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pressure storage and delivery system having a

fail-safe vacuum actuated valve to prevent the

hazar dous di scharge of fluid froma vessel such as a
pressuri zed cylinder or tank. Mre specifically, the
invention relates to a fall-s%fe val ve designed to
acconmodat e a hlgh volune of product in the del i very
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of product upon the application of a predetermined

15 vacuum condition on the downstream side of the wvalve.

Description of Related Art

Industrial processing and manufacturing

applications require the use of highly toxic fluids.

20 The manufacture of semiconductor materials represents
one such application wherein the safe storage and
handling of highly toxic hydridic or halidic gases
becomes necessary. Examples of such gases include
silane, germane, ammonia, phosphine, arsine, stibine,

25  hydrogen sulfide, hydrogen selenide, hydrogen
telluride, phosphorous trifluoride, arsenic
pentafluoride and other halide compounds. As a result
of toxicity and safety considerations, these gases must
be carefully stored and handled in the industrial

30 process facility. The semiconductor industry in
particular relies on the gaseous hydrides of arsine
(AsH;) and phosphine (PHj3), boron triflouride (BF3),

silicon tetrafluoride as sources of arsenic (As),



silicon tetraf luoride as sources of arsenic (As)
, phosphorus (P) , boron (B) , and (Si) in ion
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dilute m xtures of AsH 3 and PH3 stored at pressures
as high as 800 psig and pure gases such as BF3 and
SiF4 stored at pressures as high as 1500 psig w thin
the delivery vessel. Due to their extreme toxicity and
hi gh vapor pressure, their us transportation and
storage raise significant safety concerns for the
senicéorgbere? {Mdudoryn TB) addresSivhenvaeious safety
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lwheﬂnhbevéylfimﬂﬂhg & compressed gas cylinder with a
physical adsorbent material (beaded activated carbon),
and reversibly adsorbing the dopant gases onto the
material. The desorption process involves applying a
vacuum or heat to the adsorbent material/cylinder. 1In

20 practice, vacuum from the ion implanter is used to
desorb the gas from the solid-phase adsorbent. There
are certain limitations associated with the SDS
technology, and they include: 1) the adsorbent material
has a finite loading capacity thereby limiting the

25 amount of product available in a given size cylinder;
2) the desorption process can be initiated by exposing
the cylinder package to heat, thereby causing the
cylinders to reach and deliver gases at atmospheric and
super—atmospheric pressures when the cylinder is

30 exposed to temperatures greater than 70°F, which are
common in many cylinder warehouse locations and within

the ion implant tool; 3) the purity of the gas



exposed to tenperatures greater than 70 O F , which
are common in many cylinder warehouse |ocations and
wawaokiomsshe i on inplant tool; 3 ) the purity oPCT/H82007/086959
gasdel i vered fromthe cylinder can be conpron sed due
to adsorption/desorption of the other material s/ gases
on the adsorbent material; 4 ) cylinder percent
utilization is highly influgngeg by the depth of
vacuum applied to the package; i.e. cylinders are
often returned with appreciable product left in the
packiggéveand Srom ddsockéntdar t¢drt iten ceanprpeaeed glue to
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cylinder itselt, "or conbinations of all three
| ocati onSepdératesdich casembhe @f essireeicefubatiormorhave
42! vecdeioe ds.d acat ed upstream ol the gyl inder yal ve
seal” With réespect to ow of gas from the interior of
t he doybhndessd 0. t terdelinvelye pdrd .usd. 8f PapesdsuNes.
6,089,0%7 and qy%pl,§%6 are both related to a fluid
regu at%r,.w 1le ‘others ¥e?H1re valve devices tq
storaae and di spensing systemconprising a vessel for
hol diongral desd rad ipressueeprdietyesdebtoospianisced 1y .
pressure regul ator, e.g., a.sjingle-stage or _
mul EPESEade” FEgUIHCor T ab8 ot bt B wirt Aren when sub
15 atmospheric or vacuum conditions are applied to the
delivery port of the cylinder. The exact location of
these devices can be in the port body, in the neck
cavity, inside the cylinder itself, or combinations of
all three locations. In each case the pressure
20 regulator or valve device is located upstream of the
cylinder valve seat with respect to flow of gas from
the interior of the cylinder to the delivery port.
U.S. Patent Nos. 6,089,027 and 6,101,816 are both
related to a fluid storage and dispensing system
25 comprising a vessel for holding a desired pressure.
The vessel contains a pressure regulator, e.g., a
single-stage or multi-stage regulator, associated with
a port of the vessel, and set at a predetermined
pressure. A dispensing assembly, e.g., including a
30 flow control means such as a valve, 1s arranged in
gas/vapor flow communication with the regulator,

whereby the opening of the valve effects dispensing of



a port of the vessel, and set at a predeterm ned
pressure. A dispensing assenbly, e.g., including a
wo b@s/0z3882 r ol neans such as a val ve, is arrangkdI/Us2007/086959
gas/ vapor flow comuni cation with the regul ator,
wher eby the opening of the valve effects di spensing
of gas/ vapor fromthe vessel. The fluid in the vessel
may be constituted by a liquid that is confined in the
vessel at a pressure in excesS of its |iquefaction
pressure at prevailing tenperature conditions, e.g.,
anbicest vepoorraeriber aeapel - U Be Faadt iNoths, 85844 pay
B2 diesebases. & £a% ALSpensl 80, Assamblypharel i, the
source vessel contains a'gas at pressures ranging from
20 tv@s2e008t psigresSFhweappatatess radquitsesiaudfaition
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openi ng to accomvdat e the Introduction of two
pr essbient efub@t)ortemprresernies al ong the fluid
di schargg path.. The first gyl at I nle as
| path., The i rgt gk eaulator o thelnl ef. g
side drops the peressﬁ)re frorﬁélj, O(?%rpsu(j or -t eéaact ual
pr esisgpenyitdiasddrdlyesseleat thwe sourey vesdO0 @mitg,ins
whi l_e the_second re%ulgt [ frstoml(%% @%iQB@ :
, 000 Th
sub-“afiiospher ¢ prosstre. 'S Patent No! 5. 947505 s
di r eppedatos ftaqud retsoragéglandrel spengiengcyvessédr havinng
. dhspensipg.valve and.a flow resi riction, arranaerent
to provide a virtuallTy tarl safe systemfor preventing
hazandeusudi sehargewof ptkasard rnemua apressuni gedies along
cylinder.or .tank. U S.  Patent_.Nos.. 6,007, 609 and
6,0 ,elﬂsuﬁlciJ1 s% Socshgrﬁleo%a?éSt r1et ord Sdi ]s“f)%lée%t%ﬁ oor?g The
f | uiid1tkowa pat idcandopki che ppovd derecapbhl ar §0Gizelg (or
openi ngs ]L’hai m ni m ze any. discharge of toxic gases
froﬁlhgoﬁﬁ 83sdd félrgyi”%%]e stshe V2D ot otnd SRS o
15 100 psig, while the second regulator from 100 psig to
sub-atmospheric pressure.
U.S. Patent No. 5,937,895 is directed to fluid
storage and dispensing vessel having a dispensing valve
and a flow restriction arrangement to provide a
20 virtually fail safe system for preventing hazardous
discharge of fluid from a pressurized cylinder or tank.
U.S. Patent Nos. 6,007,009 and 6,045,115 disclose flow
restrictors disposed along the fluid flow path and
which provide capillary size openings that minimize any
25 discharge of toxic gases from compressed gas cylinders
in the unlikely event that the dispensing valve fails.
The diclosure of these latter three documents provide
for a sub-atmospheric delivery system, wherein the
bellows chamber is located downstream of a valve seat
30 with regard to the flow of gas through a valve.
The drawbacks associated with the related art

storage and delivery systems is that they are unable to



in the unlikely event that the dispensing valve fails.

The diclosure of these |latter three docunents provide
WO 200847388Dh- at nospheric delivery system wher ei PCT/H82007/086959

bel | ows chanber is | ocated downstream of a val ve seat

with regard to the flow of gas through a valve. The

dr awbacks associated with the related art storage and
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15 that they cannot accommodate a higher capacity of fluid
product and, therefore, require frequent replacement of
the cylinder package. In turn this leads to frequent
change out of the product cylinder and increased down
time for the semiconductor manufacturer.

20 Further, the current systems which utilize a
dispensing check valve, require that a conditioning
treatment of the bellows must take place prior to
assembly of the valve in order to remove residual
stresses. 1In particular, the dispensing valve is

25  cycled through an extensive elevated temperature and
pressure regime with nitrogen gas. As a result, the
stainless steel bellows are exposed to thermal and
pressure extremes during the conditioning process.

To overcome the disadvantages of the related art

30 it is an object of the present invention to provide a
system for storage and delivery of fluids in gaseous

and/or partial gaseous/liquefied phase, where the



stresses. In particular, the dispensing valve is
cycl ed through an extensive el evated tenperature and
WQe@sHase2 regi me Wi th nitrogen gas. As a resul BCT/UR®07/086959
stainless steel bellows are exposed to thermal and
pressure extrenes during the conditioning process. To
overcone the di sadvantages of the related art it is an
obj ect of the present invengi?n_to provi de a system
for storage and delivery of ftuids in gaseous and/or
parti al gaseous/liquefied phase, where thefluids are
stofédide pressinres grearesstlrm BEOLtpsi ghan 00 psig.
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15 cylinder/tank change outs, thereby reducing the down-
time of the semiconductor manufacturing tool.

It is a further object of the invention to
eliminate the conditioning of the valve, which is a
labor intensive process.

20 Other objects and aspects of the present invention
will become apparent to one of ordinary skill in the

art upon review of the specification, drawings and

claims appended hereto.

25 SUMMARY OF THE INVENTION

According to an aspect of the invention, a system
for controlling the discharge of pressurized fluids
from the outlet of a pressurized tank containing
hydridic or halidic compounds is provided. The

30 apparatus includes a tank for holding a pressurized
fluid in a gaseous or partial gaseous phase; a port

body for communication with the outlet of a pressurized



art upon review of the specification, draw ngs and
cl ai ns appended hereto. SUVMARY OF THE | NVENTI ON
woewendissy to an aspect of the invention, a syRCEOSI007/086959
controlling the discharge of pressurized fluids from
the outlet of a pressurized tank containing hydridic
or halidic conpounds is provided. The apparatus
includes a tank for holding_a pressurized fluid in a
gaseous or partial gaseous phase; a port body for
conmuni cation with the outlet of a pressurizedtank
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15 the valve element to the open position when
communication with the discharge path produces a vacuum
condition within the housing.

According to another aspect of the invention, a

cylinder and a valve assembly for containing

20 pressurized fluid and controlling the discharge of
pressurized fluids from the cylinder is provided. The
cylinder and the valve assembly includes a cylinder
having a cylinder opening; a cylinder valve having a
port body adapted for sealing engagement with the

25  cylinder opening; a fluid inlet port defined by the
port body and located within the cylinder; a fluid
outlet port defined by the port body and located
outside the cylinder; a fluid discharge path defined by
the port body between the fluid inlet port and the

30 fluid outlet port; a manually or automatically operated
shut-off valve for controlling fluid flow along the

fluid discharge path; and a vacuum actuated check valve



pressurized fluids fromthe cylinder is provided. The

cylinder and the valve assenbly includes a cylinder
wWha0os/gss2 cyl i nder opening; a cylinder val ve he@i/ngoa7/086959

port body adapted for sealing engagenent with the

cylinder opening; a fluid inlet port defined by the

port body and | ocated within the cylinder; a fluid

outl et port defined by the pogt_body and | ocat ed

outside the cylinder; a fluid discharge path defined

by the port body between the fluid inlet port and the
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15 element in an open position so as to permit fluid flow
along the fluid discharge path.

In accordance with yet another aspect of the
present invention, a bellows assembly of a vacuum
actuated check valve is provided. The check valve

20 includes a bellows chamber disposed within the wvacuum
actuate check valve housing, wherein the bellows are
charged and sealed to a pressure ranging from 14.7 psia
to 50 psia, and wherein the bellows are made of a
material selected from a group consisting of age

25  hardened steel alloys, age hardened nickel based alloys
and copper alloys. The bellows chamber is responsive
to a vacuum condition on the exterior of the bellows
within the chamber so as to expand the bellows with a
thrust force of at least 4 1bf.

30



actuated check valve is provided. The check val ve
i ncl udes a bel |l ows chanber di sposed within the vacuum
wa@ewsarssrheck val ve housi ng, wherein the bel | BH#BUS2087/086959

charged and sealed to a pressure ranging from14.7

psia to 50 psia, and wherein the bellows are nmade of a
materi al selected froma group consisting of age

har dened steel alloys, age hagdened ni ckel based

al | oys and copper alloys. The bell ows chanber is
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asgghgiy?éﬁamber in accordance with an exemplary
15 embodiment of the present invention;

Figure 4, depicts a schematic cross-sectional view
of an internal flow restrictor in accordance with an
exemplary embodiment;

Figure 5, is a schematic view of a prior art

20 bellows assembly/chamber; and

Figure 6 illustrates test results for check valves
incorporating the bellows chamber of the present
invention where the system was pressurized with
nitrogen at 1230 psig.

25
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a low pressure or
sub-atmospheric pressure storage and delivery system as
a source gas supply for applications involving
30 semiconductor processing, such as ion implantation.
The system controls the discharge of pressurized fluids

stored in gaseous or partially gaseous phase. For



bel | ows assenbl y/ chanber; and Figure 6 illustrates

test results for check val ves incorporating the
wheioBowssrhanber of the present invention wherBCT/Kg82007/086959

system was pressurized with nitrogen at 1230 psig.
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i nvention provides a | ow pressure or sub-atnospheric

pressure storage and deIinf%_sxsten1as a source gas

supply for applications invoI&ing sem conduct or

processi ng, such as ion inplantation. The system

contrglsseheodi seiangsiof, prlessuriezgd ofl bp dsusthmred in

9aseQus of . payl iald Béo%é%uéfp%}ﬁé elEQ%BWBPSrgo}Q?{] t he

explanation, the invention is rther describ
conttenttf lopridre. délawgaey, oft borlon e ivhidaoetded HHowdwvee,

itowill t.aad t i-ld.ed in t that
ony S B e R gk o
Bor eenppihfiusrdlde s ienelchdd BR3)on diridhepridieofi e or

silh te uaride.may be util iz i llustrate
in F?%%?é %{gnaé’s%ltug%l[{g <f)Jj"(;rSltUlhleJosnt %%56?5%%13% iV rge
of prtedsaedzed and toxic fluid is depicted. System 10

| ncl udes, hi gfy pressure ;gykLipder or tagk 1z coniai ning

boron triflUoride in gaseou% or ﬁartigﬁFy gaseous

phaseoribe zohpicdssedygas cyd¢snderzecannbetaxic fluid is
sych.as _the one

BoYERLng, S0 Y LMde. 2o L0e pnc R e,

i s mahkl L teddiheret bordncytifiderrival ve besebdst drs

threadably, engaged, at the ton end of eylinder 42, The

cylﬁhaer va V%“%%a& P49gan be dué1ﬁbr§ 39695t ai 18SS

st eelanvatkve, ceucdnhtasnbhes50fhecc cylinder, such as the one
approved by the Department of Transportation 3AA

15 cylinder, but is not limited thereto. A cylinder valve
head 14 is threadably engaged at the top end of
cylinder 12. The cylinder valve head 14 can be dual-
port 316 stainless steel valve, such as the one
manufactured by Ceodeux, Inc. The dual-port valve

20 cylinder head 14 has a tamper resistant fill port 16,
through which cylinder 12 is filled with product. Upon
filling, the user can draw product from the cylinder
through user port 18, which is a face-seal VCRjAport
having an outlet opening ranging from about 0.25 to

25 about 0.5 inches. The interior of the cylinder
contains an internal flow restrictor 20 having an inlet
22. Until exhausted, boron trifluoride flows into
inlet 22, through the internal flow restrictor and a
vacuum actuated check valve 26, along a fluid flow

30 path, described in detail below, to user port 18.

Vacuum actuated check valve 26 contains a bellows

chamber that automatically controls the discharge of



manuf act ured by Ceodeux, Inc. The dual -port val ve

cylinder head 14 has a tanper resistant fill port 16,
wo koosgasswhi ch cylinder 12 is filled with prodeCt/USI0pTOB6959
filling, the user can draw product fromthe cylinder

t hrough user port 18, which is a face-seal VCR port
havi ng an outl et opening ranging fromabout 0.25 to
about 0.5 inches. The interiaqr, of the cylinder
contains an internal flow restrictor 20 having an
inlet 22. Until exhausted, boron trifluoride flows
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lisnca@r, por ated and 6,045,115, albeit referencing a single
port valve cylinder head, and which are incorporated
herein by reference in their entirety.

With reference to Figure 2, the fluid flow path is

illustrated vis—-a-vis the inner components. In an

20 exemplary embodiment, and for ease of explanation, the
vacuum actuated check valve 26 is disposed in port body
29 of single port cylinder valve head 14. Following
then the path of the boron trifluoride gas out of head
valve 14, the gas first enters valve inlet 30 through

25 internal flow restrictor tube 20. The port body of
head valve 14 contains the vacuum actuated check valve
26. Entering gas first contacts valve element in the
form of poppet 32. A spring 34 biases poppet valve 32
against a valve seat 36 to create a closed condition

30 along the gas flow path. The top of poppet valve 32
may retain a resilient washer or other sealing element

to maintain a positive seal across valve seat 36.



herein by reference in their entirety. Wth reference
to Figure 2 , the fluid flow path is illustrated

W@ 2@®847388% the i nner conponents. |n an exenpl aPgT/US2007/086959
enbodi nent, and for ease of explanation, the vacuum
actuated check valve 26 is disposed in port body 29 of
single port cylinder valve head 14. Followi ng then the
pat h of the boron trlfluorldq_gas out of head val ve
14, the gas first enters val V& inlet 30 t hr ough
internal flow restrictor tube 20. The port body of
headrvahye3dgomtldivnpreheey aerimtacedaeed? chetiosral ve
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15 pressure within vacuum actuated check valve 26 and the
gas flow path in general. The internal part of bellows
chamber 50 (i.e., the pressure chamber) is typically
sealed at atmospheric pressure such that a reduction in
pressure in the housing surrounding bellows chamber 50

20 causes the gases in bellows chamber 50 to expand
bellows and urge contact plate 40 downward against pin
42

Bellows guide 48 retains outer sleeve 54 about its
outer edge. Outer sleeve 54 positions with guide plate

25 56. Together, bellows guide 48, outer sleeve 54 and
guide plate 56 protectively enclose bellows chamber 50.
Pin 42 passes through a central hole in the guide plate
56 to maintain its alignment with contact plate 40.

Boron trifluoride gas that passes out of the

30 housing encompassing bellows chamber 50 flows through a

valve inlet port 58 and across a sealing surfaces 60.

Threaded bushing 62 clamps a multi-layer metallic



pressure wi thin vacuum actuated check valve 26 and the
gas flow path in general. The internal part of bellows
W@ b@azasssb0 (i.e., the pressure chanber) is typeTEE1097/086959

seal ed at atnospheric pressure such that a reduction

in pressure in the housing surroundi ng bel |l ows chanber

50 causes the gases in bellows chanber 50 to expand
bel | ows and urge contact pL§t§ 40 downward agai nst pin
42. Bellows guide 48 retains outer sleeve 54 about its
outer edge. Quter sleeve 54 positions with guide plate
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15 This check valve 26 can be set to reliably prevent
opening of the poppet 32 until pressure within the

bellow housing drops to a vacuum condition. This
condition is usually equal to 760 torr or less. With
this setting of the vacuum actuated check wvalve,

20 turning handle 28 in a counter clockwise direction so
as to retract valve plunger 70, would not result in a
dispensation of boron trifluoride from the cylinder.
Since the typical end-user's apparatus operates at
pressure less than 100 torr, dispensing boron

25 trifluoride at a wvacuum, and particularly at pressures
of 500 torr of less, has several distinct advantages.
For instance there is a negative pressure at all of the
boron trifluoride gas connections, so leaks can only
leak into the end-user apparatus where they are quickly

30 detected by the apparatus itself. Thus, one does not
have to check joint by joint to verify that there are

any leaks. 1In addition no external regulators are



sealing surfaces 60 boron trifluoride gas flows froma
chanber 80 through conduit 82 and to the user port 18.
wabiog/oziserk val ve 26 can be set to reliably pre@UBOS2007/086959
openi ng of the poppet 32 until pressure within the
bel | ow housi ng drops to a vacuum condition. This
condition is usually equal to 760 torr or less. Wth
this setting of the vacuum actuated check val ve,
turning handle 28 in a counter cl ockw se direction so
as to retract valve plunger 70, would not result in a
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15 pressurizing the interior of the sealed bellows chamber
50 to a pressure greater than atmospheric pressure
(i.e. greater than 14.7 psia) results in higher
pressure differential when a vacuum is applied to the
exterior of the bellows. As shown in Figure 3, the

20 bellows chamber is charged with an inert gas, such as
argon, to a pressure ranging from about 14.7 psia to
about 50 psia, preferably about 14.7 psia to 35 psia
and most preferably to about 29.5 psia. In order to
charge the bellows chamber 50 with gas at super-

25  atmospheric pressure and attain the thrust force
necessary to move the pin in a system where the stored
gas pressure exceeds 600 psig, it has been found that
age hardened bellows materials would withstand the
sealed internal bellows pressure and in-turn provide

30 adequate thrust force to unseat poppet 32. Preferably,
the bellows materials are selected from the group

consisting of age hardened steel alloys, age hardened



up to 1500 psig) the thrust force of the bellows is
insufficient to nove the pin 42 and in turn poppet

wo 200807822 of f its seat. It has been di scover edP@TTEHS2007/086959
charging or pressurizing the interior of the seal ed
bel | ows chanber 50 to a pressure greater than
at nospheric pressure (i.e. greater than 14.7 psia)

results in higher pressure_dilf5f erential when a vacuum
is applied to the exterior of “the bellows. As shown in

Figure 3 , the bellows chanber is charged with an
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15 of overall length change. Bellows length degradation
or compression set is a characteristic of spring
elements (i.e., bellows and helical springs, in which
residual stresses are imparted during their forming
process). The optimum class of materials for

20 fabricating bellows elements with high resistance to
compression set (or length degradation) and long term
repeatability, are age or precipitation hardened
alloys, such as the ones discussed above. The age
hardened alloys are preferred candidate materials since

25  bellows chambers formed from this class of materials
exhibit superior corrosion resistance and mechanical
properties for the desired thrust forces. An
additional benefit conferred by manufacturing the
bellows with age hardened materials is the elimination

30 of a bellows conditioning procedure. Specifically, in
the related art a bellows conditioning procedure was

developed and implemented prior to assembly of the



The operation of the bellows over the length of its

service life is critical (i.e. extension/contraction
wWoepearmBil ity in response to a pressure condi RECDOP2007/086959

Bel | ows fabricated fromcold worked materials such as

austenitic stainless steels (utilized in the rel ated

art) have the potential to exhibit instability in

terms of overall length chqng%._Belloms | engt h

degradation or conpression set  is a characteristic of

spring elenents (i.e., bellows and helical springs, in
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15 liter cylinders currently employed.

Referring back to Figure 1, a restricted flow
passage 20 can be placed along the flow path, upstream
of the wvacuum actuated check valve 26 to restrict the
flow of gas in the unlikely event that the check valve

200 fails in an open position, or otherwise valve head 14
having the check valve therein is sheared. One such
restrictor in the form of a capillary offers the most
flexibility and reliability as a flow restrictor.
Whether provided by single or multiple small diameter

25  bores or tightly packed materials, suitable restrictors
of this type will desirably limit the transport of gas
phase fluids to very low rates.

For example, a single bore capillary can limit
atmospheric boron trifluoride release to less than

30 about 35 sccm of boron trifluoride at a cylinder

pressure of 1200 psig and temperature of 68°F, while a

seven bore capillary can limit the flow rate to about



pressure cylinder 12 can be filled to a capacity up to
three tines higher than cylinders currently utilized
wo 2008/078882 npl ant ati on, wi thout changi ng t he di PERER290F086959
of the cylinder. For exanple, for boron trifluoride
the current 2.27 liter cylinders with the bell ows
chanber of the present invention can be filled to a
capacity of 1000 grams (at 1 %5_psig) versus 335 grams
(at 600 psig) and 3180 grans vVersus 1065 grans for
6.33 liter cylinders currently enployed. Referring
back4bosFigurle slimilgrr esndici@s f | GWepassahea20 tede be
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15 capillary size for metering gas through the internal
flow restrictor 20. Shrinking glass tube over the
glass rods 88 and 90 provides a rigid tube and rod
assembly. Therefore, even if the internal rods break,
retention of the pieces by glass tube 86 will maintain

20 capillary flow through the internal diameter of glass
tube 86. Metal tube 84 adds further rigidity and
durability when optionally shrunk around glass rods 88
and 90 to provide a reinforced unit. With the optional
reinforcement of metal tube 84, fracture of the glass

25 rods or their surrounding glass tube would leave the
function of the restricted flow path through the
capillary structure substantially unchanged.

The present invention will further be illustrated

below by referring to the following example and

30 comparative example, which are, however, not to be

construed as limiting the invention.



A variety of suitable capillary structures may be

created. As shown nore clearly by the cross-sectiona
WO 2@8/07388Fi gure 4 , a netal tube 84, typicall yPCT/US2007/086959

constructed fromstainless steel, protectively

surrounds a gl ass tube 86. The inside of dianmeter tube

86 hol ds a hexagon arrangenent of 6 solid glass rods

88 about a central glass rod. 90 and wherein all of the

rods have about the sane diameter. The spaces 92

bet ween the rods 88 and rod 90 and between the rods 88

and the inside of t 362PE B dlewlar eas of
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15 valve for the flow of gases in the cylinder.
Sufficient opening forces are produced with this
bellows design to overcome the closing forces exerted
on the pin/poppet by combination of the pre-compressed
spring and the internal gas pressure which for BFi; is

200 up to 600 psig. However, at internal gas pressures of
greater than 600 psig the conventional bellows assembly
cannot produce sufficient downward thrust to open the
valve. Hence, for BF; (and other gases) the cylinder
capacity is limited to a cylinder maximum pressure of

25 600 psig.

Example 2
In the vacuum actuated check wvalve of the present
invention, the bellows thrust force has been increased
30 Dby modifying the bellows parameters so as to utilize
conventional cylinder port openings, to in turn

accommodate a substantial higher BF; capacity in the



Wth reference to Figure 5, the interior annulus of

the seal ed bell ows chanber was filled to a pressure of
wa2003/0ps$8a Wi th argon gas. The bell ows were coPGI/DS2IDBOB69S9

of a 321 stainless steel (i.e., an austenitic

stainless steel) . Assum ng the bellows nean effective

area (MEA) is 0.237 in2, the dowward force in pounds

produced by an actuation pressure of 300 torr (5.8

psia) is the differential of the its internal pressure

(14.7 psia) and the actuation pressure (5.8 psia)
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15 open the valve allowing cylinder fill capacities
substantially higher than 600 psig.

The vacuum actuated check valve of the present
invention therein was installed in a gas storage and
delivery system and a flow test was conducted.

20 Nitrogen gas was provided into the system so that the
inlet pressure onto the vacuum actuated check valve was
1230 psig. The flow test was conducted over a two and
a half hour period of time. A pressure transducer
connected downstream of the use-port measured sub-

25  atmospheric actuation pressures as the MFC controlled
the flow rates to 2 sccm. As shown in Figure 6, the
vacuum actuation pressure for the check valve with a
cylinder fill pressure of 1230 psig was between 420 and
440 torr. Thus, this indicates the bellows function at

30 an input pressure of 1230 psig and confirms the force
summation model calculated above and shown to provide

the proper thrust force in order to move the poppet off



in Figure 3 . The significant changes are the bell ows
mat eri al of construction and the annulus fil
WEe@soss2 As previously nmentioned the preci pi PEL/USIN0TDO86959
age hardened al | oys have the best conbination of
properties for manufacture and operation of bell ows,
bordon tubes, springs, etc. They acquire their elastic
properties as a result of he % treatment in
contradi stinction to austenltlc “stainless steels.
Increasing the fill pressure in the annulus to 29.5
psi aftsresatrtand mldownraedishriustod gegevef 5reR 4 Bfloat
t he r S
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was _1 p% gglgl iThe flow test was conducted over a two
and °a f hour perlod of time. A pressure transducer
connect ed downstream of the use-port neasured
subat nospheric actuation pressures as the MFC
controlled the flowrates to 2 seem As shown in
Figure 6 , the vacuum actuation pressure for the check
valve with a cylinder fill pressure of 1230 psig was
bet ween 420 and 440 torr. Thus, this indicates the
bel |l ows function at an input pressure of 1230 psig and
confirnms the force summati on nodel cal cul ated above
and shown to provide



the proper thrust force in order to nove the poppet
offits seat and allow the gas to be renoved froma
wohe@h/omsessure hi gh capacity storage vacuum dePCT/ER2007/086959
system Wile the invention has been described in
detail with reference to specific enbodi nents thereof,
it wll becone apparent to one skilled in the art that
various changes and nodificatjons can be made, and
equi val ents enpl oyed, w thout "departing fromthe scope
of the appended clains.Wat is clainmed is: 1 . A
systiém-f o ebntwess lisng t he di scharge of pressurized
fluids fromt |.e f
cont ai ni g hydr e or hal Lok 6 cangbands  TERE e ©F
apparatsasreonprilsiing: faonanke fortllsdgl difng arpsessiacdzed
fluid in iall 0 ort
body o1 S Brainy Al R €t e at et Tp e, R
preseprirzeds temkodefiingi:ng a fluid discharge path; a
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along the fluid path;

a bellows chamber disposed within a housing
downstream of the valve element, wherein the bellows
chamber is charged and sealed to a pressure ranging
from about 14.7 psia to about 50 psia, the bellows
being made of a material selected from the group
consisting of age hardened steel alloys, age hardened
nickel based alloys and copper beryllium alloys; and

said bellows chamber communicates with a
portion of the fluid discharge path downstream of the
valve element to move the valve element to the open
position when communication with the discharge path

produces a vacuum condition within the housing.

2. The system of claim 1, wherein the valve
element comprises a poppet valve and expansion of the
bellows causes the pin to displace the poppet to an

open position.



portion of the fluid discharge path downstream of the
val ve el enent to nove the valve elenent to the open
WQEo®BHNTIBE2 when communi cation with the di schar geCpES1907/086959
produces a vacuum condition within the housing. 2
The systemof claim1 , wherein the val ve el enent
conpri ses a poppet val ve and expansion of the bell ows
causes the pin to displace_}@ poppet to an open
position.3 . The systemof cl/a@m1l , wherein the tank
contains a gaseous fluid at a pressure ranging from
about 600- psiBha evabent c15002b8ilg atherpaxintine caagdci ty
condj.tigns.. : f [ : t
Dol 1o e harber S s Ceal Scw {17 & orosear & 07 Shout 25
psi @aboBt, 6Thecsiysttempdbut] &P R Iosionkér makheuhetdrows tivs
an %gg%iggaﬁgped i nconel material. 6 . The system of
claim1l , erein the tank further includes a
restrictor along at |east a portion of the flow path
that Iimts the aw.af khe 985 contained,lnihe,
contai ner 'to less than Seem at’ at mospheric
condihbinbps. 17 sedlkel syshem pfeshaiemob abwher£h rodike
restrictor is at |east one conduit. 8 . The system of
claim7 , wherein the at | east one conduit is a
capi | I ary.t ubBrdhayistgmanfi ot&imadl, dihamet ehe thatladeed s
not exceeg Q.%jnnkiQ . A yIL@derland a val ve assenbly
foragoﬁgglni%@‘%%%s§3f??% Tt 'ui 'd %arid controlling the
di scharge of pressurized fluids fromthe cylinder, the
cylinder and the yalyg assembly COMRLLZiNGine cank
further includes a restrictor along at least a portion
of the flow path that limits the flow of the gas
contained in the container to less than 35 sccm at

atmospheric conditions.

7. The system of claim 6, wherein the restrictor

is at least one conduit.

8. The system of claim 7, wherein the at least
one conduit is a capillary tube having an internal

diameter that does not exceed 0.2 mm.

9. A cylinder and a valve assembly for
containing pressurized fluid and controlling the
discharge of pressurized fluids from the cylinder, the
cylinder and the wvalve assembly comprising:

a cylinder having a cylinder opening;
a port body adapted for sealing engagement

with the cylinder opening;



a cylinder having a cylinder opening; a port body

adapted for sealing engagenent with the cylinder
wopmamgsn fluid inlet port defined by the poreChuse07/086959

and |l ocated within the cylinder; a fluid outlet port

defined by the port body and | ocated outside the

cylinder; a fluid discharge path defined by the port

body between the fluid inlet port and the fluid outl et

port; a shut-off valve for cgﬁtrolling fluid fl ow

along the fluid discharge path; a valve el enent biased

into a seal iy Posic ioAct haertlacksied bivdtie ave drgly

thea%huhgcg{é&h@ﬁggggﬁﬁg;Cglﬁa m act uat ed check

val ve containing a WS~ C er charged and seal ed
to a pressur e riangicnguftem aboutdef4nzdpbiyathe rbdutoosy

psi I downsty.e 0 val ve el enent al ong
thegppugggéﬁg%hargz%ga?ﬂ% %%%ﬂﬁg?ﬁoms bei ng made of a
mat eri al sel ectiEdiifdr drstherge qrgricolegiiseingy ofhagert
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chambert;has one portion fixed with respect to the body

of the vacuum agt yat check val ve an not her port.ion
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al opgstiheéof | thak dilschar geupatfiow along the fluid
discharge path;

a vacuum actuated check valve containing a
bellows chamber charged and sealed to a pressure
ranging from about 14.7 psia to about 50 psia, located
downstream of the valve element along the fluid
discharge path, the bellows being made of a material
selected from the group consisting of age hardened
steel alloys, age hardened nickel based alloys and
copper beryllium alloys; and

the bellows chamber has one portion fixed
with respect to the body of the vacuum actuated check
valve and another portion operably linked to the wvalve
element when relative pressure between the interior and
exterior of the bellows expands the bellows and biases

the valve element in an open position so as to permit

fluid flow along the fluid discharge path.

10. The cylinder and a valve assembly of claim 9,
wherein the vacuum actuated check valve is disposed in

entirely or partially within the port body.



10. The cylinder and a val ve assenbly of claim9 ,
wherei n the vacuum actuated check valve is disposed in
wW@niosH0zdsy2 or partially within the port body. 11PCTEH82007/086959
apparatus of claim9 , wherein the vacuum act uat ed
check valve is disposed wthin the cylinder, upstream
of the port body. 12. The cylinder and a val ve
assenbly of claim9 , wherein the bellows are adapted
to nove the valve el enent to“an open position in
response to a vacuumcondition . 13. The cylinder and
a val ve assentlg agfoagkairim 9f | chihiar éirnvwhhsevacthanvacuum
act e I onpr e d4. -
vl e and s VaIve Sesbnbl o Erar s Y i fnere
conpicissiragmac ¥ edtea icotrdr bafipng at | east a portion of
the flow path. 15. The cylinder and a val ve assenbly
of claim 14, wherein the restrictor limts the flow of
gas cont aknedl'ien aviendyli adéra telvesssshahl 5o s5edmiat 9,
at N I.t;i ons 6. 41 | i | ve
asswg’%%ﬂéft}g?g%%lf%fg @ ér%?%&?%gg%roegl?rg%c?}gg %o%%ri ses
at leéaskenoneo capiddear posubeomaii ngsaensastdea dianmstrer
of lc%_%ﬁiw n 0.2 mm. 17. The cylinder and a valve
asse y of claim9 , wherein the tank contains a
gaseous fluid at a pressure ranging from about 600
psig to out_.1500 .psi.g. 18. .The | i nder d a valve
Besanbl y ot cTAT MR iher 4%t he Tl ve-Ehansar et o
sealwid rei b htlee praassur ecofiaabduthe2k psilae d9npdhees a
cyl ip%%%retand a val ve assenbly of claim9 ,

14. The cylinder and a valve assembly of claim 9,
further comprising a restrictor along at least a

portion of the flow path.

15. The cylinder and a valve assembly of claim
14, wherein the restrictor limits the flow of gas
contained in the cylinder to less than 35 sccm at

atmospheric conditions.

16. The cylinder and a valve assembly of claim
15, wherein the restrictor comprises at least one
capillary tube having an inside diameter of less than

0.2 mm.

17. The cylinder and a valve assembly of claim 9,
wherein the tank contains a gaseous fluid at a pressure

ranging from about 600 psig to about 1500 psig.



where the bellows is an aged hardened i ncone
material. 20. A bellows assenbly of a vacuum act uat ed

W@ b@sk73882 ve, conprising: a bell ows chanber di BEDES07/086959
wi thin the vacuum actuate check val ve housi ng, wherein
the bell ows chanber is charged and sealed to a
pressure ranging from114.7 psia to 50 psia, and
wherein the bellows are nade @Qf a material sel ected
fromthe group consisting of “age hardened stee
al | oys, age hardened ni ckel based alloys, and
copper-béByIIT@mvndﬁ@d§ai@n%e$hﬁWS@b@ﬁﬁgmbbSp@hsﬂvémt@,

a V%%%¥€1€9@C%élf8% %HSE§X£§r é&ié&fwggﬁ bellows, o of

chanmber so as to expan oms W rust
for eeooft ab peEst 4 | bf

19. The cylinder and a valve assembly of claim 9,

where the bellows is an aged hardened inconel material.

20. A bellows assembly of a vacuum actuated check
valve, comprising:

a bellows chamber disposed within the vacuum
actuate check valve housing, wherein the bellows
chamber is charged and sealed to a pressure ranging
from 14.7 psia to 50 psia, and wherein the bellows are
made of a material selected from the group consisting
of age hardened steel alloys, age hardened nickel based
alloys, and copper-beryllium; and

said bellows being responsive to a vacuum
condition on the exterior of the bellows chamber so as
to expand the bellows with a thrust force of at least 4
1bf.



