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GASES - BACKGROUND G: ;IFPQNENH ON
Processes, such as vapor deposition of thin netal filnms on waf ers,

require the use of high purity gas at high pressures. For exanple, certain
new y devel oped physical vapor deposition processes utilized by the
sem conductor industry require the wuse of high purity argon at pressures
greater than 10,000 psia. Any significant anount of particulate. or
nol ecul ar. contam nants, such as various fluorocarbon or hydrocarbon

TITLE OF THE INVENTION:

ULTRA HIGH PRESSURE GASES

BACKGROUND OF ‘I;HE INVENTION
Processes, such as vapor deposition of thin metal films on silicon wafers, i'equire :
the use of high purity gas at high pressures. - For example, certain newly developed
physical vapor deposition processes utilized by the semiconductsr industry require the
use of hi:gh purity argoh at pressures greater than 10,000 psia. Any signiﬁcant amsunt
. of particulate or molecular contaminants, such as various fluorocarbon or hydrosarbon
compounds in the argon can contaminate silicon wafér surfac;es, and reduse microchip
yield to uneconomical levels. Therefore, contamination of argon in such applications
must be avoided. | R
Avoidance of contamiﬁation Iin high pressure argon systems is difficult. A typical
means for providing argon at pressures greater than 10,000 psia is through mechanical
compression of argon gas ‘The most reliable mechanlcal compressors, i.e., those

havmg the longest operatmg periods between maintenance, use pistons with

compression seals to separate the pressurized argon from a hydraulic fluid. Such seals.



conpounds in_the argon can contam nate silicon wafer surfaces, and reduce
mcrochip vyield to uneconom cal |evels. Therefore, contam nation of argon
i n such applications nust be avoi ded. Avoi dance of contam nation
in high pressure argon systens is difficult. A typical neans for providing
argon at pressures greater than 10,000 psia is through nechani cal
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and require frequent maj nt enance. Fatl failure of the dia 8m I n, such
conpr essor s fajlyre pfitae diaphragMaRisHeR FomP s?rﬁée%{#tﬁd'hcﬂﬁ'tﬁﬁ““aﬂ% ef AMWHBt her
i mpurities. An alternative neans of supplying high pressure argon

consi sts of PRIticigs and gfper impurities.

An alternative means of supplying high pressure argon consists of a two step
process in which liquid argon is first compressed td high pressure using a cryogenic
liquid pump. The pressuriied argon then flows to a separate vessel where heat is

| transferred into the argon at a fixed, high pressure. The heat transfer raises the
femperature of the argon to the ambient level. Using this method, cryogenic liq_ui_d '
pumps can be used to produce argon pressures greater than 10,000 psia as disclosed in
US 4,032,337. However, cryogenic liquid pumps require frequent maintenance and
liquid sub-cooling to minimize cavitation, and can contaminate the argon with particles or
other impurities.

| The present invention overcomes the drawbacks of the prior art to avoid

contémination of lubricating oils and metals, to avoid the compl;axity of mechanical
compression, and yet provides a simple, clean method of obtaining ultra high bressures
in gases having high purity requirements as industry currently demands, as set forth in

greater detail below.

BRIEF SUMMARY OF THE INVENTION
The present invention is a method of pressurizing a high purity gas to ultra high

pressure while maintaining the high purity of the gas, comprising the steps of;



process in which liquid argon is first conpressed to high pressure using a
cryagenic 1iquid punp. The pressurized argon then flows to a separate
vessel where heat is transferred into the argon at a fixed, high pressure.
The heat transfer raises the tenperature of the argon to the anbient

| evel . Using this nethod, cryogenic liquid . punps can be used to produce
argon pressures greater than 10,000 psia as disclosed in US 4,032, 337.

However, cryoges)iprovidingahighpgrity gasinia ljutfieptesicanstate; enance and | qui d
sub-cooling to mnimze cavitation, and can contam nate the argon with

particles or ob)Yietrodugingrthé high purity gas in a liqlisfiedphgsicdl state/ Rifd & QBpSHLRLISONES

t he drawbacks of the prior art to avoid contamnation of lubricating oils
and mnet al syegg@li avoi d the conpl exity of nechani cal conpressi on, and yet
provi des a sinple, clean nethod of obtaining ultra high pressures in

ases having hi A ki ' I . as set
Porth n "o, aPuiOid i vapasakGRTELsRI afer it ibkst paHil ikl B BiLH | 1

OF THE | NV T ; Ww.knvention is a nethod of pressurizing
a high purﬁi’%ﬁ asmtao"c'.ﬂep?%brﬁ%bc%i &af\pér?tgggure whi | e mai ntai ning the high

pgr Ity of the Qafhea‘fiﬂg'ﬂ{é \?’Jp’&ﬂzét{&ﬁ veh§di End the high purity gas in a liquefied physical
state which at least partially fills the vessel to vaporize the high purity gas-and to
pressurize the higﬁ purity gas to the ulfra high pressure. | |

Preferably, the heating step d) is performed by indirect heat exchange of the high
purity gas in a liquefied physical state witH a heating fluid in the vaporizat_ioh vessel.

Preferably, the ultra high préssure is at least 2;000 psia.

-More preferably, the ultra high pressure is at least 8,000 psia.
. Moét preferably, the ultra high pressure is in the range of approximately 10,000
to 67,000 psia. '

Preferably, the high puﬁfy is at least 99.9%,.by volume of the gas, more
preferably 99.999% an_d'most preferably £9.9999%.

Preferably, the high purity gas is pressurized in a'o'ne ofa plu’rality of parallel .
connected vaporization vessels, wherein when one vaporizatiqh vessel is being filled by
introduction of high pressure gas in a liquefied physical state, the other vaporization
vessels are dispensiﬁg the vaporized high pﬁrity gas at ultra high pressure and heating
the high purity gas in a liquefied physical étate, respectively.

!ﬁ one alternative, the high purity gas at an ultra high pressure is introduced into
storaée cylinders. |

éreferably, the high puﬁty gas at an ultra high pressure is delivered to a
downstream semiconductor prdcess as a source of pressurization.
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a) providing a high purity gas in a liquefied physical state; b)
I ntroduci ng’the high purity gas in a liquefied physical state into a

vapori zation vessel; c) closing the vaporization vessel after it
is at least partially filled with the high purity gas in a liquefied
physi cal state; and - d) heating the vaporization vessel and the

high purity gas_in a |iquefied physical state which at |east partially
fills the vessePreferablipbeihigh purty gasds resyeled frogetbe samicopdugteraracassie at he

hi gh purity gas to the ultra high pressure. Preferably, the :
heati ng stegs lijuefier gnsithen todthe hgparizationeegsseleat exchange of the high purity
gas in a liquefied physical state with a heating fluid in the vaporization

vessel . Prefferablyr thielhigh punity gdstis aelactgti fromeths @raup conaistingeafstrgan,000

psi a. More preferably, the ultra high pressure is at |east 8,000
psi a. nitrogei/oxygen, dliuna, Hyydrogeh and Intixtaresitirepf. dMorepeefemablyn thetdght ange of
approxi mately 10,000 to 67,000 psia. - Preferably, the high purity
i s at | easpufy gasddargewl une of the gas, nore preferably 99.999% and nost
preferably 99.9999% . Preferably, the high purity gas is

ool s, “vinor oi e enseht AV 440 o oSk I prefANAng BRI baets on
ultra high pressure while maintaining the high purity of the gas, comprising

a) a liquefier for liquefying the high purity gas having .at least two indirect h.eat. ‘
exchange passageways through which a cooling medium passes in indirect heat
exchange in one sucﬁ passage and through vyhich a high purity gas bei;\g liquéﬂed
passes in in;iirect heat exchange in another such passage;

b) a storage vessel connected to the liq.uéﬁer to :;eceive and store the hig_h purity
gas after it has been liquefied; |

c) at least one vaporization vessel connected to the storage vessel having at
least one orifice to feqeive and diépense the high purity gas, an indirect heat exchanger
in heat exchange with the vessel for heating the high purity gas, and means to sehse-.the
amount of the high purity gas in the vessel; and

d) means for controllably dispensing the high purity gas at uitra high pressure
from the vaporization vessel. . | | _

Preferably, the means for controllably dispensing the high burity gas at Uitra high
pressure is a valved conduit connected from the vaporizétion vessel to a downstream
§emlconductor process apparatus.

‘ Preferably, the means for controllably dispensing the high purity gas at ultra high

pressure is a valved conduit removably connected from the vaporization vessel to one or

more downstream storage cylinders.



I ntroduction of high pressure gas in a |liquefied physical state, the other
vapari zati on vessels are dispensing the vaporized high purity gas at ultra
hi gh pressure and heating the high purity gas In a |liquefied physical .
state, respectively. _ In one alternative, the high purity gas at an
ultra high pressure is introduced into storage cylinders.

Preferably, the high purity gas at an ultra high pressure is delivered to a

downst r eam seni Rty Giping BGrovidabtoTetytly the hish pUriBS§ay atdftd Righ purity
- 3- . Preferably, the high purity gas 1s recycled fromthe

sem conduckh the AeassSto donfrollabfsdispeihes to B IRUERdrhen to the vapori zation
vessel . Preferably, the high purity gas is selected fromthe group

consi sti ng, of - ap@tablyhb VaRARANN VRS cdiflisHSy e Rofedt X Ur e

ati
thereof. More prefera , the htlg purity gas Is argon.. The

present i é'ﬂgr i 0 an apparatus for pressurizing a high purity gas
to ultra |gh‘h%§bgsv§3§éé§'Mi | e mai ntaining the high purity of the gas,

conpri si ngl cast P{e&%ralﬂikﬂtlﬂe I\léwﬁfg{ﬁﬁ Yés%l thdsTHE fnéirB& ﬁegfe@hgngé?%th‘;%dgas :

~having at rec
inside the vessel.

Preferably, the vaporization vessel has an outer pressure containment casing, an '
intermediate insulating layer, an inner gas containing casing and an indirect heat
exchanger having passageways for flow of heating fluid through the indirect heat

exchanger wherein the passageways have.ﬁns projecti_ng outward to provide increased

heat exchange surface.

BRIEF DESCRIPTIbN OF SEVERAL VIEWS OF THE DRAWINGS
FIG 1 is a schematic iliustfation of a first preférred embodiment of the present
invention for supply of argon to a semiconductor proceéé. |
FIG 2.is a cross;sectional illustration of a preferred embodiment of a vaporization

vessel.

DETAILED DESCRI_PTION OF. THE INVENTION -

A method and éppératus are disclosed for the isochoric (constant volume) |
vaporization of liquefied gas to produc§ ultra high pressure, high purity gas. Liquefied )
high burity gés is delivered to a vaporization vessel which is then séaléd. Heat is then h
transferred into the vessel to vaporize the liquefied gas, and raise the temperature of the

gas to ambient. The ultra high pressure, high purity gas is then transferred to a silicon



exchange passageways through which a cooling nmedi um passes in indirect heat
exchange i n" one such passage and through which a high purity gas being

| i quefied passes in indirect heat exchange in another such passage;

b) a storage vessel connected to the liquefier to receive and store the
hi gh purity gas after it has been |iquefied; . c) at |east one
vapori zation vessel connected to the storage vessel having at |east one
orifice to receive and dispense the high purity an indirect heat
exchanger Wafenrregessingrieleas gyiindarner afhargeseivasy T ge InveAtpn: oRR ITPGUCSRIBRR v
gas, and nmeans to sense the anmount of the high purity gas in the vessel;
and at pressuies ®s hgivascapproximately 86,400psimsi ng the high purity gas at
ultra high pressure fromthe vaporization vessel. Preferably, the
means for cont r ofhegivesendinypetion providéssamimgroyad method asd apparatusdfohprpducing
pressure is a val ved conduit connected fromthe vaporization vessel to a

downst r eamultra bigh pesssuret gas gihighemsitya piiwr invention uses vaporiztiosf af liqbéfied gdsdn
means for controllably dispensing the high purity gas at ultra high

pressure i sa ssaled vesket asduméansetoopradilice Kign prsssad. f Sush p:’eesuﬂzadrgasaﬁapbe

vessel to one or nore downstream st orage cylinders.

-4- delivered to various receivers, including silicon wafer processmg tools requiring
pressures greater than 10,000 psia, and high purity gas cylinders for the electronics
industry requiring pressures of approxﬁnately 2,500 psia.

Ultra high pressure shall mean for the purpose of the present invention pressures
-of at least 2,000 psia, preferably at Jeast 8,000 psia, most preferably in the range of N
approximately 10,000 to 67.600 psia. . |

High purity shall méan for the purpose of the present invention gas purity of
99.9% by. vdlume of the gas, preferably 99.999% by volume of the gas, mos_t preferably
99.9999% by volume of th_e gas. |

A typical isochoric (constant volume) argon compression system for a silicon

wafer processing tool is shown in Fig. 1.. This embaodiment of the invention includes an
argon recovery system to recycle used argon. Liquid argon (LAR) s stored in a
thermally insulated LAR dewar or storage vessel 10. The LAR can be stored at near
atmospheric pressufe at a boailing point temperature of -302.6 °F. The idea requires at
least one LAR vaporization vessel located doWnsfream of the dewar .1 d. In this
embadiment three vaporization vessels, 12, 14 and 16, respectively, are shown below
the LAR dewar 10 in F'ig. 1. Multiple vaporization vessels increase the speed of the
process by permitting sequential operation. As one vessel is flowing pressurized argon
to the tool, the other two vessels are being charged with LAR from the dewar or

vaporizing a LAR charge.



Preferably, piping is provided to recycle the high purity gas at ultra high
purity . fromthe nmeans to controllably dispense to the liquefier.
Preferably, the vaporization vessel conprises three parallel connected
vapori zati on vessels. Preferably, the vaporization vessel has the

I ndi rect heat exchanger situated inside the vessel. Preferably,

t he vaporization vessel has an outer pressure contai nnent casing, an

i nt er nedi at e i nThteat vapprizatiar ,vessels narer shasn ciantiis nemigodiaentn Jorafiblistrative

i ndirect heat exchanger having passageways for flow of heating fluid

t hr ough t hpuipoagés. ety mantier of ¥ajunagtion vésesle ican bb asghmIhigdvweyitiodlave fins -
projecting outward to provide increased heat exchange surface.

BRI EF DESCRI PTI €icitvadridatiit-vedsBIR, 34 dadE1®RAYVANGER supply valve V12, 1/14sarid

schematic illustration of a first preferred enbodi nent of the present

i nvention {4g, ﬂéF@étMel?f lo2&t8@dnits t6p.STHS CARKPPN valeGs B88éned to flow LAR flofa 2 1 S
a cross-sectional illustration of a preferred enbodi nent of a vaporization

vessel. the dewar 10 down into the Vagdizafidh VESKRthrOLEN nidnifbldE18. \VENTAEVAR

contacts the ambient temperature vaporization vessel, initial liquid flashing will occur.
Flashed vapor returns upward to the LAR dewar 10 as liquid flows downward. Flashed
vapor will tend to increase the pre_ssﬁre of the LAR dev_vz-:'r 10. The flashed vapor is
therefore re-liquefied in an argon quueﬁer 20 located above the argon dewar 10. The
liquefier 20 may, for example, consist om;.a heat exchanger (e.g., plate and ﬂn) with liquid
nitrogen (LIN) 22 used as the cooling medium. The head pressure on the LAR dewar 10
(14.7 psia in this embodiment) is maintained by the dewar's intermal typical
vaporizer/préssure relief system as well known in thé industrial gas industry (not shown)..
A pressure relief valve 24 on.the LAR dewa.nr_ 10 prdtects it from oyer-pre_ssurization.
After the Qaporization vessel,. 12, 14 or 18, respectively,- codls to thg LAR
terhperature (-302.6 °F), LAR will begin to fill the vessel. When the vaporization véssel
is charged with LAR to a desired depth, thé valvé V12, V14 or V16, respectively, is
closed, and the vessel is sealed. Heat is then transferred to the captured LAR. The
transferl;ed heat vapqrizes the LAR in the véssel. As additional heat is transferred, the
temperature of the argon rises to the ambient level. During this vaporization aﬁd heating
process, high pressures are produced in the vessel. | -
The final argon pressure in the vaporization vessel can be predicted from the
known:l volume of the Initiél LAR charge. For example, it Is known that the density of
LAR at the normal boiling point is 86.82 LB/t®. Also, at the normal boiling point, the
density of the cqld gaseous argon in the head space of the sealed vessel is known to be
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A nmet hod and apparatus are disclosed for the isochoric (constant vol une)
vapori zationh of liquefied gas to produce ultra high pressure, high purity
gas. Liquefied high purity gas is delivered to a vaporization vessel which
is then sealed. Heat is then transferred into the vessel to vaporize the

| i quefied gas, and raise the tenperature of the gas to anbient. The ultra
hi gh pressure, high purity gas is then transferred to a silicon

-5- 0.36 Lﬁdﬁ’grlf sharge s @llowed to egaupyi 83:14% of thetuelume etthpwesselThe

i nvention can produce argon at pressures as high as approxi mately 66, 400
psi a. then tife coldrgsseeus argor nccupiesthe verdaisingri 6i6% oHthedvolumé ofitharvessel.
apparatus for producing wultra high pressure gas at high purity. The .

i nventi on Usthis oagepthezamerage dénsity @f afl thedargeas in the vesselds OB34q86.82) aD. d66reans
to produce high pressure. Such pressurized gas may be delivered to various

receivers, (0.86) ad2ny EBAH. cThe itéal volome of tivgvéssel and theUnas of alyoads dies
greater than 10,000 psia, and high purity gas cylinders for the el ectronics

i ndustry r gesdel réMaif UA 88 dafind e het Mdisferypracds80 Thédefore, after the aldoh i

hi gh pressure shall nean tor the purpose of the present invention pressures
the vessel is vaporized and warmed to 70 °F, the average density of the captured argon
remains at 72.47 LBM®. Under these conditions of temperature and density the
predicted final pressure of fhe argon in'thé vessel is 25,000‘ps.ia.

By usihg a smaller initial quantity of LAR in.the vessel, lower final pressures can
be achieved after the heét transfer process. Conversely, by u-sing a greater initial
quantity of LAR in the vessel, higher final pressures c¢an be achieved. The highest
theoretically achievable pressure is o.btained when the vessel is completely.ﬁlled with

LAR, lééving no head qpace in the charged vessel. In this case the average density of
the captured argon in the vessel is equal to -tl.'lat of the. liquid, 86.82 LBAt. After the
argon is vaporiied and warmed to 70 °F the argon. achieves a final predicted pressure of

. 66,400 psia. Therefore, when starting with LAR at an initial pressure of 14.7 .psia,.ﬁnél
pressures as hig‘h as approximately 66,400 psia are possible using this method. |

Each vaporization vessel 12, 14 and' 16 has a pressure sensor P12, P14 or P16,
respectively and an automatically actuated pressure relief valve R12, R'14 or R16,
réspectively. The pressure relief valve is set to operi at the desired final argoﬁ pressure.
The relief\valve may, for example, be set at a desired pressure in the range 2,000 psia
to 30,000 psia. If the vaporization vessel pressure exceeds the desired pressure, tﬁe

relief‘ valve opens and the argon flows through the relief valve to the argon recovery

system. After the relief valve has opened, no further increase in vessel pressure occurs.
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of at least 2,000 psia, preferably at |east 8,000 psia, nost preferably in
the range of approximtely 10,000 to 67,000 psia. H gh purity
shall mean for the purpose of the present invention gas purity of 99.9% by
vol une of the gas, preferably 99.999% by vol unme of the gas, nost preferably
99. 9999% by vol une of the gas. A typical isochoric (constant

vol une) argon conpression systemfor a silicon wafer processing tool is
shown in Fig. 1Whenitbe aaferdiroaessing ftodl requires enéssurizedhatgod cealean 26,a28y0n 30,
recovery systemto recycle used argon. Liquid argon (LAR) is stored in a
thermal |y respatively id dpenddm cormiuits310r Heepressirizid HigonTihen [fidWs tavouble asfiner ed
at near atnospheric pressure at a boiling point tenperature of -302.6

[err] F. Thenetétiwg vaivs B2 46 1188 serhiganductitavaféRpioapsting Bdol A, VRS fike hitéviry
downstream of the dewar 10. In this enbodinent three vaporization vessels,

12, 14 andyife 3268 REClo dthtryl tha TRWSHT Ao 8hd Yate o BrdsfltiZbA¥Abf e procédsihg 1.

I\/UI ti pl e vapori zation vessels increase the speed of the process by

perm ttFNYtKHA4CNWhah tPRbPS4 RprebSurRBE to/ BieSRuirsd He@%r@%ﬁﬁ@é? usg aggoar gon
to the tooI the other two vessels are being charged w LAR fromth

dewar or  YapElvy)% SosedR char ge.

6. A :

When the tool cycle is éomplete. tool valve 36 is opened, and the tool 34 is de-
_pressurized. Valve 26, 28 or 30, res;pectively; is also re-opened at this time to de-
pressdrize the vaporizatioh vessel, 12, 14 or 16, respectively. In this embodiment of the
invention, the used argon flows to a low pressure cylinder 38 via line 46, which acts as a
holding reservoir for the argon, and comprises part of the argon recovery system. The
argon pressure in the low pressure cylinder varies with time during the procéss cycle,
but is greater than that of the LAR dewar 10 (14.7 psia in this embodimeht), and less
than that in the wafer pr-ocessing tool 34. The pressure of the cylinder 38 may, for
example, be at a pressure of épiproximately 306 psig during the procéss cycle. A fine
metering valve 42 is located downstream _of.valve 36. This valve 42 Is set to contrdi the
flow of argon and rate of de-pressurization of the processing tool 34 and vaporization
vessel' 12, 14 or 16, respectively. When the pressure of the tool 34 and vaporization '
véssel 12, 54 or 18, respectively, falls to 300 psig or less, valve 36 is closed and valve
44 is opened to vent the remaining small quantity of argon \;rom the tool 34 and
vaporization vessel 12, 14 or 16, respectively. The tool and vessel are at that time
returned to a pressure of 14.7 psia.
' The recovered argon in the low pressure cylinder 38 flows through a forward
pressure regulatok 46 to the argon' liquefier 20. The set point of the forward pressure
regulator is equal to the argon dewar pressure (14.7 psia in this embodiment). Vented
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Three vaporization vessels are shown in this enmbodinent for illustrative
pur poses. Any nunber of vaporization vessels can be used in this invention.
Each vaporization vessel 12, 14 and 16 has a LAR supply valve V12, V14 and
V16, respectively, located on its top. The LAR supply valve is opened to
flow LAR from the dewar 10 down into the vaporization vessel through

mani fold 18. As the LAR contacts the anbient tenperature vaporization

vessel , i rargérmls replgeediinfthasstem usind a maketup argormsippty ite48. Retydatsargpnar d
to the LAR dewar 10 as liquid flows dowward. Flashed vapor will tend to

i ncrease tdoRidise advintagebusiy filtdrélR atl hedlow kiesslifed dflthe P cle aedit bsford beihgf ore .
re-liquefied in an argon liquefier 20 | ocated above the argon dewar 10. The .

l'i quefier pBsdiffived {dthe Bigh PRbedurdsdfthébysiéma heat exchanger (e.g., plate and
fin) with'liquid nitrogen (LIN 22 used as the cooling nmedium The head

pressure on thenlARMIMHenS of &é%%nﬁéﬁ,%é&éﬁﬁéé@gﬁ%@@@e&?n LY@ ned

by the dewar's i1 nternal typica vapori zer ystem as wel |

known in tﬁéﬁﬁw%ﬂ%@ueﬁéﬁoiﬂqﬁﬁyf%ﬁ {b%emﬁv&\ivar A pressure relief valve

24 on the dewar protects rom OVer - pressuri zation. Af ter

e vapor! Zat | o apE ek fvanbedli bssd SRAE T 2 MRl iy b4,
LROr 228 LA X3Sk oy B U ke £ L o b b i A, 12
LAR i n' t nantputecyessalst S iRE LaRCR dratinerl i ark RBpoere aoniaba cssig 50. The °
thermal mass of this inner casing 50 is minimized in order to minimize the initial cool-
down time of the Ve'ssei 12 during LAR filling. The casing 50 is‘ coritained inside a thick-
walled outer pressure containment casing 52. The temperature of the thick-walled on.iter
. pressi.ire contail_'iment 6asing 52.remains near the ambient lévei. For this purpose, an
interrnediaté thermal insuiating layer 5;1 may be placed in the space betweeh the casing
50 'a-ind the caiéing 52_. A piessure equalizing orifice, or opening, 56 at the top of the
casing 50 prevents any ;iressuiizatlon of the coid vessel. Thig opening may contain a
de-misting medium, such.as metal mesh or porous sintered -me'tai to preveht LAR
droplets from escaping the casing 50. :
| The quantity .of LAR charge in the vaporization vessel 12 can be metered
gravimetrically by measuring the change in weight of the vaporization vessel, or more
preferably by measuring the 'depih of LAR in the 'casing 50. Depth measurements can
be performed using a level sensor, or mlore preferably a differential pressure (DP.) gauge
58 to measure the LAR liquid height as shown Fig. 2.
.Heat can be transferred lnto. the LAR using an electrical resistance heater in
thermal coritaét with the LAR, or more preferably by thermal contact with a warming
medium, such as ﬂoiivin gaseous nitrogen (GAN) as shown in Fig. 2. Fig. 2 shows a
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tenperature of the argon rises to the anbient level. During this

vapori zati oh and heating process, high pressures are produced in the

vessel . The final argon pressure in the vaporization vessel can be
predicted fromthe known volune of the initial LAR charge. For exanple, it
I's known that the density of LAR at the normal boiling point is 86.82

LB/ ft[err]. Also, at the normal boiling point, the density of the cold

.g?S.e‘)”sf “edhs'ty %@%?ﬁ%&rﬁ‘@fﬁ” orftre GANIeBIAGARZan o8 ORI 18 tHemal

83. 4%

the renei ifoReE NS ardatt HERIFRret tefedriec @Aﬂ HFERPE B3 oPREBYC; g
7247 Lol 18 P R PR PHoAOR G Ble varse, 12 ot et et & 3 yon
Ther 6f or o CORFELPT Aridaty {‘y@;ﬁ; fest, gish Séegeé‘e%rg?% J%LBBZ%%% ra‘iée?%%@dtrasafo
[err]F, the average density of t he captured ar remai ns at 72.

LB/ ft [ er r |EXChARRS ﬁe%’é“%'@rﬂi? erabysa BFS%RWEY !&‘!"8 neatfing &rchrazed to 'F%Wts'de
predicted final pressure of the argon in the vessel is 25,000 psia.

By using aosusiag®|asrshown: indfig-Riarkieat yrasferragrirom Mé@s\@épf'zqsoﬂ\)@rm'?-n@len

pressures can .
raises the argon temperature to the amblent level. The pressurized argon then leaves

the vaponzathn vessel 12 through the orifice 64 in the top of the vessel 12.

In an alternate embodiment of the invention, not shown, no argon recovery
system is used. All érgon is provided to the LAR dewar from the make-up argon line,
and all used argon is vented ffom the system. _

In anothér alternate embodiment of the invention, not shown, a single’
vaporization'\./essel is used. This embodiment can be_ used in those caées where the
cycle period of the too.l or other receiver is greater than or equal to the cycle period of
the. vaporization vessel. In this case a single vaporization vessel can providé high
pressure argon at ‘a rate sufficient to meet the reduirements of the tool. This
embodiment also contémplates ancthef application for this invention in which the argon
receiver consists of a bank of high purity argon cylinders, rather than a semiconductor
wafer process tool. The cylmders are filled with high pressure (e.g. 2, 500 psia) argon
received from the vaporization vessel. After filling, the valves on the argon c_ylinders are
closed. The filled argon cy‘linders are then removed and replaced with empty cylinders.

‘ In other embodiments of the inQention, substances other than argon can be
produced at high pressure using constant volume vaporization and hea{ting. The
inve'ntion can be used to produce nitrogen, oxygen, helium, hydrogen or other low
boiling point. substances at high pressure through constant volume vaporization and

-11 -



be achi eved after the heat transfer process. Conversely, by using a greater
initial. quantity of LAR in the vessel, higher final pressures can be ~ -
achi eved. The highest theoretically achievable pressure is obtai ned when
‘the vessel is conpletely filled with LAR |eaving no head space in the
charged vessel. In this case the average density of the captured argon in
the vessel is equal to that of the liquid, 86.82 LB/ft[err]. After the
argon is vhpatirigz eSuchmighvpresstde tupplpsystamg may be Lsed for exaeiyle, e fill dighi purity '
predi-cted pressure of 66,400 psia. Therefore, when starting with LAR at an
initial prgasdyihders tdpressidsdf 2{000sia tBBCUBYWsRE as hi gh as approxi mately
66, 400 psia are possible using this nethod. Each vapori zation
vessel 12, 14 a R coﬁ?& i 5% hyel vy
and an aut omat i (';l:rle%?-\tfahgfa l?gtfgff g?%asi@u?ggérig?ie&e)% %\?gl‘@dgud%z, Rﬁsa%r(rf GFW@
respecti vely. sad sgu j ' t i i nal
P of hqui&e%ﬁrﬁl %gyé%nﬁfaa \66411\6F‘efsg§r oF lenfdgeRiB SBunp., Q@cr%gléi?ﬁf}gg

argon pressure. ve nay, exanple, be set at a

bressure | fod i AAEAnONLARREE coh il e 5hewith bnblifiat BOhidr Al Hig

Vﬁssel preffure eﬁ > _ ef!re pressure, val opens and
ater the AU PUNFRE b bRt uoK Y Mot THisl SoBe R BeY . Pl
occurs. : 8

compression or puniping machinery, this invention reduces equibmént maintenance and
gas contamination, and. eliminates Ii_qﬁid cavitation' and noise problems. The invention
thus provides an improved means of supplying high purity gas at pressures as high as
approximately 66,400 psia. ’

The present invention has been illust_rated- with regérd to several preferred

embodiménts-, but the full scope of the invention should be ascertained from the claims

which follow. .

-12-



Wen the wafer processing tool requires pressurized argon, valve 26, 28 or
30, respectively, TS opened in condwt 31. The pressurized argon then

orocesst ng-toor. o THMTMPMIBUREL AR, 2 27, "2 Ei?d?ffsﬁﬁmjﬁﬁﬁ%w

of argon and rate of *présstri%ati ol of the processing t

tool 34 is pressurized to the required pressure, valve 2

respectively, is closed. Whergptamast ool cycle is conplete, too
valve 36 is opened, and the tool 34 is de- pressurized. Valve 26, 28 or

30, respectively, | %:ﬁbﬁt@d'b?pr%@ﬁﬂ%gaéhtgﬁi: tgg%tzf Bitrd%igh ;H'é & Wil the

vaporization vessel, 12, 14 or resp n this d| nent of the

i nventi on,mé“l&sm ﬂ?g{gggﬁ @&% é& ? B%@sﬁ%%ﬁ &yl [ nder 38 via line 40,

whi ch acts as a ~ho Servo argo ahd conprises part of the

argon recovery [ pressure cylinder
varies with ti r?z%%ﬁﬁﬁggpﬁg p@ﬁ@%&@’“?ﬁ%‘gd P@M%'C?qss a3¥Veater than that of the
LAR dewar 10 ( odi.me n that .in the
wafer  process! i misRcae shg b LG arlal e hvefatstats R 2 Bpezalion
exanpl e, be at a pressure of apprOX|nater 300 psig during the process
cycle. A MPE®®: netering valve 42 is | ocated downstream of valve 36. This
valve 42 is set to control the flow of argon and rate of de- ressurlzatlon
of the processif§lostng saislvapaezaion yessehattenitis ableasy pama"vfueq)wmgald igh
respectively. Wen the fpressure of the tool 34 and vaporization vessel 12,
14 or 16, Rusitpassinadiayefisdphysicelstaeanski g or | ess, valve 36 is cl'osed and
valve 44 is opened to vent the remini ng snal | quantity of -argon fromthe
tool 34 and d) heating said vaporization vessel and said high purity gas in a liquefied physical

state which at least partially fills said vessel to vaporize said high purity gas and to

pressurize said high purity gas to said ultra high pressure.

2. The method of Claim 1 wherein-said heating step d) is perférmed by
indirect heat exchange of said high purity gas in a liquefied physical state with a heating

fluid in said vaporization vessel.

3.  The method of Claim 1 wherein said ultra high p_réssure is at least 2,000
psia. o

4.  The method of Claim 3 wherein said ultra high pressure is at least 8,000
psia.

5. The method of Claim 4 wherein said ultra high pressure is in the fange of

approximately 10,000 to 67,000 psia. : .
REPLACED SHEETS SG
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vapori zation vessel 12, 14 or 16, respectively. The t vessel are at
that ti.:ne Treturned to a pressure of 14.7 psia. TThe recovere

in the | ow pressure cyli n(J'E'T 38 ftows through: a forvvard m BN Berf %tor
46 to the argon liquefier 2 of the forwa

regul ator is equal to the ar I“jngﬂm‘“lﬂmgmre (14.7 psi 7
enbodi nent). Vented S sepraced in the system u5|

make-up argon supply line 48. Recycled argon could be advant ageousl y
filtered at the | ow pressures of the recycle circuit before being
pressurized to g he f ity & d odi nent s
of the |nvent|oén &ﬁﬁ@?gﬂﬁﬁﬁ“&? \%ﬁg?g?géilagﬁdﬁl?u#%gsaé?gé{b%{om the LAR
l'iquefier, formto the LAR dewar. Detail of a typical
vapor i zatlvgrﬂljn\q/éegfs%@%éjl s showmn in Fig. 2. Aninlet orifice 64 for LARIS

provi ded at the top of the vessel 12. LAR flows downward fromthe LAR dewar
into the vessel 12 The LAR is contained in an inner gas containing casing

i mse e 1ot TegebR R GRS RaR el o8 30 R 8Bl

The casing,_50 i s c? glned inside a thick- walled outer pressure
cont ai nrren?y\':'?i‘émﬁé’ 9Ffre tenperature of the thick-walled outer

8. The méthod of Claim 1 wherein said high purity gas is at least 99.9989%

by volume of said gas.

S. The method of Claim 1 wherein said high purity gas is pressurized ina |
one of a plurality of parallel connected vaporization vessels, wherein when one
vaporization' vessel is being filled by introduction of high preséure gas ina liquefied
physical state,l the other vaporization vessels.aré dispensiné said vaporiied high purity
gas at ultra high pressure and heating said high purity gasina [iqueﬂed physical state,

respectively.

10.  The method of Claim 1 wherein said high purity gas at an ultra high

pressure is introduced into storage cylinders.
11.  The method of Claim 1 wherein said high purity gas at an ultra high

- pressure is delivered to a downstream semiconductor process as a source of

pressurization.
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pressure contai nnent casing 52 remmins near the-amhient |evel. For this
purpose, an intermediate thermal insulating |ayer 54 may be placed in the

space between the casing 50 and the casing SEmﬂ’MHm"H ali zi ng
orifice, or opening, 56 at the top of the mr‘ﬂmany
pressurization of the cold vessel. This opening ray ‘coMtafn & de-nisting
medi um such as netal nmesh or porous sintered netal to prevent LAR

d | ets from eggapi ge in
the vapori zat i ”pﬂgﬁ fho3F ciin W whersin sa@%sﬁ%?@%ﬁ bYedrerdiel ARG he
mascring FHL ‘@%@F&&%&"%héﬁdv@ﬁs 55760 S Vb BloPobifs can be

per f or med u5|ng a |l evel sensor, nore preferably a dlfferentlal pressure
(DP) gauge 58 to neasure the LAR | i quid height as shown Fig. 2.

Heat can be tra fer d Ilngto the LAR using an .electrical resistance heater
in thermal con ?Weﬂwg qt!g%'m WPR{P'@%?FQ?@? BWity 9By isiselaciad frem fhenct .
with a warmn %)nu such as fl qw ng %aseous nitrogen (GAN) as shown in
Fig. 2. Fi gljoug CcoRsisting.pf argon, oxygen, mtrogen elium, hydrogen and mixtures theregfy-
means by which anbi ent tenperature GAN or heated GAN can be brought into

t her mal

14. The method of- Claim 1 wherein said high purity gas is argon.

15.  An apparatus for pressurizing a high purity gas to ultra high pressure
while maintaining the high purity of the gas, comprising o
a) a liquefier for liquefying said hlgh purity gas having at least two mdlrect heat
exchange passageways through which a cooling medium passes in indirect heat |
" exchange in one such passage and through which a high purity gas being liquefied
passes in indirect heat exchange in another such passage;
b) a storage vessel _cennected to said liquefier to receive and store said high _
purity gas after it has been liquefied; |
c) at least one vaporization vessel conneetee to said storage vessel having at
ieast one orifice to receive and dispense said-high purity gas, an indirect heat exchanger
in heat exchange with said vessel for heating said high purity gas, and nieans to sense
the amount of said high purity gas in said vessel; and .
d) means.for contrql!ably dispensing said high purity gas at ultra high pressufe

from said vaporization vessel.

. This Sheet Has Been Rep 11ced .

LT
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tontact with the argon. Heat transfer between the GAN and argon can be
enhanced using an indirect heat exchanger 60 in the Vess

exchanger 60 can consist of a plate and fin heat exc

hi gh pressures, a coiled heat exchange tube, or rmrej iﬁl@ mm
passageway with heat fins 62 brazed to its outside s

Fig. 2. Heat transferred fromthe GAN vaporizes the LAR then raises the
argon tenperat ujg toTﬁJ‘ﬁpﬁ’di’&h@B?CiaﬁH%wh@W‘n B4i@ fivahs Gt CoRtraiRByt hen | eaves

the vapori zation vessel through the orifice 64 1in the top of the vessel
12. Sﬂ{gm ,

argon recoveé Sﬂ&/st%ﬁéﬁghﬁgggg %gj" IFF‘SE\E%\ rt{eélééh?%trs (r)%\?wé d@ﬁ&oﬁ%&d&? f.rom
Tﬂeaﬁ?tkﬁet‘%@%? eplress B okt SRR RER R S here

vapori zation vessel is used. This enbodi ment can be used in those cases
where the cycle period of the tooI or other receiver is greater than or
equal to the cy pQrization vessel. In this case a
Shol e vapor i sxifon” Jbe Epsrats RIS g SR ol o5 o o
sufficient to neet the requirenents of the tool. This enbodinent also-
cont enpl at 88Pantinggad B'QBIHUEQItQQGr?t i High E"eF‘f'Hf% 122 vaivedicandu Ferapiably gon
recei ver consists of a bank of high purity argon cylinders, rather than a
seni conduccennecigs feam said vaparizaion vessgktoopeias mare daweastrgam sarasietouhnﬂegst
pressure (e.g. 2,500 psia) argon received fromthe vaporization vessel.
After filling, the val ves on the argon cylinders are closed. The filled
argon cylinders are then renoved and replaced with enpty cylinders.

18.  The apparatus of Claim 15 wherein piping is provided to recycle said high

purity gas at ultra high purity from said means to controliably dispense to said liquefier.

19.  The apparatus of Claim 15 wherein said vaporization vessel comprises

three parallel connected vaporization vessels.

20. The apparatus of Claim 15 wherein said vaporization vessel has said

indirect heat exchanger situated inside said vessel.

21.  The apparatus of Claim 15 wherein said vaporizatton vessel has an outer
pressure _containment casine, an intermediate insulating Iaye‘r,-an inner gas containing -
casing and an indirect heat exchanger having passageways for ﬂow of heating'ﬂuid
through said indirect heat exchanger wherein said passageways have fins pro;ectmg

. outward to provide increased heat exchange surface.

This Sheet Has Been Peilaced
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I n other enbodinents of the invention, substances other than argon can be
produced at hi gh pressure using constant vol une vaporization and heati ng.
The i nvention can be used to produce nitrogen, oxygen, helium hydrogen
or other low boiling point substances at high pressure through constant
vol ume vapori zati on and heating. Such high pressure supply
systens may be used, for exanple, to fill high purity gas cylinders to
pressures of 2,000 psia to 6,000 psia. Present means for producing
pressuri zed argon include conpression of gaseous or liquid argon in a
mechani cal conpressor or cryogeni c punp. Such equi pnment requires frequent
mai nt enance, contam nates the gas with pneumatic or hydraulic fluid and/or
particles, and can produce hi gh noise |evels. Egﬁconpletely el imnating

conpressi on or punping machi : | es equi pnent

i i hi TRAGT OF Thie RIS ERORHREC i

mai nt enance and gas contam nat4 | ed .liquid cavitation and

noi se problens. The invention 'PEG§‘§$ﬂUEé§gE§3kﬁﬁproved means of suppl ying
high purity gas at pressures a i i 66, 400 psi a.

The present invention has beean?Fggﬂgii%gggéﬂﬁhggégé% to several preferred
enbodi nents, but the full scope of the invention should be ascertained from
the clains

A method and apparatus for pressurizing a high purity gas in liquefied form to an
ultra high pressure gas in vapor form using a constant volume, heated vaparization
vesseL

(Figure 1)
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1. (Arended) A nethod of pressurizing a high purity gas to ultra high
pressure while maintaining the high purity of the gas by isochoric

vapori zati on, conprising the steps of; 5 a) providing a high
purity gas in a liquefied physical state at a first pressure;

b) introducing said high purity gas in a liquefied physical state into a

vapori zation vessel at substantially said first pressure;

c)sealing said vaporization vessel after it is at least partially filled

W th said high purity gas in a liqgueti-ed physical state; and 10

d) heating said vaporization vessel and said high purity gas in a |liquefied
physi cal state which at least partially fills said vessel to vaporize
said high purity gas and to pressurli §e said high purity gas to said
ultra high pressure while said vaporizatijop vessel i s seal ed.

2. The nethod of Claim1 wherein said|heating step d) is performed by

15 indirect heat exchange of sal Tgh pujityggas in a liquefied physical
state with a heating flurd 1n sal apo¢ization vessel .

3. The method of d 4im1 wherein saidju tralhigh pressure is at | east

2, 000 psi a. 4. Thejmetfhpd of C aim 3 wherein said
ultra high pressure ipjat |east 8,000 20 pst h. 5. The
met hod of Claim4 whefdqin said ultra high presglire is in the range of
approxi mately 10,000 4 67,000 psia. g4 . 6. The net hod of
Claim1 wherein said hijgh purity is aﬁ | agt QP 9% by vol ume of said
gas. 52

%

N

7

56

62
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SubstltUte sheet - 25/8/99 7. The net hod orﬁ%“%}ﬁ%é wherein
said high purity gas is at |east 99.999% by vol une of SjPU gas.
8. ° The nethod of Caim1l wherein said hi gh purity gas is at Teast

99. 999996 by vol une of said gas. 5 9. The net hod of
| - ] Itly gas is pressurized in one of a
vaporization vessels, wherein when one
ng fCLABED hubstdtuta.sheetn -oR548/88 purity
[ e, the ot her vaporization vessels are
wq' purity gas at ultra high pressure and
) a liquefied physical state, respectively.
Claim 1l wherein said high purity gas—at an
s imtroduced into storage
Claim1l wherein said high purity Jm'nﬂm"ml"'!ﬂuﬂagh

pressure is delivered to a downstream sem conduct or process as & s of

pressurization. 15 12. The nmethod of Cdaim 11l wherein said

hi gh rit as i s rec cled fromsaid
"gh purity g | y (Amendedsn A rlnethod of pressurizing a high purity gas to ultra high

pressure while maintaining the high purity of the gas by isochoric vaporization,
comprising the steps of;

., b a) providing a high purity gas in a liquefled physzcal state at a first pressure;
b) introducing said high purity gas m a Itqueﬁed physical state into a vaporization

vessel at substanttaily said first pressure;
c) {closing] eallng said vaporization vessel after it is at least partially filled with

said high purity gas in a liquefied physical state; and
10 d) heating said vaporization vessel and said high purity gas in a liquefied physical
state which at least partially fills said vessel to vapcrize said high purity .gas and to

pressurize said high purity gas to said ultra high pressure while said vaporization vessel
is sealed.

2. The method of Claim 1 wherein said heating step d) is performed by -
15 indirect heat exchange of said high purity gas in a liquefied physical state with a h'eéitihg
fluid in said vaporization vesse!.
3. The method of Claim 1 wheréin said uftra high-pressure is at least 2,006
psia. |
4, The method of Claim 3 wherein said ultra high pressure is at feast 8,000
20 psia.
5. The method of Claim 4 wherein said ultra high pressure is in the range of
approximately 10,000 to 87,000 psia.
6.  The method of Claim 1 wherein said high purity is at least 99.9% by

volume of said gas.

REPLACEMENT SHEET
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sem conductor process to a gas |liquefier and then to said vaporization
vessel ¥ 13. The method of Claiml wherein said high purity
gas is selected fromthe group consi sting of argon, oxygen,

ni t'rogen, helium hyd ' s thereof. 14. The
method of Caiml V\helﬂﬁmumr Iﬁmmnmrl ty gas is argon. 20 15.

(Anended) An apparatus*fof isoohorsi c*vapori zation pressurizing a high
purity gas to ultra high pressure while naintai @bﬁﬂ&iﬂfﬁﬁhﬂlﬁﬁl@fﬂf t he
gas, conprising . a)y aliquefier for l.iquefying said high purity

gas having at |east two indire eat exchange passagewa r.ough
which a cool i ng medi uiegaetsed °f§(3;}“3iwr&5?i" ﬁﬁ’ath'gh P‘g‘?y %?dﬁéﬂ%@s%/%'égﬁgzs uch
passage and through which a high purity gas being |liquefied 25 passes in
i ndi rect héytvolmenefiald 988. anot her such passage;
14 ' L
Substitute sheet8.- 25yhgymethod of Claim 1 whereip paid highipuiitiegasis &b leashPRh8894 o
said liquefier to receive and store said high purity gas after it has
been | i queftiyaplume of saidgas. ¢c) at | east one vaporization vessel connected
to said storage vessel having at | east one orifice to receive and
di spens8& sai d high puFhe methed of Slaimdashereinsaiddighepurity gasis pressudaediin one
vapori zation vessel, an indirect heat exchanger in heat exchange with said
vessel offapiuralitytaf pgrafel adnnecied papdrizgtianaessels,wvhasein whep onervaponizationnount
of said high purity gas ‘in said vessel; and d) neans for
cont r ol | ablvesseldpbeiag filedby intrhdygdtiop of high pytity gas inuk tiquefind ghysical state,¢he
fromsaid vaporization vessel. 10 ... 16. The apparatus of Caim 15
wher ei n sai sthereaapsrizationvesselo bteadi$pensing said vapsfizddiighgpuwily dasaplitrphight y gas
at ultra high pressure is a valved condui't: ‘connected from

pressure and heating said high purity gas in a fiquefied physical state, respectively.

10 10.  The method of Claim 1 wherein said high purity gas at an ultra high
pressure is introduced into storage cylinders.
11.  The method of Claim 1 wherein said high purity gas at an gjitra' high
'préssure is delivered to a downstream semiconductor process as a source of
pressurization,
15 12.  The method of Claim 11 wherein said high purity gas is recycled from éaid
semiconductor process to a gas liquefier and then to said vaporization vessel.
13.  The method of Claim 1 wherein said high purity gas is selected from the
group consisting of argon, oxygen, nitrogen, heliurh, hydrogen and mixtures thereof.
14.  The method of Claim 1 wherein said high purity gas is argon.

20 15.  (Amended) An apparatus for isochoric vaporization pressurizing a high
purity gas to ultra high pressure while maintaining the high purity of the gas, camprising
a) a liquefier for liquefying said high purity gas having at least two indirect heat
exchange passageways through which a cooling medium passes in indirect heat
exchange in one such passage and through which a high purity gas being liquefied
25 passes in indirect heat exchange in another such passage;

. REPLACEMENT SEEET
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sai d vaporj zation vessel to a downstream semi conduct or process apparatus.
17. The apparatus of O aim 15 wherein said means for controllably
di spensing said high purity gas at ultra high pressure is a valved conduit

renmbvably 15 con ﬂ vapori zation vessel to one or nore
downst ream Storagewnmﬂu“ﬂmm ”!“ ] 18. The apparatus of O aim 15
wherein piping is provicded t'b rsecycl e -sai d higRstitute st&iil}gs%?sft ultra
high purity fromsaid neans to controllably di'Spense to sal rquefier.

19. The apparatus of C aiim 15 wherein said vaporization vessel conprises

three paral | el gpaNQGla@e V685K doRAGHEN to 88R1SIqRefier 18Crecelve and storéUsaid hidie
apparatus of Clalm 15 wherein said vaporization vessel has said

i ndi rect hpaityare gRerjthassbaandiguefiedisi de- sai d vessel . 21.

The apparatus o ' W ' | AdHekieatth X3

pressure cont ai %)ngnﬁbgeaéﬁ%ng, éﬁéﬁbr?tsgér%g%l at g%ﬁs‘h%ﬁﬁgﬁgyﬁegﬁaﬁgg gas
cont ai ni ngleast one oﬁfa:eitqgemmddiamﬁnseaamaiap pggﬂunml ist\onagralvestocsaahay
for Ml o OLsHeRbhRbh Yelsel 22h indih 13t SRLHnbE1REE hFRha€ YRAAAF Ledlie' o1 1
sai d passa proj eciing outward to provide 1 ncreased
heat exchafrgédesting agid high purity gas, and means to sense the amount of said high purity gas

- 15- '

in said vessel; and
d) means for controllably dispensing said high purity gas at ultra high pressure
from said vaporization vessel. _ S
10 16.  The apparatus of Claim 15 wherein said means for c_ontrollably

dispensing said high purity gas at u!tra.ﬁigﬁ :;';::’e.s.sme is a valved conduit connected from
said vaporization vessel to a downstream ser'ﬁio;ﬁdug:tor process apbératus.
' 47.  The apparatus of Claim 15 wherein sald means for controllably
dispensing said high purity gas at ultra high pressure is a vaived conduit removably
15 connec;.ied from said vaporization vessel to one or more downstream storage cylinders.
18. ‘ The apparatus of Claim 15 wherein piping is providecf to recycle said high
purity gas at ultra high purity from said means to controllably dispense to said liquefier.
18.  The apparatus of Claim 15 wherein said vaporization vessel comprises
three paraliel connected vaporization vessels, .
20 20. The apparatué of Claim 16 wherein said vaporization vessel has said
indirect heat exchangér situated inside said vessel.
21.  The apparatus of Claim 15 wherein said vaporization vessel has an outer
| pressure containment casing, an intermediate insulating layer,_ an inner gas containing
casing and an indirect heat exchanger having passageways for flow of heating fluid

25 through said indirect heat exchanger wherein said passageways have fins projecting

outward to provide increased heat exchange surface.

REPLACEMENT SHEET|
- 15- 26A08 1999 | |




