use scrubber will be exposed
from a single gas storage and dispensing vessel and
(ii) based on an inputted scrubbing medium capacity,
the number of gas storage and  dispensing vessel
change-outs that can be performed before the scrubbing
medium is exhausted. 66. The gas cabinet assembly of
claim 42, wherein the physical adsorbent is of divided
form 25 WO 2004/052487 constituting a bed in the
interior volume of the vessel. PCT/US2003/037719 67.
The gas cabinet assembly of claim 66, wherein said
divided form comprises a form selected from  the group
consisting of beads, particles, granules, pellets,
rings, platelets, tablets, cylindrical  extrudates,
cubic shapes, and molded geometrically regular and
irregular shapes. 5 68. The gas cabinet assembly of
claim 42, wherein the physical adsorbent is of
monolithic form. 69. The gas cabinet assembly of claim
68, wherein said monolithic form is selected from the
group  consisting of blocks, bricks, and boules. 70.
The gas cabinet assembly of claim 68, wherein the
monolithic form comprises a single monolithic
article. 10 71. The gas cabinet assembly of claim 68,
wherein the monolithic form comprises a multiplicity
of  discrete monolithic articles. 72. The gas cabinet
assembly of claim 71, wherein the interior volume of
the vessel contains less than  75 discrete monolithic
articles of said physical adsorbent. 73. The gas
cabinet assembly of claim 71, wherein the interior
volume of the vessel contains less than  15 20
discrete monolithic articles of said physical
adsorbent. 



74. The gas cabinet assembly of claim 71, wherein the
interior volume of the vessel contains less than  8
discrete monolithic articles of said physical
adsorbent. 75. The gas cabinet assembly of claim 71,
wherein the interior volume of the vessel contains
less than  4 discrete monolithic articles of said
physical adsorbent. 20 76. The gas cabinet assembly of
claim 68, wherein the monolithic physical adsorbent
provides a  sorbent mass that is conformed in size and
shape to the interior volume of the vessel. 77. The
gas cabinet assembly of claim 76, wherein the sorbent
mass occupies at least 60% of the  interior volume of
the vessel. 78. The gas cabinet assembly of claim 76,
wherein the sorbent mass occupies from about 75% to
about 26 WO 2004/052487 95% of the interior volume of
the vessel. PCT/US2003/037719 79. The gas cabinet
assembly of claim 68, wherein the physical adsorbent
is a pyrolysis product of an  organic resin. 80. The
gas cabinet assembly of claim 68, wherein the physical
adsorbent has been formed in situ in  5 the vessel.
81. The gas cabinet assembly of claim 71, wherein each
of the multiplicity of discrete monolithic  articles
has a length that is between 0.3 and 1.0 times the
height of the interior volume of the  vessel, and a
cross-sectional area that is between 0.1 and 0.5 times
the rectangular cross-sectional  area of the vessel.
10 82. The gas cabinet assembly of claim 71, wherein
each of the multiplicity of discrete monolithic
articles has a rectangular parallelepiped shape. 83.
The gas cabinet assembly of claim 71, wherein each of
the multiplicity of discrete monolithic  articles is
laterally and/or longitudinally abutted in surface
contact with adjacent monolithic  members in the
interior volume of the vessel. 15 84. The gas cabinet
assembly of claim 71, wherein each of the multiplicity
of discrete monolithic  articles has a solid cylinder
form. 85. The gas cabinet assembly of claim 42,
wherein the fluid comprises a fluid having utility in
semiconductor manufacturing. 



86. The gas cabinet assembly of claim 85, wherein the
fluid comprises a fluid species selected from  20 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. 87. The
gas cabinet assembly of claim 42, wherein the fluid
has a pressure in said interior volume not  exceeding
about 1500 torr. 25 88. The gas cabinet assembly of
claim 42, wherein the fluid has a pressure in said
interior volume not  exceeding about 700 torr. 27 WO
2004/052487 PCT/US2003/037719 89. The gas cabinet
assembly of claim 42, wherein the fluid has a pressure
in said interior volume in a  range of from about 400
to about 700 torr. 90. The gas cabinet assembly of
claim 42, wherein the vessel comprises a material of
construction  selected from the group consisting of
metals, glasses, ceramics, vitreous materials,
polymers, and  5 composite materials. 91. The gas
cabinet assembly of claim 90, wherein the vessel
comprises a metal material of  construction. 92. The
gas cabinet assembly of claim 91, wherein said metal
is selected from the group consisting of  steel,
stainless steel, aluminum, copper, brass, bronze, and
alloys thereof. 10 93. The gas cabinet assembly of
claim 42, wherein the physical adsorbent comprises a
sorbent material  selected from the group consisting
of carbon, activated carbon, metal-impregnated carbon,
molecular sieve (aluminosilicate) materials, porous
silicon, silica, alumina, styrene divinylbenzene
polymeric materials, sorptive clays, and
functionalized sintered glass media. 94. The gas
cabinet assembly of claim 42, wherein the physical
adsorbent comprises carbon. 15 95. The gas cabinet
assembly of claim 42, wherein the physical adsorbent
comprises activated carbon. 96. A method of reducing
footprint of a gas cabinet assembly comprising a gas
cabinet containing a  gas source including at least
one gas storage and dispensing vessel containing a
physical adsorbent  sorptively retaining said gas
thereon, said method comprising providing each of said
at least one  gas storage and dispensing vessel as a
vessel with a rectangular parallelepiped form. 20 97.
The method of claim 96, wherein each said vessel with
a rectangular parallelepiped form is  



fabricated from sheet metal. 98. The method of claim
96, wherein said gas source comprises two or more gas
storage and  dispensing vessels, comprising disposing
successive gas storage and dispensing vessels in
side-by- side relationship to one another. 25 99. The
method of claim 98, comprising disposing successive
gas storage and dispensing vessels in  abutting
relationship to one another along facing walls
thereof. 28 WO 2004/052487 PCT/US2003/037719 100. The
method of claim 98, further comprising disposing at
least some of said gas storage and  dispensing vessels
in abutting relationship to one or more walls of said
gas cabinet. 101. A method of storing and dispensing a
gas at low pressure, comprising: fabricating a vessel
having  a rectangular parallelepiped form; disposing a
physical adsorbent in the vessel having sorptive 5
affinity for said gas; charging said gas to said
vessel for adsorption on said physical adsorbent;
sealing said vessel with a valve head containing an
actuatable valve, to enclose the physical  adsorbent
and adsorbed gas, and isolate same from an exterior
environment of the vessel;  desorbing the adsorbed gas
from the physical adsorbent, and actuating the
actuatable valve in the  valve head, to flow gas from
the vessel and through the actuatable valve, for gas
dispensing. 10 102. A method of reducing fluid burden
on an exhaust scrubber of a semiconductor
manufacturing  facility comprising a vented gas
cabinet through which ventilation gas is flowed in
operation of the  gas cabinet, said method comprising
contacting said ventilation gas prior to discharge
thereof from  the gas cabinet with a scrubbing medium
in the gas cabinet, to remove scrubbable contaminant
therefrom, and discharging scrubbed ventilation gas
from the gas cabinet, whereby need for 15 treatment of
discharged ventilation gas by said exhaust scrubber of
the semiconductor  manufacturing facility is obviated.
103. The method of claim 102, further comprising
recirculating the scrubbed ventilation gas to the
vented gas cabinet to reduce make-up ventilation gas
requirement. 104. The method of claim 102, wherein
said scrubbing medium comprises a chemisorbent
reactive with  20 the contaminant for removal thereof
from the ventilation gas. 105. 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
source arranged for feeding ventilation 25 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.
106. The gas cabinet assembly of claim 105, wherein
the point-of-use scrubber comprises a 29 WO
2004/052487 PCT/US2003/037719 chemisorbent medium
reactive with contaminant in the ventilation gas for
reactive removal thereof  from the ventilation gas.
107. The gas cabinet assembly of claim 105, wherein
the process gas source comprises a gas storage  and
dispensing vessel containing a physical sorbent having
sorptive affinity for the process gas. 5 108. The gas
cabinet assembly of claim 105, wherein the physical
sorbent comprises carbon. 109. The gas cabinet
assembly of claim 105, wherein the physical sorbent
comprises activated carbon.  110. The gas cabinet
assembly of claim 105, wherein the process gas
comprises a gas having utility in  semiconductor
manufacturing. 111. The gas cabinet assembly of claim
110, wherein the process gas comprises a gas selected
from the  10 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. 30 


