- 1 - FAIL-SAFE VACUUM ACTUATED VALVE FOR HI GH PRESSURE DELI VERY
SYSTEMS BACKGROUND OF THE I NVENTION 5 Field of the Invention

The presengoizons@nissdn relates to a hi gh pressure storagetadodekdosery
system having a fail-safe vacuum actuated val ve to prevent the

hazar dous di scharge of Wfluid froma vessel such as a pressurized
cylinder or tank. Mre specifically, the invention relates to a
fail-safe val ve designed to accomodate.a hi gh volune of product in
the delivery systemand the dispensatio% of product upon the

application of a predeterm ned 15 vacuum condition on the downstream
side of the valve. Descri FEAl&nSAFE NACPUMJAGPUATEDNMALYE | al processi ng

and manuf acturing appl i cEPRIHCH FEESPURE DELIVERYSYATEMBY t oxi c

fluids. 90 The nmanufacture of senlconductor materials represents one
such application wherein t hEREEERO HE JVENZION hg of highly
toxic hydridi c or halidic gases becones necessary. Exanples of such
gases include silane, germane, ammoni a, phosphine, arsine, stibine,
hydr ogen sul fi el 1 , hydrogen telluride, phosphorous

trifluoride, arsenlmhe present invention relates to a high pressure

storage and delivery system having z faill-safe wvacuum
actuated valve to prevent the hazardous discharge of

10 filuid from a vessel such as a pressurized cylinder or
tank. More specifically, the invention relates toc a
fail-safe valve designed to accommodate a high volume
of precduct in the delivery system and the dispensation
of product upon the application of a predetermined

15 wacuum condition on the downstream side of the valve.

Description of Related Axrt

Industrial processing and manufacturing

applications require the use of highly teoxic fluids.

200 The manufacture of semiceonductor 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
{AsHs) and phosphine (PH:), boron triflouride (BF3),

silicon tetrafluoride as sources of arsenic (As),



pent af l uori de and ot her halide conpounds. As a result of toxicity and
safety consi derations, these gases nust be carefully stored and
handl ed | nwbheostongdgstri al 30 process facility. The sempanddalt; 086959
industry in particular relies on the gaseous hydrides of arsine
(AsH3) and phosphine (PH3), boron triflouride (BF3), silicon
tetrafluoride as sources of arsenic (As), - 2 - phosphorus (P)

boron (B), and (Si) in ion irrplantatign2 lon inplantation systens
typically use dilute m xtures of AsH3 and PH3 stored at pressures as
hi gh as 800 psig and pure gases such as BF3 and SiF4 5 stored at
pressures as hﬂ%ﬁsﬁgoi%ﬂo“%siQOVWﬁIﬁBﬁrtﬁ%ddﬁﬁﬂvéFyl@%ssel. Due to

their extreme tigphehtycadl hirgh MANQLtREESSWiBtchbel fpidseily use
transportation gnd storage raise significant saf eté concerns for the
f

seni conduct or iHdUSErY=UFrS HAEEsRHE P FORS §af BESS G HEerPis,
there have beemignnugbeso @fsigystepurdeyetopamdichosdebi-venatdgse
hydri di ¢ and halidi ¢ conpounds to the jon inplant, K tool at
sub-atnosphérié“@ﬁﬁéi?? SSBEES AdanpP ,a%:gﬁ@nPéé$‘%V%F@nfh%nomm as
SDS(tm and coraeriekalizedaby ATM ,to BacidSesdtienkveskfdilthl ags a

d i nd i.th hysi cal _adsar bent terial_ (beaded
acl T vatod car bdRF" APECT CUSPEETy REer BTy TAC-HBHATH Gag8S onto i he

material . The deseeptionge etesiiicanel yasetappoycagna feactiben or heat
to the adsorbeg%mgggﬁéhgkgcxkhn fr: In 10 practice, vacuumfromthe
ion inplanter i's Use 10 ‘desorb the gas fromthe solid-phase
adsorbent. There ar 8ocaddrmiss Ehentaatibonssassqricaneel vt thehe 18RS

technol ogy. andeLhiey hagldider d).dde adsorhent Rterial. Bas.a finite

| oadi ng capacity there an e anount product available in
a given size cylvidndéi¢ Fd hhéidescropPronipriceéds tem ywlenrtiettied by
exposing the cyld Rdsr,packageit ocdiRakichher ey eamssing Lhensyddnders

to reach and deliver gases at atnpspheric and super-atnmospheric
pressures when SYRESBy| FHAEY 28sSBY) edpbseamesciemieraburisd!Igr éater

than 70F, whi chrateveoMmNn.ing Hedhikkbodess Narehsuse Jiegaki ons and
within the ion inplant tool; 3% the purity of the gas
physical adsorbent material (Peaded activated carbon),
and reversibly adsorbing the dopant gases onto the
material. The desorption process involves applying a
vacuum or heat tc the adsorbent material/c¢ylinder. In
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



- 3 - delivered fromthe cylinder can be conprom sed due to

adsor ption/ desorption of the other material s/ gases on the adsorbent
mat eri al ; W 2008forssger percent utilization is highly i nfAcrasesdemgsd he
depth of vacuum applied to 5 the package, i.e. cylinders are often
returned with appreciable product left in the package; and 5)
adsorbent attrition can lead to particulate contam nation in the gas
delivery system Separately, a nunber oé nmechani cal systens have 10
been devel oped for the sub-atnospheric delivery of dopant gases. Some
invol ve the use of a pressure regulator, while others require valve
devi ces to contdedivarer deromy Bhe t el ipdeauedn Heh CaTPRRIKIFSET 888 152 These

devi ces are setads@rfeldRies8kpPREN othene Stiltre 1 hat FOSIRNGEESs Qfn Vacuum
conditions are applied to the deli veri Fort of the cylinder. The

exact |ocation ©Of EHEREPHEVMEER & 1 W%I}?@rpB?fC%&ltlF‘hZQ"ﬁé’“ﬂeck

cavity, inside ithaigyly ndanubhsed foy @hecosgiimatsi oasmef agbliédree
| ocations. I n each case the Eressure 90 requl ator or valve. device is
i

| ocat ed upst’r eamCoP3t %y N RderY VAISFES 2t SHER TRIPEEL Fo 1 1 ow of
gas fromthe i I‘Hp@lfrecjlalﬁﬂfe tphredﬁaytt inder ithochdeadebbyerandant .

U. S. Patent Nos SI?th [.a c161(21)]1181(2 are b bot h {e,cl ated to a fluid
storage and di s&?ﬁs ste corrp ?1 PRves8el S or hol di ng a

desired pressurcemtiinena/tesmehnc’om agarssdalmeas,suweteregul ator, e.g., a

singl e-stage or élé% SRy egul kel oASROG %tiggl JfoPRLSe Of the

vessel , and set at f m ned pressure. nsi ng assenbl Y,
e.g., incluth ngpean3eve¢loweciondr dihe(r@ahsaismﬁ‘phasla d/@JlM@rm sfarranged

i n gas/vapor f'o%g 60 | cat bQﬁeNJJalBQet}§e9%' LaLera whesgby the
opening of the v fve ects dispensing o
regulator, while others require valve devices to

control and deliver the product sub-atmospherically.
These devices are set to deliver or open 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 combinatiocons of
all three locations. In each case the pressure

20  regulator or valve device is located upstream of the
cylinder wvalve 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 c¢ontains 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

300 flow contrcl means such as a valve, 1s arranged in
gas/vapor flow communication with the regulator,

whereby the opening of the valve effects dispensing of



- 4 - gas/vapor fromthe vessel. The fluid in the vessel may be
constituted by a liquid that is confined in the vessel at a pressure
i n excess wb ndsmrisgyuef acti on pressure at prevailing temarsainogseso
conditions, e.g., 5 anbient (roon) tenperature. U S. Patent No.

6, 857,447 B2 di scl oses a gas di spensing assenbly wherein the source
vessel contains a gas at pressures ranging from20 to 2,000 psig. The
apparatus requires a high pressure gas %yllnder wth a VVIarger t han
typi cal neck opening to acconmodate the’introduction of two pressure
regulators in series along the fluid discharge path. The first

regul ator on t HERS/NPRPT daSTsithe WTise - th@bﬁwéiﬁ§9rénf?ﬁﬁnvfséﬁbfﬁ@ig

(or the actual yresayfecoMddnbl & heigaasehadtist Renkim® :hotdé 100
psig, while the second regulator from 100 psig to_sub-atnospheric

pressure. vagsel PareMreREUTS, B X85S | ditPett @GP d

storage and di spessing a@mkxamaﬂq\ge@pgk@mbagdy@d@ aBdqga, fl ow
restriction arran emen? provide a Wvirtually fail saf e system for

preventing Haz&" & Wﬁr GE™BF FY4URd from a pressurized cylinder
or tank. U.S. Patent. $\b5?at@n®0ﬁ06069, sarrd467 (B@Sdlé&mess:laogesflow

restrictors dIS osed %Iloa% h df o] (gatha rov1de
capillary size oﬁé’ﬁl Aye haf efglﬁng“ Ssodllrggh‘é?sgsee ?B%Ibs gases
from conpressex gas a'ylprrmlsesmses nrartganqnfr&elzyi eveht0OGthatsityhe The

di spensing val ve f hese Latter. three. documents
provide for a s%@ Lés J:neqr%“lge% ‘? gry g ure % e%ell ndteﬁewbt I“ows
chanmber is wocalltaerdedovwﬂ;t rtaaarcel raeakab;bense:atto accommedate the

introduction of two pressure regulators in series along
the fluid discharge path. The first regulator on the
inlet gas side drops the pressure from 1,000 psig (or
the actual pressure within the wvessel at the time} to
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. 6,007,609 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



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 uwaebbhmtsssz- 5 - handle cylinder fill pressuregTgreizessoshan
600 psig or otherwi se would require two devices in series. For
exanpl e, while arsine and phosphi ne cylinder packages are filled as
liquefied fluids, the internal pressure 5 of these fluids is [imted
to their respective vapor pressures whig¢ch at 70F typically range from
about 205 to about 580 psig. However, fluids such as boron
trifluoride, and silicon tetrafluorlde fluids are filled as a gas
phase product, f@fdleheyEitdendét 1t iRuespores esndiersr epn ridd P8is0w psig

or greater. SpQﬁdhfelrQr%JaWodl@eréélhﬁee%q%rEe@:‘)’c?éselifﬁ sapnat. wegk at
cylinder pressures greater than 600 ﬁ due to insufficient thrust
14

force from t he BEFPoRs. "Gt REPIRR saéﬂ\/g el en oY heP e £8RK2 S5t ens

is 15 that the}’axi‘ealﬁlee@-%)m{ﬂ@fﬁcﬁ fhugher &@peﬁtéynam‘ pirkbb@r-pr oduct
and, therefore uire_frequent_ repl ace @% of the cylinder package.
In turn this I Befﬁé’d@gnfs dbf Bieith&epPoduet E§PPnder and

i ncr eased dOWﬂ;ﬁE&EuEQﬁ ﬁﬂﬂﬁhseﬂlHﬁﬂﬂ&@b@&aﬂﬁﬁuﬁaqéLﬁﬁﬁm 2R0kurtdeer,
the current syste m? éﬂ)utlllze a dlspegaggﬁu check V%JV reqyire
that a conditi o ngo et it Sof THEVBEY | §PCY 4% S9F8Re prior to
assenbl y of thecr\ﬁzflluericﬂe,oradelr sibicemiveraekictidk Slwneissese In
particular, the qll%86n§| n% Valpl\'llgsei Sproduct, and the cylinder fill

10 pressure required is 600 psig or greater.

Specifically, the related art systems cannot work at
cylinder pressures greater than 600 psig due to
insufficient thrust force from the bellows.

Another disadvantage in the present systems is

15 that they cannot accommcdate a higher capacity of fluid
product and, therefore, require frequent replacement of
the cylinder package. In turn this leads to frequent
change cut 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. In 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



95 cycled through an extensive el evated tenperature and pressure
regime with nitrogen gas. As a result, the stainless steel bellows
are exposeslotmsiohmgral and pressure extrenes during thecrawsdiriogsing
process. To overcone the disadvantages of the related art 30 it is an
obj ect of the present invention to provide a systemfor storage and
delivery of fluids in gaseous and/or partial gaseous/liquefied phase,
where the - 6 - fluids are stored at _pressures greater t han 600
psig. In particular, the dispensing valve contains a charged bel | ows
chanber, and the bellows are made of a material which provides the
appropri ate axifdMifhr ¥R SOFEe o BFesYBFRDAFRHET preds §P8sPHi 3 hi n t he
cylinder/tank. 1n partléulss,agnt herspebsess wfivehecoprL£sent bRyeMd on to
i ncrease the capacitg of the cylinder/tank wi thout changi ng t he
di mensi ons of tiF1EYPi TREPLEank"DriehestyPThder 92t @€héad s nd@udi ng
t he poréI bogy. dhaﬁhhbs?wdstga}an@rak@ﬂmwm@fe \&AllquEt@fusgaio@aQ e
accommodated in the cylinder/tank. As a.result, a reduction in
Custoner' s proc¥ESCoRY | U1 PFESSRnP ARCT Her dks & YT A ST OAEEE Vi ty i s
achi eved. Moreover, Ianieconohee @anccsabetyhderetett iisvahtaomed by
having fever cylinder/tank change ot s, therghy, jeducing,the downtime
of the senicondUCtor " frantit SEFTF1 r¥g toofl. Y

changing the dimensions of the cylinder/tank or the

cylinder wvalve head, including the port body. In this

10 manner a higher volume of gas can be accommodated in
the cylinder/tank. As a result, a reduction in
customer’s process variability and an increase in
productivity is achieved. Moreover, an economic and
safety benefit is attained by having fewer

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.

235 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



It is a further object of the invention to eliminate the conditioning
of the valve, which is a | abor intensive process. 90O her objects and
aspect s ofwbhesprssent invention will becone apparent tpgTar20®kgsose
ordinary skill in the art upon review of the specification, draw ngs
and cl ai ns appended hereto. SUVMMARY OF THE | NVENTI ON According to an
aspect of the invention, a systemfor controlling the discharge of
pressurized fluids fromthe outlet of a_pressurized tank containing
hydridic or halidic conpounds is provid%d The 30 apparatus includes
a tank for holdin ressurl zed fluid in a gaseous or parti al
gaseous phase; ta?"gioid? fof lenAtFBATIO PAMY ha t e veueleret a

pressurized - £ mqt ﬁﬂkoxd%fgﬂsﬂké‘&n & EHédp@ﬂtS%@&ggn@%ptédV@ ve
el enent fixed in or upstreamof the port body and adapted to novenent

bet ween a seal iMY°PpERT tYV1¥eERat HWERE PP tdon BW‘E H?J(S’&&ﬁ tHetd | uid

di scharge path fare aRroRenN cheposiid @mst:hl@igep%r&ht snd laf dpahong the
fluid path; a bellows chanber djsposed within a hou5| n downst r eam of
the val ve el’emdWSitapRridiadt PREMYET ITowed chkifiser PP sttt §8aPArd seal ed
to a pressure mgbtag Hizpipeabauspdobd/ wpshin t0 haboitly Hdwpstdear R

bel | b | | ected f t.h
cgns?\évtsl nSI 219 age Hﬁi‘ﬂ%n‘%]t?m?fl glrw“hgelreggsgg%} lﬁégrﬁne%}é%b%lrrgggl based

al l oys and coppgiarbedyidd wenabdoys;a andssner &ahbﬁn@eftﬂoﬂwvabc@tanber
conmmuni cates with 7,a por ttloongg%tg}pg}‘sllglld i sDctﬁ ealtng do&vnstﬁr eam of
the val ve el enent 't B Hove e’ val've’ el'enent en p05|t|on
when communitcatiagernsl edlpetddstivar geepatdmlcprcodan;s’snaa \wécaglen

condi tion m‘tr"ﬂ}r%ggegmgﬁgeﬂgalloys, age hardened nickel based alloys

and copper beryllium alloys; and where the bellows
chamber communicates with a portion of the fluid
discharge path downstream of the valve element to move

15 the valve element to the open position when
communication with the discharge path produces a wvacuum
condition within the housing.

According to another aspect of the invention, a

c¢ylinder 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 c¢ylinder opening; & 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 alcng the

fluid discharge path; and a vacuum actuated check valve



According to another aspect of the invention, a cylinder and a valve
assenbly for contalnlng n pressurized fluid and controlling the

di scharge wb 2pssasssgs i zed fluids fromthe cylinder is pregdingdgehrodds
cylinder and the val ve assenbly includes a cylinder having a cylinder
openi ng; a cylinder valve having a port body adapted for sealing
engagenent 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 | ocated outside the cylinder; a fluid

di scharge path defined by the port body between the fluid inlet port
and the 30 fl uikPréatnergd porelve avsar| hlavedadndned i t@lipgoper at ed

shut -of f val ve Jqar reontpld b@gcﬂilﬁr%lﬁ|9!%&“&@%9gtEﬁbfﬂﬂ# d di scharge
pat h; and a vacuum actuat ed check valve - - Containing a val ve

el ement bi ased 41FCH2aI AN PosiRG dAVE h%i"ta”@leéck%alf‘ﬁﬂ anf| #R/e Eong

the fluid dischay erﬂééé'hz@q@aﬁgﬂﬁj l:owm sharban . 6has gedapdoseajoed to
a pressure ranging fromabout 14.7 psia to about 50 5 psia, |ocated

downst r eam of ¥ a}?/@teqdeﬁ@h?s%qe&q'goﬁh’éh? |Valaed?%%lr%tgélﬁa€e Het he

bel | ows bei ng rmdﬂdo&l@cnmtg@r patn sehechbeti dwomet hg BHRURBFCOHNSI Sti Nng
of age hardened steel dened ni ckel based all oys and

e ha
copper beryl i Ji §FF%§ %%ﬁgeﬂhg ?h%r?ﬂﬁI98%§1T6”5h§ﬁb%?ehas one
portion fixed vmaﬂ@eheerﬁﬂéeltall$ys b@dy ﬁﬁrddnadva£Ukémaba%aat&&ﬂdyﬁeck

val ve and another Qrtion o ably i_nked to e nt when
rel ative pressure Ee?%eeberﬁfﬁ eHﬁSVSaﬁH’ % j%? ?ﬁgﬂﬁg?loms
expands t hel(beldl'raw@earmasbloasesotttne)wahved B5. tél eaep\etacn roahhepenly
posi tion S0 as 4:0.RET My Ubfuld 3&8@%#@% Lhyl! g sthachatge pat b

I'n accordance wth yet  another aspec Fesent” i nventr on,
bel | ows assenbkyx@ﬁbayvaGW@ﬁ1a@tuaiedlehe%kmvatveh¢@:@ﬂ@VLa@d The

check val ve | n‘iirlé@%r@ helj.anscehamher; gt %Q%S%Qté‘ﬂcm ¢t Bfe vacuum

actuat e check val ve housing, wherein the bell ows are charged and
sealed to a pr é?é&@@sr%“ﬁ@ Fh%rﬁeﬂéro‘isp%lichbtlés% e #218Ad wherein

the bel |l owssar & 1@Rdet Ofn & nMBEER | fsi138bBCI LG f LEMEEHOYR LEQNBIRE | NY
of age hardened steel_ al]oys, age hardened ni ckel based alloys and

copper al | oys. 2HREIbERT didiiehdhtdien9s Pashonsive to a vacuum
condition on the exteridor@bntbe gl hewsamddhirnathectchanbes so as to

expand the bellons W th & L a0ySt, TQn98u e s Aenb?25h e 4 Bl ivum

actuated check valve is provided. The check valve

20 includes a bellows chamber disposed within the vacuum
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 respongive
to a vacuum condition on the extericr of the bellows
within the chamber so as to expand the bellows with a

thrust force of at least 4 1bf.



30 - 9 - BRIEF DESCRI PTI ON OF THE FI GURES The objects and
advant ages of the invention will be better understood fromthe

f ol | owi ng wetaislieskstlescri ption of the preferred enbodi maniss2ihesesd
in 5 connection with the acconpanying figures wherein |ike nunbers
denote same features throughout and wherein: Figure 1
illustrates a schematic cross-sectional view of a systemfor the
storage and controlled di spensation of g pressurized fluid therefrom
Figure 2 depicts an enlarged schematic ¢ross-sectional view of the
val ve head assenbly havi ng_g vacuum act uat ed check val ve di sposed

t herei n; Figure 3 | SREEEQESRIPEIQN OF SHEFISURER| ows

assenbl y/ chanber | nTﬁ@%ﬂ;@'ﬁ,%eaM\dit@@&t@é@ﬁ@ﬁ&ﬁeemﬂﬂi%minl the
present i nvention;: gur e de icts a schematic cross-sectional view

of an internal 49 @ﬁ/tF‘éJét‘Hd@fféFo?% o FHENTRE P RY aPE el ar y

enbodi nent ; descriptfbgwethe pSrsehesmidaméhew teroprinr art 10
bel | ows assenbl y/ chanb igure 6 Jillustr tes te results

.and Fi
Do ok v AT i e o qRBYER E HAGHERS GO TRen o bt
i nvention wher mmrsyﬁmmam@rmmbz%wmoﬁttaz&gMeaélﬂZBO
psi g.

Figure 1 illustrates a schematic cross-secticnal
view of a system for the storage and controlled
dispensation of a pressurized fluid therefrom;

10 Figure 2 depicts an enlarged schematic cross-—
sectional view of the valve head assembly having a
vacuum actuated check valve disposed therein;

Figure 3 is a schematic view of the bellows
assembly/chamber in accordance with an exemplary

15 embodiment of the present invention;

Figure 4, depicts a schematic cross-sectiocnal view
of an internal flow restrictoer 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 wvalves
incorporating the bellows chamber of the present
invention where the system was pressurized with

nitrogen at 1230 psig.

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 applicatiens involving
30 semiconductor processing, such as ion implantation.
The system contrcls the discharge of pressurized fluids

stored in gaseous or partially gaseous phase. For



95 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention
provides a | ow pressure or sub-atnospheric pressure storage and
del i very syatemasgsf source gas supply for applicati ongdiysbosoggss0
sem conduct or processing, such as ion inplantation. The system
controls the discharge of pressurized fluids stored in gaseous or

partially gaseous phase. For - 10 - purposes of explanation, the
invention is further described in the_cqﬂtext of the delivery of
boron trifluoride. However, it will be thder st ood by those skilled in

the art that any hydridic or halidic 5 conpound such as enriched
boron trifl uorir¥ePepead. of exprgyatixn.ghée fiifmtine b9 Bidthesn

tetrafluoride ragchendlidd 286 context 8% Lhd Ughniabed dnhgure 1, a
system 10 for the storage and delivery of pressurized and toxic fluid

is 10 depicted .t SfdteridD | HerawR% HitgHpt SASUPECESTIGUEY BROtank 12
contai ni ng bor aykitinkh! uordrdeaik-d GaseQWs ByaPAill 8kl yagaseous phase.
The conpressed gas cylinder can be a conventiagnal 500 cc cylinder,

such as t he on€aPArOT e By 2En8 Bt RRATY JFrifranehit tidtFon 3AA 15
cylinder, but i'sgmot birdrigd riher i orAseyl ddideetvat M@ rheadndd des

t hr eadabl y engqgﬁg.at the top end of cylinder 12. The cylinder valve
head 14 can be F2p8rt 316 stainless steel valve, such as the one
manuf act ured by Ceodeuxlldsteatdhieirdrdlupert, salsyetem 10 for the

storage and delivery of pressurized and toxic fluid is

10 depicted. System 10 includes high pressure cylinder or
tank 12 containing boron trifluoride in gaseous or
partially gaseous phase. The compressed gas cylinder
can be a conventional 500 cc cylinder, such as the one
approved by the Department cof Transportaticon 3AA

I5 <c¢ylinder, but is not limited thereto. A c¢ylinder 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 c¢ylinder 12 is filled with preduct. Upon
filling, the user can draw product from the cylinder
through user port 18, which is a face-seal VCRT"port
having an outlet opening ranging from about 0.25 to

25 about 0.5 inches. The interior of the cylinder
containg 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 wvalve 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



20 cylinder head 14 has a tanper resistant fill port 16, through
which cylinder 12 is filled with product. Upon filling, the user can
draw produgb 2issmmsehe cylinder through user port 18, wicalus:2607@s6959
face-seal VCRTh port having an outlet opening ranging fromabout 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 val ve 26 RB®fafBst i aFérlp ok hdmper thih sty lanterat NeaPFrgleontrol s

the discharge aihecROr8Nvd ref LHRMbA&huE8 fiPmnkhgo oy ldJagess the
Natural ly, check valve 26 can be disposed in the port body of the
dual - port val vélladpBPFeaff of  t RRS HEA™ Bbor t1s Audé PFt HiedVEhe cyl i nder

or partly in thettyal tpordyivabye & dadeparid ne bhin-gdie exlvader
Figure 1 1o VAREGH ROt Uikt B3 CREEIENAPYES | Pl FJ°  epge kot nsi de
cylinder 12, bypafif.i xAoigsine poOrtiorxehpliey citekinait et oifhe
housi ng which is | ocated along the ID f]uid discharge path. A handle
26 at The top o O8I FHOMT ATV S IR KT G0t POl CBPPRE i ¢
al ong the fl ui dirdiigehaygendeat h2) eadiaigikingser portidB.ofThhe type of
3 L1 UL ot or e gl opens 08 wsLam v, S8ecr) Bed, oy algrerd foned
ref erenci nglta silvgkedperiargal petieyl itndendhedtd, aandhavtiophodrdual-
incorporated hergin, by, L ef8L60Ck 101t RELL - SN €LY £1uid along the
fluid discharge path leading to user port 18. This
type of a fluid storage and dispensing system is
described in aforementioned U.S. Patent Nos. 5,937,895,
15 6,007,609 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 c¢ylinder 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 boedy of
head valve 14 contains the vacuum actuzted 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.



Wth reference to Figure 2, the fluid flow path is illustrated
Vis--vis the inner conponents. In an 20 exenplary enbodi nent, and for
ease of expbamatorszsz the vacuum actuated check val ve 26drasdiospsssd
in port body 29 of single port cylinder valve head 14. Follow ng then
the path of the boron trifluoride gas out of head valve 14, the gas
first enters valve inlet 30 through internal flow restrictor tube 20.
The port body of head val ve 14 cont ai _nleI[ he vacuum act uat ed check

val ve 26. Entering gas first contacts valve elenent in the form of
poppet 32. A spring 34 biases poppet valve 32 against a val ve seat 36
to create a cl o¥8d"8ontitA8A3D %W@Stﬂ@%vﬁgﬁw Pa92iThe top of

poppet valve 32 1e¥ E€i@iIs antesidHent1VesdieNs ekpidal seabidd a
elenent to maintain a positive seal across valve seat 36. - 12 -

Spring 34 nor &l 26F A8ppetoFary ePs 948 ASES A Fe CeRGIC 136
until the bell gim 38 exparashes dbdedCe2 aawgnirach daiee s48c Lpnt act

plate 40 acts qn _a conitrol pin 42 that pushes P et 32.,away from
Val ve seat 36. 7EBr i tIArHor $4f Bs They ThENCPTRM REBUBES FISR
passage 44 aroundapbundiand2i atd iatboashaging thathaccomodat es t he
bel | ows 38. Belalc%\éfs ggaatn&eq:hgo S nos#Ss g__of a bell ows gui de 48 that
defines an |nternapmpressure chanoer EaV|ng an 10 outer
sl eeve/ housi ng 54 t hatlsur rbamdsr tdfe cexsestiorfoh bakldwel boide citanber ;
and a bottom g%h@% Héﬂr?es?gh internal pressure chamber having an
10 outer sleeve/housing 54 that surrounds the exterior of
the bellows chamber; and a bottom guide plate 56.
Sealing contact at the upper end of the bellows with
bellows guide 48, and at the lower end of the bellows
with contact plate 40, isolates the bellows from
15 pressure within vacuum actuated check walve 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 reducticn 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 cuter 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 triflucride gas that passes out cof the
30 housing encompassing bellows chamber 50 flows through a
valve inlet port 58 and across a sealing surfaces ¢0.

Threaded bushing 62 clamps a multi-layer metallic



Seal i ng contact at the upper end of the bellows with bellows guide
48, and at the lower end of the bellows wth contact plate 40,

i sol ates twe mlbxes fromu pressure wthin vacuum act ustrag2ehe8deso
valve 26 and the gas flow path in general. The internal part of

bel |l ows chanber 50 (i.e., the pressure chanber) is typically seal ed
at atnospheric pressure such that a reduction in pressure in the

housi ng surroundi ng bell ows chanber 50 1230 _causes the gases in bellows
chanber 50 to expand bell ows and urge contact plate 40 downward

agai nst pin 42. Bel | ows guide 48 retains outer sleeve 54 about
its outer edge.diephErdR|eVe BArpd¥idyi 6hsthnekygheeeing at BOPL 58,

Toget her, bel | %mabgﬁn&&ﬂ@yaqeaﬂdﬁgvga% taRd g destlake. 56
protectively encl ose bell ows chanber 50. Pin 42 Easses t hrough a

central hol e i f3PRéegtt RPSEPALRT 56 CONARI R A ¥ tR HISGARENTE W h
contact plate 43emBgspnrdddell postsle s@as:is hatipassesaduty ehtd he 30

housi ng encaonpassi bel |l ows chamber 50,fl o t hrough a_val ve inlet
port 58 and Sacrdd§§ggag%a4% ng BoYE atg'@sméﬁl? "'I‘El\fv§a8 W B HPNGC®2 cl anps
a nmulti-layer mefaahktcthe rk3istih@pt-agmHbdranporti. badyndfrd her eby
formng a positive seﬁl P%ﬁi nst f,J uid | eaki geg pgst t he \sial ve stem 66.
Handl e 28 oper &I5"RFTh Yo UREET off WCERST H E2d84°VaT ViE241B%h 66,
forces piston Glevieatf7é ctriconipad bi0Onont o8 5 i aphaagm Géal.catrove t he

mai n val ve pl unger. 72d&/vn pnst the resisting force of..spring 74.
Downwar d novenen rnge%| un'ger%g%lrf%rvcaggeasé mas6lt6org}"é?y stgré:inﬁ %gl:]g@?rea nt
76, retainetd by4netll¥8s droicpedt e fveat @lvsuplacesr 6@. uBacki ng

val ve stem 66 qW%¥e£§OQ@§gf3EQE&g@He sealing surfaces 60 and

permitting gas to flow through port 58. Once past
sealing surfaces 60 borcn trifluoride gas flows from a
chamber 80 through conduit 82 and to the user port 18.

15 This check wvalve 26 can be set to reliably prevent
opening of the poppet 32 until pressure within the
bellow housing drops to a vacuum conditicon. 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 directicon so
as Lo 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, sc leaks can only
leak into the end-user apparatus where they are guickly

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

any leaks. In addition nc external regulators are



10 64 allows spring 74 to force valve plunger 72 up, thereby
separating the sealing surfaces 60 and pernitting gas to flow through
port 58. woespasissseal i ng surfaces 60 boron trifl uori detgaedilognse
froma chanber 80 through conduit 82 and to the user port 18. 15This
check val ve 26 can be set to reliably prevent opening of the poppet
32 until pressure within the bell ow housing drops to a vacuum
condition. This condition is usually gqltchzil_ to 760 torr or less. Wth
this setting of the vacuum actuated che val ve, 20 turning handle 28
in a counter clockw se direction so as to retract valve plunger 70,
woul d not resulteArac diepherdacith B barbrPaasistra ok RESEEBATE he

cylinder. Sinceddhethybdcal t8RdaMsalses’ SPRAAlUSOPSIBIAS R, Pressure
| ess than 100 torr, dispensing boron trifluoride at a vacuum and

particul arly atMedSBPESLS Y500 1% Ae8Fal e IAgsCE v &R di sti nct

advant ages. Forcdnnstensge fhene bsréh Regal hye Jor st =t qakbraded he
as connpections, so | eaks can onl | eak into the

borontrifluoria?rpt{a?% %

end- user appar TS Ewhar &1y CAr BB HUi-CREy S FerBEL S Byefhe

appar at us itseldccilibnssl apendagsonal hhgueptdssiltecle] Didily Bysi@int to
verify that there are,any leaks. In addition no external regulators
are - 14 - reqtﬁoﬂ”éjacgb?n‘reduci ng the tank pressure to pressures
acceptabl e to t he emnd-useesnmassnd, awweoat r alhlaer Sor Myrleandapert ant |y

an acci dent al op A faiugg connection iar]C t he bl_[(l)r on.trifluoride

eni_ng. of
ntagigi 1n, gaseous state uch as ron
system as described g above 1's orders o magni tudé essbﬁazar dous

t han acci demt altrdgénpnipdof(iachi gt prressures deldeeciyy Bt erig and
connection. It has.b f , r f.qr |, nt ai ni ng
2Tl d 0 gaseBus ot ale P aath e Bares LT Frusty e Crs, ooy
pressures exceddisigfsotepsity ande ughe eins500 ausi g twen Herpst force of
the bel |l ows is JAasuf bbchent;oapve the pin 42 and in turn poppet

val ve 32 off its seat. It has been discovered that charging or u
pressurizing the inferidt REEnt AesecBHed bellt SWS rehadisst

15 pressurizing the intericr 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 ¢f the tellows. As shown in Figure 3, the

20 bellows chamber is charged with an inert gas, such as
argon, to & pressure ranging from about 14.7 psia to
about 50 psia, preferably zbout 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 materizals would withstand the
sealed internal bellows pressure and in-turn provide

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

consisting of age hardened steel alloys, age hardened



50 to a pressure greater than atnospheric pressure (i.e. greater
than 14.7 psia) results in higher pressure differential when a vacuum
is appli edwbaosshessexterior of the bellows. As shown i n HamguRzen7Bssokde
20 bel l ows chanber is charged with an inert gas, such as argon, to a
pressure rangi ng fromabout 14.7 psia to about 50 psia, preferably
about 14.7 psia to 35 psia and nost preferably to about 29.5 psia. In

order to charge the bellows chanber 50 j\_/\gt_h gas at super- 25

at nospheric pressure and attain the thrtst force necessary to nove
the pin in a systemwhere the stored gas pressure exceeds 600 psig,
it has been fouH@Ekehabazrfe Hardentt bel FBWR At 8PFaFFPRW@Ul d wi t hst and

the seal ed int esnghi1beh! oS yRI eseviR 2R Fordd¥iRgPEAYiIgiR r30radequat e
thrust force to unseat poppet 32. Preferably, the bellows materials

are sel ected frtheERdlgr otp “édhsPe UG reFougPhaFashetkidtgd! 12l | oys,

age hardened -thkdartntigkelothbaseskddioys K&vihg sinconelghyandagtopper
berylliumal]loys. Wiile the orerﬁ;oi ny% are preferred materials, it
will be under stFCESBY ThdE SRi FTREPYA the art that other materials

havi ng sim | ar physiteapaiphoperties ocpanaboremyf eye€dvacuum I n
particul ar, the g:glf%r aéi Qrﬂ g(; t he vacan;Jum act uat %d cheagolasevalxge i s based
on a repeat abl € EXPERS | TH D YPHES bl P6RE° oY i% TSRAREY Sub*hthosPheri c
pressures. The apehat benliofs theibeddmes svieratioephenit brebsutss. 10
service life isperitieal; {1 o% tRXUENTQD/ SO "B  Qytn of its
10 service life is critical (i.e. extension/contraction
repeatability in response to a pressure condition).
Bellows fabricated from cold worked materials such as
austenitic stainless steels (utilized in the related
art) have the potential to exhibit instability in terms
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 Dbellows chambers formed from this class of materials
exhibit superior corrosion resistance and mechanical
progperties 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



repeatability in response to a pressure_condition). Bellows
fabricated fromcold worked materials such as austenitic stainless
steel s (utwbizama7isgz t he rel ated art) have the potenti alpctrarsesohiokiose
instability in terns 15 of overall |ength change. Bellows | ength
degradation or conpression set is a characteristic of spring el enents
(i.e., bellows and helical springs, in which residual stresses are
inparted during their form ng process).. The optinmm cl ass of
materials for 90 fabricating bellows el'enents with high resistance to
conpression set (or length degradation) and |long termrepeatability,
are age or pr e&%ﬂ?ﬁ?i%fqﬁ?déﬂ%ﬂ A9 systeucAas tRPToRBEERF SEUsSed

above. The age diracdenes i@ lheysodgsr peglersedicandigdatie orat eri al s
since 95 bell ows .chapnbers forned fromthis class of materials exhibit

superior corroditgntFelsy Stiendae atrF FREHaR? 1 adPoplr % PP T he
desired thrust iekaesonAn additional benefit conferred by
nmanuf act ur i ng t he bgl I o(¥vs vm'thh @?qf._g]argeged tmaﬁiﬁrigel is the .
elimnation’30 of a“B&TT SWs “contitiofThy bt ofedir X 95&¢ifically, in
the related artmazebéalowmdcandi thaorjiing pf odedbeelvrs dhewnbeoped gnd
SyStem Thi's' | S087°FE CROTSBr Oh ety 821 S HEY ShoRr o PeRa TP AE 8
result of utilithreg theesdeghar déred craiedéa suotettiy prédemd
i nvention. for ion implantation, without changing the dimensiocons
10 of the cylinder. For example, for boron trifluoride
the current 2.27 liter cylinders with the bellows
chamber of the present invention can be filled fo a
capacity of 1000 grams (at 1235 psig) versus 335 grams
{at 600 psig) and 3180 grams versus 1065 grams for 6.33
15 liter cylinders currentliy 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 wvalve

20 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, & single bore caplillary 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



S5Based on the nodifications to the bellows materials and the charging
of the bellows chanber, high pressure cylihder 12 can be filled to a

capacity upotnsiohssee tines higher than cylinders curr enidrisgdorlseed
for ion inplantation, wthout changing the dinensions 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 grans (at 35 psig) versus 335 grans
(at 600 psig) and 3180 grams versus 1065 grams for 6.33 liter
cylinders currently enpl oyed. Referring back to Figure 1, a
restricted flow{dassageaR0ivahabecPidatéansal orfget herillewypaehe

upstream of the, Va¢uum acd Yak gdocheGhonal yei Rt 02F 6sld gt cigd | ow
of gas in the unlikely event that the check valve 20 fails in _an open

position, or otifePw§eding FermeatPrl 4 Ha0F Hga e ychetianyarveridler ei n

is sheared. Oneyisebet st NiegbOtndM d.he hormmekeascapidoianycef fers the
nost flexibility and reljability as_a flow restrictor. Wether

provi ded by Jsingl e BrY#ASSYpPE SHIAPLGi SRRt ErPTEoP BEV G ER gAY PSacked
mat eri al s, fsui t@bhﬁeaesﬁré %gewﬁ @ rel t@uléaiypeayv\&thb elesd -abbyidridm It t he
transport of gas phase fluids to very low rates. |, For exanple, a
singl e bore caﬁ’illelgaﬂ} TP i1 12 AAGHESphErs c&bozgﬂl‘f?]ilfyl uori de rel ease
to | ess than 3GocabaubclSdd seem ofatdres stédl,uprbdecwriveaycyl i nder

pressure of 1200 p_,si{q and benper at ure of .68F, while_a,.seven bhore
i - : ;

capillary can ITWt the ¥ 1%0% 2PPS Geabotie tnetye. S5 paneEdr e

simlar conditifendcldhea dapibbarartangenpniovifdés sbhed grilagsexeds f&8om
cylinder 12, a i a N i ndi,ngnf L.on. or di ily has
Ndobk § Jfl‘e Gah ?}ﬁ%ér’]! %%829% %(&T%e%u? .108? PRl

an internal dianmeter of |ess _ I meters ( rnch). 5 A
vari ety of sui trislsehewnpiddoatythe rapmeudesnegr -beThe estag@¢s A3 shown

nore cl ?ar: ?/ by, REe AT ORSSRE bONHg YbEW Nrfd GUEF&h RNBLEL daube
84, typically and the inside of tube 86 provide flow areas of
15 capillary size for metering gas through the internal
flow restrictor 20¢. Shrinking glass tube over the
glass rods 88 and %0 provides a rigid tube and red
assembly. Therefore, even if the interral 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 opticnal
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 thrcocugh 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.



constructed from stainless steel, protectively surrounds a gl ass tube
86. The inside of dianmeter tube W86 holds a hexagon arrangenent of 6

sol i d gl aswornemm7i8, about a central glass rod 90 and wWhgaiAo@loksos
the rods have about the sane dianeter. The spaces 92 between the rods

88 and rod 90 and between the rods 88 and the inside of tube 86
provide flow areas of 15 capillary size for netering gas through the
internal flow restrictor 20. Shrinking ass tube over the glass rods
88 and 90 provides a rigid tube and ro §éenb|y Therefore, even if
the internal rods break, retention of the pieces by glass tube 86
will maintain 20 caplllary f | oferiaighiet Branmicednal di ameter of

gl ass tube 86, Metalichuba B4 adds il hered i dibyoand.dusahi ity

when optionally shrunk around glass rods 88 and 90 to provide a
rei nforced uni tCONVERRLIeTR! GFEPBRaACTUErARE PRI NELBE RSt &PREudeBS,

fracture of theyghassra1@dscoridiRl i, Stikd oundi-ngr HasukUbe Mrul d
| eave the function of the restricted flow path t hrough the Cgﬁql | 1 ary

structure substSE-PEl PSLAfATChaRgReeT was filfpd SpedehtessiFenet ot il |

further be illystinakeeh t@‘Jg@W Bys I efrelr bag1Ldws thRecl Obd Awuageexarnl e
and 30 conparatjve exa whi ch are, however, not to be construed
as limting thedt n%ﬁﬂqﬁﬁs stegg (1. éorrpé?a"’l‘i%nﬁhﬁp?t@lf €s3

Measuring the tdueust . f@xmmhgthee bﬁhhews rdbra eEOBMENLY @RaL wEIyUMm
act uat ed check .val vg?was Zcog}guc reference to Fi t he

1 X C ure g)y
interior annul d¢ 8f T & Bglﬁf ErarBel? Pre Cdeq a
pressure of 1014.ah pstaawidrh paegemrgas. 3Thetdet | (GUW8 werad densh« uct ed of

a 321 stainl ess, e , stenitic stainl ess ste sum ng
t he bel | ows rrean%e %I&éjiavle Oéfr gge (ILI\}LI‘—_SA 5: lba];ﬁelsﬁli, ﬁl 3 %vnwés

force in poundsngr pdacleWa}nrmumat it @nS pressurel vfpl360 oruhe( 5. 8
psia) is the dijhergniipl; o }Bt NRAES é”ferl%%' Pg&%ﬁu‘dfa d(%@ sl a)

and the actuation pressure psi a) mJ tiplre 237
in2). Hence, 2.ekerfpf of H@Aﬁmfﬁpﬁml’tcésii@n@a&eﬁpéﬂlfém tthﬁecpﬁ?@?# poppet

aslsengl y opgni ngiatheschegle kovaly@akes ihecdd ey:ofqgases in the
cytinder. Sufficient opening forces are produced with this

bellows design to overcome the c¢losing forces exerted
on the pin/poppet by combination of the pre-compressed
spring and the internal gas pressure which for BF; is

20 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 cylindex
capacity is limited to a cylinder maximum pressure of

25 600 psig.

Example 2
In the vacuum actuated check valve of the present

invention, the bellows thrust force has been increased
30 by modifying the bellows parameters so as to utilize
conventional cylinder port openings, to in turn

accommedate a substantial higher BFs; capacity in the



Sufficient opening forces are produced with this bellows design to
overcome the closing forces exerted on the pin/poppet by combination
of the prewoansressed spring and the internal gas pres3wrasabuzoksokor
BF3 is 20 up to 600 psig. However, at internal gas pressures of
greater than 600 psig the conventional bell ows assenbly cannot
produce sufficient dowward thrust to open the valve. Hence, for BE
(and other gases) the cylinder capaC|tyi%s limted to a cylinder

maxi mum pressure of 95600 psig. Exanpl e In the vacuum
actuated check valve of the present invention, the bellows thrust

force has been SttEReas¥f ITLBYeROGIVSyERg t T bELEews arscaRYers so as

to utilize COﬂWﬁ&MﬂlgﬁﬁétfaHlfegefhéﬂﬂﬂgh09§§ﬁdn£% BFQ deBibHI{%s shown
accommodat e a substanti al %her 3F3 capacity in the - 19 - storage

and delivery sy$t EffUIhe’ bel” SMElQRﬁﬁéﬁBPE‘Eﬁﬁﬁﬁéu?%ﬁlﬁﬂ? P&+1eHe hi gh

capacity BF3 degitgrihs shawaskbudd i and. cidhenst@os ffioanbrebanges are
the bellows material of constructi nd the annulus fill pressure. 5
As previously ﬁﬁhPFSHEﬁ“FﬁbmﬁPEi?ﬁ?f§gﬁoﬂr%F$H§€tﬁ%?dﬁhé&ealons have
t he best conbi n&tﬂd@ﬁe@fanroq;pehhv@&rfeot;egﬁmﬂmhuteozamt epepatiixs of

bel | ows, bordon_tubes, rings, .etc. ui.re el ast.i c
properties as aforregﬂﬁwfa W&af PF r &Y Xl aic%gléf’a Orﬁi(?fll W6 10

n
austenitic staisdrésgsstesl.s. Thapraﬂnulmg tﬁmiﬁ|dlhsptea§mmperttesfus

annul us to 29.5 @%‘gltr§§Q£%% reégﬁ %%13 #é%f%f §062 I bf at

t he sane 300 torr vacuun1actua 1 O6n ressure
configurati tn |av5tthelpxtesm@11nﬂﬂverﬂtle@ﬂaSdevﬁiamgssucﬁfthﬂ éntlforce to

15 open the val ‘é%s%hk&"‘ﬂh DGRy LhRGRLs til bo canagiati gsssuhstgntially

hi gher than 600" psi g e vacuum act uat ed check val vé of the pr esent
downward thrust force of 5.62 lbf at the same 300 torr
vacuum actuation pressure. The bellows configuration
in the present invention develops sufficient force to

15 open the valve allowing cylinder fill capacities
substantially higher than 600 psig.

The wvacuum 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



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 Wwhahosidissge nl et pressure onto the vacuum act uag@EduhEaks9s9
val ve was 1230 psig. The flow test was conducted over a two and a
hal f hour period of time. A pressure transducer connected downstream
of the use-port neasured sub- 25 atnospheric actuation pressures as
the MFC controlled the flowrates to 2 %é:c_m As shown in Figure 6,

t he vacuum actuation pressure for the check valve with a cylinder
fill pressure of 1230 psig was between 420 and 440 torr. Thus, this

i ndi cates the bl GRELfREFIER"aERB@aEN P PULESTPESS UF ™R #1230 psig

and confirnms thed@nee SARELAR: PR a8k G Atuedaaboxs argsedpwn to
provi de the proper thrust force in order to nove thgegcﬁo,ppet off - 20
1By

- its seat and al | oW'the gis PBehbet FTehBveedt S1Rsa™h gek#te high
capaci ty storaggtraedasrélald ver ¥ypsyistieMembodine i tBedddE, i AVERLiion
has been described in detail wth ref erﬁnge, tg.specific enbodi nents
thereof, it Wwil7eB " 5edBrtr EpaPent® t5 dne skl 15°8d3Fh THE XPF et
vari ous changesctandepoghd ircatiifanst Gaz bean Nl enzdandasgudqnakenésts

enpl oyed, wi thout .departing fromthe scope of the appe cl ai ns.
o1 vt s ol edovBE: wIKhout 0T NG EORE R el S BRE K Ther

di scharge of prassudededlaims.



fluids fromthe outlet of a pressurized tank containing hydridic or
hal i di ¢ conpounds, the system conpri sing: a tank for holding a
pressurized fluid in a gaseous or partially gaseous phase; a
port body for conmunication with the qutlet of the pressurized tank
defining a fluid discharge path; 213 valve elenent fixed in or
upstream of the port body and adapted to novenent between a sealing
position ﬁﬂﬂ;iglgﬁﬁs fluid flow through the fluid discharge path and

an open position le{rfedpé?hits fluid along the fluid path; a

bel | ows chanber di sposed within a housing downstream of the val ve

el ement, wherej n ”J:?s%tér{?%rct%&q@@&%iﬁ char Q@gcﬁlé‘ﬂ{es%%' ggeés%r%zed
pressure ranging fromgreater than a ou?l 14.7 psia to about 50 psia,
havi ng beflWGWRs Faee G aUblRE 194r depres Siaé ot tamit epntainipadhydridic

sai d bel | oms ghapdedonpRIRYN GRSy dh c8mpPidingn of the fluid
di scharge path downstream_of the valve elenent to nove the val ve
el ement to the dpéH positEn" e PIESAMEAASCat L oif Vit A ¥HEeiSseRhar ge

pat h prodaaes adly agdHamueoptgidd;on Wit hin the housing. 2. The
systemof claiml

in th | | i t |
and expansi on aofpofrﬁ\gggéwe: Sﬁsc‘gr%{ﬁ%é\égﬁfﬁeﬁe#% ‘g}?eg%lrulﬁiggt%e%g‘gggetva ve
val ve t o mresgpenzgddiahkofefining a Bluibhdisystrem phtlcl aim 1, wherein
t he tank t ai id.at i t
e tank contal Qz%l?gg%‘fegn%?% g#gdd i@l o8 s‘%%%lﬁ'rp)e/o{ %ﬂg:{;‘&g .M, aboy "

600 psig to about maxi mum capac con i'ons.
The syst erdepfied| B¢ mo¥enpherketivhen beldeaisne herridrion stiwgabédekd tuad

pressure Ofo,abRblugdp el f1yiLAikBEINLeS .8 FERE BLCLOL 3lng; af dhgast a
portion of the flow path that limts the flow of the gas contained in
t he tank REFTH&8sth a3gng cidyp atuid mssPheric conditions.

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 greater than about 14.7 psia to
about 50 psia, having bellows made of a age hardened inconel
material; and

salid 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 a

pin to displace the poppet valve to an open position.
3. The system of claim 1, wherein the tank contains a
gaseous fluid at a pressure ranging from about 600 psig toc about

1500 psig at maximum capacity conditions.

4, The system of c¢laim 1, where the bellows chamber is

sealed with a pressure of about 25 psia.

5. The system of claim 1, wherein the tank further



6. The systemof claim5, wherein the restrictor is at |east one

condui t. 7. The systemof claim®6, wherein the at |east one
conduit is a capillary tube having an internal dianeter that does not
exceed 0.2 mMm 8. A cylinder and a val ve assenbly for

contai ning pressurized fluid and cont POl | i ng the di scharge of
pressurized fluids fromthe cylinder, the cyli nder and the val ve

assenbl y ﬁ?e('}%e@QgresacrEXJféP% gaé’t r!l_%a%tcgié_lor}: f”c'h”gflow ath

port body adapted for sealing engagerment w ng;
a fluid ivlat lports défei Aédv f tthe wtcobbdyn%mdnl olz;%ltt@dlkv\m hlensSt he

cylinder;phan 35 8dd wtdaelu&épﬁqterﬁzer&o&aftwﬁg by the port body and
| ocat ed outside the cylinder; flurd discharge path defined by

the port body between the fluid inl et port and the fluid outlet port;

a shut-off valae fomheCopttal ldeng1dimisd fhoveal eng thefikubd i seharge
pat h; a valve el enent biased into a sealing position that

bl ocks f 1183 PBW HAHMGTt he f1uid di scharge pat h: a vacuum
actuat ed check val ve containing a bel |l ows chanber charged and seal ed

to a pressure gi fro ater. t han bout ia to about 50
psi a, |ocated %oms@r%eﬁﬁ? % \E;%Jr Ve ef’ REnt" i %nﬁpﬁﬁgs | Ut

di schar gecgaituht b m:gpbéldm&uhadlaa\oﬁlgage haredeatddianeonel tht épkal ;
and m%b% held s, ghamber has one portion fixed with respect to
t he body o fe-vacuum act uated check val ve and anot her portion 23

operably linked to the valve el enent when rel ative pressure between

the interior and exfefhorqadf Jhhea bgllhQwgssxpaRdsct "@ont%%hh%‘{&% and
bi ases the valve el enent in an open position So as to rmt fluid

f1 ow al orRFaKE<+FeA o lyidcand ojé’nﬁé%llng the digchypge QA Pﬁaéﬁu%dt he
val ve asserhliy ofor|tdiem:-$11inMeer, ethe tdig i¥astRcAehdlad86/cCRESHIG Ve 'S

di sposed éor;npg:gtslu[lgly or partially within the port body.

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 contrelling fluid flow along the fluid
discharge path;

a valve element biased intc & sealing positicn that blocks
fluid flow along the fluid discharge path;

a vacuum actuated check valve containing a bellows chamber
charged and sealed to a pressure ranging from greater than about
14.7 psia to about 50 psia, lcoccated downstream cof the valve
element along the fluid discharge path, having bellows made of
age hardened inconel material; and

the bellows chamber has one portion fixed with respect to

the body of the vacuum actuated check valve and another portion



10. The cylinder and the valve assenbly of claim8, wherein the
vacuum act uat ed check valve is disposed within the cylinder, upstream

of the port body. 11. The cylinder and the val ve assenbly of
claim8, wherein the bellows are adapted to nove the valve elenent to
an open position in response to a vacdaim condi ti on. 12. The

cylinder and the val ve assenbly of claim8, wherein the vacuum

act uat ed val v onpri.ses oppet . 3...Jhe _cvlinder and
The val ve ngaon VS rE] HE Ry P R s e, re S T BEFV US4l ong
at | east ketpwEeni bre ofmtenéof |aaw patérior of theldpelThes eydpendertiand t he

val ve assgibly,s0fin el 13 n RGR 6L Ne ddd@ ot €84 T hREL | 1dTik$oh NG, flsow, of
gas contained in the cylinder to | ess than 35 sccm at atnospheric
condi ti onRermit fluidjgloyhaleng itheeflwdd It pehargievBatissenbl y of claim
14, wherein the restrictor conprises at |east one capillary tube

havi ng an inside dianeter of less than 0.2 mm 16. The
cylinder and the vad'vecustudes 9nditha JraY S, 2SA58PLY iPh K&2&9 1§ mder

cont ai ns whgaseotise fdadudmadcthapee@SEick Kang ng Bt oppatiouh &00irfeskg to
about 1500 psi e %X!;L r]:gioedry and the val ve assenbly of

. 4 17, . T
laims. Where thbiberBin ©
10. The cylinder and the valve assembly of claim 8,

wherein the vacuum actuated check valve is disposed within the

cylinder, upstream of the port body.

11. The cylinder and the valve assembly of claim 8,
wherein the bellows are adapted to move the valve element to an

open position in response to a vacuum condition.

12. The cylinder and the valve assembly of claim 8,

wherein the vacuum actuated check wvalve comprises a poppet.

13. The cylinder and the valve assembly of claim 8,
further comprising a restrictor along at least a portion of the

flow path.

14. The cylinder and the valve assembly of claim 13,
wherein the restrictor limits the flow of gas contained in the

cylinder to less than 35 sccm at atmospheric conditions.

15. The cylinder and the valve assembly of claim 14,
wherein the restrictor comprises at least one capillary tube

having an inside diameter of less than 0.2 mm.

16. The cylinder and the wvalve assembly of claim B,
wherein the cylinder contains a gaseous fluid at a pressure

ranging from about 600 psig to about 1500 psig.



chanber is sealed with a pressure of apout 25 psia. 18. the
bell ows The is cylinder and the val ve assenbly of claiman aged

har dened i nconel material. 8, where 19. A bell ows assenbly of
a vacuum actuat ed check val ve, conpri si ng: a bel |l ows chanber

di sposed within a vacuum actuated cheé¢k val ve housing, wherein the
bel | ows chanber is charged and sealed to a pressure ranging from
greater than 14.7 psia to 50 psia, and having bell ows made of age

har dened i nconel material; and sai d bell ows being responsive to
a vacuum conditi.on e théimderepndrtiof vehee eideoidy chiamlermt® edpand

the bellOﬂﬁb\Meﬁmo&gwdﬁithPrfga5%213& Jf%ﬂsg érééyhre of about 25 psia.

18. The cylinder and the valve assembly of claim 8, where

the bellows is an aged hardened inconel material.

19. A bellows assembly of a wvacuum actuated check valve,
comprising:

a bellows chamber disposed within a wvacuum actuated check
valve housing, wherein the bellows chamber is charged and sealed
to a pressure ranging from greater than 14.7 psia to 50 psia, and
having bellows made of age hardened inconel material; and

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



