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TITLE OF THE INVENTION: 

SUB-ATMOSPHERIC GAS 
DELIVERY METHOD AND APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

- Not applicable. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 
5 DEVELOPMENT 

Not applicable. 

BACKGROUND OF THE INVENTION 

The present invention is directed to an integral delivery valve/regulator for 

;.>; 

1 O pressurized gas storage containers. In particular, the present invention is directed to an 

integral delivery valve/regulator for pressurized gas storage containers that requires sub­

atmospheric pressure tO enable the withdrawal of the gas from the container. 

Toxic and other haz~rdous specialty gases are used in a number of industrial 

applications, including semiconductor device fabrication. Many users of these 

15 hazardous specialty gases are concerned about the possibility of an unintentional 

release. By virtue of having a positive gauge pressure, pressurized gases in cylinders 

will be released immediately once a shut-off valve attached to the pressurized cyfinder is 

opened. Even with a gas-tight outlet cap in place (as required for most hazardous 

' gases), unintentional opening of the valve can lead to serious consequences when the 

20 cap is removed. Although always undesirable, a hazardous gas release may be 

particularly undesirable in semiconductor processing applications. Such a release would 

necessitate a partial or complete evacuation of the semiconductor processing factory, 
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leading to substantial losses in scrap product and unscheduled downtime. Also, the 

sensitive and expensive equipment used in semiconductor processing factories may be 

· damaged by exposure to even traces of the hazardous gas. 

Many hazardous gas containers are outfitted with restrictive flow orifices in the 

5 valve outlet to limit the rate of release of the gas in the event of an accidental release. 

Although_ a restrictive flow orifice may significantly reduce the hazardous gas release 

rate, any release can still cause a considerable disruption to operations, and the hazard 

risk to personnel will not be totally eliminated. Furthermore, flc:>w restriction may be 

unacceptable due to impracticably limiting the flow of ~he gas. while the cylinder is in 

10 service. Excess flow sensors coupled to automatic shut-off valves can shut off flow in 

the event of a leak in a delivery system, but will only be effective when the release is 

substantially larger than the delivery flow-rate and if it occurs downstream of the 

automatic shutoff valve. It may also be possible to trigger a shut-off valve based on a 

hazardous gas monitor near the possible. leakage points. All such systems, however, 

15 are complex and costly, and are only effective for gas containers that are already 

properly installed in a gas delivery system. Many semico~ductor manufacturing 

processes, such as ion-implantation, chemical vapor deposition, reactive ion etching, 

high-density plasma etching, and the like, use hazardous gases at sub-atmospheric 

pressure (i.e. below ambient pressure). As a result, the gas cylinder need not provide 

20 the gas with a positive gauge pressure in all c$ses. 

For the purposes of the present invention, the term gas, as indicated herein, 

encompasses both a permanent gas and a vapor of a liquified gas. Permanent gases 

are gases which, practically, cannot be liquified by pressure alone. Vapor~ of liquified 

gases are present above the liquid in a compressed gas cylinder. Gases which liquify 

25 under pressure as they are compressed for filling into a cylinder are not permanent 
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gases and are more accurately described as liquified gases under pressure or as vapors 

of liquified gases. 

One approach to providing sub-atmospheric gas delivery is a method described 

by Knollmueller in U.S. Patent No. 4,744,221 and by Tom, et al. in U.S. Patent Nos. 

5 5,518,52~. 5,704,965 and 5,704,967 wherein a hazardous gas is physically or chemically 

adsorbed on the surface of a sorbent within a container to low:er the equilibrium pressure 

of the desired species in the container .. While this method has been employed for the 

storage and delivery of certain gases (see, e.g., McManus, J. V. et al., Semiconductor 

Fabtech, Volume 7, 1998), the method has significant limitations. First, the amount of 

10 gas stored in a given volume of the adsorbent used is relatively small compared to a 

liquefied compressed gas (e.g. phosphine) thereby requiring a relatively large vessel 

which utilizes valuable footprint space, which is important, for example, when these 

gases are used in a semiconductor fabrication cleanroom. Also, heat transfer limitations 

in the solid sorbent will limit the rate at which gas can be desorbed compared to that 

15 from a compressed gas (e.g. silicon tetrafluoride). 

Knollmueller (U.S. Pat. No. 4,744,221) describes §'I process of adsorbing a gas 

onto a solid sorbent so that the equilibrium pressure of the gas is reduced inside of a 

vessel. By heating the vessel, the equilibrium pressure in the vessel could be increased 

and permit the delivery of the gas at above-atmospheric pressure. However, heating of 

20 specialty,' gases is undesirable because it may be slow, hard to control and cause 

decomposition of the gas. Also, when heated so that the delivery pressure is increased, 

there is decreased protection against accidental release of the gas. 

Tom, et al. (U.S. Patent No. 5,518,528 and subsequently U.S. Patent Nos. 

5, 704,965 and 5, 704,967) improved on this concept by using a sorbent where the gas 

25 could be released without substantial decomposition by reducing the downstream 

pressure. These sorbents still have a disadvantage of needing to be optimized for each 
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sorbate (hazardous gas). Further, the equilibrium pressure in the vessel in this system is 

constantly being decreased as product is withdrawn. This phenomenon makes gas flow 

control more difficult and limits the fraction of the gas charged into the vessel that may 

be withdrawn by the user. Also, in the event that the ambier:it temperature increases, the 

5 pressure inside the vessel could potentially increase above atmospheric pressure, 

decreasing the protection against accidental release. Conversely, at cooler 
. . 

temperatures, there may not be sufficient pressure to deliver the gas. 

An additional concern whe.n storing hazardous gases under sub-ambient 

pressures is the likelihood of inboard contamination of the vessel in the event of a leak 

10 due to tlie vacuum.· Not only will this atmospheric contamination adversely affect the. 

purity the gas, but, with respect to the above method, it could also conceivably react with 

the adsorbed gas stored under sub-ambient pressure and generate heat, pressure or 

corrosive by-products. An additional problem with this method is that the pressure of the 

gas being delivered is a function of both the quantity of. adsorbed gas remaining and the 

15 temperature of the adsorbent. Hence, the pressure in the vessel containing the adsorbed 

gas could easily exceed atmospheric pressure if the conte.nts are heated. ·Also, the 

delivery pressure undesirably decreases as the contents of the vessel are depleted. 

Eventually, the delivery pressure diminishes to a point where sufficient flow can no 

longer be sustained. At this point, the source must be replaced, even though there may 

20 be substantial inventory of gas remaining in the adsorbed phase relative to the initial 

charge. 

Another approach to providing sub-atmospheric gas delivery is a device . . 

described by Le Febre et al. in U.S. Patent No. 5,937,895. Here, the devic;e provides a 

regulator that uses a valve element that is responsive, in one embodiment, to a vacuum 

25 condition downstream of the regulator. The yalve only allows flow when this vacuum 

condition occurs downstream of the valve such that the possibility of accidental spillage 
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or release of toxic liquid or gases is reduced. Note that no sorbents are used as 

described in the Knollmueller and Tom patents. This patent also teaches use of its·sub­

atmospheric gas delivery device with an internal flow restriction within the storage 

container as disclosed in U.S. Patent No. 6,045, 115. This flow restrictor provides a 

5 capillary size opening that limits the discharge of gas phase fluid from the pressu_rized 

container. As indicated in the '115 patent, liquid discharge f~om the container may be 

particularly hazardous since the- mass rate of discharge of liquid will greatly exceed the 

mass rate of discharge of the corresponding gas through. a particular opening. The '115 

patent locates the entry point of the capillary flow restrictor at approximately the midpoint 

10 of the length of the cylinder. This therefore prevents discharge of a liquid in the cylinder 

whether the cylinder is upside down or right side up. However, a negative aspect of this 

design is that the capillary system may be prone to clogging. Once plugged, the· 

cylinder would be difficult or impossible to empty of the hazardous gas . 

. To ~ccomplish the same result of preventing discharge of a liquid, PCT Patent 

15 Application No. PCT/US99/09137, teaches use of a pressurized container which uses a 

phase separation device, which is a porous membrane th.at is permeable to vapor or ga~ 

deriving from liquid in the container, but is not permeable to the liquid. Here, the phase 

separator is disposed upstream of the pressure regulator so that fluid is prevented from 

entering and interfering with the function of the regulator and preventing egress of liquid 

20 from the vessel. The regulator is a flow device which can be set at a predetermined .' 

level to dispense gas or vapor from the container at a vessel pressure level which may 

be superatmospheric, sub-atmospheric, or atmospheric pressure, depending on 

dispensing conditions. 

The present invention overcomes the limitations of the prior art by _reducing the 

25 pressure to sub-atmospheric mechanically, rather than by sorption and by use of a high 

pressure valve upstream of the regulator. While negative pressure regufators (also 
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known as absolute pressure regulators or vacuum regulators) are well-known, by placing 

this functionality integral to a gas storage and delivery package, use of one provides the 

unique benefits not afforded by a stand-alone regulator. This integral valve/regulator, 

which may be pre-set and locked to provide only sub-ambient pressures, beneficially 

5 reduces the risk of accidental release of gases. 

European Patent Application EP 0 916 891 A2. discloses ·a modular gas control 

valve having a high pressure shut off valve upstream of a regulator. Here, the purpose 

of the shut-off valve is for dispensing control. The system taught here is for a standard 

compressed gas system, not for a system that only provides the gas when the pressure 

1 O downstream of the regulator is sub-atmospheric. The use in preventing liquid 

interfering with the regulator is not taught." 

None of the prior art teaches an apparatus for containing and delivering 

hazardous gases at sub-atmospheric pressure from a pressurized container which 

includes a sub-atmospheric pressure regulator to allow the gas in the containE)r to be 

15 delivered only when the pressure sensing means senses a downstream pressure at or 

below a pre-set pressure, and which includes a high pres~ure shut-off valve upstream of 

the pressure regulator. The gas may flow only when said outlet orifice of the apparatus is 

connected to a vacuum system. The high pressure valve upstream of the regulator in 

the integral valve/regulator provides numerous advantages as will be discussed in detail 

20 below. 

It is principally desired to provide an apparatus for containing and delivering 

hazardous gases from a pressurized container. . . 

It is further desired to provide an apparatus for containing arid deliyering 

hazardous gases at sub-atmospheric pressure from a pressurized container. 
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·it is still further desired to provide an apparatus for containing and delivering 

hazardous gases that reduces the possibility of accidental spills or release of the 

hazardous gas. 

It is also further desired to provide an apparatus for containing and delivering 

5 hazardous gase~ without the need for sorbents to control the handling, storage, and 

10 

15 

delivery of toxic fluids. 

It is further desired to provide an apparatus for containing and delivering 

hazardous gases that may only discharge its contents when placed in service with a 

vacuum system. 

ft is still further desired to provide an apparat_us for containing and delivering 

hazardous gases that can only dispense a hazardous gas when conditions downstream 
.. 

of the apparatus are at a desired pressure less than atmospheric pressure. 

It is also further desired to provide an apparatus for containing and delivering 

hazardous gases that does not require use of a restrictive flow orifice. 

It is further desired to provide an apparatus for containing and delivering 

hazardous gases that does not require use of excess flOIJI! sensors coupled to automatic 

shut-off valves to shut off unintentional flow of the hazardous gas. 

It is still further desired to provide an apparatus for containing and delivering 

hazardous gases without the need for a shut-off valve coupled to a hazardous gas 

20 monitor near possible leakage points. 

It is also further desired to provide an apparatus for containing and delivering 

hazardous gases at sub-atmospheric pressure where the likelihood of inboard 

contamination of the vessel in the event of a leak due to the vacuum is minimized. 

Finally, it is desired to provide an apparatus for containing and delivering 

25 hazardous gases which requires a relatively small amount of space. 
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BRIEF SUMMARY OF THE INVENTION 

The present invention provides a delivery valve/regulator apparatus for 

pressurized gas storage containers that requires sub-atmospheric pressure downstream 

of the valve to enable the withdrawal of the gas from the container. Included in the 

5 delivery valve/regulator apparatus is a high pressure shut-off valv~ upstream of a 

pressure reducing device or regulator .. This high pressure shut-off valve acts to prevent 

liquid from getting into the regulator which would cause an unacceptably high discharge 

rate. Since a primary objective of the present invention is to provide fail-safe delivery, 

this high pressure shut-off valve serves as a back-up to.the pressure reducing device in 

10 preventing unintentional gas release during transportation, connection and disconnection 

from the· users' apparatus. Optionally, the high-pressure shut-off valve is pneumatically 

or otherwise mechanicaily actuated and is biased to be normally closed when not 

pneumatically or otherwise energized. 

An apparatus for containing and delivering hazardous gases af sub-atmospheric 

15 pressure from a pressurized container is provided which includes a valve body in sealed 

communication with an outlet orifice of the pressurized co..ntainer. The outlet orifice of 

the pressurized container is open to an interior chamber of the· pressurized container. A 

fluid discharge path is located in the valve body, between the outlet ori~ce of the 

pressurized container and an outlet orifice of the valve body. A pr:essure regulator 

20 having a pressure sensing means capable of responding to sub-atmospheric pressure, 

integral to the valve body, in-line in the fluid discharge path with the pressure ·regulator 

pre-set to a pressure below atmospheric pressure to allow the gas to be delivered 

through the regulator from the interior chamber only when the pressure regulator senses 

a downstream pressure at or below the pre-~et pressure. Finally, a high pressure shut-

25 off valve integ.ral to the valve body and _in-line in the fluid discharge path and upstream 

from the pressure regulator is included. The gas flows through from the interior 
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chamber of the pressurized container through the fluid discharge path, through the outlet 

orifice of the pressurized container, and through the outlet orifice of the valve body only 

when the outlet orifice is connected to a vacuum system. 

Optionally, the pressure regulator is preset and locked at the pressure below 

5 atmospheric. Also, optionally included is a low pressure shut-off valve in-line in the fluid 

discharge path, downstream of the pressure regulator, to control flow of gas from the gas 

cylinder and .to protect the regulator from ingress of ambient air during storage and 

. transit when the low pressure shut-off valve is in a closed position. The high pressure 

shut-off valve may be biased to be normally closed when no energized vacuum system 

10 is connected to the outlet orifice of the valve body. A filling path in the valve body 

between the outlet orifice of the pressurized container and a filling port orifice of the 

valve body may be included. Optionally, a residual pressure valve, in-line in .the fluid 

discharge path, upstream of the high-pressure shut-off valve and downstream of the 

outlet orifice of the container, to prevent back flow of air or foreign gases may be 

15 included. The pressure regulator may be fixed at a pre-set pressure or may be variable. · 

A valve protection cap removably disposed on the pressurized container may serve as a 

secondary containment means for vapors leaking from the container and the ap·paratus. 

The valve protection. cap may have a port to attach to a leak detection device. Finally, 

the vacuum system may include a compressor that withdraws gas from the vessel at 

20 sub-atmospheric pressure and then compresses the gas to deliver the ~as at a higher 

pressure. 

BRIEF OESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

Fig. 1 is a simplified front view of sub-atmospheric gas delivery apparatus in 

25 accordance with one preferred embodiment of the present invention. 
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Fig. 2 is a s:;implified front view of a first alternate configuration of a sub­

atmospheric gas delivery apparatus in accordance with one preferred embodiment of the 

present invention. 

Fig. 3 is a simplified front view qf a second alternate configuration of a sub-

5 atmospheric gas delivery ·apparatus in accordance with one preferred embodiment of the 

present invention. 

Fig. 4 is a simplified front view of a third alternate configuration of a sub­

atmospheric gas delivery apparatus in accordance with one preferred embodiment of the 

present invention. 

1 O Fig. 5 is a partial, simplified front view of a fourth alternate configuration of a sub-

atmospheric gas delivery apparatus in accordance with one preferred embodiment of the 

present invention. 

Fig. 6 is a simplified front view of the configuration of FIG. 4, with the flow 

directed through a processing chamber: 

15 Fig. 7 is. a simplified front view of the configuration of FIG. 4 where a compressor 

is used to d~liver the gas at a higher pressure 

Fig. 8 is a front isometri·c view of the configuration of FIG. 4. 

Fig. 9 is a rear isometric view of the configuration of FIG. 4. 

Fig. 10 is a cross sectional view of the configuration of FIG. 4, taken substantially 

20 along line 10810 of FIG. 8. 

Fig. 11 is a cross sectional view of the configuration of FIG. 4, taken substantially 

along line 11811 of FIG. 8. 

DETAILED DESCRIPTION OF THE INVENTION 

25 The present invention provides a delivery valve/regulator apparatus for 

pressurized gas storage containers that requires sub-atmospheric pressure downstream 
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of the valve to enable the withdrawal of gas from the container. Included in the delivery 

valve/regulator apparatus is a high pressure shut-off valve upstream of a pressure 

reducing device or regulator. This high pressure shut-off valve acts to prevent liquid 

from getting into the regulator from the container which would cause an unacceptably 

5 high discharge rate. Since a primary objective of the present invention is to provide fail-· 

safe delivery, this high pressure shut-off valve serves as a back-up to the pressure 

reducing device in preventing unintentional gas r,elease during transportation, connection 

and disconnection from the users' apparatus. Optionally, the high-pressure shut-off 

valve is pneumatically or otherwise mechanically actuated and is biased to be normally 

1 O closed when not pneumatically or otherwise energized. 

Further, when delivering a highly hazardous gas in a sub-ambient condition, it 

may be particularly advantageous to evacuate the upstream side of the pressure 

regulator to remove potential impurities before using the gas. Again, it is advantageous 

to again evacuate the system after using the gas container to evacuate the spaee just 

15 upstream of the regulator of toxic gases . These evacuations are only possible when 

there is a positive shut-off valve upstream of the regulator~ 

As indicated above, a safe means of delivering hazardous gases would be 

afforded by using an absolute pressure regulator, i.e. a regulator which has its pressure 

sensing means capable of responding to sub-atmospheric pressure instead of 

20 atmospheric pressure, that is integral to the gas cylinder package. ~uch a regulator 

could be pre-set and locked at a convenient pressure below 0 psig (e.g., about -5 psig) 

which would ensure that no gas would be delivered if the containers outlet valve or other 

delivery system components were inadvertently opened to· the atmosphere. The gas 

would flow, however, only when the system is properly connected to a vacuum system. 

25 An added benefit of this design is that the.regulator also acts help to prevent back-flow 

into the cylinder, even when the pressure in the container were below atmospheric. The 
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delivery pressure would be chosen to provide sufficient driving force for flow so that the 

molar flow rate of the gas could be accurately controlled. 

The delivery pressure setting of the regulator may be adjusted by use of a fixed 

spring, or could use an adjustable spring requiring a special key to adjust or could use a 

5 partially evacuated or pressurized dome load. Alternatively, the pressure regulating 

device could consist of a micro-electromechanical system (MEMS) comprised of a 

pressure sensor arid a micromachined control valve both etched, .for example, in a single· 

silicon wafer that is part of the gas flow path. In any embodiment of this invention, 

however, a critical feature of the delivery system is that the maximum _delivery pressure 

10 is always below that of normal atmospheric pressure under any conditions that the 

container may reasonably be expected to be exposed. 

When the contents of the cylinder are depleted so that the weight or internal 

pressure of the cylinder falls below an acceptable level, the cylinder may be changed in 

the usual manner, replacing it with a full container. The spent container could be refilled 

15 by a gas supplier by using a separate channel built into the container, having a specially 
. . 

keyed valve and a· gas-tight outlet cap, one or both of wh.ich may only be open by the 

gas supplier by using specially keyed tools. 

Referring now to the drawings, wherein like reference numbers refer to like 

elements throughout the several views, there is shown in FIGS. 1-7 several. 

20 configurations of an apparatus for cont~ining and delivering hazardous gases at sub­

atmospheric pressure f~om a pressurized container. Fig. 1 depicts an apparatus for 

containing and delivering hazardous gases 10 in the form of a gas cylinder 12 having an 

integral valve/regulator assembly 14 attached thereto. Preferably, a standard 

compressed gas cylinder 12 is used which is closed with the valve/regulator assembly 

25 14 into which is built an absolute pressure regulator 16 and a high pressure shut-off 

valve 18 on the high pressure, i.e. upstream, side of the regulator 16. Similarly, FIG. 
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2 depicts an apparatus for containing and delivering hazardous gases 20 where a high 

pressure shut off valve 18.is located on the high pressure side of the regulator 16 and a 

low pressure shut off valve 22 is located on the low pressure side of the regulator 16 in 

the valve/regulator assembly 14'. Note that in the interest of brevity, the common details 

5 of the apparatus 10 and 20 will be given the same reference numbers and their 

construction and operation will not be reiterated .. Only the different features will be 

described in detail. Here, a function· of gas delivery control may be provided by the 

optional low-pressure valve 22. The purpose of this low-pressure valve 22 is to control 

the flow of the gas being withdrawn from the cylinder, and more importantly to protect the 

10 regulator 16 from ingress of ambient air during storage and transit. This feature is 

particularly important when delivering corrosive or reactive gas.es such as HCI, HBr, 

SiH4, BCl3, etc., where air contamination can lead to corrosion or solids formation or 

both. Once the gas user has completed using the gas, the high pressure valve 18 is 

closed and the residual gas is evacuated from the valve/regulator assembly 14'. Before 

15 the valve/regulator assembly 14' of the present embodim_ent is disconnected from the 

components downstream, the low-pressure valve 22 dowostream of the regulator 16 is 

closed to prevent air from being sucked into the evacuated. space when the system is 

disconnected. 

When discussed herein, note that reference to the high pressure valve 18 and 

20 the low pressure valve 22 refer to the location of the valve in ttie flowpath, not · 

necessarily, the physical characteristics of the valves. That is, the high pressure valve 

18 is closest to the pressurized gas cylinder 12. and is upstream of the regulator 16, and 

the low pressure valve 22 is downstre.ain of the high pressure_ valve 18 and the regulator 

16. 

25 In one mode of operation, an inert gas (e.g. dry N2, Ar, etc.) may be introduced 

into the valve/regulator assembly 14' before closing the low-pressure valve 22 to further 
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reduce the risk of air ingress into the regulator 16 during transit. Thus, an additional role 

of the high-pressure shut-off valve 18 is to positively separate and thereby prevent the 

contamination or dilution of the hazardous process gas with the inert purge gas used to 

blanket the regulator in transit. Optionally, the high pressure shut-off valve 18 may be 

5 biased to be normally closed when no energized vacuum system is connected to the 

outlet orifice of the valve body, by means known in the art. 

A refill port 24 may be separate, as shown in the embodiments of FIGS. 1 and 2, 

or combined with the withdrawal port 26 by using a bypass line 28 ·and valve 32 as 

indicated on the apparatus for containing and delivering hazardous gases at sub-

10 atmospheric pressure 30 in Figure 3; Note again that in the interest of brevity, the 

common details of the apparatus 10, 20, and 30 will be given the same reference 
. . 

numbers and their construction and operation will not be reiterated. Only the different · 

features will be described in detail. 

A specific embodiment of an apparatus for containing and delivering hazardous 

15 gases (for this example C4Fs) at sub-ambient pressure 40 is shown in FIG. 4, and with 

significantly more detail in FIGS. 8-12, which has a valve/regulator apparatus 14"' with a 

two port configuration similar to FIG. 2. A single port valve/regulator. assembly 14"" 
. . 

embodiment 50 is shown in FIG. 5 which is similar to FIG. 3. Again, in the interest of 

brevity, the common details of the apparatus 10, 20, 30, 40 and 50 will be given the 

20 same reference numbers and their construction and operation will not be reiterated. 

Only the different features will be described in detail. 

If required by transport authorities, an optional pressure relief device 34 may be 

included as shown in FIGS. 4 and 5. Also, a pressure gauge 36 that is calibra.ted for 

sub-ambient pressures may be included to monitor the delivery pressure. See FIG. 4 

25 and 8. 
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Additionally, a pressure gauge, upstream of the regulator, can be included for 

non-liquified compressed gases to indicate content of gas in container. 

In this example, the gas user connects to outlet port 38 (see FIGS. 8 and 10) 

which may be, for example, specified in accordance with the Diameter Index Safety 

5 System of the Compressed Gas Association, and then to his or her process equipm~nt 

by using the appropriate connection adapter, commonly called a pigtail adapter. After 

optionally purging contaminants frcim the spaces exposed to air, the pressure 

downstream of the valve/regulator assembly 14 is reduced below atmospheric pressure. 

The high pressure valve 18 and the low pressure valve 22 may then be opened allowing 

10 the gas flow to commence. 

As can be seen in FIG. 6, this flow may be usefully directed through a processing 

chamber 42 by situating the chamber 42 between the outlet port 38 and the vacuum 

generator 44. 

Should the system inadvertently be opened to atmosphere, then flow of the 

15 hazardous gas will soon stop or be dramatically reduced, thereby reducing the risk of 

personnel exposure or of equipment damage. Similarly, ~hould the low pressure valve 

22 or both the low pressure valve 22 and the high pressure valve 18 be opened 

inadvertently, without first c;onnecting the ou_tlet port 38 to the vacuum source 44, then 

little or no gas will escape from the vessel. 

20 As can be seen in' FIG. 7, in cases where the gas must be delivered to a 

downstream process at pressures near or above atmospheric, then, optionally, a 

compressor 46 may be used to withdraw the product from the vessel at sub-ambient 

pressure and then to deliver the gas at a higher pressure. For added safety, this 

compressor 46 may be situated in a well-ventilated enclosure 48 and be interlqcked with 

25 hazardous gas release detection sensors 52. (see FIG. 7). 
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For delivery of low-vapor pressure gases, it may be possible to have the 

valve/regulator assembly 14 welded onto the pressurized gas cylinder· 12 or otherwise 

integrally attached to ensure complete sealing without valve threads to act as a possible 

leak source. A possible advantageous arrangement would place the sensitive 

5 components of the regulator 16 inside of the pressure vessel 12, thereby protecting 

them. 

Connection between the gas outlet 38 and the user's vacuum system can be 

through any number of standard high-integrity vacuum connections, such as Swagelok®, 

VCR® and Ultratorr® connections from Cajon, ~onflat® or Del-Seal™, or JIS, ISO, KF, W, 

1 O 8, or C seals from various sources. Also, the appropriate keyed gas cylinder 

connections recommended by the Compressed Gas Association may be used .. As a 

possible extension, custom keyed connections could be instituted to ensure incompatible 

gases were not mistakenly connected ... See generally FIGS. 8-11. 

An optional integral valve protection device (akin to a cylinder cap) 54 , shown 

15 schematically in FIG; 4, that allows making-the low-pressure connection and actuation of 

the shut-off valve(s) without removing the protection device.may be affixed to the 

container~ Additionally, with or without the above feature, the valve protection cap 54 

· can optionally serve as secondary containment for vapors leaking from any threaded 

connections to the container and may optionally be fitted with a port 56 to attach leak 

20 detection equipment. An integral handle or other lifting aid may be molded into the 

protection device to make the package more easily transported and installed. Finally, 

optionally, a restrictive flow orifice downstream of the regulator 16 and valves 18, 22 may 

be used. 

The present invention may optionally include a residual pressure valve 58 that 

25 can be connected upstream of the high-pressure shut-off valve 18 to prevent back flow 

of foreign gases, as can be seen in FIG. 4. The regulator in the present invention, 
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however, could fulfill the role of inhibiting backflow itself I but surprisingly I a residual 

pressure valve upstream of the regulator can have a more fundamental role in 

maintaining fail-safe delivery only to a pre-set pressure. 

A pressure reducing device (regulator) of the preferred single stage diaphragm 

5 design has the general property that the regulated downstream (outlet) pressure will vary 

with the inlet pressure so that decreasing inlet pressure leads to increasing outlet 

pressure. Therefore, since the crux of the present invention is to provide a device that 

will safely deliver gas or vapor only when the downstream pressure is below a certain 

value (e.g. below atmospheric pressure) that will not likely occur in transit or in storage, it 

10 is essential that the upstream pressure always be maintained above a certain pressure. 

The presence of the residual pressure valve in this context solves this problem. 

Finally, the apparatus may be constructed of modular components such that the 

variations taught herein may be easily manufactured and easily changed by a user. 

Although illustrated and described herein with reference to specific embodiments, . 

15 the present invention nevertheless is not intended to be limited to the details shown. 

Rather, various modifications may be made in the details .within the scope and range of 

equivalents of the claims without departing frorn the spirit of the invention. 

20 N:\DOCNOS\06000-06099\06029\US\APPLN\6029 USA.doc 
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TITLE ·oF THE INVENTION: 

SUB-ATMOSPHERIC GAS 
DELIVERY METHOD AND APPARATUS 

CLAIMS 

06029 USA 

1. An apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure from a pressurized container, comprising: 

(a) a valve body in sealed communication with an outlet orifice of the pressurized 

container, said outlet orifice of said pressurized container open to an interior 

chamber of said pressurized container; 

(b) a fluid discharge path in the valve body, between the outlet orifice of the 

(c) 

(d) 

pressurized container and an outlet orifice of the valve body; 

a pressure regulator having a pressure sensing means capable of 

responding to sub-atmospheric pressure; integral to said valve body, in-line 

in the fluid discharge path, said pressure regulator pre-set to a pressure 

below atmospheric pressure to allow said gas to be delivered through ·said 

regulator from said interior chamber only when said pressure sensing mean~ 

senses a downstream pressure at or below said pre-set pressure; and 

a high pressure shut-off valve integral to said valve body, in-line in the fluid 

discharge path and upstream from said pressure regulator; 

whereby said gas may flow through from said interior chamber of said pressurized 

container through said fluid discharge path, through said outlet orifice of said 

20 pressurized container, and through said outlet orifice of said v~lve body only when said 

outlet orifice is connected to a vacuum system. 
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2. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 1, where the pressure regulator is preset and locked at 

the pressure below atmospheric. 

3. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 1, including a low pressure shut-off valve in-line in the 

fluid discharge path, downstream of the pressure regulator, to control flow ·of gas from 

the gas cylinder and to protect the regulator from ingress of ambient air during storage 

10 and transit when said low pressure shut-off valve is in a closed position. 

4. · The apparatus for containing and delivering hazardous gases at sub-

atrnospheric pressure of claim 1, where the high pressure shut-off valve is biased to" be 

normally closed when no energized vacuum system is connected to said outlet orifice of 

15 the valve body. 

20 

25 

5. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 1, including a filling path in the valve body between the 

outlet orifice of the pressurized container and a filling port orifice of the valve body. 

6. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 5, including a residual pressure valve, in-line in the fluid 

discharge path, upstream of the high-pressure shut-off valve, to prevent back flow of air 

or foreign gases. 
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7. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 5, where the filling path does not coincide with the fluid 

discharge path. 

5 8 .. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 5, where the filling path is a path that flows from a point 

on said fluid discharge path adjacent the outlet orifice upstream of said pressure 

regulator and upstream of said shut-off valve, to a point on said discharge path adjacent 

said outlet. orifice of said valve body. 

10 

9. The apparatus for containing and delivering ·hazardous gases at sub-

atmospheric pressure of claim 1, wherein said pressure regulator is pre-set to a pressure 

of about -5 psig. 

15 . 10. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 1, where said pressure regulator is preset at a fixed and 

unchangeable regulator pressure below atmospheric pressure. 

11. The apparatus for containing and delivering hazardous gases at sub-

20 atmospheric pressure of claim 1, where said pressure regulator includes a means to 

adjust said pre-set pressure. 

12. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 1, including a valve protection cap removably disposed on 

25 said pressurized container that serves as a secondary containment means for vapors 

leaking from the container and the apparatus. 
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13. The app;aratus for containing and delivering hazardous gases at sub­

atmospheric pressure of claim 1, wherein the vacuum system includes a compressor, 

wherein the vacuum system withdraws gas from the vessel at sub-atmospheric pressure 

5 and then compresses the gas to deliver said gas at a higher pressure. 

10 

15 

20 

25 

14. An apparatu_s for cont~ining and delivering hazardous gases at sub-

atmospheric pressure from a pressurized container, comprising: 

(a) 

(b) 

(c) 

(d) 

a valve body in sealed communication with an outlet orifice of the pressurized 

container, said outlet orifice of said pressurized container open to an interior 

chamber of said pressurized container; 

a fluid discharge path in the valve body, between the outlet orifice of the 

pressurized container and an outlet orifice of the valve body; 

a pressure regulator having a pressure sensing means capable of responding 

to sub-atmospheric pressure, integral to said valve body, in-line in the fluid 

discharge path, said pressure regulator pre-set to a pressure below 

atmospheric pressure to allow said gas to be delivered through said regulator 

from said interior chamber only when said pressure sensing means senses a 

downstream pressure at or below said pre-set pressure; 

a high pressure shut-off valve integral to said valve body, in-line in the fluid 

discharge path and upstream from said pressure regulator; 

(e) a low pressure shut-off valve in-line in the fluid discharge path, downstream of 

the pressure regulator, to control flow of gas from the gas cylinder and to 

protect the regulator from ingress of ambient air during storage and transit 

when said low pressure shut-off valve is in a closed position; and 
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(f) a filling path in the valve body between the outlet orifice of the pressurized 

container and a filling port orifice of the valve body; 

whereby said gas may flow through from said interior chamber of said pressurized 

container through said fluid discharge path, through ~aid outlet orifice of said pressurized 

5 container, and throl!gh said outlet orifice of said valve body only when said outlet orifice 

is connected to a vacuum system. 

15. · The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 14, where the pressure regulator is preset and locked at 

10 the pressure below atmospheric. 

16. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 14, where the high pressure shut-off valve is biased to be 

normally cl~sed when no energized vacuum system is connected to said outlet orifice of 

15 the container. 

17. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 14, including a residual pressure valve, in-line in the fluid 

discharge path, upstream of the high-pressure shut-off valve, to prevent back flow of air 

20 or foreign gases. 

18. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 14, where the filling path does not coincide with the fluid 

discharge path. 

25 

I /Ill}~ II Ul/1111 
If s * 

-5-



19. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 14, where the filling path is a path that flows from a point 

on said fluid discharge path adjacent the outlet orifice upstream of said pressure 

regl!lator and upstream of said shut-off valve, to a point on said discharge path 

5 downstream of said outlet orifice of said valve body. 

10 

15 

20. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 14, wherein the filling port includes a keyed valve to 

prevent unauthorized access. 

21. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 14, wherein the filling port includes a keyed gas-tight 

outlet cap to prevent unauthorized access". 

22. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 14, wherein said pressure regulator is pre-set to a 

pressure of about -5 psig. 

23. The apparatus for containing and delivering hazardous gases at sub-

20 atmospheric pressure of claim 14, where said pressure regulator is preset at a fixed and 

unchangeable regulator pressure below atmospheric pressure. 

24. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 14, where said pressure regulator includes a means to 

25 · adjust said pre-set pressure. 
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25. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 14, including a valve protection cap removably disposed 

on said pressurized container that serves as a se?!>ndary containment means for vapors 

leaking from the container and the apparatus. 

26. The apparatus for containing and delivering hazardous gases at sub-

atmospheric pressure of claim 14, wherein the vacuum system includes a compressor, 

wherein the vacuum system withdraws gas from the vessel at sub-atmospheric pressure 

and then compresses the gas to deliver said gas at a higher pressure. 

27. An method for containing and delivering hazardous gases at sub-atmospheric 

pressure from a pressurized container, comprising: 

(a) providing a valve body in sealed communication with.an outlet orifice of the 

(b) 

pressurized container, said outlet orifice of said pressurized container open to 

an interior chamber of said pressurized container; 

providing a fluid discharge path in the valve body, between the outlet orifice of 

the pressurized container and an outlet orifice of the valve body; 

(c) providing a pressure regulator having a pressure sensing means capable of 

responding to sub-atmospheric pressure, integral to said valve body, in-line in 

the fluid discharge path, said pressure regulator pre-set to a pressure below 

atmospheric pressure to allow said gas to be delivered through said regulator 

from said interior chamber only when said pressure sen~ing means senses a 

downstream pressure at or below said pre-set pressure; and 

(d) providing a high pressure shut-off valve integral to said valve body, in-line in 

the fluid discharge path and upstream from said pressure regulator; 
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(e) allowing said gas to flow through from said interior chamber of said 

pressurized container through said fluid discharge path, through said outlet 

orifice of said pressurized container, and through said outlet orifice of said 

valve body only when said outlet orifice is connected to a vacuum system. 

28. The method for containing and delivering hazardous gases at sub-

~tmospheric pressure of claim 1, including the step of providing a low pressure shut-off 

valve in-line in the fluid discharge path, downstream of the pressure regulator, to control 

flow of gas from the gas cylinder and to protect the regulator from ingress of ambient air 

10 during storage and transit when said low pressure shut-off valve is in a closed position. 

29. The method for containing and delivering hazardous gases at sub-atmospheric 

pressure of claim 28, including the step of providing an inert gas into the valve/regulator 

assembly subsequent to use of the gas and prior to clol?ing the low pressure valve to 

15 reduce the risk of air ingress into the valve/regulator assembly during transit. 
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