- 1 - LOWRELEASE RATE CYLI NDER PACKAGE BACKGROUND OF THE | NVENTI ON
Field of the Invention [0001] The present invention relates to high
pressure %{Q;f packages utilized in the delivery of hl %ﬁ

and/or fla Bis 1%% ounds to seniconductor manufact urif 7@LmL‘
Description of Related Art [0002]Industrial processing and

manuf acturi ng applications such as the sem conductor manufacturing
requires the safe storage and handling of highly toxic or flammable
hydri di c and halidic gases. The sem conductor industry in particular
relies on the gaseous hydrides of silane (SiH4), and |iquefied
conpressed gases such as arsine (AsH3) and phosphine (PH3) for wafer
processi ng. Various sem conductor process systens typically use Si H4,
AsH3 and PH3 at pressures as high as 1,500 -psig. Due to their extrene
toxicity and high vapor pressure, uncontrolled rel ease of the gas due
to delivery system conponsoW RELEASE RATE KYRENDERNBACKRAGE ng cyl i nder
change-out procedures nmay |lead to catastrophic results. For exanple,
the rel ease of a flammabl e gas such as silane may result in a fire,

syst em danage BAGHGROURRt @B | THE) (INIENTION injury. On the other hand,
| eaks of a highly toxic gas such as arsine may result in personal
injury or even death. - 2 -

Field of the Invention

[0001] The present invention relates to high pressure
¢ylinder packages utilized in the delivery of highly
toxic and/or flammable compounds to semiconductor

manhfacturing tools.

Description of Related Art

[0002] Industrial processing and manufacturing
applications such as the semiconductor manufacturing
requires the safe storage and handling of highly toxic or
flammable hydridic and halidic gases. The semiconductor
industry in particular relies on the gaseous hydrides of
silane (8iH4), and liquefied compressed gases such as
arsine (AsH;) and phosphine (PH;) for wafer processing.
Variocus semiconductor process systems typically use SiH,,
AsH; and PH; at pressures as high as 1,500 psig. Due to
their extreme toxicity and high vapor pressure,
uncontrolled release of the gas due to delivery system
component failure, or human error during cylinder change-
out procedures may lead to catastrophic results. For
example, the release of a flammable gas such as silane
may result in a fire, system damage and potential for
perscnal injury. O©On the other hand, leaks of a highly
toxic gas such as arsine wmay result in personal injury or

even death.



[ 0003]Wth reference to silane handling as a nore specific exanple of
how an extrenely toxic gas is used by the sem conductor industry,
silane is typically stored in pressurized containers at about 250 PSi
or higher. mwaﬁ%Fing of cylinders in production envittdFEH7Q1481:
presents a wide variety of hazardous situations. A leak in one 140
gram cylinder of silane could contam nate the entire volunme of a

30, 000 square foot building with 10 foot high ceilings to the

| medi ate Danger to Life and Health (IDLH) level. If the leak rate
were large, this could happen in just a mnute or two, which would
mean that for many hours there woul d be extrenely deadly
concentration in the area near the source of the spill. [0004] The
standard hi gh pressure cylinders for silaneg, and the like, typically
have a capacity of 500cc or nore and include a valve outlet through

whi ch the gas (| i sch d_at- th oLnt-of -use._Sjl.ane_is_filled at
hi gh pressure [Bﬁ?ﬁ t hgg%f/}f i gﬁreg’fzga!:ﬁssﬁ%%% oléé‘ﬁac?f*"t ?. "Thte
filled, the cgbeadfic\examplies ofl bowdannexaragudliot \tooces gasi hst aseddoyon

t he val ve out Is re H%ﬁg : q%hx LV .
t he senicondu%g%rQgggmaﬁgggg%héﬂgﬁﬁﬁﬁgérSﬁn ,qﬁﬁ_ mggﬁhge%%§ﬁ3%231
area, renove PReSSEFEISA GHPCALIRSES ptt Heotom maL o Rigkeri cafhe

posi tion, attaghaliey eyt iddende@saidi stedbitic dRAibahdnt BUpBEs&E
| eak check the nexdy made co ngptlog, and.qun t he c%]hnder,valve.
The cylinder £h8h %f%%%ﬁ?%%cgé BEREIPP I GB5] | A PGt 2B % e
hazar ds associLad egiram tdyltingienniofit ehilade reb bt ecmftamieseeaf thie dend Y8

hi gh pressurey,ryme o £ 13od sBulbTPESs fbﬂlﬁﬁ%}?&igﬁaﬁ PS&D Amgle

inthe related art to prevent a catastrophic rele
t oxi ¢/ f | ammabfeiiingsido Wrgodreréizte PmIposa Lids pednHeabtlyse of a

(IDLH) level. If the leak rate were large, this could
happen in just a minute or two, which would mean that for
many hours there would be extremely deadly concentration
in the area near the source of the spill.

[0004] The standard high pressure cylinders for
silane, and the like, typically have a capacity of 500cc
or more and include a valve outlet through which the gas
is discharged at the point-of-use. 8Silane is filled at
high pressure until the cylinder attains about 20%
capacity. Once filled, the cylinder valve is closed and
a safety cap is installed on the valve outlet port. The
cylinders are subsequently delivered to the semiconductor
fab where the end-user will, in a well ventilated area,
remove the safety cap, install the container in a
vertical position, attach the cylinder to a distribution
manifold, purge and leak check the newly made connection,
and open the cylinder valve. The cylinder then dispenses
gaseous produét.

[0DO5] In light of the hazards associated with the

unintended release of these fluids from high pressure



restrictive floworifice (RFO installed in the outlet or the fluid
fl ow path outside of the high pressure cylinder. At |east two types
of RFCs arg. C y avail able and in use. The first i |
gasket RFC}%W@@E% tains a small dianeter hol e (about %@%W@&ﬁ’é%
or 254 mdi aneter) bored through the center of a washer-1|ike disk or
gasket having a thickness of about 0.5 - 0.7mm The second RFO design
is.a plug-type orifice that is threaded into the cylinder valve use
port. This type of RFO, |ikewi se has a simlar size dianmeter hole, as
t he one descri bed above. At high pressure (e.g., 1,500 psig) these
RFCs are able to limt the maximumflow rate to thousands or tens of
t housands of standard cubic centineters per mnute (sccm. However,
this is generally an unacceptable high-fgkow rate. For exanple, when
silane is utilized, to obtain a release rate of approximtely 21,500

sccm the cyl b?gﬂd&.I&S%”rﬁm{ﬂé%I olge pkOYELLLk L ROR 23 Shady"lﬁ Lﬂé"er

fill pressure,”Tn turn, severely |mts the total capacity of each
cylinder. Thi5eTakREiast HNDEEVEDE PefRfaesr ol Medqdént o€yl i nder

change-out s whbgic] f1dmidblengneasss the risk for gas |eak, exposure
and/or a fire Th sem conduc or consogtla known .as SEMATECH

( Seni conduct of * /¥ factctﬂei r’?@‘c PRRBPERY ) a3 thsrat &8t WEE Sppfoxi matel y
35% of gas rei:aétachcttrmej@im ocdiicduRPD) (:t)dstruiﬂ.reden@hahgeoutm or

2008/ 016441P U 0.7 4814 007 r_alter ns have
been pr oposeggé n .“gd 3;&02"”Pa$ﬁg‘sgu%%§§ %g%hf %i’f%%&% I n
these systenscybinder. ndvte leastprwestyres efuRiRCo srar GUHFspb%Ed in

series along fhei {0k RaId 19f uhe 988 WhiLdt 135S 1o nfeRETUBLGREL ORFYM t h
the outlet of the cylinder. The regulators are utilized to step down

the pressure YRiGhGRCRITSHS §and ?e%me‘@% hels d\ﬁbP&FeoaPlBU%’P‘él?e%f
t he cylinder.o# resddin Idll&met&rl) hBoQ@ﬂTTﬁﬁfch&_:}h @&/H20 GefiR BI-S ok N8 VWiasiser -

VAC(r) and ete Jech , _Lnc t andard
RFG | buch as THEF GHel s SASEET RRGURS ¢ Shiitirgredofo ot ndr S aduce
t he maxi mum fé giwnt .0 abmjtsﬂmdol%socdw{@@&%la PluBatgpe dosfice that

5,937,895, 6,007,802, 1 H@S:_d r i chn Y,

Inc., and V\hl%g 1:are |dr??o(rlglgfa%§8 E'gﬂe er e'{??e‘% %)ét%hgo}_gent?ﬂrlggy%ype

di scl ose hi grehrEESuld keyiisgd 8RS Rafimilan ifeoPfapglee. hoke. I3sttdms

di scl osed in $hese uhlbeaabibens . Caf: Ofldh Qﬁe@%ﬁ&%d (BY gt hel egglo yser
upon the application of a vacyum on_the ouytl et gF‘é%f“ E&I ess than 7690

Torr). [0009]FHESHRESNATENGBAEI BR pHBW dee FYnfagRstdver

t he rel at ed athoudamisudirngeasr edueho@éandh tdfe shhadakat eupichi ghly

toxic and/or fl Qte gases \z\/ne the OL5t|etH of the Ehgh Jp_)ressure
. CEll ers er m SCC owever
cylinder is expose m)sp er| g LBRdit ons,

functioning egemlya_tamsmpheceptebM|hlginsflop'O@%@]EAnthereloﬁwm of
the present iQyeNtdiQQnieS ik0utilized, to obtain a release rate of

approximately 21,500 sccm, the cylinder pressure must be
lowered to 800 psig. This lower fill pressure, in turn,
geverely limits the total capacity of each cylinder.

This capacity limitation regquires more frequent cylinder
change-outs which in turn increases the risk for gas
leak, exposure and/or a fire. The semiconductor
consortia, known as SEMATECH {Semiconductor Manufacturing
Technology) estimates that approximately 35% of gas

related incidents occur during cylinder exchange.



provi de an apparatus which does not require internal pressure
regul ators, check valves or restriction flow orifices, or other

nechanicaleBQ&ﬁé%% d features, - s - thereby reducinggégﬁg&gﬁgﬁlfnd

probabi | it nction associated with the high pr

cylinders and/or nmechani cal devices. [0011] Anot her object of the
present invention is to elimnate the potential errors related to the
use of an external RFO External RFOs have the potential to |eak

ei ther around the sealing surface in the case of the gasket type or
around the threads in the case of the insert type. Additionally, the
operator may forget to install the RFO or may install the incorrect
size RFO During purge processes after attaching a cylinder or prior
to cylinder renmoval it is critical to regove all of the air or
product trapped between the RFO device and the cylinder val ve seat.

By design, theoRss) is Q%i?éz“é%%%%iﬁéaé%{?é\%% msldembfeehhﬁggbs%d in

across the device during use but 1n the case of purging a
evacuat i ng t hE-EeonfRegodiox-hifs OBPrPREt PBR Se3AT A6 Blni t 3nt hhesat e

and effici encyygtehd® dHY @/ RIL2CUBELOPrPESCES SrddiAlRBY sl AEECaSEPEsdde
potential for a gas,release and/ or human exposure. By | ocating the

f1 ow reduci ngtBevFEEes AIGTSG §&St REO¥yPPRREPT driqPRS ¥ RAFHf 18hen

cyl i nder i sol abimeiniedtberd Rdtar eaesolit 3éedoflthee canidnade:n nakhed.

[ 0012] A further ggiect i.s to.i.ncrease the aqunttﬁk roduct avail abl e
al -nrghp

fromthe cylinger 2 coifar &5 d%E0nvenT TR E§8G1E st ane
gas cyl i nder sabg@st di &k ussied aabdoveduthetioar b mttee atabuREex ofbf erhegs

cause the mexigimddd! MHLSIMIEibAT $h! ARE dQmidilal Eﬁﬂod%}ﬁ@%@ (0

800 psig maxi num On the@other hand, the present invention a
cyl i nder presS&PE 13 B@G nérdageykeped. by Advangqdyfeginelsgy psig and
t he correspondatgridld,cased capashiyrdrRrs) ahem it enkewrescyl i nder

changes, ther gby, | I pY0g. 2oLl gabeLy.and, praduetl viby Log,Lhe
maximum flow to about 5,000 sccm.
[0008] U.S. Patent Nos. 5,937,895, 6,007,609,
6,045,115, assigned to Praxair Technology, Inc., and
which are incorporated by reference in -their entirety,
disclose high pressure cylinders having an on/off valve.
The systems disclosed in these publicaticns can only be
opened by the end-user upon the application of a wvacuum
on the outlet (i.e., less than 760 Torr).
[00059] The present invention prowvides several
advantages over the related art, including a reduction in
the flow rate of highly toxic and/or flammable gases when
the outlet of the high pressure cylinder iz exposed to
atmospheric conditions, or otherwise functioning at
super-atmospheric conditions.
[o010] Another object of the present invention is to
provide an apparatus which does not require internal
pressure regulators, check valves or resatriction flow

orifices, or other mechanically operated features,



[ 0013] Anot her obj ect concerns ventilation. Required gas box or gas
cabinet ventilation for conpressed gases is typically based upon the
wor se case expected release rate for the package. The typi cal exhaust
rate for av8388#¢%4d! silane cylinder with a 0.010 inch Q&%’Q%O‘Hﬂl%ﬁb
order of 300 to 350 CFM The Conpressed Gas Associ ation publication
G 13 - 2006 Storage and Handling of Silane and Silane M xtures,
section 13, describes the ventilation requirenents for silane in
various |ocations. Specifically, section 13.2.3.1.1 describes the

cal cul ations used to determne mninmumventilation rates. Based upon
the referenced cal culation the present invention could allow
ventilation rates to be decreased from 300-350 CFMto 50-100 CFM a
three and a half to a six-fold decrease.sReduced ventilation rates
correlate directly to reduced power consunption and equi pnment

mai nt enance. L.e sheg fL r ' t |.on
w |l becone a‘%)lg'%grefaﬂﬁ‘tQ I{bg{ugngbo? h%r%?%%%yﬁgcﬁﬁ%oqﬁar?&? Eggagt%%u%%fn&ycg\%égw
of the speci f22R¢igted mivhn§beahiiok | pYesswsHaYddadrspernd/ SUMVARY OF

THE | NVENTI ON,d 80 pil-AnC ediipdst 0 an aspect of the invention, an
apparatus for _controlling the discharge of pressurized fluids from

the outlet of [P¥igh prESshes ehiembert they PreggRtaiRVRREIYXidSs to
hydri di c or fémpinmmblte corpeuRdatisl psonortedelBtedappathé UssE R @S a

cylinder for haldin ressurized fluid.in an.at | east.partial gas
Dhase: a oyl i TS Ry BEhP B JALS i BB PRERRELPE e Yed
cylinder in cesSdemmrcrpound tba; sealliird porfadecdad theveasssehiihe

di sposed wit hi i nde Vi i i PO to 4
utilized to %ﬁﬁ%ﬁe&?ﬁ :a%défggv{“?hgggpﬁhefgs%(&{sie;gld%fl%u?%,&e a% tgle'gsecond
port in flui ARssFRINYSS-i oASHE ERORML Bt |tde GPerRECEyMRYiIdEPrge) to

di schar ge t heiqyessUneesrdl dkdna@ Jasd10wndl sebargecpatizdaffgied in
part by the second port body and the outlet, and further jncluding a
Pestricted f1XH5 1RG0 BTPRORPRRAHIAT MRspsLadoupsty bieH The
second port hedygr et cpfénden tdsowgss i dw dirdechangetpatdnaleeallobt

include a re | Gtii.ve e S fr h r e

regul ators, c ]{eéc%l\fal%\feg%gﬁg&?eg%fﬁﬁec?\?g tfq{gg\%lv g%llgf gggsgé%%f ﬁ‘elg the
restricted floukipder Vediesseae. f |Ryy demigrof threRgasigi eyt ey om
the cylinder g0 $£00Qc8889 MRk 1R dildelacRbskheneYhipaad dis-iggposed

to an atnospheric condition. [0016]1n accordance wth_ another aspect
of the use but in the case of purging and evacuating the

connection, this limitation severely limits the rate and
efficiency of the purge/evacuation process thereby
increasing the potential for a gas release and/or human
exposure. By locating the flow reducing device to inside
the cylinder or upstream of the cylinder isolation valve
the errors listed above are eliminated.

[0012] A further object is to increase the amount of
product available from the cylinder as compared to
conventional high pressure silane gas cylinders. As
discussed above, the current external RFO cofferings cause
the maximum fill pressure for silane to be limited, often
to 800 psig maximum. On the other hand, the present

invention allows the cylinder pressure to be increased to



i nvention, an apparatus for controlling the discharge of pressurized
fluids fromthe outlet of a high pressure cylinder containing toxic
hydri di c or flanmmabl e conpounds is provided wherein the restrictive
fl ow pat h V& 28/ W%¥ess flow val ve which linits and/ or SIFSHHAL4814
egress of fluid when a preset flow rate passing through the valve is
exceeded. The preset flowrate is the maximumflow rate of the fluid
passing through the device. For - 8 - exanple the excess flow valve
may be set to allow delivery of fluid flows fromzero up to 5,000
sccmbut if for any reason the flow rate through the device were to
exceed 5,000 sccm (such as a component failure or | eak downstream of
the device) the excess flow valve woul d cl ose and prevent any further
rel ease of fluid. In the event of a conpgnent failure or leak this
devi ce woul d prevent further escape of gas thereby retaining the

remai ning fluid.inside th yl i nder or_storage vessel. This feature
alone or in c?ﬁmti”ré} i%h Wit Pﬁégcﬁlﬁ)‘?lif}%ﬁ ycq%(ﬁﬁplpé%ﬂf’?cfﬁ?rﬁ?%% ly
enhance the sedmigityemdanslaeptalinandf deat tdyfiedkeur ehanges hetlogtamder

package. BRI EF _DESCRI PTI E A bpect 1
advant ages oflT%remflﬁ}\?e-r%’tolgcﬁngv;\nfgpybgﬁgﬁd%ﬁ%yf t%cc)’% hﬁ%rﬁg ?‘ﬁggs he
foll owi ng det B89 des@rniofrhiegnobfiethecqnadary eengrniBodiinpnt sRedavesst

i n connecti ongyd 4, f he @%%0@Bﬁ@xge%éﬁw&%&?g%%égghékssgwb@as%

! 3
denote same features throughout and whereln: I 1 1llustrates

a schematic closEmisalloghbpeelePor BRe HPFEaCESer 6FPESRER OFEIFRFS he
di scharge of Mw©sagd 28@ bhukdgel r omhd heiddietexbhuachi-gbe pE&S Hirado

cylinder; [0019]Fig. 2 iIIL_istrates. Cross-section L, vi ew_of 1ghe

capi [ lary [l GW1BStREorYIRo0S0] BH % TS tPSPobr] 61ttt

di agram of therder of 300 to 350 CFM. The Compressed Gas Association
publication G-13 - 2006 Storage and Handling of Silane
and Silane Mixtures, section 13, describes the
ventilation requirements for silane in various locations.,
Specifically, section 13.2.3.1.1 describes the
calculations used to determine minimum ventilation rates.
Based upon the referenced calculation the present
invention could allow ventilation rates toc be decreased
from 300-350 CFM to 50-100 CFM, a three and a half to a
six-fold decrease. Reduced ventilation rates correlate
directly to reduced power consumption and eguipment
maintenance.
[0014] Other objects and aspects of the present
invention will become apparent to omne of ordinmary skill
in the art upon review of the specification, drawings and

claims appended hereto.

SUMMARY OF THE INVENTION

[0015] According to an aspect of the invention, an
apparatus for contreclling the discharge of pressurized

fluids from the outlet of a high pressure cylinder



apparatus of the present invention connected to a sem conductor tool;
and - 9 - 0021]Fig. 4 is an illustration of a schematic cross-

secti onal apparatus for controlling the disc

pressuri zeﬁ ezl\ﬁlosﬁ‘gﬁﬁprom the outlet of a high pressure c{;ﬁr%gggmﬂg‘\ﬂ ng
an excess flow val ve therein. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[ 0022] The manufacture of sem.conductor devices requires a nunber of
processi ng steps including, for exanple, the doping of certain
substrates which affect the electrical conductance of the devices,
epitaxial growh, or netal organi c chem cal vapor deposition.
Generally, highly toxic or flammable hydridic and halidic fluids are
stored and di spensed to these sem conduct or manufacturing tools in
gaseous phase. For purposes of explanatien-this invention will be
described in the context of silane gas. However, it wll be

under st ood bycéﬂé’%&ﬁﬂ'écﬁﬁé a/h'%?d E%%@%ax@ﬁagﬁr a%nﬁégrig' ¢ or

hal i di ¢ gases such as 7arsine hosphi ne an e utilized.
[0023] Wt h rePEPEHeRd t 0 ey arParghugppartd s Jﬁ)(ﬁ}fldpd@snﬁpél hohginge

di scharge of gr fuZiofbd 18409 ihNaACser e gyl aanghk! gabsal iye
enbodi ment of t i nvention s described. The apparatus 100 i ncl udes
a fluid storaG¥ %Rf?xe’ﬂl gﬁ chreaded ‘i‘ioth‘?jéﬁp *h§azhgot the
C|rcunscr|b|ngyrdndéﬁeﬂntﬂ'semluHEp&éﬂtldﬁ,simmuhl Q24 hAkdt helweck of
the vessel, LAY éﬁb Y dfgﬁgée O%xthin the'cylinder port body, wherein
a first port is utilized to £ill the cylinder with a
pressurized f£luid, and a second port in fluid
communication with an outlet of the cylinder to discharge
the pressurized fluid; a gas flow discharge path defined
in part by the second port body and the ocutlet, and
further including a restricted flow path and a flow
chammel disposed upstream of the second port body, but
wherein the gas flow discharge path does not include a
restrictive element selected from the group of presgure
regulators, check valves and restrictive flow orifices;
and the restricted flow path limits the flow rate of the
gas discharged from the cylinder to 5,000 sccm when the
outlet of the cylinder is exposed to an atmospheric
condition.
[0016] In accordance with another aspect of the
invention, an apparatus for controlling the discharge of
pressurized fluids from the outlet of a high pressure
cylinder containing toxic hydridic or flammable compounds
is provided wherein the restrictive flow path is an
excess flow valve which limits and/or stops the egress of
fluid when a preset flow rate passing through the valve
is exceeded. The preset flow rate is the maximum flow

rate of the fluid passing through the device. For



114 including a dual -port valve head assenbly 116 is threadably
engaged with the interior threaded opening of collar 118. The
dual - port val ve head assenbly 116 - 10 - includes a fl i%{flow

di schar ge B@E@%ﬁE&%ko joined in fluid f1 ow comuni cat i g T PHP7A14814
central working volume cavity in the valve head assenbly. The central
wor ki ng volume cavity is in turn in comunication to outlet port 122,
whi ch may be exteriorly threaded or otherw se constructed for
attachnment of a connector and associ ated piping, conduit, etc.

t hereto. [0025]Di sposed in the central working volunme cavity is a

val ve elenent 124 that is joined to a hand wheel 126 in the

enbodi nent shown, but nmay alternatively be joined to an automatic

val ve actuator or other controller, suchgas a pneunatic or electronic
actuating neans. [0026] The val ve head assenbly 116 al so features in

the valve blo i qﬁéég c i i it fi al ve 130
(and port, nogkﬁﬂ%%%1%ﬁ¥ oca?%%ggy g?%%%é&%%é#%iﬁ%éﬁfngh%ﬁﬁ val ve
body) and t hedehtegtworofy dllwke £1owef fxreme zREB AP tPhE  P88serenm Iputehf

thereby be chasgeghwitdudieaad k160 face ditdudd ReeVlbGRcENRetd ldo
port is closed and_ capped. These type of dual -port valves are

comerci al | y 89SF%A0 & 4% GRd SBEBdREX (FRTRPISH e fRAGPPReRNT *2tbany
| ocat ed i n Luaewistirehm [(F02ReTdevies] I ehe fdtdeths IFQuwdi-athargeuphssage
120 in the valye heaqiassenbly 114 ist#oineq_at it I?meé end tg a
restrictive fF %f%é?h f&ﬁ“ﬁﬁ€|&&¥n§“ FT (TS5 PochtBa%at Phe 15l et
of the restrievene df awgoattienefibefanlete ior dissghotbd si devhee gesulshace

and in the cageelnd |qRked COUBLCSP ot IAMT erdPOLEat hEnki cl d T Ui d

mai ntai ned in cylinder 110. The use of the restrictive flow path 130
i ncreases saf B¢ & Iajghingpde, pgecylinder or storage vessel.

This feature alone ox in combination with the capillary
flow restrictor greatly enhance the safety, environmental

and health features of the cylinder package.

BRIEF DESCRIPTION OF THE FIGURES

[0017] The objects and advantages of the invention
will be better understood from the following detailed
description of the preferred embodiments therecof in
connection with the accompanying figures wherein like
numbers denote same features throughout and wherein:
[0018] Fig. 1 illustrates a schematic cross-sectiocnal
view of an apparatus for controlling the discharge of
pressurized fluids from the outlet of a high preassure
cylindgr;

[0019] Fig. 2 illustrates a cross-sectional view of
the capillary flow restrictor;

[00201] Fig. 3 illustrates a schematic diagram of the
apparatus of the present invention connected to a

semiconductor teool; and



head assenbly 114 is sheared off, or otherw se the outlet of the high
cylinder pressure is opened to-an atnospheric condition. In
particular, th referred structure of the restrictive f|

uni formy \;&'Ozzg’gmﬁ‘éﬁfl | aries which offer flexibility andG Tzl;llglzg%?ollfﬁﬁl
The capillaries of the restrictive flow path limts the flow rate of
the gas discharge fromthe cylinder to not nore than 5,000 sccm
However, neither the restrictive flow path nor the apparatus taken as
a whole, includes a restrictive elenment selected fromthe group of
pressure regul ators, check valves or restrictive flow orifices.

[ 0028] Specifically, and with reference to Fig. 1, a conduit defines
at least two capillary passages, wherein the internal dianmeter of the
capillaries will be on the order of abautg 126 m croneters or |ess.

For two capillary passages, this dianeter Iimts the rate of rel ease
of a cyIinder ing a SSar i e -
force through tﬁe ?ube %%5’] ess thanag&g%sggggﬁ(%% % %ﬁ&)ﬂal#gpfgggs
end- users reqéif-'ﬁél@h@itv vyiewef pn laerpaagusofonbernt@id ing ShepM At
the rate of d&EEhéLgéagftﬁ%@%éﬁ%z&%ﬁr%1&9&stPFb&CEHéNdMﬂieEOoEWHtMlgﬁt
woul d take 8.5 hours™for_ a by 30 roomw th 10 foot ceilings to
reach the S|IQHSSFBﬁ%rCE%&HQﬁﬁ\F@WlpﬁlPnlGVG?S%ff%Q% vBlgist tRRgeArhal f
hours shoul d provi de anpl e tlne for alarns to warn personnel to exit
and response teams to take di anet er
of the multiple capill af ‘ ; f e

m croneters. [0022] - [00@&%'ﬁ&ndﬂanguheasfmsémlemnddu;Qﬂ dewtieesof the
capillary may LUS r Qv .l aw e of

5, 000 sccn1thfgggﬁgé%eéﬁggﬁg?ﬁfﬁbkggc gﬁé caséﬁgﬁlgﬁ%gﬁégdeF?%ery at
the previ ousl $XAERLE onlelP rARRINT Ofe CERPRLN aPYPFIratRAsH cRILcR 8E88CEm

long. For thaghbedtbderidaWAdnducegrtbeot WBnhe aftiRid e&pllﬁaﬂaéal | el
with a diameter of. about 12% m cronmeters. to_provi de about the sane

fl ow capaci t ySTTRERmPT i W@ LoEFaPESr GRRRECRY PRI (H@°E3HdAPt of this
i nvention nHbeﬂeﬁslemﬂﬁlghintﬁkﬁbons f Homealele Myhklridiizeanfl bAkidic
capi |1 ary passagesevild Usuald YR aghel Qedioe, Nledlleni BN ELORL and
not | ess than two cap ?Iary passages provi T e nummerous passages
while still amhouﬁa@ﬁ@ﬁﬁngeﬂqgagelatgaeag@namm%ﬂ¢4(nﬁomapgspoPQGBQfA

useful featurg,ofafd fod NMEY '191%eh§1E>HewPi9V15é'&H%é}fmfe'ae ifssgptially
round outer cross section of the tube with the relatively uniform

i nternal capi FPRFS* RS Sfdanerqasi nt BPHaYebpelt Midd ReedneRFSHER tie

tube will be dpbitaeskalrastiseither aky bMat h@cm@gutloaﬁccapakhaﬂeesr
(i.e., those with. cross sections in the formof, th [egqu ul arl
ecur i g ShabRFLa5h et SR 2p FFATTES VRTRii PR et rBa

cross sectionbeTheilimmitiness of the individual capillary passages nay
be defined by phesyari %f)"t(%{‘ I.Je!}e?}eﬁggt £6; figkei‘ APy %E‘.th@lbb”ﬁér of
direction across the substantially circu cr'oss S&Etion of  eac

capi | l ary passegerchbinedeedifghasos Theoresdwririedy fétidhe &nfferent

uni form capi | fasyr@assagdasyHayn Be1dsti-aetvdyeddiivdhirabieognkn aver age

di anet er between capillaries not exceedln 15% An .
‘invention is described. he dpparatus 100 includes a

fluid storage and dispensing cylinder 110, defining and
circumscribing an interior volume 112, as shown.

[0024] At the neck of the vessel, a cylinder port body
114 including a dual-port valve head assembly 116 is
threadably engaged with the interior threaded opening of
collar 118. The dual-port wvalve head assembly 116



- 13 - remaining flow area through the tube is typically in the form
of irregular capillary si zed passages having individual cross

sect i onal %®§ hgi are less than the individual cross ?ctron

areas of t df capill ary passages. Typically, t he'GT 'l%llﬂll"élm
capillaries mnll have an average cross-sectional area that equals 50%
or less of the average flow area of the regular capillaries. The
relatively small diameter of the irregular capillaries mnimzes the
detrinmental effect that the presence of the irregular capillaries my
have on the regulation of the flow rate through the restrictor.

[ 0031] The preferred structure of the restrictive flow path is a
uniformmulti-capillary assenbly, where the capillary nmay be wound

for extra strength, or otherw se confi-guped in substantially straight
paral | el passages. The capillaries may take the form of el ongated
shafts or rodﬁmﬂﬂﬂeé e FULAr £YBY,! Pécﬁ%decgﬁ%%e e #50Wbin lh e
capillaries themsel ves may be manu acture ny materi a

sui tabl y madefitHid fdigwh camsppicatien wWifis a tqff‘é‘tr‘-”ééul‘"é’lfhbn%a‘ﬁ?]r‘l"éﬁ y

structure hascaaatqp%atcmegvhe{raeﬁ@édlr@ssté&a;w S Ithil bede by t\lr@rkmg
stability or transition teg‘gerature of the material defining the

capi |l ari es. YIS £3VESYof St AP sERTD P HRIERE L PR oRP VAP E Rittdss

mat eri al s. Dripm ngwhtlemhmaqube asesk igrl  ahivieadegl asSothdewsseand t ubes

| end t hensel ves qpst a%P % t.he roqyctron of . the t%be stru%égwa
€ 9

of this invent1om. SRR TTal®s SORBPGERT | 3G RFTICRS
borosilicate P:m;mmnt:pmiah-tgl essestiestae.l i ne silicate), and ot her

forms of highpgyssty Sﬂlbﬁésé&'cfhaéhe -cekt ra1d¥dtk nﬁBOi A

particularly preferred glass materital is quartz. Wth reference
to Fig. 2, tH& thivelieselsmerheldt ddetds JPéP8f1| e fohand whasy &6y
di amret er may e tmdemua&aehar@%m QM emwatrherﬁaaglrém Yoo f cglrsis .

Proper containment ¢ Lther, over cone r g g ass.
chown by the "0 0 SEePRELI SoHER, ST B PRfeR sl feney
200 preferablas @ebmreamaalhe&age)lecarn'cang:emuaoﬁngr We i l | ary
passages 220 [}beihesu”ﬁl dyg1 CE ML %%%hlﬂ a§f§8 de’aﬁtquaéld in

wherein all capl ar| es have the sa atr ve anet e
[0033] The tubdentiplie Blprbunmdedl bypaarasest eﬁfispeememe@atprrm/wdeh

addi tional supRartaaRd 35HUCAM Fodtl 8t LhowsUBHE S1&euass Y be
constructed of, netallic_materjals. An optional netal tube 260,

typically Coﬁgppﬁgggaaﬁ}xnpehlnd the valve body) and the interior
volume 112 of the vessel. The vessel 110 may thereby be

charged with pressurized gas, following which the £ill
port is closed and capped. These type of dual-port
valves are commercially available from the Ceodeux Ultra
Pure Equipment Company located in Luxembourg.

[0027] The central fluid flow discharge passage 120 in
the wvalve head assembly 114 is joined at its lower end to
a restrictive flow path 130 including a filter 132
located at the inlet of the restrictive flow path. The
inlet is disposed in the gas space and in the case of
liquefied compressed gases, above the ligquid fluid
maintained in cylinder 110. The use of the restrictive

flow path 130 increases safety in the event the valve



stainless steel, may protectively surround the glass tube 200. Metal
tube 260 adds further rigidity and durability when optionally shrunk
around str 00 and provides a reinforced unit.

opt i onal g&ﬁﬁgﬁgéﬁgnt of netal tube 260, fracture of t "&Q@ggLFﬁbe
woul d again | eave the function of the restricted flow path through
capillary arrangenent 130 substantially unchanged. An especially
beneficial arrangenent may shrink a netallic sleeve around a gl ass
mul ti-capillary assenbly to conpress the tube into the sleeve. An
arrangenment such as this may provide the needed structural support
for inmposing the necessary ultra-high pressures that are required to
push many fluids through capillaries that approach 126 microneters in
dianeter. - 15 - [0034] The capillary aryangenent may be manuf actured
using a formng nethod that readily provides the assenbly structure
of this inven It Gul i m ol I

assenbl y. Thehbnfga?hggdg?mﬁ\g% 4e(;Llr%‘u %‘Fgﬁ‘g% %?far y%tﬁggeg?&%%ngﬁl%tmﬁ%%t a
subst ant i al | yo&i Feel kishenilinder pRasssue rburmrened|ter ani pymeppheric

regul ar capi |l LahyiPassages Rfrciedily, | FhETHad £ &¥aldS s\&*rhbtﬂrénoﬁuiﬁé
wal | . The method starts with inserting a plurality of smaller

condui ts i nt oXSSEFFFOLRIITNG™ BBED: &5 BRIFI P hS1F5F CORAGLETAS8enDl y.
The conduits wnycheofmﬂmiebgibduawngndomuekmlﬂﬁye stmekcapllhaerles
desired condw unber..of in ed..co rli]w tfi W | corfeapond

with the nunb8 o erre%sﬂ ré‘rc 335i Er8r; BEts ob WS B he fg‘?‘tr“n"_"n0

nmet hod. Conmopgaspéischprad fivem tbadaviinder tyealadd ﬂ@b‘@utheneSemD of

the tube and gopdui tyQARSRID! Yelienber fhé %Mf&lsﬁeo%‘iobaﬁbeﬂ Aof | ased
end about which ail conduits are sealed fromfluid fiow and an

opposi t e openBRYFAHHtEMFCRSaP YEBhBui 1REHIEDFeAerFEEIFELYE f1 ow.

The draw ng SéD@IkeﬂltS ddaitheatredmt ena §ﬁ$ﬁ@mm@ﬁe@m&éawéﬂlatbfs

sui tabl e dravvlag at s, EOO%S%L )gf ousl y .drawi ng the heated
drawi ng st ockS#RFTe S & FRGFG ﬁv‘?l W r ¥R REspen conduit ends
of the draw ngogzaﬂck reinmeglbhélvntemdwstmfraﬁwewadupt Bigo 1, a

capillary si zg %M\H@ c{g vent iag ggg{% n&é‘lﬁ HH%FPQEFLQSS, ﬁ?xgérv’iém

interiors. cap| ary tub as a nu
passages substla‘htifaﬁﬁly'laé'qtsf’élamﬁﬁeifh@fnm@amﬁll@(?ﬁ@@l wslﬂralyeb@n the

recovered frogrdde o raihhed28ndicpohete Al ay N8, 0Ckor! BugRNY cases

the reduction of the dianeter of the conduits during the -
capillary passages, this diameter limits™ the rate of

release of a cylinder having a 1,500 psi saturation
pressure of silane can force through the tube to less
than 5,000 sccm {or 5 LPM). Typical end-users redquire
flow rateg in the range of about 0.2 to 5 LPM. At the
rate of 5 LPM it can take 395 hours for the container to
empty. It would take 8.5 hours for a 30 by 30 room with
10 foot ceilings to reach the silane lower explosive
limit level of 1%. Eight and a half hours should provide
ample time for alarms to warn personnel to exit and
responge teams to take necessary action. Therefore, the
diameter of the multiple capillaries will ordinarily be

less than 126 micrometers.



drawi ng of the heated drawi ng stock provides sufficient reduction in
the dianmeter at their open ends to suitably restrict gas flow out of
the interigrs conduits to a rate that naintains i red
final diangﬁﬁw&%y%pﬁe capillary passages fornmed fron1tﬂggﬁgﬂﬁﬁﬂ?§ﬂ4

[ 0036] I n anot her enbodi nent of the invention, and with reference back
to Fig. 1, upstreamof the restrictive flow path 130, a filter unit
132 having a tubular fitting portion that is threaded or otherw se
engaged to the restrictive flow path 128, for matabl e engagenent, to
renove contam nant particulates. The filter can be any suitable

menbr ane, screen or sintered netal filter, known in the art as a frit
filter, which would be resistant to the high pressures within the
cylinder. [0037]1n a further enbodi ment,2and as shown in Fig. 3, the
cylinder 100 is in fluid conmunication with a sem conductor tool,

such as a cherpgab) vaporhdengsitt @B (eeh 300end sRasad OBt Bgel i ne
between the cylinder and the tool is a mass flow controller 310,

whi ch cont r ol §2PhaITBIeAtRe FdigssedeFPVRFeW 49 & MEtigom desheedl | vy,
the tool requELes Ratdé W rAtEDI &GN GhiH08h abdltreddtQ-itc@ 12000018 CERR
Therefore, it is de irﬁfle E?g? t he ngxigun1flom/r te fr n1cglinder
100 i s about 528B0°%cEH 3Ry AT YEEY o P WhBE HRTEYHEF WS P8¢ he t ool
or the outl et ratesi nphy sxpddedyt dsahypiaatphes i35 comdiohigon. FEH08B4 ¢ n
an alternativ di .depiLcled. | i.0...4,. _capi ,
arr angement 1283%’ b{e@tr}é%u&@%e?gu ?ngt&%o%a%\nﬁtﬁé%resr éﬁl ggg%&g%lya%lth
excess flow val $eametqy of mhonthlg64ndcnprerers ol aravidenabaht fthe d
fl ow di schar ggaRasse@® dedthci®ly .al rRenabivebYe URYiMaaPOhakhlgqyal e
124. The excess flow valve assenhbly is set to prevent the flow of gas
from cyl i nder P22 0°0HE & Yr &L LPYRPFLPR TRY S& &tST21Fhaspfeset
flow rate i s mberdmxi muovWdva ,r ghe oizéhef fithe da1HIanyg bAEsaGHs t he
devi ce. For ex le, t Xxces | ow_val ve ma set .to. allqw

dol 1 very of {PALE FRatilt BEE, fouhed che€ gtre dhatb o rf el
reason the fl dessatkan hhougapifdadpvpaesages t® mxoedd Sub€bosscm
(such as a COH?Q&%ES fv?d:ﬂj]‘ér &t9h1! Qﬂo‘gf’x‘(\?%é&%l%f steh%tdF%&SAax%f@
excess flow val ve woul d cl ose and prevent any further rel ease o
fluid. In thef¥¥ma%¥sa conponent failure or |eak this device woul d
prevent furthegossrape pfuspanit feaebite "6t AR NGk chepRipi fge f | Ui d

i nsi de the cylinder_oré%%orage vessel . This feature al one or |

n
conbi nat i on WIRITCE & 15951 SPPBR R LAY (TR PEETt FYOERNIRTET 1RF
saf ety, environeenitsd vatth heal rhliestelesumnifddiie ieylernder cpptkoge,

Therefore, up ti wheel , an ning valve 124 . or
ot herw se sheé%%égé%%f valvé Eggégﬁz%&l?hgp%(cag%sa :l’%\?vu )zzil J(:/lée a%%%enbl y
400 limts theiyhsod |dnfingde almoappentxirately Adreo reguirr _
Addi tional 'y, . 400f NGF; £XCaSS ef. |, Ovhyad e AP QY debeiahbaghethOrsdh
communi cation wth the flow path 128 and upstream of valve 130 where
in the unlikePy SReritamst rAUSAPLEt EeMF NS i@ he FhewreFuips
t][lr;ulughdp?rt dé’%ill&tdﬁida?@@fb@abh?dﬁﬁib thersha rafre:\éentﬁéaai&xh.e eﬁf@pfe
o] ui romthe, vesse rough. ei 128 ar 120. The operation o
the excess floWIHISRE i%F %ﬁﬁe&ﬁgﬁY%éﬁéikﬁﬁQﬁéiﬁﬂﬁ:p?@ﬁgggseFaY be
defined by the variation in diameter, taken along any two
lines of direction across the substantially circular
cross section of each capillary passage, not exceeding
15%. The uniformity of the diffexrent uniform capillary
passages may be defined by the variation in average

diameter between capillaries not exceeding 15%. Any



- 18 - differential pressure across the device and stops flow through
t he device when a preset differential or maximumflow rate is
exceeded. A this type are coomercially availa

Lee Conpang,%z(g&%g?‘ﬁ r manufacturers. [0039] A | ow rel eagg%@gomﬁggﬁage
in accordance with the present invention will be further described in
detail with reference to the follow ng exanple, which is, however,

not to be construed as limting the invention. EXAMPLE (0040] An
apparatus for controlling the discharge of pressurized fluids was
prepared. The cylinder contained, inter alia, a gas flow discharge
path defined in part by having a capillary passage assenbly therein.
The cylinder omtted pressure regulators, check val ves, and

restrictive floworifices. The cylinder s filled with pressurized
silane, and connected to a sem conductor tool such as netalorganic

vapor deposi thHalﬁiMV‘ff&v FLORYeBLLANAe Y a0 grse piadh ai‘ the

package without a capil[ary passage was connecte sem uct or
t ool requirin§eIm3vd %%Eﬁﬁulﬁﬁaqqa&&FF§Ya?bF?Qﬂﬂﬁ%ﬁﬁS$% havaage 1,

bel ow. Tabl e individual cross sectional areas that are less than the
individual cross sectional areas of the regular capillary
passages. Typically, the irregular capillaries will have
an average cross-sectional area that egquals 50% or less
of the average flow area of the regular capillariezs. The
relatively small diameter of the irregular capillaries
minimizes the detrimental effect that the presence of the
irregular capillaries may have on the regulation of the
flow rate through the restrictor.
[0031] The preferred structure of the restrictive flow
path is a uniform multi-capillary assembly, where the
capillary may be wound for extra strength, or otherwise
configured in substantially straight parallel passages.
The capillaries may take the form of elongated shafts or
rods, and the outer wall of the conduit, as well as the
capillaries themselves may be manufactured from any
material that is suitably made into such a structure.
Thus, the resulting capillary structure has an operating
temperature that is limited by the stability or
transition temperature of the material defining the
capillaries. Capillaries of this size may be made from
various glass materials. Drawing techniques used for
forming glass fibers and tubes lend themselves most
readily to the production of the tube structure of this
invention. Suitable glass materials include lead
silicate, borosilicate, conventional glasses (soda lime

silicate), and other forms of high purity silica such as



Apparatus of the Present Invention (68 gmcapillaries) Conventional
size (high pressure cylinder) Deliverable Product (kg) 13.5 5.6

Maxi mum Re {,¢ (scorn) 5,000 21,460 Deliverable RoduShoro11814
PERRITLE o

(percent o .5

- 14 -

cuartz or fused silica. A particularly preferred glass
material is quartz.

[0032] With reference to Fig. 2, the thickness of the
glass wall relative to the capillary diameter may be made
quite large to overcome the fragility of glass. Pfoper
containment can further overcome any fragility of glass.
As shown by the cross-sectional view in Fig. 2, in this
embodiment, tube 200 preferably defines a hexagon
arrangement of six capillary passages 220 that surround a
central capillary passage 240 and wherein all of the
capillaries have the same relative diameter.

[0033] The tube may be surrounded by an outer sleeve
to provide additional support and structural integrity.
Such sleeves may be constructed of metallic materials.

An optional metal tube 260, typically constructed from
stainless steel, may protectively surround the glass tube
200. Metal tube 260 adds further rigidity and durability
when optionally shrunk arocund structure 200 and provides
a reinforced unit. With the optional reinforcement of
metal tube 260, fracture of the glass tube would again
leave the function of the restricted flow path through
capillary arrangement 130 substantially unchanged. BAn
especially beneficial arrangement may shrink a metallic
sleeve around a glass multi-capillary assembly to
compress the tube into the sleeve. An arrangement such
as this may provide the needed structural support for
imposing the necessary ultra-high pressures that are
regquired to push wmany fluids through capillaries that

approach 126 micrometers in diameter.

T



96.8 - 19 - [0041] As can be seen fromthe results above, the
capacity of the cylinder for holding product is increased by a factor
of 2.4 to . and the deliverable anpbunt of sila ' hj

as 86.5% (%@ﬁ%gﬁgbs versus 5.4 kgs obtained fromt he%@:&ﬂﬁ@s&ﬁ@%ﬁ?
cylinder). In addition, the release rate fromthe cylinder is limted
to 5,000 sccm while the conventional cylinder has the capability of
rel easing 21,460 sccm This four-fold decrease in release rate

i nproves the safety of the package in the event of a downstream | eak
or conponent failure and in turn allows for higher fill volunes in
each cylinder which correlates to fewer cylinder change-outs.

[ 0042] The capill ary packages were prepared to acconplish a maxi num

delivery 5,000 sccm based on the requi rsmment of the tool. During
normal tool operation the capillaries do not have an intended

function othegodfon to MDA %g.liawoéﬁ'%#\arﬁ&{tp%@r Wi eAnhegcdied

fromw thin the vessel trave to:the out ort. However, during an
uncontrol | ed YeiRask (RFHSES BahfBH Ehat c’é‘?ﬂq#]a‘flpé’é"’(léiﬁéhtag assembly
conponent fai stiredtdhe dzamﬂlbaﬁheantiamtaﬁdlelﬂ@@ﬁm&uﬁla@war ah e dFPM

the cylinder to 5,000 %OO4%¥Iable 2 li%ﬁ%ﬁé%e der heel and

usabl e product ]o%iSecEf‘ rtYh SPEEPLY I oW PR difi g™ st 81 Pty

froma 15. 6 kgamsillne gubiender coniivil 2 0@BY¢H 16 HAHREENUYSAN0Y/ 01481Yar
prerimeter that surrounds a plurality of regular capillary
passages defined by internal walls within an outer wall.
The method starts with inserting a plurality of smaller
conduits into a surrounding tube to form a tube and
conduit assembly. The conduits may be formed by drawing
down the tube stock to the desired conduit size. The
number of inserted conduits will correspond with the
number of regular capillaries obtained by the forming
method. Common copenings of the conduits are sealed about
one end of the tube and conduit assembly to form a
drawing stock having a closed end about which all
conduits are sealed from fluid flow and an opposite open
end about which all conduits are open for fluid flow.
The drawing stock is then heated to a softening
temperature in a suitable drawing apparatus.
[0035] Simultaneously drawing the heated drawing stock
while restricting fluid flow from the open conduit ends
of the drawing stock reduces the interiors of the
conduits to capillary size while preventing collapsing
closure of the conduit interiors. A multi-capillary tube
that has a number of capillary passages substantially
equal to the number of conduits may be recovered from the
stretched and cooled drawing stock. In many cases the

reduction of the diameter of the conduits during the



- 20 - Table 2 Tool Flow Requirenent (scan) Cylinder Pressure
(m nimum cyl i nder pressure required to maintain desired flow

rate, (i. e.chzla&%iGB?i nts at various flow rates)) Cyli ndPeCr_nU%(%(r]ll;t_]%rluts?4

- 16 -

drawing of the heated drawing stock provides sufficient
feduction in the diameter at their open ends to suitably
restrict gas flow out of the interiors of the conduits to
a rate that maintains the desired final diameter of the
capillary passages formed from the conduits.

[0036]) In another embodiment of the invention, and
with reference back to Fig. 1, upstream of the
restrictive flow path 130, a filter unit 132 having a
tubular fitting portion that is threaded or otherwise
engaged to the restrictive flow path 128, for matable
engagement, to remove contaminant particulates. The
filter can be any suitable membrane, screen or sintered
metal filter, known in the art as a frit filter, which
would be resistant to the high pressures within the
cylinder.

{0037] In a further embodiment, and as shown in Fig.
3, the cylinder 100 is in fluia communication with a
semiconductor tool, such as a chemical vapor deposition
tool 300. Disposed on the line between the cylinder and
the tool is a mass flow controller 310, which controls
the flow rate of gas delivered to the tool. Generally,
the tool requires a flow rate ranging from about 200 to
5,000 scem. Therefore, it is desirable that the maximum
flow rate from cylinder 100 is about 5,000 scom
regardless of whether the flow is to the tool or the
outlet is simply exposed to an atmospheric condition.
[0038] In an alternative embodiment, and as depicted
in Fig. 4, capillary arrangement 130 can be used in

combination with or replaced by an excess flow valve



(Heel in. Kg.) Usable Capacity 200 59 0.3 15.3 500 149 0.8 14.8

WO 2008/016441 PCT/US2007/014814

- 17 -

assembly 400 upstream of the central fluid flow discharge
passage 120, or alternatively upstream of the valve 124.
The excess flow valve assembly is set to prevent the flow
of gas from cylinder 110 once a preset flow rate is
exceeded. The preset flow rate is the maximum flow rate
of the fluid passing through the device. For example,
the excess flow valve may be set to allow delivery of
fluid flows from zero up to 5,000 sccm but if for any
reascn the flow rate through the device were to exceed
5,000 sccm (such as a component failure or leak
downstream of the device) the excess flow wvalve would
close and prevent any further release of fluid. In the
event of a component failure or leak this dewvice would
prevent further escape of gas thereby retaining the
remaining fluid inside the cylinder or storage vessel.
This feature alone or in combination with the capillary
flow restrictor greatly enhances the safety,
environmental and health features of the cylinder
package. Therefore, upon actuating wheel 126, and
cpening valve 124, or otherwise sheering off valve head
128, the excess flow valve assembly 400 limits the gas
flow rate to approximately zero scem. Additionally,
another excess flow valve 400 could be attached or in
communication with the flow path 128 and upstream of
valve 130 where in the unlikely event of a complete valve
shear the flow of gas through port 128 would also he
blocked thereby preventing the escape of fluid from the
vessel through either 128 or 120. The operation of the

excess flow valve is a mechanical device that senses a



1,000 297 1.6 14.0 1,300 386 2.1 13.5 2,500 743 5.2

WO 2008/016441 PCT/US2007/014814
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differential pressure across the device and stops flow
through the device when a preset differential or maximum
flow rate is exceeded. Devices of this type are
commercially available from The Lee Company, or other
manufacturers.

[0D39]

the present invention will be further described in detail

A low release rate package in accordance with
with reference to the following example, which is,

however, not to be construed as limiting the invention.

EXAMPLE
[o040] An apparatus for controlling the discharge of
pressurized fluids was prepared. The cylinder contained,
a gas flow discharge path defined in part by

The

inter alia,
having a capillary passage assembly therein.
and

cylinder omitted pressure regulators, check valves,

restrictive flow orifices. The cylinder was filled with
pressurized silane, and connected to a semiconductor tool
such as metalorganic vapor deposition. Likewise, a
conventional high pressure silane package without a
capillary passage was connected to a semiconductor tool

requiring 1,300 seem. The results are tabulated in Table

1, below.
Table 1

Apparatus of the Present

Invention Conventional T size

{68 um capillaries) {high pressure cylinder)
Deliverable Product {kg) 13.5 5.6
Maximum Release Rate 5,000 21,460
{scem)
Deliverable Product B6.5 96.8
{percent of total)




10.4 5,000 1,486 15.5 0.1 [0044]As noted fromthe table, |ower tool
flowrates will result in higher product utilization rates of product

fromthe CWdiﬂﬁnglﬁﬂfed for this exanple. [0045]Wile th&fﬁ@éﬁ@h’%n s

has been described in detail with reference to specific e

thereof, it will becone apparent to one skilled in the art that
various changes and nodifications can be nmade, and equival ents
enpl oyed, w thout departing fromthe scope of the appended cl ai ns.

_19_

foo41l As can be geen from the results above,.the
capacity of the cylinder for holding product is increased
by a factor of 2.4 to 13.5 kgg, and the deliverable
amount of =silane is as high as B6.5% {(or 11.7 kgs versus
5.4 kgs obtained from the conventional cylinder). In
addition, the release rate from the cylinder is limited
to 5,000 sccm, while the conventional cylinder has the
capability of releasing 21,460 sccm. This four-fold
decrease in release rate improves the safety of the
package in the event of a downstream leak or component
failure and in turn allows for higher £ill volumes in
each cylinder which correlates to fewer cylindef change-
ocuts.

[0042] The capillary packages were prepared to
accomplish a maximum delivery 5,000 sccm, based on the
requirement of the tool. During normal tool operation
the capillaries do not have an intended function other
than to provide a flow path through which the fluid from
within the vessel travels to the outlet port. However,
during an uncontrolled release downstream of the
capillaries (such as a component failure) the capillaries
limit the maximum flow rate from the cylinder to 5,000
sccm.

[0043] Table 2 1lists the cylinder heel and usable
product based upon the tool flow requirements as

delivered from a 15.6 kg silane cylinder.



-21 - Cdains 1. An apparatus (100) for controlling the discharge of
pressurized fluids fromthe outlet of a high pressure cylinder (110)
containin I ridic/halidic or flamuabl e conpoun

appar at usgvk%és(}%g%gri sing: a cylinder (110) for hol di %Té&%"m”s“
pressurized fluid in an at |east partial gas phase, a cylinder port
body (114) threaded to the upper part of the cylinder (110) in a
seal ed position; a dual port valve head assenbly (116) di sposed
within the cylinder port body (114), wherein a first port (130) is
utilized to fill the cylinder (110) with a pressurized fluid, and a
second port in fluid communication with an outlet (122) of the
cylinder (110) is utilized to discharge the pressurized fluid;- a gas
fl ow di scharge path (120) defined in parZzo by the second port body and
the outlet, and further including a restricted flow path (130, 400)
and a fl ow channel disposed upstreamghidhe second port body, but
wherein the gas flow discharge narh TZ0) _daes not include a
restrictive element sel gﬁﬁgﬁ‘ g@ixﬁ} ‘m}bﬂﬁ of pressure regul ators,
check val ves| amghirresdri cttwa?;hkﬂwgf?;gﬁd ess; 4and a shut- off vaIUve
(124) for co F? Ffﬁﬁﬂj 1 1at | B, EIEEN B e Y4 bat h 8L28) ;
characteri zefd |c1?‘2¢deL e e?r::r;??ﬁ (f, ;duralgllqug\?pdl g E%h?g i Pﬁ :;;%)ilc

flowrate of| thesepas discharged fiesmthe cylinder (©140) to BB UM
Of not nor e havJ -Eiaoﬂﬂﬂ seem \I\"‘\DH 3bz\n nllf | nf 122) l%‘fs t !'11:\ Fa l! : nlrlgsp

L T N i 5 1 .5 .
(110) i s exploSEed,dde an| atmoSpheri7s CondrtTonmfand TP iSes|a cwleuit
(200) haV|naiat5L@mqt wo capi[2a#8¢ passagesi(220,15240) anfi/oroan

excess flow val ve (400) for sensing the differential pressure across

the valve and[lf{ﬂﬂ]StOpmsn&oftbﬂwftrbﬁoﬂlgé" &ahﬂé/all\ée:e\eheaoa piewletd e
ﬁHXIﬁUﬁ]f|OM“%€§e is exceed sai d conduit and sai d excess

fl ow val ve (4 écﬁpvgﬁ9he5ePﬁ 'Fﬂbéﬁé&lﬁﬂ £PBaRPbes t e
shut - of f val verddi2#h) £r2m the appandttisusdd daal mhis ehkanpla.t he
capi | lary paspagesy (220n34Q) havenfeil AL RheAPAULA2EH L1 crons)

or | ess.

detail with reference to specific embodiments thereof, it
will become apparent to one skilled in the art that
various changes and modifications can be made, and
equivalents employed, without departing from the scope of

the appended claims.



3. The apparatus of claim1, wherein the conduit (200) surrounds a
plurality of elongated shaft (220, 240) to define a restricted fl ow
path. 4. The apparatus of claim 3, wherein the capillary passages
(220, 240) conprise straight tubes, and have an arrangenent of one
central tube (240) surrounded by at |east two outer tubes (220) to
provide capillary size flow areas through the tubes. 5. The apparatus
of claim1, further conprising a mass2ktow control | er (310) di sposed
downstream of the cylinder outlet (122) and fluidly connected to a
sem conduct or manufacturing tool (300), wherein the mass flow rate
fron1the cylinder (110) to the tool (300) ranges from about 200 to
about®8M™®00 sccm 6. The apparatus of cIa|n11 mhereln the capillary

passage 220, 24 e% &q H g rh& e
cyI in d e Ppa' ogtgjs F arg assunzed uids from the otitlel of a E ssure cy[mder
E g? %cfi %ps ean1%?mpg % 9r9@R£3 fIOM/path

sintere g" mW‘¥Th$

(130, 400) . 1 hannel

R e e Wb

\(,:\gm*runl catal ¥ aI ﬁfg]{) 5 eﬂ s sed ithj rﬁr;cbﬁﬁff{?h M%J.«:éh Mirdtport (130)
erein cy; 10 iﬁﬂ prés§urr§é%i fI@Q é&ja Qefca{@ HR nGg EHM?numcataon with an

consi st i n cyim ﬁ bt [IﬁedtQEJSGQArEeOLFJdré%QJn!:éﬁ fl@@er ated val ves. 10.

The appar @1 J:!'SSFIO\Q lscql r@é;@th]( @itk B phi6y thd Jejzonﬁjﬂfntbocfylaﬁﬂh@&ﬁl& dod-#ifer including a
conpri ses ARENE 3ath (1560 ¥hoYsHd % fowl d@inellaR sl UBSirefrh BMelsboRU BRI Bufwihbrbin the
port int B% oW @‘Qc;har{‘;@;?ﬂpth (i 3R ddRE B3 RliudelaGiMiERE Berheht REGREMRThe group of pressure reg-

ulators, check valves and restrictive flow orifices; and

a shut-off valve (124) for controlling fluid flow along the gas discharge path (120);

characterized in that

the restricted flow path (130, 400) limits the flow rate of the gas discharged from the cylinder (110) to a maximum
of not more than 5,000 sccm when the outlet (122) of the cylinder (110) is exposed to an atmospheric condition
and comprises a conduit (200) having at least two capillary passages (220, 240) and/or an excess flow valve
(400) for sensing the differential pressure across the valve and for stopping flow through the valve when a
predefined maximum flow rate is exceeded, said conduit (200) and said excess flow vaive {400, respectively,
being located upstream of the shut-off valve (124).

2. The apparatus of claim 1, wherein the capillary passages (220,240) have a diameter of about 126 pm {microns) or
less.

‘3. The apparatus of claim 1, wherein the conduit (200) surrounds a plurality of elongated shaft (220, 240) to define a
restricted flow path.

4. The apparatus of claim 3, wherein the capillary passages (220,240) comprise straight tubes, and have an arrange-
ment of one central tube (240) surrounded by at ieast two outer tubes (220) to provide capillary size fiow areas
through the tubes.

5. The apparatus of ¢laim 1, further comprising a mass flow controller {310) disposed downstream of the cyfinder outlet
(122) andfluidly connected to a serniconductor manufacturing tool (300), wherein the mass flow rate from the cylinder
(110) to the tool (300) ranges from about 200 to about 5,000 sccm

6. The apparatus of claim 1, wherein the capillary passage (220, 240) are disposed above the liquid fluid in the cylinder
(110).
7. The apparatus of claim 1, further comprising & sintered metal frit filter (132) upstream of the restricted flow path

(130, 400).

8. The apparatus of claim 1, wherein the flow channel is disposed downstream of the restricted flow path (130, 400}
and in communication with the second port.

9. Theapparatus of claim 1, wherein the shut-off valve (124) is selected from the group consisting of manual, pneumatic,
or electrically operated valves.

10. The apparatus of claim 1 wherein the fill port flow path (128) comprises an excess flow valve that isolates flow
through the fill port in the event that the preset flow rate is exceeded.



