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RATE CYLI NDER PACKAGE BACKGROUND OF THE | NVENTI ON
wdh@beigai the I nvention [0001] The present i nveniieno7/o14814
relates to high pressure cylinder packages utilized
in the delivery of highly toxic and/or flammable
conpounds to sem conductor manufacturing tools.
Description of Related Art [0002] Industria
processi ng and manufacturing applications such as the
sem conductor manufacturing requires the safe storage
and handling of highly toxic or flamuable hydridic
and halidic gases. The sem conductor industry in
particular relies on the gaseods-hydrides of silane
(SiH4), and liquefied conpressed gases such as arsine
(AsH3) and phospWi RELERBR) RATE CILENDBEROPASKAGE.
vari ous sem conductor process systens typically use
SiHQ AsH3 and PH3 at pressures as high as 1,500
PSBACKEREGUND OF hEHE ENVEEMEONOXi city and hi gh vapor
pressure, uncontrolled release of the gas due to
delivery system conponent failure, or human error
duFiehdcqfinﬂerInhanQEenout procedures nmay lead to
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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 (SiH4), and liquefied compressed gases such as
arsine (AsH;) and phosphine (PH,;) for wafer processing.
Various 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
persocnal injury. On the other hand, leaks of a highly
toxic gas such as arsine may 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

wdoshiwrasen conductor industry, silane is typreattxo7/014814
stored in pressurized containers at about 250 psi or

hi gher. The handling of cylinders in production
environnents presents a w de variety of hazardous
situations. A leak in one 140 gram cylinder of sil ane
could contam nate the entire volune of a 30,000

square foot building with 10 foot high ceilings to

the I medi ate Danger to Life and Health (IDLH) |evel.

If the leak rate were large, this could happen in

just a mnute or two, which woald nean that for many
hours there woul d be extrenely deadly concentration
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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. Silane 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.

[0005] In light of the hazards associated with the

unintended release of these fluids from high pressure



3 cylinders, a nunber of proposals have been made in
the related art to prevent a catastrophic rel ease of
wo oseiddhammabl e fluids. (0006] One such propopet/uBRs7/014814
been the use of a restrictive flow orifice (RFO
installed in the outlet or the fluid flow path
out side of the high pressure cylinder. At |east two
types of RFOs are currently available and in use. The
first is a nmetal gasket RFO which contains a snal
di ameter hol e (about 0.010 inches or 254 m di aneter)
bored through the center of a washer- |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 [ j ,
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d cyfq Eﬁ% esign is.a plug-type orifice that

is threaded 1nto the cyllnder valve use port. This type

of RFO, likewise has a similar size diameter hole, as the
one described above. At high pressure (e.g., 1,500 psig)
these RFOs are able to limit the maximum flow rate to
thousands or tens of thousands of stapdard cubic
centimeters per minute (sccm). However, this is
generally an unacceptable high flow rate. For example,
when silane is utilized, 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,
severely limits the total capacity of each cylinder.

This capacity limitation requires 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.



WD 2008/ 016441 PCT/ US2007/014814 4 [0007] O her
al ternative systens have been proposed in U S. Patent

woems/nf4089, 027 and 6,343,476 Bl . In these syptpUS2007/014814
one or nore set pressure regulators are disposed in

series along the flow path of the gas which is in
communi cation with the outlet of the cylinder. The
regul ators are utilized to step down the pressure to
about 100 psig and reduce the flow rate at outlet of
the cylinder. In addition, in the comerci al

enbodi nents known as VAC(r) and marketed by Advanced
Technol ogy Materials, Inc. a standard RFO, such as
the ones discussed above, i-s enployed to further
reduce the maximumflow to about 5,000 sccm [0008]
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Anot her object of the present_invention is to provide
a3t ts 105 o (ﬁfe%“?ﬂ)‘fd R R Theas e Psksure

r efidAlsded ABBEK, iad fp IFyd R X d | ldtHed |:@8duce the
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 publications can only be
opened by the end-user upon the application of a vacuum
on the outlet (i.e., less than 760 Torr).
{(0009] The present invention provides 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 is exposed to
atmospheric conditions, or otherwise functioning at
super-atmospheric conditions.
[0010] Another object of the present invention is to
provide an apparatus which does not require internal
pressure regulators, check valves or restriction flow

orifices, or other mechanically operated features,



orifices, or other nechanically operated features, WO
2008/ 016441 PCT/ US2007/014814 - 5 thereby reducing

wo bRspasis and probability of mal function asspel/atRdro14814
with the high pressure cylinders and/or mechani cal

devi ces. [0011] Another object of the present
invention is to elimnate the potential errors
related to the use of an external RFO External RFGCs
have the potential to leak either 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 RF@ -During purge
processes after attaching a cylinder or prior to
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SIplra:i.noer tt% bceyllinrgetredfen%f\;a it is critical to remove all of
the air or product trapped between the RFO device and the
cylinder valve seat. By design, the RFO is constructed
to drastically limit the flow across the device during
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 offerings 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



to 800 psig maxi mum On the other hand, the present
invention allows the cylinder pressure to be increased
wo 200912008/ 016441 PCT/ US2007/ 014814 6 as hi gbr/es2007/014814
1,500 psig and the correspondi ng i ncreased capacity
translates into fewer cylinder changes, thereby
i nproving both safety and productivity for the
end-user. [0013] Another object concerns ventilation.
Requi red gas box or gas cabinet ventilation for
conpressed gases is typically based upon the worse
case expected release rate for the package. The
typi cal exhaust rate for a 800 psig silane cylinder
with a 0.010 inch RFOis on the -order of 300 to 350
CFM The Conpressed Gas Association publication G 13
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ammmpREClad MherdFrBENtdedtiol) 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 to 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 egquipment
maintenance.
[0014] 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.

SUMMARY OF THE INVENTION

(00151 According to an aspect of the invention, an
apparatus for controlling the discharge of pressurized

fluids from the outlet of a high pressure cylinder



apparatus for controlling the discharge of pressurized
fluids fromthe outlet of a high pressure cylinder WO

w8 led41l PCT/ US2007/ 014814 - 7 cont ai ni ngct/9%1067/014814
hydridi c or flammbl e conpounds is provided. The

apparatus contains a cylinder for holding a
pressurized fluid in an at |east partial gas phase; a
cylinder port body threaded to the upper part of the
cylinder in a sealed position; a dual port head val ve
assenbly di sposed within the cylinder port body,
wherein a first port is utilized to fill the cylinder
with a pressurized fluid, and a second port in fluid
conmuni cation with an outlet-of the cylinder to

di scharge the pressurized fluid; a gas fl ow di schar ge
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Ilnrts and/ or. stops the egress of

further including a restricted flow path and a flow
channel 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 pressure
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



fluid when a preset flow rate passing through the
valve is exceeded. The preset flowrate is the
woreses/ef | ow rate of the fluid passing throughr/tsmor/014814
devi ce. For WD 2008/016441 PCT/ US2007/014814 8
exanpl e the excess flow valve may be set to all ow
delivery of fluid flows fromzero up to 5,000 sccm but
if for any reason the flow rate through the device
were to exceed 5,000 sccm (such as a conponent
failure or | eak downstream of the device) the excess
flow val ve would <close and prevent any further
rel ease of fluid. In the event of a conponent failure
or |leak this device would preent further escape of
gas thereby retaining the remaining fluid inside the
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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 thereof in
connection with the accompanying figures wherein like
numbers denote same features throughout and wherein:
[0018] Fig. 1 illustrates a schematic cross-sectional
view of an apparatus for controlling the discharge of
pressurized fluids from the outlet of a high pressure
cylinder;

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

[0020] Fig. 3 illustrates a schematic diagram of the
apparatus of the present invention connected to a

semiconductor tool; and



apparatus of the present invention connected to a
sem conduct or tool; and WO 2008/ 016441

woehsEAP07/ 014814 9 [0021] Fig. 4 is an illpst/osiooDimasi4
of a schematic cross- sectional view of an apparatus

for controlling the discharge of pressurized fluids
fromthe outlet of a high pressure cylinder having an
excess flow val ve therein. DETAILED DESCRI PTI ON OF THE
I NVENTI ON [ 0022] The manufacture of sem conductor
devices requires a nunber of processing steps

i ncluding, for exanple, the doping of certain
substrates which affect the electrical conductance of
the devices, epitaxial growhg or netal organic

chem cal vapor deposition. Generally, highly toxic or
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such as arsine, phosphi ne and di borane may be

utilized. [0023] Wth reference to Fig. 1,
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Generally, highly toxic or flammable hydridic and halidic
fluids are stored and dispensed to these semiconductor
manufacturing tools in gaseous phase. For purposes of
explanation this invention will be described in the
context of silane gas. However, it will be understood by
those skilled in the art that other toxic hydridic or
halidic gases such as arsine, phosphine and diborane may
be utilized.

{00231 With reference to Fig. 1, an apparatus 100 for
controlling the discharge of pressurized fluids, in
accordance with an illustrative embodiment of the
‘invention is described. The apparatus 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 valve head assembly 116



t hreadably engaged with the interior threaded opening
of collar 118. The dual -port val ve head assenbly 116

w084 016441 PCT/ US2007/ 014814 - 10 i ncl upelBus2007/014814
fluid flow di scharge passage 120 joined in fluid flow
conmuni cation with a central working volunme cavity in
the val ve head assenbly. The central working volune
cavity is in turn in comrunication to outlet port
122, which may be exteriorly threaded or otherw se
constructed for attachnment of a connector and
associ ated piping, conduit, etc. thereto. [0025]
Di sposed in the central working volume cavity is a
val ve elenent 124 that is jeimed-to a hand wheel 126
in the enbodi nent shown, but may alternatively be
J Qi add AP B MV B YAl 190196ined in
controller, suc as a pneumatic Or el ectronic
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communicating with fill valve 130 (and port, not
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head assenbly 114 is joined at its |l.ower end to .a . .
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[0026] The valve head assembly 116 also features in
the valve block a fill passage 128 communicating with
£fill valve 130 (and port, not shown but located 3-
dimensionally behind the valve body) and the interior
volume 112 of the vessel. The vessel 110 may thereby be
charged with pressurized gas, following which the fill
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 valve 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
ligquefied compressed gases, above the liquid fluid
maintained in cylinder 110. The use of the restrictive

flow path 130 increases safety in the event the valve



i quefied conpressed gases, above the liquid fluid
mai ntai ned in cylinder 110. The use of the restrictive

wo bawropaih 130 i ncreases safety in the event tpervedos®or4814
WO 2008/ 016441 PCT/ US2007/014814 - 11 head assenbly

114 is sheared off, or otherwi se the outlet of the
hi gh cylinder pressure is opened to an atnospheric
condition. In particular, the preferred structure of
the restrictive flow path is uniformy sized
capillaries which offer flexibility and reliability.
The capillaries of the restrictive flow path limts
the flowrate of the gas discharge fromthe cylinder
to not nore than 5,000 sccm 1However, neither the
restrictive flow path nor the apparatus taken as a
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Typi cal” end-users require flow rates in the
r affgEM of HEWRNCD. 1eHEIeY ppe Aot el chite Tfovs Rt jjor the

aéklaﬁﬁi@t@@ S d9ra Ao TONt BhFREdd D a efeﬁtymddlve
woul d take 8.5 hours for a 30 by 30 roomwith 10 f
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conduit defines at least two capillary passages, wherein
the internal diameter of the capillaries will be on the
order of about 126 micrometers or less. For two
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 LLPM). Typical end-users require
flow rates in the range of about 0.2 to 5 LPM. At the
rate of 5 LPM it can take 39 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
response teams to take necessary action. Therefore, the
diameter of the multiple capillaries will ordinarily be

less than 126 micrometers.



response teans to take necessary action. Therefore,
the dianeter of the nultiple capillaries wll

wobdB0edul y be |ess than 126 micronmeters WO pCT/US2007/014814
2008/ 016441 PCT/ US2007/ 014814 - 12 [0029] The |ength

as well as the dianeter of the capillary may be
adjusted to provide a maxi mumdesired flow rate of
5,000 sccmthrough-the restriction. In the case of
silane delivery at the previously nentioned rates,
the capillary is typically 6.35 cmlong. For that
length, it would require two capillaries in paralle
with a dianeter of about 126 microneters to provide
about the sane flow capacity.12The nmultiple capillary
passages in the conduit of this invention may be as

SNpdd2@f 2 ﬂér%tmwﬁ‘éllté@ Sh QQ Umd e of the

capi |l ary passa usual | y be set to use not
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aIIOMAng gas rel ease at reasona flow rates. [0030]
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tube mnth the relatively uniforminternal capil {
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section. The roundne s of. the i vi dual ar
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t akEr ahungl Byybd et |tdassoinst meste dthac redisght ehd not
égéﬁgﬁgﬁlébgléé%gfqary passages to provide numerous
passages while still allowing gas release at reasonable
flow rates. V
[0030] A useful feature of this invention is the
provision of the essentially round outer cross section of
the tube with the relatively uniform internal capillary
passages. The internal open flow area through the tube
will be defined almost entirely by the regular
capillaries, (i.e., those with cross sections in the form
of the same regularly recurring shape). The regular
capillaries preferably have a round cross section. The
roundness of the individual capillary passages may 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 different uniform capillary
passages may be defined by the variation in average

diameter between capillaries not exceeding 15%. Any



cross section of each capillary passage, not exceedi ng
15% The uniformty of the different uniformcapillary
wezwsagaest may be defined by the variation in auEresp®07/014814
di anmet er between capillaries not exceeding 15% Any WO
2008/ 016441 PCT/ US2007/ 014814 - 13 remaining flow
area through the tube is typically in the form of
irregular capillary sized passages having individua
cross sectional areas that are |less than the
i ndi vi dual cross sectional areas of the regul ar
capillary passages. Typically, the irregul ar
capillaries will have an average cross-sectional area
that equals 50% or |ess of -the average fl ow area of
the regular capillaries. The relatively small

£1160 | {XSOW R EAP dHTd e 8 rEjB:?ceélltJ‘em the

detrlnent effect that the presence of the ™ irredul ar
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structure of the restrictive flow path is a uniform
miAndivhial Fyoes et icnahaxeahet ddp (1egylamcarillary
\é‘ﬁ%{étjsa s EXtFF, S Nt rbh&rllpxté@[lvaxs%a&qrhfdﬁlgﬁddlﬂ have

|aIIy straight parallel ‘passages-
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the _capillaries thensel ves may be manufactured from

arfelatat eyl shidt diangienpty ‘%Peﬁ:leumﬁ%ﬂs%}bwaé’lllarles
Stoicinti s thHelisded Findrasdll téme&amﬂaltarﬁhestﬁxt@ééﬂcﬁe of the

has an operat n t enper at ure t hat limted by the
stHH TP Ore3RT ’t Di"d% ‘featCH‘ré: TeE i g the
deficw ngadeech:eApin | tae &Sestﬁ&;pitldr&rl es of this size
na%q,](% Hgge regnl:}xbe%/ erxl‘lgé'l Irausc unraé eorf at:lhe' r%rs%:vg‘incq:ive 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



form ng glass fibers and tubes |end thensel ves nost
readily to the production of the tube structure of

wo boos/o1ésmvent i on. Suitabl e glass material s i ncharjesioeacissi4
silicate, borosilicate, conventional glasses (soda
lime silicate), and other fornms of high purity silica
such as WD 2008/ 016441 PCT/ US2007/014814 - 14 quartz
or fused silica. A particularly preferred gl ass
material is quartz. [0032] Wth reference to Fig. 2,
the thickness of the glass wall relative to the
capillary dianeter nay be made quite large to
overcome the fragility of glass. Proper containment
can further overcone any fragil4it-y of glass. As shown
by the cross-sectional viewin Fig. 2, inthis

enfaditendy fuhes 200 ref erpa%avr@ﬂdlmfg PR@Id glass

arrangenent of six capillary passages 2 t hat
sttt a 12 MadiZ capi | | ary passage 240 and wherein

al focd21 he wani |da¥d@smdaues tieg SaE vl alHiiness of the
di anet er. !0033 The tube may be surrounded by an
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Stdwinielr Bl rdd 1@y conet athes | U] IBY d¥e 1o I UGhsher
of netallic materi An optional netal tube 260
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met al,_ tube 260, fracture of e gl ass tuhe I d in
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c apapd g isrs argerrariie 1s30nes ubsstamitvealdjamemEdanged. An
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to provide additiconal 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 around 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. An
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
required to push many fluids through capillaries that

approach 126 micrometers in diameter.



sl eeve around a glass nmulti-capillary assenbly to
conpress the tube into the sleeve. An arrangenent such

w@sooklie34imy provide the needed structural suppor/isfoaroissis
i mposi ng the necessary ultra-high pressures that are

required to push many fluids through capillaries that
approach 126 mcroneters in dianeter. WO 2008/ 016441
PCT/ US2007/ 014814 - 15 [0034] The capillary
arrangement may be manufactured wusing a form ng

met hod that readily provides the assenbly structure
of this invention and in particular a uniform
multi-capillary assenbly. The nmethod forns the nulti-
capillary tube or conduit w-thsa-substantially
circular perimeter that surrounds a plurality of

I egiy 4 Caplfﬂéraapmw%%ldaﬁgmtbxnawtﬁé Ndnyeldtirea

within an outer wall- The nethod starts with inserting
a Winala tipgiingmgtdod ddwduiterdind REirdesuridiengssembly
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conduits may be forned by drawing down the tube stock

t el gERTRTomRfalye. The mefhaserfgms A ey ti-
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capillaries obtained by the formng nethod

ORI IMRL N Gt BHIRWE Sk Risad Bhaf retm«blaéhd:a@aullary
t e d dife ANtk GOKHI By aSRaian twh 1108 Wi hid] M ReitsdoGka11 .

havi ng a cl osed end abqut, which all conduits are
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draMA stock then heated. to a softeni
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r ensl}n{}:LerI | Jfrllsuér eci ocV%rIJulrEst r\]/vel 1le ecro]arcroens%uolr}d enqﬁl the
number of regular capillaries obtained by the forming
method. Common openings 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



of the draw ng stock reduces the interiors of the
conduits to capillary size while preventing col |l apsi ng

webasuiq4nf the conduit interiors. A multi-cappdt/@53007/014814
tube that has a nunber of capillary passages

substantially equal to the nunber of conduits may be
recovered fromthe stretched and cool ed draw ng
stock. In many cases the reduction of the dianmeter of
the conduits during the WD 2008/ 016441

PCT/ US2007/ 014814 - 16 drawi ng of the heated draw ng
stock provides sufficient reduction in the dianeter
at their open ends to suitably restrict gas flow out
of the interiors of the conduils-to a rate that

mai ntains the desired final diameter of the capillary
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enbodi nent of the invention, and wth reference
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that is threaded or otherw se engaged to the
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?éSUItab|e menbr ane, screen or Sintered met al

Q361 KnowkP |APeteE rembrdipent (of {fheinygptipn, and

W[Witg'x bee fe@SdridaMadio theriy gh prgssirasm e e t he
cyl i nder. OOﬁ%J In a further enbodi ment, and as shown

FTE L CHVE AR (R Fr 300 3 F HIFH GHRE o o R e
Wﬁﬁbtﬂaﬁeﬂﬂm@@ﬁticﬂolth&l% aﬂxxaba‘da{nmloﬁkmme
de oSiti 300. osed on t b tmeen t
AT R e T S et ) P abp
\M&r[kjagmfﬁr[to,l o tﬂ‘mncf\}@w:dszﬁttaenﬁfargagaajﬁi:lmﬂraadaéo tm&a
totoilteq:encea{nalklné/ 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 sccm. Therefore, it is desirable that the maximum
flow rate from cylinder 100 is about 5,000 sccm
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



the tool requires a flow rate rangi ng from about 200
to 5,000 sccm Therefore, it is desirable that the
worsoosowiy fl ow rate fromcylinder 100 i s aboutp&r/09807/014814
sccm regardl ess of whether the flowis to the tool or
the outlet is sinply exposed to an atnospheric
condition. [0038] In an alternative enbodi nent, and
as depicted in Fig. 4*, capillary arrangenent 130 can
be used in conbination with or replaced by an excess
flow val ve WD 2008/ 016441 PCT/ US2007/014814 - 17
assenbly 400 upstream of the central fluid flow
di scharge passage 120, or alternatively upstream of
the valve 124. The excess fl aw val ve assenbly is set
to prevent the flow of gas fromcylinder 110 once a
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t he excess flow valve would close and prevent any
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restrictor greatly enhances the safety, environmental
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val.ve 124, or otherw se sheerin ff val ve he
close and prevent any f%rt er§¥é1ease of J?é.

In the
event of a component failure or leak this device 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
opening valve 124, or otherwise sheering off valve head
128, the excess flow valve assembly 400 limits the gas
flow rate to approximately zero sccm. 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 be
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



128, the excess flow valve assenbly 400 |limts the gas
flowrate to approximately zero sccm Additionally,
wabmklegsaexcess fl ow val ve 400 coul d be att achedr/08200M014814
conmuni cation with the flow path 128 and upstream of
val ve 130 where in the unlikely event of a conplete
val ve shear the flow of gas through port 128. woul d
al so be blocked thereby preventing the escape of
fluid fromthe vessel through either 128 or 120. The
operation of the excess flow valve is a nechanica
device that senses a WD 2008/ 016441 PCT/ US2007/014814
- 18 differential pressure across the device and
stops flow through the devi-cé&8wen a preset
differential or maximum flow rate is exceeded.
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reference to the follow ng exanple, which is,
hoSRVBFLCHRA LY AR bk r e 1f¢ | FRURIRY . or other
I NYShf P uFe®PLE [ 0040] An apparatus for

controlling the discharge of pressurized fluids was
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f|m\?fj§§§§@ﬁ©eirﬁ>aérht£@m)@fm Lme pﬂhﬁt%r db?Wdi:]ﬁibe?d in detail
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with pressurized silane, and connected to a

sem conductor tool such as netal organi c vapor

deposition. Likew se, a coexsmpeL®nal high pressure
Sik@@fﬂPaqugg g%éi%%%ug'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 assembly therein. The

cylinder omitted pressure regulators, check valves, and

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
(68 um capillaries)

Conventional T size
(high pressure cylinder)

(percent of total)

Deliverable Product (kg) 13.5 5.6
Maximum Release Rate 5,000 21,460
(sccm)

Deliverable Product 86.5 96.8




capil l ary passage was connected to a sem conduct or
tool requiring 1,300 seem The results are tabul ated

wo ooeds@r 1, below Table 1 Apparatus of thepEr/esmotoi4si4
I nvention Conventional T size (68 pmcapillaries)

(high pressure cylinder) Deliverable Product (k Q)
13.5 5.6 Maxi num Rel ease Rate 5,000 21,460 (sccnm

Del i verabl e Product 86.5 96.8 (percent of total) WO
2008/ 016441 PCT/ US2007/ 014814 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 13.5 kgs, and the deliverable anount of
silane is as high as 86.5% (-on9ll. 7 kgs versus 5.4
kgs obtained fromthe conventional cylinder). In

adgiddon, t r ' I '
RGLE | 6e (G AT AT AE Sl ove, cne
cydaprizktihaat thee edpaiien tfonfhaldigws iprPRICUEE seemeased
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saf‘ety of the package in the event of a downstream
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to fewer cylinder change- outs. [0042] The capillary
pRIHfeChe ridig repaae it adentiiheh v lidderums limited
dedd VEroo @, it S G 1 DRl Mhidift i SiRAVIdEMRMeOhdd 1@ he
tool. During normal tool operation ]
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 £f£ill volumes in
each cylinder which correlates to fewer cylindef change-
outs.
[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 lists the cylinder heel and usable
product based upon the tool flow requirements as

delivered from a 15.6 kg silane cylinder.



the capillaries do not have an intended function other
than to provide a flow path through which the fluid
wo b1t hi n the vessel travels to the outl etp®pit2007/014814
However, during an uncontrolled rel ease downstream of
the capillaries (such as a conponent failure) the
capillaries |imt the maximnumflow rate fromthe
cylinder to 5,000 sccm [0043] Table 2 lists the
cylinder heel and usable product based upon the tool
flow requirenents as delivered froma 15.6 kg sil ane
cylinder. WO 2008/ 016441 PCT/ US2007/014814 - 20
Table 2 Cylinder Pressure (mninmum cylinder pressure
requi red Tool Flow to naintaigodesired flow
Requi renent rate, (i.e., check points at Cylinder
Contents Usable (sccm vagjus Jlow rates)) (Heel in
Kg.) Caoacitv 200 59 0. 3'r5—'ﬂ—50 149 0.8 14.8 11000

97 1.6 14.( 3@9’ 31’8965‘2‘31(“1 zimgm 3% 500 743 5.2 10.4
5, ORRY rlodt86 féo ‘Zitiif{sém&d“zlﬁ,wnof ed fromthe tdble,
[joreiui tepedt fl|@wne.r at €S, cwedx| paiasubt it
i )% rigus )
U
flor—ttgs—exanpte: [6049.;99 Whirtethe i nventggnhasbeern;:
gescuniLaed 11 detall we4q/h rererenceg to SpeeltlcC 14.0
nhodiiEnt st hereof 886 will becas npp.’-‘?{-ﬂ\nt to lone 13.5
Qi1 2800 o Ay s 4 743 5.2 10.4
LASLIL Is,cébol LI} grre Al U 19 Ilf.'l.486 15.5 0.1
[0044] As noted from the table, lower tool flow rates

will result in higher product utilization rates of
product from the cylinder used for this example.

[0045] While the invention has been described in
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.



various changes and nodifications can be nmade, and

equi val ents enpl oyed, w thout departing fromthe scope
w®iooshivesiappended cl ai ms. WO 2008/ 016441 PCT/US2007/014814

PCT/ US2007/ 014814 - 21 What is clainmed is: 1. An

apparatus for controlling the discharge of

pressurized fluids fromthe outlet of a high pressure

cylinder containing toxic hydridic/halidic or

fl ammabl e conpounds, the apparatus conprising: a

cylinder for holding a pressurized fluid in an at

| east partial gas phase, a cylinder port body threaded

to the upper part of the cylinder in a sealed

position; a dual port valve-head-assenbly di sposed

within the cylinder port body, wherein a first port

i stch lized 5ited iid. the cylinder with a pressurized

flurd, ‘and ‘a second port in fluid conmunication with

an outl®t ofAn wpaytufidon cafitadrige tthe discharge of

pr. 2 ld4i o f ' I . '
ilﬁﬁ%%dré% ({ hfél‘tge(.icsgn portlt}%go yaagr% c%ﬁeao qu%lg?{fe%%glre

f utlHerder menidiimg i rtestird divesty digu hedtildisn @ra fllagyable
Chﬁﬁﬂﬁj | SR9sE i$eeond port body,

but mhé?g?% the%ﬁggﬁ%?gﬁfgﬁgghgﬁggggath does not
include a reswiifdar ehHdidd & rad Fuehacse duggp in

Of arPrAS AW £+ LRI 10hs Pide val ves and restrictive
flow orifices; _and the restricted f|0m1ﬁath limts

the flow rate CYHindRF ardiadvartdes tch& hey [pRSaT Part
t @ dRxXidifer 3000 steomaRsittiemut | et of the

cylinder is aex uoasledpc}rot: valve head assembly disposed within
the cylinder port body, wherein a first port is utilized
to £fill the cylinder with a pressurized fluid, 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 outlet, and further
including a restricted flow path and a flow channel
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 pressure
regulators, check valves and restrictive flow orifices;
and

the restricted flow path limits the flow rate
of the gas discharged from the cylinder to a maximum of

5,000 sccm when the outlet of the cylinder is exposed to

an atmospheric condition.



an atnospheric condition. WO 2008/ 016441

PCT/ US2007/ 014814 - 22 2. The apparatus of claiml,
woveseigiat he restricted flow path is defined 1yr/es2007/014814

conduit having at least two capillary passages. 3.

The apparatus of claim2, wherein the capillary

passages have a di aneter of about 126 mcrons or |ess

4. The apparatus of claim1l1l, wherein the maxi nrum flow

rate fromthe cylinder at full pressure does not

exceed 5,000 seem under the atnospheric conditions. 5.

The apparatus of claim2, wherein the conduit

surrounds a plurality of elongated shafts to define a

restricted flow path. 6. The apparatus of claim5,

wherein the capillaries conprise straight tubes, and

have an, ar rANOGIBL Al P0G GAUARl | U Qypeled by

at |l east two out tubes to provide ‘capillary size

f | tariedsed througatihel ¢ dssinet Bhhea appaduittudanfing at

cl-al , r J lcag_lgpr' ' mass fl ow controller

di%p%%%dﬂtﬁ;v\%ﬁ%leam oféﬁ%g%y inder outlet and

fluidly connected to a sem conductor manufacturing

tool, wher eifhd NG MBS [d Q¥ TAE o LMo GY dHW¥agdiQ 1ary

the tool ranges from about 200 to about 5,000 seem
WP Rl a1pMe FCRimrEgty ifagtput 125 mgicrpgps or less.
apparatus of claim1, wherein the capillaries are

di sposed above the liquid fluid in the_ cyljinder. )
4. The apparatus of claim 1, wherein the maximum

flow rate from the cylinder at full pressure does not

exceed 5,000 seem under the atmospheric conditions.

5. The apparatus of claim 2, wherein the conduit
surrounds a pluraiity of elongated shafts to define a

restricted flow path.

6. The apparatus of claim 5, wherein the
capillaries comprise straight tubes, and have an
arrangement of one central tube surrounded by at least
two outer tubes to provide capillary size flow areas

through the tubes.

7. The apparatus of claim 1, further comprising a
mass flow controller disposed downstream of the cylinder
outlet and fluidly connected to a semiconductor
manufacturing tool, wherein the mass flow rate from the
cylinder to the tool ranges from about 200 to about 5,000

seem.



9. The apparatus of claim1, further conprising a
sintered netal frit filter upstreamof the restrictor
wd bosvomath. 10. The apparatus of claim 1, whermimusdner/o14814
flow channel is disposed downstreamof the restrictor
flow path and in communication wth the second port.
11. The apparatus of claiml1, further conprising ,a
shut -of f valve for controlling fluid flow al ong the
fluid discharge path, wherein the shut-off valve is
selected fromthe group consisting of manual,
pneumatic, or electrically operated valves. 12. An
apparatus for controlling the discharge of
pressurized fluids fromthe-oaslet of a high pressure
cyl i nder containing toxic hydridic or flanmmable

conmpoungls, i_Si or
Mpourgls ex%féifsu Wlasin{‘g. JHd i @

hol di ng a pressurlz an at | east partia
geRphdaries @ue iagpqaad atmy;e ttheeddahith flya d gipethe
pat1 iHfadhe cylinder in a sealed position; a dual port
val've head assenbly di sposed within the cylinder port
body, wherein a first port is utilized to fill the

cylindey w th, Y AN 1andf1_ﬁ-t\i@
2008/ 015441 PCT/E%; SRS CLag g i, ANt eter SorEane @

f | ST XAtk | for i R 5RT slRataeadt athdhes restddictoy
dighargad he pressurized fluid; a gas flow discharge
path defined in part by the second port body and the
outlet, and further including an excess flow val ve,

and a fiew e i pa i RO TF0 ARSI @3 Mudfeddith 20 ow

port body,. but, wherejn
channel is disposed downstream of the restrictor flow

path and in communication with the second port.

11. The apparatus of claim 1, further comprising a
shut-off valve for controlling fluid flow along the £1luid
discharge path, wherein the shut-off valve is selected
from the group consisting of manual, pneumatic, or

electrically operated valves.

12. An apparatus for controlling the discharge of
pressurized fluids from the outlet of a high pressure
cylinder containing toxic hydridic or flammable
compounds, the apparatus comprising:

a cylinder for holding a pressurized £1luid in
an at least partial gas phase,

a cylinder port body threaded to the upper
part of the cylinder in a sealed position; »

a dual port valve head assembly disposed within
the cylinder port body, wherein a first port is utilized

to £ill the cylinder with a pressurized fluid, and a



the gas flow di scharge path does not include a
restrictive elenent selected fromthe group of

web@sewiael regul ators, check val ves and restrietT/ve2007/014814
flow orifices; and the excess flow valve isol ates
flow fromthe <cylinder in the event that the pre-set
flowrate is exceeded. 13. The apparatus of claim 12
where the fill port flow path conprises an excess
flow valve that isolates flow through the fill port
in the event that the preset flowrate is exceeded.

- 24 -

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 outlet, and further
including an excess flow valve, and a flow channel
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 pressure
regulators, check valves and restrictive flow orifices;
and

the excess flow valve isolates flow from the
cylinder in the event that the pre-set flow rate is

exceeded.

13. The apparatus of claim 12 where the fill port
flow path comprises an excess flow valve that isolates
flow through the £ill port in the event that the preset

flow rate is exceeded.



