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a high pressure storage and delivery system having a
nodi fi ed vacuum actuated val ve to prevent the
hazar dous di scharge of fluid froma vessel such as a
pressuri zed cylinder or tank. More specifically, the
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applications require the use of highly toxic fluids.
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Description of Related Art

[0002] Industrial processing and manufacturing
applications require the use of highly toxic fluids.
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,
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
process facility. The semiconductor industry in
particular relies on the gaseous hydrides of arsine

(AsHs) and phosphine (PHs3), boron triflouride (BFj3),



(AsH3) and phosphine (PH3), boron triflouride
(BF3),silicon tetraf luoride as sources of arsenic

w@ 2®y/15518hosphorus (P) , boron (B) , and (Si) PEI/US009/046928
i npl antation. lon inplantation systens typically use
dilute m xtures of AsH 3 and PH3 stored at pressures
as high as 800 psig and pure gases such as BF3 and
Si F4 stored at pressures as high as 1500 psig within
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practice, vacuumfromthe ion inplanter is used to
desonbcohéughasrfrodnsheysol i d- phase adsorbent. There
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mah &4 & abe 8ASa an ke t ec t oads Deme apgace t ypthetebyeliver
limting the anount of groduct avai l able in a given

si Feeey| indetdiQ 3ndnea dedof pEPBRCPROTess Bam ben implant

ribLoL £ Bl oxepaLontfe Exlnder,onciage Lolent

gaslesmata at spspher i knamd as SDS™ and commercialized by
ATMI, Inc. involves filling a 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.
In 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
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
exposed to temperatures greater than 70°F, which are

common in many cylinder warehouse locations and within



super - at nospheri c pressures when the cylinder is

exposed to tenperatures greater than 700 F , which are
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withinthe ion inplant tool; 3 ) the purity of the gas

delivered fromthe cylinder can be conprom sed due to

adsor pti on/desorption of the other materi al s/ gases on

the adsorbent material; 4 ) cylinder percent
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[0005] U.S. Patent Nos. 6,089,027 and 6,101,816 are
bothIFeRaPed volhSfPURAr St BPAGRT And2 HY S peRst AgS sySt em
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These devices are set to deliver or open when sub-
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
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.
[0005] U.S. Patent Nos. 6,089,027 and 6,101,816 are
both related to a fluid storage and dispensing system
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
flow control means such as a valve, is arranged in

gas/vapor flow communication with the regulator,



singl e-stage or nulti-stage regulator, associated with
a port of the vessel, and set at a predeterm ned

WQe@ess189 A di spensing assenbly, e.g., includp@yus2009/046928

flow control means such as a valve, is arranged in
gas/ vapor flow comunication with the
regul at or, whereby the opening of the valve effects

di spensi ng of gas/vapor fromthe vessel. The fluid in
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a gas at pressures ranging from2 0 to 0 psig. The
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the inlet gas side drops the pressure from 1,000 psig
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thhe6fb@Vd6@QS%%@r%eOﬂ%th15 Bhecfbset f row tese¥i et ofise

di §Bﬁ§ akongsLhe d é“gh% g%eéﬁpeaﬁgom choprovide or

capl ar Sl ze openi mnmze
the actual pressure w1th1n the vessel at the time) to
100 psig, while the second regulator from 100 psig to
sub-atmospheric pressure.
[0007] 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
virtually fail safe system for preventing hazardous
discharge of fluid from a pressurized cylinder or tank.
U.S. Patent Nos. 6,007,609 and 6,045,115 disclose flow
restrictors disposed along the fluid flow path and
which provide capillary size openings that minimize any
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 pin/poppet
assembly with respect to the flow of gas through a

valve.



di scharge of toxic gases from conpressed gas cylinders

in the unlikely event that the dispensing valve fails.
wab@dsaBbsure of these latter three docunment sPEF/US1008046928

for a sub-atnospheric delivery system wherein the

bel l ows chanber is |ocated downstream of a pin/ poppet

assenbly with respect to the flow of gas through a

valve .[0008] The drawbacks associated with the
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Anot her di sadvantage in the present systems is that
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product .and, therefore eq uent re ement
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cylinder pressures greater than 600 psig due to
pin/poppet design of the dispensing valve.

[0009] Another disadvantage in the present systems
is 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.

[0010] To overcome the disadvantages of the related
art it is an object of the present invention to provide
a novel dispensing valve which would allow for storage
and delivery of fluids in gaseous and/or partial
gaseous/liguefied phase, where the fluids are stored at
pressures greater than 600 psig. In particular, the
dispensing valve has been re-designed to include a
sealing mechanism that is reliable at high pressures,

and can withstand the numerous open/close cycles.



art it is an object of the present invention to

provi de a novel dispensing valve which would allow for
war@easasand delivery of fluids in gaseous andP@F/US2009/046928

partial gaseous/liquefied phase, where the fluids are

stored at pressures greater than 600 psig. In

particul ar, the dispensing valve has been re-designed

to include a sealing nmechanismthat is reliable at
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and claims appended hereto.

SUMMARY OF THE INVENTION

[0013] According to an aspect of the invention, a
vacuum actuated check valve for delivery of a fluid
from a pressurized fluid source to a downstream
processing tool is provided. The check valve includes
a valve base having a pin inserted therethrough for
communication with a bellows chamber downstream,
wherein the pin and the valve base form a passageway
therebetween. The pin is adapted for reciprocal
movement to bias a spring bushing. The wvalve base has
a counterbore therein to accommodate a sleeve and an o-
ring disposed concentrically around the lower section
of the pin, where the pin is firmly held in place by
the spring bushing adapted to movement between a
sealing position that blocks fluid flow along the

passageway and an open position that permits fluid



wherein the pin and the val ve base form a passageway

t herebetween. The pin is adapted for reciproca
worewensxgd t o bi as a spring bushing. The val ve PEBESI08%046928

a counterbore therein to accommopdate a sl eeve and an

oring disposed concentrically around the | ower section

of the pin, where the pinis firmy held in place by

the spring bushing adapted to novenent between a
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pathrprédutes @om@@@uﬂat@ﬁ@|WLbh @r@uﬁ@h@h@eb@@tbms

and_for ont act | nge,

asg¥%8%§§§ %he %%?ﬁ us | Pgung on1t e£€§ ve ase

t of ancepean @@ﬁtaconplatalt@m@ﬁpum@ebeMbthMnghnt@@ as to
passageway in the valve base. [0014] Accordin
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CO&&&Q'%&QQtEQﬁ di sgharger of s pr essyrtgedubhuids from
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defining a fluid discharge path; a vacuum act uated
Ch@%%l@%l@éoﬁlg%%s%@téﬁ%n@f a pressurlzed tank containing

hydridic or halidic compounds is provided. The system
includes:

a tank for holding pressurized fluids in a
gaseous or partially gaseous phase;

a port body for communicating with the outlet
of the pressurized tank defining a fluid discharge
path;

a vacuum actuated check valve disposed along
the fluid discharge path including a valve base having
a pin inserted therethrough for communication with a
bellows chamber downstream, wherein the pin and the
valve base form a passageway therebetween, the pin is
adapted for reciprocal movement to bias a spring
bushing, the valve base having a counterbore therein to
accommodate a sleeve and an o-ring disposed
concentrically around the lower section of the pin,
where the pin is firmly held in place by the spring
bushing adapted to movement between a sealing position

that blocks fluid flow along the passageway and an open



the fluid discharge path including a valve base having

a pin inserted therethrough for communication with a
wheivasHschanber downstream wherein the pin apdI/ukzm09/046928

val ve base form a passageway therebetween, the pin is

adapted for reciprocal novenent to bias a spring

bushi ng, the val ve base having a counterbore therein

to accomobdate a sl eeve and an o-ring disposed

. h t in
CoRESTLELEATRY, oML oL 0800 2R 0D BLAANERLD, and
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val ve base and pin, wherein the bellows chanber
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and forces a contact plate . to |np|n$e onto the pin so
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cylinder and val ve assenbly includes: a cylin
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SeﬁLéQ8n§n9§Q§H§D$n, a cylinder and a valve assembly for

containing pressurized fluid and controlling the
discharge of pressurized fluids from the cylinder is
provided. The cylinder and valve assembly includes:

a cylinder having a cylinder opening;

a port body adapted for sealing engagement
with the 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 fluid outlet
port;

a shut-off valve for controlling fluid flow
along the fluid discharge path;

a vacuum actuated check valve disposed along
the fluid discharge path including a valve base having

a pin inserted therethrough for communication with a



with the cylinder opening; a fluid inlet port defined
by the port body and | ocated within the cylinder; a
wo bavdsase | et port defined by the port body anBCT/OS2DE0H6928

outside the cylinder; a fluid discharge path defined

by the port body between the fluid inlet port and the

fluid outlet port; a shut-off valve for controlling

fluid flow along the fluid discharge path; a vacuum

achupi 6. checkual ye, disposed #lopg; the Lluid ana che

dISC arge pa I'nc udlng val vé base having a pin
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chanber go stream wherein the pin and the val ve base
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val ve base havi ng a counterbore therein to acconmobdate
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flow al ong the passageway and an open position that
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Ch@ﬂ§€fbﬁb§99399u99“@§&&e§ﬂ&9§ the yakye,base and PhNepen
wherein the bell ows chamber défines an interior vol une

i spbatedofir ozt hee pnessuf eucdndi ¢nontiupspaeaagefayheand
pi the bell ows chanber is adapted to expand when

co nication with a discharge path produces a vacuum
condi ti on aredndotbechehbonsdagfosed downstream of the

valve base and pin, wherein the bellows chamber defines
an interior volume isolated from the pressure condition
upstream of the pin, the bellows chamber is adapted to
expand when communication with a discharge path
produces a vacuum condition around the bellows and
forces a contact plate to impinge onto the pin so as to
bias the spring bushing away from the valve base to an
open position to allow fluid flow through the

passageway in the valve base.

BRIEF DESCRIPTION OF THE FIGURES

[0016] The objects and advantages of the invention
will be better understood from the following detailed
description of the preferred embodiments thereof in
connection with the accompanying figures wherein like
numbers denote same features throughout and wherein:
[0017] Figure 1 illustrates a schematic cross-
sectional view of a system for the storage and
controlled dispensation of a pressurized fluid

therefrom;



forces a contact plate to inpinge onto the pin so as

to bias the spring bushing away fromthe val ve base to
wa@eooopesisposition to allow fluid flow through BEEUS2009/046928

passageway in the val ve base. BRI EF DESCRI PTI ON OF THE

FI GURES [ 0016] The obj ects and advant ages of the

invention will be better understood fromthe foll ow ng

detail ed description of the preferred enbodi nents
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thereip, [0019] Figure 2 (a) is a schematic view of

t he pin/ poppet assenbly in the conventional vacuum
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Figure fne 1Sv@ncr9ss-sectional view of the capillary
tube shown in Fig. 1 . [0022] Figure 5, is a

gr 8p02thl il Fustratfoniefatheoactsatt onnpt essaweodvehne
[ seemflowratel,rl g@eregn the systens are
€s,

tine a£ 2r g €

fitrRu At Var ous"pr¥dstf ekt 9 0023] Figure 6 is a

gr gpbzepl illhustratbpniefatheapeisali ON1PEEBSULENOYErthe

time at 5 seemflowrate,
actuation pressure over time at 2 sccm flow rate,
wherein the systems are filled at various pressures;
[0023] Figure 6 is a graphical illustration of the
actuation pressure over time at 5 sccm flow rate,
wherein the systems are filled at various pressures;
and
[0024] Figure 7 is a graphical illustration of
comparative example, where the actuation pressure of a

cylinder with a conventional vacuum actuated check

valve was tested at a 5 sccm flow rate.

DETAILED DESCRIPTION OF THE INVENTION

[0025] The present invention provides a low pressure
or sub-atmospheric pressure storage and delivery system
as a source gas supply for applications involving
semiconductor processing, such as ion implantation.

The system controls the discharge of pressurized fluids
stored in gaseous or partially gaseous phase. For
purposes of explanation, the invention is further

described in the context of the delivery of boron
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wherein the systens are filled at various pressures;
and [0024] Figure 7 is a graphical illustration of

W@ ovpasHsy ve exanpl e, where the actuati on presBUr/ESWNI/@i6928
cylinder with a conventional vacuum actuated check
val ve was tested at a 5 seemflow rate. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 0025] The present
i nvention provides a | ow pressure or sub-atnospheric

pr§§?y{§o§£ggageHgngggllygr ¥S£S”h§§e§s§8§508y99ﬁose

suppl'y r applications invo V|ng Sem conduc
prokessediginsticd asti ohatnphanhadt odic The Systém

controls the dischar e. of gressurlzed i|UId stored in
gasedlsy 5%??i%¥l? HaskousPphaketr £ U%ﬁ%%%sé% of /

exphanat i 90 2 £88 FIVEPLhONChSHENThOSEx desCribednin the
context of the dellvery of borontrif |uoride .

kbmevé®gemttm}flu©él@ﬁd@rs$@bu0©y thosefskoried navthe

art.that_any hydridic or halidic conpound such as

enrched boron trif luoride (i.e., 11BF3), silane,
fl poo2ee CarR@nlﬂbﬂﬁxfﬂEQdSihaEBguﬂétng&nSY£téhuD®iﬂ@r

or silicon tetraf luoride may be utilized. [0026]
|IFﬁ%t?%@E@g?na@@g@?%lieryao y@%%ﬁ?&@lF%? the E?%%%g%lUld

ands dgli yer y of @%§§§Hr1@e9néfgdégxh§gﬁlHigsé§re cylinder
depi cted. System I ncl udes hi gh preSsure cylinder or

t ank u@nbohiacnmh@lbom@nb©r®mlugxfb@orndga5@0938©®us or

par | aseous The,_co ressed

bR L E R P oRar R nor e PhaareSadhe sy ¢hEShder
ap@é@VBQ aycbheeepant ent 0 of c Te ANSPOEE At £0Bh 344 the one
cylinder, but is not limted thereto. A cylinder valve
heﬁﬂpiﬂv$§ @ﬁr%%%a%?@aéﬁ@%@édoﬁtT%%%S?%bt@ﬁao%f3AA

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
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 VCRmport
having an outlet opening ranging from about 0.25 to
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
path, described in detail below, to user port 18.

[0027] Vacuum actuated check valve 26 contains a
bellows chamber that automatically controls the

discharge of boron trifluoride fluid from the cylinder.
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cylinder 12. The cylinder valve head 14 can be
dual port 316 stainless steel valve, such as the one
worewofisasur ed by Ceodeux, Inc. The dual - port vBCT/ES2009/046928

cylinder head 14 has a tanper resistant fill port 16,
t hrough which cylinder 12 is filled with product. Upon
filling, the user can draw product fromthe cylinder

through user port 18, which is a face-seal VCR port
h ' 2
aﬁé?@ﬁsgl %ﬁécQP 0ipg Eéngéﬂg?égﬁgéggggﬁ 01,2501 0ot

abou e I nterior I nder
cohb@ynsfanhenﬁ@ahapoftomalestrﬁptbre&mOoﬁth@gda@l—port

inlet 22. Until haus ed, boron trifluoride flo
inY%EV%{er %lntﬁﬁ%u@% f%%e¥n?ﬁr3%¥t$YohPrE§?r@%%ifport

an@a@vyagﬂggbéﬁﬁygtﬁQtED§CKh¥a&%§1g@eraéP@HgatﬁéUfﬂuld
flow path, described in detail below, to user port 18

[ 0027Y N@t@unw%@t@@@@@ thetke vakvmo 26T goptlap@snant of
bep| ous. chanber that, putomet|cal Ly controls thecyiyy

di s¢ ar ge” of “boron r|f uor i de T
cydli poesedat ng adid yoytheskrvad veb26a canx begdbsposedtion of
the port body of the dual -port valve, upstream of the

dUERS pBRECHal Feve wk® hi RS t ReU2 {9 ndet Cor L patPFY PR thend

duéﬁep?Iﬁlaa&¥§cﬁQ9g@aﬁ££M wi i hin,ghe syl ipdercal 999of
the fluid fl ow path: shown in the exenplary

en@@dlﬂpnrtovarvguaélQW$ hheuyacoont act uaf edhehetkid

val ye is f ul di,sposed inside cylinder 1 b

L Srhothhe bor o era I BREEk b AT vRT  £0  REeRoRRFRgl® -

whiehsi sypecated aleng therfddi ehdi schpegei pat BysPem is
handle 2 8 at the top of dual-gort val ve al | ows namnua
conerorliaedt he @f%¥%m%mBh@n$%e fPui BeEP3EhEPHe path’/ 895,

| eadh 59, £09 USEY @06&51§15Thé§bé%9er8§e§ ALy §FQ£§%§e
and’ di spensing systemis described in ore nti one

U.sorPatehte Nogl 1H73987Hh888, and which are incorporated
herein by reference in their entirety.
[0028] With reference to Figure 2, the fluid flow
path is illustrated vis-a-vis the inner components. 1In
an 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 wvalve inlet
30 through internal flow restrictor tube 20. The port
body of head valve 14 contains the vacuum actuated
check valve 26. Entering gas first contacts wvalve
element in the form of poppet 32. A spring 34 biases
poppet valve 32 against a valve seat 36 to create a
closed condition along the gas flow path. As shown in
Figure 2(a) in a conventional pin/poppet design, poppet
valve 32 is a conical shaped device which fits into a

matching conical seating cavity, referred herein, as
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6, 007, 609 and 6, 045, 115, al beit referencing a single

port val ve cylinder head, and which are incorporated
wheeenssiBy reference in their entirety. [0028]PaN/UB2009/046928

reference to Figure 2 , the fluid flow path is

illustrated vis-a-vis the inner conponents. In an

exenpl ary enbodi nent, and for ease of explanation, the

vacuum act uat ed check valve 26 is disposed in port

bo i ngle t LN valve h 4
ol T ne thentt net Bt Koo T HE boranCr P Praoerad Hase
outabfe heade val venddpatheagas &ipstientersecyal yeronset

30 tTrou h in%grnal fl ow strict§[ tube 20. The port
bol§- 6f Heat vat veSRALLHnt ai RS The Y aktight att HiabRat valve

cheskayal N8t 26.1 Fot gL pgzgagnfiistheoptact s VabVexpand to
el ement in the formof poppet 32. A spring 34 biases

popperlyatve Gonbgainstabevalve Seatadt poateedl eaats on
| 958gh o001 100421 000 [ Res028 LLAMLPALY. A48 SRR lve

c

Fi gure I'n a conventiona oppet ~desi

poppet val veB32oh St ai cond calle shapedadevher nhoehthrbdsgh
into a matching conical seating cavity, referred
he?é?n?a%E@%?v%4s%é?u@%.p#%e4%a?@% sRhp fghousing 54 that

coynt erhosede kNt Qe VRLY B, PaSEg 84 and maintains a
positive seal across valve seat 36. Spring 34 normally

pr €86828] poppetel varyecB2nagai et cvasvetseat 36bahidvs
t he bel | 38 e nd to_disp] ace contact plate 40.
oofragt BfarisuctBErtes et 2BHERE D FROS e R ediEs
poppeindlaaveytér ol yal¥ehseal ngd6s4 Bongn st fbueds dehe

gas may then flow through pin passage 44 around pin 42
andxFat 608 hbushAgPsL! Phat Chrerhbdatesa t het belh| gwsde

3ﬁ$1£992§% Beéé&?@n%“@&@€£c§oa€° 5L StSpof @nﬁeﬁéoﬁﬁe

gui de 48 t hat defines an internal pressure chanber
bellows with bellows guide 48, and at the lower end of
the bellows with contact plate 40, isolates the bellows
from 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 or super-atmospheric
pressure such that a reduction in pressure in the
housing surrounding bellows chamber 50 causes the gases
in bellows chamber 50 to expand bellows and urge
contact plate 40 downward against pin 42. This type of
bellows chamber is disclosed in co-pending U.S. Serial
No. 11/635,875 and incorporated herein by reference in
its entirety.
[0030] Bellows guide 48 retains outer sleeve 54
about its outer edge. OQuter sleeve 54 positions with
guide plate 56. Together, bellows guide 48, outer
sleeve 54 and guide plate 56 protectively enclose

bellows chamber 50. Pin 42 passes through a central
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havi ng an outer sleeve/housing 54 that surrounds the

exterior of the bell ows chanber; and a bottom gui de
WEb@vasBa8? Sealing contact at the upper end of PETIES2009/046928

bellows with bellows guide 48, and at the | ower end of

the bellows with contact plate 40, isolates the

bel l ows from pressure wi thin vacuum act uated check

val ve 26 and the gas flow path in general. The

in al part of I c r -

pregi Bt CRL 3 B8 D PSe CRVE mata b LB hanment

orwstipetcatavspheate poessure such that a reduction in

pr in the housi surroundln bel | ows chamber 50
o AR o M T I S A T

behé@@§n@ngn@6@§a§§Dﬁ@cﬁePl@%@ 402 dovnvap dr 8gak ek rBhdn a
42. This type of bellows chanber is disclosed in

COV@éﬁﬁuh@l@tSpos@rﬁﬁlam@ aq4¢685a8$5ahh@g|ﬁ@@f@@@a@@d

he erence Ln n e 030

f% alnsn u?%rcg%ﬁ%g 5 u% ou¥g¥%s ou er e ge.
CU@B&ka&@Me654t@O§®ftOD@dMA29 ghéﬂ@bp|ﬁ©ﬁm5ﬁg a positive
Toget her, bell ows guide 48, outer sleeve 54 and gui de

pI%?%l5@9%%%%%cf%@é@yl%ﬁ%¥%%ep%%FIBQ% Ehanbef C5D. ©Pi n
42H§§§§§32§hé?@ﬁ&t@ﬂgepﬁré&ﬁ?%§ctﬂoﬁh§lnggﬁr@éé&& 81ve

to maintain its alighment wi contact plate 40.
[ 09B4 Borohoteef|pmoside gasvihatrpasses pad of oheo

hoysi | hanber 50 h
a UATBC TRl el por t B aHd” Al bhe 4. Eaat WSSt f 2cB BD.
Tha@@ﬂ@gth§@lﬁ@sﬁatgh@np@r@enyftgpfau@r7metabbwﬁward

di aphragm 64 to port body 29 therebY form ng
posrYEvenseaf mgan®st f¥uferreakdng %%E@m?ﬁesﬁﬁl%%g

St&ﬂé@éﬁt F9'§e@a§n8@eﬁ9th g ©§, coniypeLion withy ¢
thre ve

surfaces 60. Backing valve stem 66 away from diaphragm
64 allows spring 74 to force valve plunger 72 up,
thereby separating the sealing surfaces 60 and
permitting gas to flow through port 58. Once past
sealing surfaces 60 boron trifluoride gas flows from a
chamber 80 through conduit 82 and to the user port 18.
[0032] 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 valve,
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
trifluoride at a vacuum, and particularly at pressures

of 500 torr of less, has several distinct advantages.
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stem 66, forces piston 68 via friction pad 70 onto

di aphragm 64 to nove the nmain val ve plunger 72 down
W@oaonsise he resisting force of spring 74. Dow@EDS2009/046928

novenent of plunger 72 forces a el astoner sealing

el ement 76, retained by nut 78, to create a seal at

surfaces 60. Backing val ve stem 66 away from di aphragm

64 allows spring 74 to force valve plunger 72 up,

th b t] he_s i f a
b LRI IO NE SRR UL IBERRD 200 o o5 cne
selabrog suifhcesi®d Hasonotmnedtlons desgasebkowsafirom a

chanber 80 t hrough _ conduit 82 and to the user port 18.
[og%%T THiS E%%cgnéaV%%rz%pB%ﬁaB%ss%?e¥% FRFYapfy quickly

pf&@@@&t@@eﬁyngh@fa%@@r@@@§e£t§8lﬂﬂtifh@é?séﬂéed&ééhﬁﬁt
the bel |l ow housing drops to a vacuumcondition. This
cohavei on ¢Reakuabiytegualotot 760 veortfvrthessthywehare

this seLting of,the vacyum actuated, sheck yalye, - o
turnyng andl e 2 877 n-a count er “cf ockw se”di recti on so
asréqQut esdactr vabsec phaynges 7Onkwoukdshoé tespléstnras
di spensation of boron trifluoride fromthe cglinder.

Si AeecPhePtyprearNenartiseres’ apparat b5OBperatesl 4ers-

Pressar enhessathhap éQoaégiﬁen9£§98§éﬁﬂﬁ?bQEOQ pipe
trifluoride at a vacuum and particularly at pressures

of c60Qetoronofn| e, bhagnsevef alodigei pgstem as described
advantages.Fo& instgnce therg if a ne%ati%e gre sure

at “aPY< of ° t R Bor ot t FFFI o e Gas ¢onnedttons 4o

| eaksigant Nl ypbeaKgi Ot 0a t hegendrdsen rappar avdsy Woes tem
they are quickly detected by the apparatus itself.
Thesnnepeledes not have to check joint by joint to

ve¥66331hat fFeﬁgsaB@eﬁ”foﬁﬁ&KSho&Qv@PQiEEQ@ £

external regulators are required for reducing t%e t ank
presses eghedppesspoeset assembly in accordance to the

present invention allows for effective sealing and
functioning of vacuum actuated check valve 26 at
pressures greater than 600 psig. As a result,
cylinders containing a fluid in gaseous state, such as
boron trifluoride, can be filled to pressures exceeding
600 psig and up to 1500 psig.

[0034] With reference to Figure 3, a recessed
counterbore or groove is formed in valve base 84 to
accommodate an o-ring 88. This o-ring can be a
perfluoro-elastomer material or an equivalent thereof
as long as such material meets the rigorous sealing
requirement and separately, the mechanical ones of
compression and decompression. A modified control pin
42 is provided, wherein said pin having a substantially
uniform circumference dimensions extends from slightly
above bottom guide plate 56 into the spring bushing 90.

A sleeve or tubular component 92 is disposed between
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acceptable to the end-user's mass flow controllers.

More inportantly an accidental opening of a pipe
w@ompastison in the boron trifluoride system asPCT/US2009/046928

descri bed above is orders of nagnitude |ess hazardous

t han acci dental opening of a high-pressure delivery

system connection . [0033] It has been found, however,

that t he redesi gned pi n/ poppet assenbly i n accordance

ﬁ$ cPES&ﬁﬁéréH¥§”£%OQO§££§ F %r %féﬁgktvgnéegﬁéng
and unctroni ng of vacuum ac e val ve 2
pressudesrgdeat eo £t biaa 6eﬁim§|gns@slhedesmlvalve base 84.

cyl i nde gaseous at e, suc as

r cont ai ni n
bo?%hst?f??ﬁ%r?ﬂ% b%a a%ﬁl??F?%d f%mp?egi%r%SStaln €ss
exseedi Ngn80PuPSE Yo RBO YP4Qa 1590 PBL Gor£ 0934 Wihhient

reference to Figure 3 , a recessed counterbore or
gr@@w%tlggfbeh@@emntbglvpp©as@n@4l@@eac@onh@@a@@na@ct

O- £LDG 88, TP 5, 0eELng. sap. be 8, per] Luor os eLastonEr s oy -
terral-of an equi va eht "Ther o Ong as s
nap&ﬁga&haﬁ@és the thgogeustseal bngLhequyheneat anther

S garately, t he nechani cal ones of conpressi on and

BRPP eE5TONS AL ABdli £+ 565 cohf r bRe pY Al S PRSPr oV Hede or

“h§B§n§l§abgd§'§uP§¥&@9 aT§@b§%@QIi§é£¥oHnbfofﬂé pressure
ci rcunference di nensions extends fromslightly above

bo@tﬁﬁ@g@mdeablaMeeBBecht©ltmen@p$$ngh©us©m@gngﬁ oA the
sl eeve or t bu ar c§n$gng % sposed beéme ent he
ci ¥ ctin®&r BRcBS 3P R ot T o7 TBFR 5% nat Ghd YRe T hbide
raghesaofohhe o-ring installed in valve base 84. This

sl eeve can be fabricated froma 316 L stainless stee
anbOP3PAkt i onShe oneqal PEePihedpresiute gradreption with

eX{sLi g, PeEWesn 108 HRPEfe ang: LOVWEL s 0- LERY-LOOL AG

function as a face seal to open and close the wvalve
when bellows 38 expand in response to a sub-atmospheric
condition. It will be recognized by those skilled in
the art of sealing as a face seal o-ring. The
operation of the vacuum actuated check valve 26 is as
described above. However, in the sealing arrangement
of the present invention, the o-ring 88 remains in a
stationary position within the groove, which has been
machined into the recessed region of valve base 84.

The gas flow valve can only be in either a closed or
open position. The closed position corresponds to a
position in which the o-ring is compressed within the
groove by the annular surface of the sleeve surrounding
the pin. The compression of the perfluoro-elastomer o-
ring between the valve base and the pin surface at the
bottom of the flat region shuts the flow of the gas
without allowing leaks past the contact areas. The

open position, on the other hand, corresponds to the
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regions wthin the groove. The sl eeve introduces a by
pass channel for the gas to flow through when either

w0 b@nsyiBng surface lifts off the val ve base seCT/HS®OW046928
the pin body surface. The equalization of the pressure
differential in effect elimnates the tendency of the
o-ring to becone dislodged fromits groove during
operation . [0035] The nodified pin design in
CoﬁbE?EEéﬁni &ﬁi&ﬁetﬁérh8§i£9&§t§$n'HO$Q§ Xéi%flfaéﬁay
effectrvely function as a face seal to open and cf ose
t hérval viee whent bet 1 nyss38fexpantl therespongeptéomatting
sub- at nospheric condition. It will be recognized b .
t hol% %ﬂ?lFﬁﬂwiﬁr?%%daF?eo?‘Eb%?iﬁ@g Ehﬁo?% etE%a%Xterlor

0'£ﬁﬂ@lu§h§f09§éa&i@@v@ftﬁPéuyﬁchQW@Eﬁuﬁé§ga%@e@5.
valve 26 is as described above. However, in the
sebfPP38] ar r abgenenen othe heopt bseatipnventhoncophet is

o-ri ng. § ins_in bonary.position within fhe
oL s P L8 R A ool Do fn 2 BM OREL YL BEShALOR LA O B
r eghenooédvat vecbasel 8dntddei gasisl pnovaliye. canhoal y

be in either a closed or open position. The, cl osed
po%???%%t%oﬁ?%s%%nﬁ%c¥%a%epb%i??%%OV% ﬁﬁp%ﬁlFKeog-FPnbo

| S coOpr essed M Ehip Lhen 9reove; by. t heaannphar, spnhace
of the sleeve surrounding the pin. The conpression of

t hepper fitabl vr el ashasebconi hgubét Weeh theaviabyenbase
t [ f t the bott f the flat [
nOFA EREE FH8W of [ RE"GAA" 6 TholtC Al PoWf i | bak e BASE

the. zoni aet qieasylTh@PpenhPosSyliBler 0Baphei oy hesn be as
hand, corresgonds to theposition in which the nodified
pi Aivbves axPallgrafay fPonreRecEontact PRy suprdeedof -2

the; 0sfing p@%ﬂlﬁ&éPgaEhg 821 L pus ar pUndet Bgo s 51 59

and t%ro g% the Iinterior
corresponds to about 335 grams of product. Thus, the
sealing mechanism of the present invention allows for
an increase of capacity by a factor of three.
[0037] Referring back to Figure 1, a restricted flow
passage 20 can be placed along the flow path, upstream
of the vacuum actuated check valve 26 to restrict the
flow of gas in the unlikely event that the check valve
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
bores or tightly packed materials, suitable restrictors
of this type will desirably limit the transport of gas
phase fluids to very low rates.
[0038] For example, a single bore capillary can
limit atmospheric boron trifluoride release to less

than about 35 sccm of boron trifluoride at a cylinder
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annul us of the sleeve through the pin passage 44.

[ 0036] Based on the nodifications, the poppet is
webiosiiseised and an enhanced seal i ng mechani sm RET/HS2009/046928

i nproved structural integrity is provided. This

accounts for an increase in gaseous capacity of up to

three tinmes higher than that in a standard cyli nder.

Specifically, it has been found that at a boron

trj ride fi r r f Lg.in-a-stand
2 BT ReEgat o PrEEey Ehd Lo naar Capasi £ ban pel® °
assavgh lasrd, 0801 gtang. cBy tonparisenfloherstandarabout

2. iter gas cylinder at a fill pressure of 600 psig,
cofﬁési6ﬂﬁsaFos Bout* 338"t hhe" of p?%ﬂu%??lg%%EY ?ﬂ%g
seglbngqsEchani sm ofckhe present1inuention abhowe £9F be

an increase of capacity by a factor of three. [0037]
Referaingndpack forFaguee and ardesaritvedas| ow passagel

2 &%&Qf Blfafeeg aL@QQ @P&z“?ﬁ&%@ r¥p§6rﬁ8‘[” of -§ ne
vacuum act uat ed check val ve 0 restrict the fiow of
gago0Bol he uml vkelytevent sthatblibecgbetkaval yerfiathses

in an open position, or otherw se val ve head 14 havi ng
t HB2 ¥ hRe kC¥at Vet hef@i ARPEN SRRA? edl CThEY shighthe cross=

resteieboLyipithe; formofeascapiblary pfferssthe,gpstiiy
flexibility and reliability as a flow restrictor.

Whet het rpeovil dédohyssihglesorshetl i ppeosaativel anet er
bores_or_tightl acked erials,.suitabl

o T P r Snbu B o YRPECE SRR R T 2R 08 PR diemarer tube
trapsperdlis of Basapbaserihnbdscho very towidagesss rods 88

[ 0038] For exanple, a single bore capillary can limt
at /oSphet i cehbFoh T+ ubriidel rereasecrairessltphnthe

ab?8383§a§§e§%8£tb?ﬁ€n gﬁéf&ygﬁéggrgt fhe spaces 92

cyl i nderpressure o 2%0 psig and tenperature of 68 0

F bewheéde ghe rods 88 and rod 90 and between the rods 88
and the inside of tube 86 provide flow areas of
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
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
rods or their surrounding glass tube would leave the
function of the restricted flow path through the
capillary structure substantially unchanged.
[0040] The present invention will further be

illustrated below by referring to the following example
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seven bore capillary can Iimt the flow rate to about

245 seemat simlar conditions. The capillary tube
wee@oiisfagd t he only exit fromcylinder 12, and PET/U82009/@46928

in awnding formation and ordinarily has an interna

di ameter of less than 0.02 mllineters (0.001 inch).

[0039] A variety of suitable capillary structures may

be created. As shown nore clearly by the

Cr8§38 §@£893£i¥ée¥%%ﬂ?f%gu%ﬁl a@eneﬁg%?$gpe §ot to be

typi ca construc rom St al Nl ess’ st ee

prodest rvell yasut ioindsg atigé assvénbeoB86. The i nsi de of

di aneter 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 haygngheut the same dianeter.

The spaces 92 between theTods 88 and rod 90 and
betQ@2h] t he 2odsnBgnbinendhecyhsivder ofia$ ubel 86d pybvi deoron

thE - hT SFBARe rE o PeSt AR50 < OR hkP s ¥EFace hBe

ovef rtbewgt asso rpdsg38tiandsQ0opaovddessagy i ghd tuwbethird
and rod assenbly. Therefore, even if the internal rods
br £akY P%%%nt|%nv%?u?%ewﬁ?e%%@lb?dg?ESEh?u%%té%thflthe

nabpiﬁh@eEa@ukiQEY SLow Lhroyghi the jptespap diapge)er
of gl ass tube %@taf tube 84 adds further rigidity

nnadmtabmédtyymhba opt & ohabvycshrunklar ododngt aggm of

d 90 d f
ooE R o ETSr ot of S PRt e Bt e TR LET SRt TS Rt g Was

th@h@ha§§séﬁdéd0fofhglpeﬁyéﬁoﬁﬂdtﬁ@ gbass. t ube ¥oukE in
| eave the function of the restricted flow path through
t helgape| Pary atfuet uPecsebseanti &PP) BhtHangd. actuation

[00A0k s The PLeseplyl pyenploncMbl Ly furDerobenitting a 2

sccm flow of gas was 250 20 torr. At a cylinder fill
pressure of 600 psig, an actuation pressure of 400 x20
torr was required to open the valve allowing for a 2
sccem flow rate. Finally, at a fill pressure of 100
psig, the actuation or delivery pressure for a 2 sccm
flow rate was 530 *20 torr. Hence, as the cylinder
fill pressure decreases due to consumption of the gas,
the actuation pressure increases. Figure 5
demonstrates that the o-ring seal of the present
invention effectively permits the flow of gas at a fill
pressure of 1200 psig as well as 100 psig.
Additionally, it indicates the o-ring seal will
maintain a stable sub-atmospheric actuation pressure (<
760 torr) as the gas is consumed. In other words, when
the cylinder pressure is depleted to 100 psig or less
as the boron trifluoride product is consumed the

actuation pressure still remains well below 600 torr.
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illustrated below by referring to the foll ow ng

exanpl eand conparative exanple, which are, however,
WoRa09t1s518% construed as limting the inventi onPCEKS2009/@46928

1 [0041] A conventional cylinder was filled with boron

trifluoride at three separate fill pressures. The

first was 100 psig, the second 600 psig, and the third

1300 psig. A vacuumwas applied at the outlet of the

cylinder outlet port, and ate of 2 seem was

mai nt ai ned by the nass fIEQaIﬂ 9$’§IIer downst r eam of

t hg0042] et . AheyVahder acdtwatioingrebssuned pf o&d | eawasm

t hen observed for a_ period of two hours. As shown in

Fi@%F%a%e%tc%e?FIYab$%s%grEh%fpﬁ%%%“bs%@Ye?Eéon was

actuatLQNr Pl eSsUnE fRAuULLRE HP-0peN1t e YLERTEES in the

permtting a 2 seemflow of gas was 250 20 torr. At a

cytonderative pressleealbfve00xpery, that acheatfion rate was

pre I f. 400.2 rr s I ire 0 _open_t he val ve

B Fanh R C0 2 Cebll 11 5% P08 FFRar FooPEres T

pressuseioch A0Ospstyg, fohethctuationsofndeti veeysures of

pressure for a 2 seemflow rate was 530 20 torr

Hehle, N&¥ @%%l%QI?BH%?r$iFP %F%%%h%éed%Er%%%%E bR to

COpSUIRLELON of 5 Lhes 0as; + & henaGEHahl OPe PLESSUEBe most

i ncreases. Figure 5 denonstrates that the o-ring sea

of ctheipaésend inventoosueifectivefycpermysopheatiow

f t.a fill f_1200 psi | | 100
oei G o B onap e 7T F nafcat st Ret e F Phg sdat i
ma Al ek nia 8& 88k ecguUbo ah BOSPEEE i fgachdabtORapIiEssSUr e

(< 760 torr) as the gas is consuned. In other words,
whehespereyl i nber tpFessof ePT3ddepl et ed ¢ 62 10081 pspgebrtion

less asethesberonctibfilupride. pradugt hsngenspred,Lhe

valves. If a valve stabilizes (at a flow rate of 5
sccm) in 100 seconds it indicates this specific
manufacturing step or process referred to as “setting
the actuation pressure” can be performed in 100

seconds.

COMPARATIVE EXAMPLE

[0043] A cylinder filled to 600 psig and having a
conventional vacuum actuated check valve with a
pin/poppet arrangement was tested following the
protocol of Example 2, at the same gas discharge rate
of 5 sccm. By comparison, and with reference to Figure
7, concerning the actuation pressure it decreases more
than 25% (from 550 torr to 400 torr) during a 10-hour
period before the actuation pressure stabilizes at a
steady state of about 450 torr. Only at the point in
time when actuation pressure attains a steady state

value, can the actuation pressure of the wvalve be
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actuation pressure still remains well bel ow 600
torr. Exanple 2 [0042] A cylinder containing the
worpwofisasy vacuum act uat ed check val ve of the pPEBESL1009/046928
i nvention was tested follow ng the same protocol as
described in the conparative exanpl e above except that
the flow rate was increased to 5 seem As shown, in
Figure 6 , the actuation pressure for the various
[ es.of t esi - tabilize
A e A L R S SR R
t hectostedrchechal vandet i sealcOhSue mytvanud acher bngtwo
operati on durin the assenbly of ever%l¥acuun1actu ted
re

ChReRT val Vel Y3l r ef &P r 8t o7 5s ®Retti vy thePHetTatFon™
Pressyr&xampet 6 Meo0f yREGEMSHI on yield this operation
is the major bottleneck in terns of manufacturing
valQ@44] | f ad'haleeteabivezesofabhaa peow daservpesd in
Se&éf{;a‘l %QQhS%PQQénéé Jchéégéffiéhéxgb?B%é%{;S fhereot,
manufacturing step or process referre 0 as "setting

t het agl Uat betops esspaeéntato benpeskorned in 408 art that
seconds . COVPARATI VE EXAMPLE %OO43] A cylinder filled

t 0VB6DEO P3| grandShavit Aghadebhveht Pohaf 2y akeuR? aet uated
chegk; yal ¥gr Wi Lho o P/ PPPPRL I GEPALHEAY Wasn! efL edoope
foll'ow ng the protocol of Exanple , at " the sanme gas

di sthahgeapatedefl 8lgerm By conparison, and with
reference to Figure 7 , concerning the actuation
pressure it decreases nore than 25% (from 550 torr to
400 torr) during a 10-hour period before the actuation
pressure stabilizes at a steady state of about 450

torr. Only at the point in
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ti me when actuation pressure attains a steady state

val ue, can the actuation pressure of the valve
whepenseasent |y set. Al though many conventi onal PUBUS2009/046928

actuated check val ves stabilize within a one or two

hour interval, the standard check val ve presented in

this exanple is not uncommon. [0044] While the

i nvention has been described in detail with reference

tOW§Q§Ci£I81§P§8gI nts thereof, it wll becone

apparent to one skilTled in the art that various
changesland hodiafucat & onsatcand bbe@hdeala@df@qudahie@r§ of

i t hout de artin m the scope of th
aggeﬁﬁ%a ctaPfsd ViRGTE 7 %er%@né “Uis:squrce E%C%uﬂ?W“Stream
achpateds chgckoyal veoh9ri dehgvery of a fluid froma
pressurized fluid source to a downstream processi ng

tool, conprisingliva vasvehdases having an©$ﬁt$@5@b$é@

thghg?rgﬁoggp fg&mggggggl gtloghmnth beII hgnber

downs am Whe in and the va ve® base orm a
paésagemagamheWEebeimeeme bhe pha tise adaptedofioc form a
reci procal novenent to bias a spring bushin t he
vaP¥eS pAskA hait e aP e bliReer bbre ?h%ré?na@%pg%ﬁoﬁﬁ%date

a §é§§¥§oé@9 A OnEh P9 i sposed §§P§§ﬁtﬁu§ﬁiﬁg aEQ@”Qalve
the | ower section of the pin, where e pinis

heb@senh@Va@@ bycohetspprong bushe hy ada@tedmedate a

vene etween a seal i ng ﬁos i,tion trl g ng h
f|%m?%Y%n% h@ p%s%%\%%m%l B %le%nc%%%% 6%??. h ?ﬁ%&l ©
perswés fédtdoal @ngrhdep passagenaythangihhesbel Faws held
chanber di sposed downstream of the val ve base and pi n,
wheR e he € Reb BeF PowsP EHafbRE S depy nedeRRe R nEer ey eRel ine

I sglaped, L om L ne, preSSUE 8oL I Qocks fluid flow along

the passageway and an open position that permits fluid
along the passageway; and the

bellows chamber disposed downstream of the
valve base and pin, wherein the bellows chamber defines
an interior volume isolated from the pressure condition
upstream of the pin, the bellows chamber is adapted to
expand when communication with a discharge path
produces a vacuum condition around the bellows and
forces a contact plate to impinge onto the pin so as to
bias the spring bushing away from the valve base to an
open position to allow fluid flow through the

passageway in the valve base.

2. The system of claim 1, wherein a spring in
the spring bushing acts as a counterforce to the
contact plate of the bellows chamber to sealably engage
valve base when the discharge path is at or above an

atmospheric condition.
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upstream of the pin, the bellows chanber is adapted to

expand when comruni cation with a discharge path
WEe@dnsasy a vacuum condi tion around the bel | oWBCEES82009/046928

forces a contact plate to inpinge onto the pin so as

to bias the spring bushing away fromthe val ve base to

an open position to allow fluid flow through the

passageway in the valve base. 2 . The system of claim

1, wherein a spring in the spring bushing acts as a

counterforce to the contact plate of the bell ows

chanber3t o seatabbyuengageuryatdechask whenetbeé claim 2,

di scharge path is at or above. an atnospheric
cofdPtF %.gh? The Vactan'a uh?eﬂo%ﬁﬁ%gs AP vRebYe R ab i

2 vaWpereh et B84 Ot ke NGt Snhebdsh M GORPFRSSE 08 betyess
the val ve base and the spring bushing formng a face

sebherqegeetmeen . 4 . The vacuum actuat ed check
valve of claiml , wherein the pin can travel up to

0. 010 inches during its reciprocal novenent. 5 . The
vacuum act uared checkmvatveaoddctiadéoklvalwiesei aléhe 1,
sl eeve is a tubular conmponent of stainless stee

. 6 .
ThENGER LNt 38 t DAk e@PBheEkVTAl VR Bf &t af th 5NChGRet el ing

the. sl eevesiscsl esyecgayal i zes the pressure gradient
bet ween the upper and | ower o-ring contact regions

within the groove. 7 . A systemfor controlling the

di scharge of pressurized flujds fromthe outlet of.a

or esour Tred Tamk SaNUR: AT NG Fdr TR ek of Shifi af coPRif 1,
conpeuads, thhes systeMm 0APtshNgr component of stainless

steel.

6. The vacuum actuated check valve of claim 5,
wherein the sleeve is sleeve equalizes the pressure
gradient between the upper and lower o-ring contact

regions within the groove.

7. A system for controlling the discharge of
pressurized fluids from the outlet of a pressurized
tank containing hydridic or halidic compounds, the
system comprising:

a tank for holding pressurized fluids in a
gaseous or partially gaseous phase;

a port body for communicating with the outlet
of the pressurized tank defining a fluid discharge
path;

a vacuum actuated check valve disposed along
the fluid discharge path including a valve base having
a pin inserted there through for communication with a

bellows chamber downstream, wherein the pin and the
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a tank for holding pressurized fluids in a gaseous or
partially gaseous phase; a port body for communicating
wWaaob/153189 out | et of the pressurized tank defi NPEIUS2009/046928
fluid discharge path; a vacuum actuat ed check val ve
di sposed along the fluid discharge path including a
val ve base having a pin inserted there through for

conmuni cation with a bell ows chanber downstream

wh ' pi n r S -

10 SR PO ALY eI g best [Or A BassagR i i
noxyéapnedt o bi asc apspra hgnbusheny, to heival ¥esphasey

havi ng. a counterbore therein to accomopdate a sl eeve

and 2Rt 891 i hiy® dY $pBS ed* Eonteht PY cal FYUarotnar ¢ he Fhbwer O

segtbOinOfiat e Pk NecVBERIt A PLRIhg Hispbycheld in
pl ace by the spring bushing adapted to novenent .
betweesnbrseal i ngaposidi bhet havebl seksienupd thewin,

al on h assageway. and_anp en_position t rmts
R b i e RalipiutS b b T vae U
di spesedg dennst e@atn ofiotdeeval vethase andepi hngwbes et hon

t he bel |l ows chanber defines an interior vol ume
ist%Fe%l@?%ﬁwfh%l%ré%%%r%l%%ﬁdF??oﬂa%%%??%%hw%@dtﬁ% open

pi ﬁ@si@?ox@?{ﬁé’w‘ﬁ%&?ﬁﬂ@@fi§iéd§£’5§ t9e %Q%nggﬁ and

comruni cation with a discharge path produces a vacuum
cobdéti on around the bellows and forces a contact

plate to inpin ont o thg in.so as.to bias the sprin
bushi ng away 7ot e VAPTE BaSROT o  Bpanpoki £ orte
toval vevbitali dndil ovnf hioeghit henpassagemaychmb8€ defines
val ve base, 8 . The systemof claim7 , wherein the
va’dyupiterior volume isolated from the pressure condition
upstream of the pin, the bellows chamber is adapted to
expand when communication with a discharge path
produces a vacuum condition around the bellows and
forces a contact plate to impinge onto the pin so as to
bias the spring bushing away from the valve base to an

open position to allow fluid flow through the

passageway in the valve base.

8. The system of claim 7, wherein the wvacuum
actuated check valve vacuum actuated check valve is

disposed in entirely or partially within the port body.
9. The system of claim 7, wherein the wvacuum
actuated check valve is disposed within the cylinder,

upstream of the port body.

10. The system of claim 7, wherein the tank

contains a gaseous fluid at a pressure ranging from
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actuat ed check val ve vacuum act uated check valve is

di sposed in entirely or partially within the port
whowy/15889 The system of claim7 , wherein thePUHUNMI/046928

actuated check valve is disposed within the cylinder,

upstream of the port body. 10. The systemof claim?7 ,

wherein the tank contains a gaseous fluid at a

pressure rangi ng fronmabout 600 psig to about 1500 psig

S T CaBAS Ly S0RL11008 gkl TRV Bl

pressdieiofisabout 25 psia. 12. The systemof claim?7 ,
wherein the tank further includes a restrictor along
at least a portion of the flow path that limts the
flow of j1he gas spatahned £nsthe;coptalnernt opl essys
than 35 seem at at nospheric conditions. 13. The system
of ceémber 125 whetedinvible aesresetde $§ apoheash paea.
conduit. 14. The systemof claim 12, wherein the at

| east one conduit is a capillary tube having an
internal2di ametesytbah doeslaoh exceedrdiz ome dankA
cylinder and a val ve assenbly for_containing ,
pr%%éﬁ??%eﬁn?iﬁﬁﬁsaﬁdr%%ﬁ¥%%¥PFn@l?%% dF sthaf ged oportion

pressunbzedof | yhds from {he: eyl tndef; o4 hercyhinder and
the val ve assenbly conprising: a cylinder having a

cytondernepeninghec acportibedytadaptedtion skattog at

en ﬁgenegt méthothetc%linder opening; a fluid inlet
po? tdef FetC by t At hBYt - body and | ocated within the
cyl i nder;

13. The system of claim 12, wherein the

restrictor is at least one conduit.

14. The system of claim 12, wherein the at least
one conduit is a capillary tube having an internal

diameter that does not exceed 0.2 mm.

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

a cylinder having a cylinder opening;

a port body adapted for sealing engagement
with the 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;
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a fluid outlet port defined by the port body and

| ocated outside the cylinder;a fluid discharge path
waeledfoonsdsby t he port body between the fluid i NPEL/URING046928

and the fluid outlet port; a shut-off valve for

controlling fluid flow along the fluid di scharge path;

a vacuum actuated check val ve di sposed along the fluid

di scharge path including a valve base having a pin

i nserted thef ety pygh, £8%a98§ﬂ%§£ﬁa&é??n%%éﬁ%afﬁg' ove

chanber downstream wher i n n and ase

f bl Ppassagewayet hen edet meen, pbhe pnd tlse atlapt @dofiviet
reci rocal novenent to bias a spring bushing, the
vaPYetbase having a counterbore therein to acconmodate

a sleeve and;agn@rrbng ¢hsposed.copceptii cal yigroundsy
the |l ower section of the pin, where the pinis firmy

hef Hona bh@cél@ydt@esgbﬁrﬁg bashi ng adapted to
novenent betmeen a, ﬁegc£ngtg%s ﬁegg thf bIO%§§§%5uagong

fl ow al ong the P passagemay and an open
petHétSlul@Idl@b@@ggéhﬁapHSSﬁgemaymga@dv&hﬁebbét@wﬁaving
chanber di sposed downstream of the val ve base and n
wherkin thecheff ohRSERERbRrIdef PheSOBRUR hERE o be

| spb af efls from b be @6§§§E£§aﬁ0nﬁhé£89nu9§éf&?HWQﬁdtbﬁe
pin, the bellows chanber is adapted to expand when

COW@bW@CQ¢$©anKMhaaP@$S@@aW@E p@eheb¢b@@e@s Bheaeuum s
con? on ﬁ%ound t he be forces a cont act

T AL LB R ngeC bt 607 hel T A S0" abo 1 4B & TRb-4r i ng

bU§ﬁgngn@Mayhér@@1t@eba@éVBabaﬁ@ 4 Ocain OPEPo POSEHELBIn to

to allow fluid flow through the .
accommodate a sleeve and an o-ring disposed
concentrically around the lower section of the pin,
where the pin is firmly held in place by the spring
bushing adapted to movement between a sealing position
that blocks fluid flow along the passageway and an open
position that permits fluid along the passageway; and
the

bellows chamber disposed downstream of the

valve base and pin, wherein the bellows chamber defines
an interior volume isolated from the pressure condition
upstream of the pin, the bellows chamber is adapted to
expand when communication with a discharge path
produces a vacuum condition around the bellows and
forces a contact plate to impinge onto the pin so as to
bias the spring bushing away from the valve base to an

open position to allow fluid flow through the

passageway in the valve base.

16. The cylinder and a valve assembly of claim

15, wherein the bellows are adapted to impinge on the
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passageway in the valve base. 16. The cylinder and a

val ve assenbly of claim 15, wherein the bellows are
wW@omptedse o i npi nge on thepin via the contact PCHUS20891046928

open the passageway upon sensing a sub-atnospheric

condi tion.

pin via the contact plate and open the passageway upon

sensing a sub-atmospheric condition.
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