WO 2007/ 005900 PCT/ US2006/ 026593 - 1 LOW VAPOR PRESSURE GAS SYSTEM
BACKGROUND OF THE I NVENTION Field of the Invention [00011 The present

i nvention r es to a systemand apparatus for manufac vapor
pressure st§%2%$WW§§W inyIOM/voIatiIPFy cont am nants. £§thﬁgﬁP§8W tﬁe

invention relates to the formation of a vapor phase Iom1vapor pressure gas
streamfroma liquid or two phase, non-air based gas source which nmay be
delivered to a point of use such as sem conductor, light emtting diode
(LED) or liquid crystal dj D ! ng..t ool . Description of
Rel ated Art [0002] Manufa FEoHd favFees, LEDs and LCDs

i nvol ves a nunber of discrete proceSS|ng steps in which non-air based gases
are enpl oyed. As defined peserHoUNDQOF aHE GRAVYERTIORANS any gases that are
not derived fromair and Therr constrtaent conponents. Exanples of such
non- ai r gase§EEﬁ§L9§ﬁ+_9ul_E&E£kEﬂ linmited to silane, nitrogen trifluoride

and anmoni a. b@%g?LrT¥§%ﬁ§% zuPQRw%hE6gﬁS§é1§?89't§d tQ 4, o

senlconductor acturer so referred to as the uItlnate
user or p0|nappérase$ ﬁustmamuﬁanuuningcaniowteapotopréﬁﬂmﬂe(ﬁtﬂﬁﬁﬂ:ﬂﬂ nant s,

t | arl th t ts that I tile than th -
Gac. Theae CORPANTRRCE. THEF UNE Wl er SHGPANEoandt s pRFTF T B 1 n addi 1 on,

the non-air gasesntuatide ré&&ueéﬂﬁaiuh@ Fhemdtibfad e asespd praper phase at
el evated pressure (e.g., greater than 50 % , ? d q&
Jow vapor pressure gas stream from a ligquid or two
phase, non-air based gas source which may be delivered
to a point of use such as semiconductor, light emitting
diode (LED) or liquid crystal display (LCD)

manufacturing tool.

Description of Related Art

[0002] Manufacture of semicdnductor devices, LEDs
and LCDs involves a number of discrete p;ocessing steps
in which non-air based gases are employed. As defined
herein, “non-air gases” means any gases that are not

"derived from air and their constituent components.

* Examples of such non-air gases include, but are not
limited to silane, nitrogen trifluoride and ammonia.
[0003] Typically, non-air gases supplied to the
semiconductor, LED or LCD manufacturer (also referred
to as the ultimate user or point of use) must contain a
consistent low level of contaminants, particularly
those contaminants that are less volatile than the non-
air gas. These contaminants include water, metals and
particles. In addition, the non-air gases must be

- delivered to the ultimate user in vapor phase at
elevated pressure (e.g., greater than 50 psig), and at

highly variable flow.



hi ghly variable flow WD 2007/008900 _ PCT/ USZOO6/ 026893 2 [0004] Several
non-air gases are transported in vapor phase fromthe gas producer to the

ul timate useagg00946dde0N-ai r gases include silane and ni tqARBgoshIskss uori de.
Typically, non-air gas that is transported in vapor phase Is able to neet

the purity requirenents of the ultimte manufacturer point of use since
the contam nant level is stable and dees not change as non-air gas is drawn
fromthe transport 'vessel. In addition, the vapor need not be conditioned

(e.g., vapori punp t . e sire Iraq_ggﬂcy&r&nt- is nmet by
si nply suppl y?(ﬁ%bévlapor %%Eve%%gh%%r 3%2@%%%. g., tgr eater thar%nlooo psi g) .

H ghly vari ardpof lphegatfeomitteagas nmooditestc o sitmplul tSimeiteg usehe pi pi ng,
val ve, etc. under .the proper ci r.cugséancef. Si nce .tthe vapor is not
condi ti oned, THE! tHAERSOr 2878 48F B sThr Hfe %}Eﬁ% 664 not need to be

- modi fi ed. [%l@ﬂ@e.noﬁg@ibag@’??Sn@zﬁeaif anspaiHad as-1iquid or
| i qui d/ vapor two-phase fluid fromthe gas nmanufacturer to ultinmate user.

Such gases ar&raRRAT RS IroWaPaEoPhpPessEraPHaskes BaRF itha B¥E &imoni a,
hydrogen chl o5 deveranon.<licaid de-andedi flkoF a8 Lane pdiow vapage! pressure
y I

gases typi cal ave a vapor pressure of less than 1500 psig at a
t enper at ur e ofiGF . tiRecad@ntiness lgusbsiarstalote &yl (Gdfse HO%F vapor phase at

g'r gvf‘teed. pre?ﬁé‘%gg and apignt Igta%”ESréﬂ{JE’fP@rEtér?%'t%alr%’sspdf%t” cate systenms
quired 10 i'ver a vapor phase “Stream whi ch nee all the
requi rement s a¢sddie. pdimtadefitiesg. the vapor need not be conditioned
) (e.g., vaporized, pumped, heated). The pressure

.’ requirement is met by simply supplying vapor at high
pressure (e.g., greater than 1000 psig). Highly
variable flow rates are accommodated by simply sizing
the piping, valve, etc. under the proper circumstances.
Since the vapor is not conditioned, the transport
vessel or storage vesgel does not need to be modified.
[0005] Other non-air gases are transported as liquid
or liguid/vapor two-phase fluid from the gas
manufacturer to ultimate user. Such gases are known as
low vapor pressure gases and include ammonia, hydrogen
chloride, carbon dioxide and dichlorosilane. Low vapor

o | pressure gases typically have a vapor pressure of less
than 1500 psig at a temperature of 70°F. Because these
gases are not available in vapor phase at elevated
pressure and ambient temperature, particularly
intricate systems are required to deliver a vapor phase
stream which meets all the requiremeﬁts at the point of
use.
[0006] One such system is described in U.S. Patent
No. 6,363,728 to Udischas et al., wherein a delivery
vegsel holds a bulk quantity of liquefied gas, and the

delivery vessel has a heat exchanger disposed thereon



(0006] One such systemis described in U S. Patent No. 6,363,728 to

Udi schas et al., wherein a delivery vessel holds a bul k quantity of

i quefi ed gagg@Pdosbéye delivery vessel has a heat exchapgeussiospesasd

t hereon WD 2007/ 008900 PCT/ US2006/ 026893 3 to provide or renove energy
fromthe liquefied gas. A pressure controller nonitors the pressure and

adj usts the energy delivered to vessel3 -The system purportedly allows for
controlled delivery of vapor phase gas at a predetermned flow rate.. [0007]

U S. Patent NQ, 538edd? Péﬁ%g%%%wﬂwth@ﬁigagkygai@egsa vapor phase

gas froma-liquefied conpressed gas storage vessel at a high rate of flow.
A heating neanssissirpr oentedl peoxiomit ko thse prespuge avds3dTuakd a

t enperature Suri deyi i i on t S pendi ng on
the veosel el Sreaay St ser SRt SRRETI T phe! Bt RI Rl Bhtea "
changed t o hedtl duze fbirquehtedl tedpiekised-ygas tvhepei phasp0888]at).&5. Patent No

6,614,009 relates to a hig flowrate, ultra high purity gas vaporization
and supply §§§F@ﬁFrWﬁ8FQiEl?ﬂer%?%rage vessel is suitable for carrying

large quantitjgpe7af |iguefipgdeeas. ndhis ssystendceasosts af macpbaral ity of
val ves adapted to operate with liquid or gas phases, a | oading/unl oading
unit for handidthgeliEerinded| caPgasPare JashExoar 2 déAtEFAPAg el ements t hat

are pernanengk%EF%%%%Fpgﬁg Qhoribhe V. | 40 -SuRBhLY rgREr g¥ ENLR. the

l'i quefied gas. e docunent sdi scussed abdve di scl ose configurations
wher ei n | ow Vapeetingssaresgas psovideddromivegemte bhbat edoragei d

tran%port/stqu%%l and a temperature measuring device is disposed

’ onto the wvessel wall. Depending on the vessei wall
temperature, the energy output of the heating means is
changed to heat the liquefied compressed gas therein.
[0008] U.S. Patent No 6,614,009 relates to a high
flow rate, ultra high purity gas vaporization and
supply system, wherein the storage vessel is'suitable
for carrying large quantities of liquefied gas. This

- system consists of a plurality of valves adapted to

operate with liquid or gas phases, a loading/unloading
unit for handling the ligquefied gas and a. heater
containing elements that are permanently positioned on

‘} the vessel to supply energy into the liquefied gas.
[0009] The documents discussed above disclose
configurations wherein low vapor pressure gas is
withdrawn form a heated liquid tranéport/storage
vessel. The contaminants that have a lower volatility
than the low wvapor preséure gas remain in'the liguid
phase, producing a vapor that is lean in low volatility
contaminants. However, as the vapor is drawn from the
vessel, the low volatility contaminant lewvel builds in
both the 1iquid and vapor phases. When a certain level

of low volatility contaminant level is reached in the



vessel . The contam nants that have a |lower volatility than the |ow vapor
pressure gas remain in the liquid phase, producing a vapor that is lean in
| ow vol ati | igy2006@8b@M nants. However, as the vapor is dpewasiongmssode
vessel, the low volatility contam nant |evel builds in both the |liquid and
vapor phases. Wien a certain level of lowvolatility contam nant |level is
reached in the WD 20071008900 PCT/ US2006/7026893 4 vapor phase, the vapor
wi t hdrawal is discontinued. The renmaining liquid, sonetines referred to as

"heel", is %@h@%ais@,ceﬂéa% tysi HHEawdne ikeds s¥ehatihh&dt hathe | ow vapor
pressure gas. This "heel" is subsequently discarded. [00103 As an exanpl e,

| i qui d amoniteTsdparced ioyide usensieines e egaRbatrAsasonBedbt eriStypical |y at
a__concent ratd69 £ 00k00 Lotk fdndd PR Thiss vBBLEIYEechavel [s often
unacceptable to. the ultimate nmanufacturer, who typically requires noisture
| evel s r.angilny fiagorl ppebstioe Og@s pprifhiks \naedr’ asnmenbaeggendtawn fromthis
supply systqu.thedggéer |l evel in the remaining |iquid phase increases. The
wat er | evel §S6E d with the final "heel"” typically ranges from 50-1000
ppm [00113 Qo@1i0f theadi sadvastepes lASSGEA ammdnikt Buppkiedysdens descri bed
is that since liquefied gas is transported, stored and vaporized in the
same vessel, CUHOTREs SALCSUFPRERIRT e30UR AATER! e YD LIGRLS¥NBHate heaters is

limted. Thngggkgﬁr%quga§gﬂggﬁgrfggdeﬂ;g ddhal ¢am.beraehieved is linted.

[00123 A further disadvantage is that these systens
moisture level is often unacceptable to. the ultimate

) manufacturer, who typically requires moisture levels
ranging from 1 ppb to 0.2 ppm. As vapor ammonia is
drawn from this supply system, the water level in the
remaining liquid phase increases. The water level
associéted with the final “heel” typically ranges from
50-1000 ppm.

[0011] One of the disadvantages associated with the
systems described is that since liquefied gas is
transported, stored and vaporized in the same vessel,
the vessel surface area available to accommodate
heaters is limited. Therefore, the maximum draw rate
that can be achieved is limited.

] fo012] A further disadvantage is that these systems
do not provide a stable product purity, since the low
volatility contaminant level in the vapor stream
increages as the amount of liquid in the vessel
decreases.

[0013], U.S. Patent No. 6,637,212 to Torres, Jr. et
al., describes a system and process for delivering a
vapor phase product having a constant impurity level
from a liquefied gas source to an end point. The
system includes, inter alia, a vaporizing means for

converting the liquefied gas having a concentration of



do not provide a stable product purity, since the low volatility
contam nant level in the vapor stream increases as the anmount of liquid in
t he vessel wiesneases. [00133 V.S. Patent No. 6,637,212 por/Tetonasssedr. et
al ., describes a system and process for delivering a vapor phase product
having a constant inpurity level froma liquefied gas source to an end
point. The systemincludes, inter ali& -a vaporizing means for converting
the liquefied gas having a concentration of WO 2007/ 008900 PCT/ US2006/ 026893
5 sol ubl e i gyRihicesmbart Beekaper tihaghordfthadeheanidng heransgt o conpl etely
vaporize the liquefied gas, where the level of inpurities in the vapor
phase product®sadis §ghbsPRRLEERLY waRrWiAeha d UHEHEFePaFn YR8 Fi quefi ed
gas. [00141 U;3 1R3LENLENO ér§8§eg4§%H9ﬁER} r PRLLRI Pogh@r a; gethod and
systemto deliver uItra-purg gases ich arée liquefied at roomtenperature
with a vapor syrgssurielipoequatrabsphere chpr dss@le imo theniléandfcedr tool s
and othe-r points of use. [0015] U S. Patent No. 5,690,743 to Murakam et al
relates to aﬁyﬁﬁparatus for supplying a | ow vapor pressure liquid nmateri al
for depositioppoiraiwhi cly.ghepraken:vapors mes sz td guiiedmapertaings pushed
out of a pressurizatiqon passage by a pressurized gas to a ressure liquid
suppl y syst en® [PoPESRoenE1Ef SYRESTI &a e SEIEa AT S gatgﬁg syst ems of
the latter degprdpededaguiertad gtthedm thifipeiR IRt WwAkAYkd@aosechani sm for

renovi ng contam nants S
pressure above atmospheric pressure to semiconductor

tools and other points of use.

i
\\..‘..—/A/

[0015]1  U.S. Patent No. 5,690,743 to Murakami et al
relates to an apparatus for supplying a low vapor
pressure liquid material for deposition in which the
low vapor pressure liquid material is pushed out of a
pressurizétion passage by a pressurized gas to a
préssure liquid supply system.
[oo16] One of the disadvantages related to the
systems of the latter described documents is that they
~do not provide a mechanism for removing contaminants
that have a lower volatility than the low vapor
pressure gas. These contaminants are withdrawn from
J the transport/storage means along with the low:.vapor
pressure gas and are delivered to the ultimate
manufacturer.
[0017] To meet the requirements of the ultimate
‘manufacturer and to overcome the disadvantages of the
related art, 1t is an object of the present invention
to provide a vapor phase non-air gas from a‘liquefied
compressed gas source at a high volume and highly
variable flow. ‘ | 7
.foo18] It is andther object of the invention to

provide a vapor phase non-air gas that contains a lower



that have a lower volatility than the | ow vapor pressure gas. These

contam nants are withdrawn from the transport/storage neans along with the
| ow- vapor pmasmor/@sgas and are delivered to the ultimat ePCERWPEEEEB e .
[0017] To neet the requirenents of the ultimate manufacturer and to
overcone the disadvantages of the related art, it is an object of the
present invention to provide a vapor’pﬁh§e non-air gas froma liquefied
conpressed gas source at a high volune and highly variable flow [0018] It
i s anot her objlestlobft hewi nvietilotyt comruonndeta vaportiphaseurwn- air gas
that contains.a | ower WO 2007/008900 PCT/ 1Js2000/026893 - 6 I|evel of |ow
volatility co%ﬂgﬁﬁﬁgﬁgsc?wﬁﬁﬁﬁ SBtirce liquefied conpressed gas. [0019] It
is a further ghbpeet of theidnyeniddied @bijeeevbdethe vapeeniphasedion-air gas
having purity stability (i.e., approximately constant contam nant type and
| evel ). [0020P*PViPE §etaRPotIAS®B]BER 1T IeRePRHVRHIPER-¥6 provide a

i guefi ed nonghb;g3eyl 118! ARSROLLINERSS! cohBBbnflogs bakiAERd O be

nodi fied in order to vapori ze Is gas, facilitating transport vessel
changeout. [ 0@Rt] aothéeveb) ects and aspects of the present invention will

beconme appare one i nar il I heca u Vi f the
specificationﬁb8%§%Angs9€éﬁ%q%ggf%§ﬁgﬁﬁéﬁ%ﬁ%c%eggté&esggaagﬁﬁ$?g;9THE
| NVENTI ON [ 0022bvAdeordl hgué fied fidgrstaiaspeet iaf at heahspent i vassel

that does not need to be modified in orxder to vaporize

- this gas, facilitating transport vessel changeout.

R

[0021] Other objects and aspects of the present
invention will become apparent to one of ordinary skill
in the art upon review of the specification, drawings

and claims appended hereto.

SUMMARY OF THE INVENTION

[0022] According to a first aspect of the invention,
a system for manufacturing a low vapor pressure vapor
stream is provided. The vapor stream is lean in low
volatility contaminants and ig delivered to a point'of
use. The system provides a transport vessel having a
Ny liquid or two-phase fluid held therein. The liquid

and/or two-phase fluid is transferred from the
transport vessel to a vaporization vessel, wherein at
leaét part of the liquid ig vaporized. A ligquid stream

that is enriched in low volatility contaminants is

" withdrawn from the vaporization vessel, and a low vapor
pressure vapor stream that is lean in low volatility
contaminants is withdrawn from the vaporization vessel
and delivered to a point of uge. The purity of the low
vapor pressure vapor stream is maintained within a

desired range.



a system for manufacturing a | ow vapor pressure vapor streamis provided.
The vapor streamis lean in low volatility contamnants and is delivered to
a point of weeoo7bbsosystem provides a transport vessel paavusgosa/o2dspagqui d or
t wo- phase fluid held therein. The liquid and/or two-phase fluid is
transferred fromthe transport vessel %o a vapori zation vessel, wherein at
| east part'of the liquid is vaporized: ATiquid stream that is enriched in
| ow volatility contam nants is wthdrawn fromthe vaporization vessel, and
a | ow vapor preEsyure apordihgeam dheathers daaetd i aievdhatnkibdy,

contam nants is withdrawn fromth apori zation vessel nd delivered to a
poi Nt of Use. STRFRRRATIS 0 BREVIGH vApr BHERRE Fapor o8t FERAT | 5

- mai nt ai ned wighidkae desidediange. «WQ 2007/ NBO0G, RGY Y830061926893 7
[0023] According to another aspect of the invention, an apparatus. is

provi ded for ¢RIFRFAEHCERGshg Fheoappapakus pieslkifas v fernsPeEaEm which is | ean
| n Tow vol at iddye: GORLaY BAAk5y,; N6 aRpArAtL IM1G) lehad iranspgrt  vessel
having a |iquid or two-phase Uird ther ei , and a vaporization vessel, to
whi ch the |i quivhmrrizasd-igasesselui doighicandierkriephighdrattwoeabaspartial ly

vaporized. The vaporizati vessel .includes neans. f.aqr controlling the
energy delive o8 Hésreﬁrc?ns%n irfét aggnﬁﬁi eq gt pca%rﬁ%ea&qé’d‘ﬁagoﬁlﬁsgxer part of

the vapori zatTign wasselzatdivmwgBsehi Chebudds hahrsd riRamcamtiroleédngn | ow
volatility contam nants | ﬁ w thdrawn. A delj ve%qpanel s .connected via a

second condui t% GREF DSt FeredorerfeC vagork SPRRELe L5 hr ough whi ch a

|0Wf¥ap0ﬂ connected to a lower part of the vaporization vessel
. through which a liquid stream enriched in low
volatility contaminants is withdrawn. A delivery panel
is connected via a second conduit to an upper part of
the vaporization vessel through which a low vapor
pressure vapor stream is withdrawn and routed to a
point of use, wherein the purity of the low vapor

pressure vapor is maintained within a desired range.

BRIEF DESCRIPTION OF THE FIGURES

'[00241] The objects and advantages of the invention
will be better understodd from the following detailed
;j description of. the preferred embodiments thereof in
connection with the accompanying figures wherein like
numbers denote same features throughout and wherein:
{0025}  Fig. 1 illustrates a schematic flow diagram
of a system for the manufacturing a low vapor pressure
vapor stream that is lean in Jlow volatility
contaminants and which is delivered to a point of use;
and ,
[0026] Fig. 2 depicts a schematic diagram of another

embodiment of the system for the manufacture and



pressure vapor streamis withdrawn and routed to a point of use, wherein
the purity of the |ow vapor .~ pressure vapor is maintained within a desired
range. BRI EFWORSCROPTY ON OF THE FI GURES [ 0024] The obj ectRCTARIOBRENEAt ages of
the invention wll be better understood fromthe follow ng detail ed
description of the preferred enbodi ment g t hereof in connection with the
acconpanying figures wherein |ike nunbers denote sane features throughout
and wherein: 10025] Fig. 1 illustrates a schematic flow diagram of a
system for théehamefaceurion BIUWDEES6LUTpr ¥3B0Y eStXRPBrvIst¢leam that is | ean
in low.vol atil] n 1 ts hi i | J t poi nt of use;
and [ 0026] Fi éb%u%%%i%ﬁ?@%&oe%%egéﬁggkg%ggff%%g{eﬁ%rfoﬁpnbodi ment- of the
system for the manufacture and WO 2007/ 008900 PCT/ US2006/ 026893 - 8
delivery of |ow vapor pr eV I rea .ch 1.1 s a | ow vapor
pressure fluid recycle EﬁfﬁD{,@%I@%&B@S&%] ok FE=- | NVENTI ON [ 0027]

LERASd S AN

The manuf act uree2y] sem NG FadfiHeC@F, sehEbSnanctdLBevRERE res the
delivery of vagor phase, |ow vapor pressure gases to a point of use. These
gases nust meEPscesd kRS piRIEEesarider NewlVerYi PEMEIRSIT RIRRSS prié¥ent

| nvention proyhdes ardBalSe (OuddANSPY bolnrCoEPLES Sl sdupldar | ow vapor
pressure gas fromthe gas nufacturer, and process this non-air gas so as
to deliver amieWw wmeporcwseyser @wsdsor agtr Eaavwheahiremerem. iThe ow

Peant oh TOBERTEAR el 102 AOact o'RRankOeo Wikiggd-beg el n. the term

Y compressed, ligquefied low vapor pressure gas from the

gas manufacturer, and process this non-air gas so as to
deliver a low vapor pressure vapor stream which is lean
in low volatility contaminants to the point of use. As
utilized herein, the term “lean” shall mean a vapor
stream having a lower level of low volatility
contaminants therein than the liquid or two-phase flﬁid
provided by the gas manufacturer. The system provides
the requisite purity on a consistent basis and
maintains stable purity levels in the embodiments.
Further, the ‘supply vessel (referred below, as the
transport vessel) does not require modification to

‘9) vaporize the liquefied gas since the transport and
vaporization functions are performed in distinct
vessels. In addition, the system is highly modular,
allowing for simple cost effective capacity expansion.
[0028] With reference to Fig. 1, one of the
embodiments of the inveﬁtion is described, which
illustrates the transfer of ammonia from liguid storage
to an LED processing tool in accordance with one
exémplary aspect of the invention. Although the
embodiments described herein are with respect to the

use of ammonia, it will be understood by those skilled



stream having a |l ower |level of low volatility contam nants therein than the
liquid or two-phase fluid provided by the gas manufacturer. The system
provi des t D r00UBIOt e purity on a consistent basis andPCHEPWOEI263st abl e
purity levels in the enbodi nents. Further, the-supply vessel (referred

bel ow, as the transport vessel) does not require nodification to vaporize
the liquefied gas since the transport dand vaporization functions are
performed in distinct vessels. in addition, the systemis. highly nodul ar,

al | owi ng for isi mpkeacosthet fagt inan cdpadasy torpansrond apobdBlidN t h

reference to Fig. 1,, 0one of the . enbod t f.the | ion is described,
which illust) agé’g"?ﬂgs?r%%%?%ﬁlo uj‘éPm%Euﬁa& %F%mb%’i %ﬁ#gxgg%r age to an LED
processi ng tqoloziop accesdanceD widreme neexenpkarggaspect oighhe invention.

Al't hough the enbodi nents described herejn are with respect.to the use of
ammoni a, it WY tEe2URERE 3t HRRPHYS THRGEE 1K 888\‘1\61%0%50%%39%"1‘3

PCT/ US20061036823 o2 LA1ihematictidt AN RARpAkedasbbtansportead as |iquid
or two-phase vapor/liquid fluid may be enpl oyed. (0029£b80ne LED processing

tool's requiré&he Birghespingt yoahnoMREY HIWIONEr E&AFFEr WdEPOBi ting an
epitaxial 1a%ghiof 98lLLEUTIA ide OhdtiARRR GG uRgt EALE. 1N | the
processi ng.tool, "vapor annoni a reacts wt gal'lium source such as

tri met hyl gal Igremenice phether esesiceind thdsubsthdatiemedibbehyand i medi atel y

deposit gal l'iumni.tride..A gr oup, f several such @rgcvfsgic tool s may
require, on éf?é’loéf’d ,gfgébu‘glﬁjrﬁ J(cg .anglargﬁquptg s ®pérTh nu}lgﬁ of ammoni a
Vapoﬁ at a processing tools may require, on average, 1000 slpm
(standard liters per minute) of ammconia vapor at a
pressure of 50 psig and ambiént temperatures. The
actual ammonia use rate at the tool may be highly
variable,‘ranging from 0 slpm to more than 2000 slpm.
To meet the average ammonla requirement, a large
transport vessel capable of holding, for example,
23,000 gallons of liquid ammonia, may be required.
[0030] Referring to Fig. 1, a system 100 is
provided, preferably indoors or within an enclosure
(not shown) that allows operation at ambient
temperatures. Ammonia is transported from the non-air
 j gas manufacturer to the ultimate user in a transport
vesgel 10, such as an isotainer. The transport vessel
is in fluid communication with a vaporization vessel 40
via conduit 20. Ammonia transfer from the transport
vessel to the vaporization vessel may be facilitated by
pressurizing the transport vessel through injection of
a high pressure, inert gas into the transport wvessel
10. For example, pressurization can be accomplished by
providing gaseoug helium from a‘helium supply system 30
to transport vessel 10. The inert gas is typically

supplied in cylinders at a pressure between about 2000



pressure of 50 prig and anbient tenperatures. The actual ammonia use rate
at the tool may be highly variable, ranging fromO slpmto nore than 2000
sl pm To ne®oO 10pm00a’er age ammoni a requirenment, a |arge PCHHESPOTR68PRSSE
capabl e of holding, for exanple, 23, 000 gal lons of liquid ammonia, nay be
required. [0030] Referring to Fig. system 100 is provided, preferably
i ndoors or within an enclosure (not sh ) that allows operation at anbient
tenperatures. Amonia is transported fromthe non-air gas manufacturer to
the ultinate pskg anda6®®<ams$)m,t sovessEb 19intath aspugsdwot diaverl. The

transport vesse communi catign mm h, orization vessel 40
via conduit 2%?1_“95\ 0 n?]?fltltf ;jngq & 6 héB ran p]brrlttrg R 01% Vests}'?%

vapori zation vesseff mayebe daciirjeatradnbys, phessuet zi mgiddierdlansport vessel
t hrough injection of a, high pressure, inert gas into the transport vessel

10. For exanpfge E?e%%ﬁ%?&aﬁ??ﬁ??ﬂfn 5§a&§EBHBIV§ﬁ%ﬂlb§O P%6\RYi ng gaseous

hellun1fr0n1ap9§égﬁflég@p$y S0 enEQg&réBséﬁéﬁs?@§§€ﬁeé%él The inert gas
is typically “sup incylinders™at a pressure between about 2000 WD

2007/ 008900 Puri U@%/@Z@%@%HK}lﬂ@nk§§hgoanén3009h@§|%Flﬁﬁb%% to maintain a
pressure |evel  pe %%"e&@vfgé’ t 100 -Big anPrﬁgr\gl géhgﬁé%ﬁff‘i‘é&f@ vessel 10.

If inert gas I'nféctton |I's, however, undeés € to purity concerns,
transport vesSehn&ﬂenayl@mldpﬁes&uﬂmzedabypprbvvdsagleheﬁdyato transport
vessel 10, wutilizing a heating blanket, or any other suitable heating
devi ces. Furt KePOTH2 %Eh%né%%s% utilized to transfer liquid fromthe
transPort ves$eb31ld t heammonia may be transferred from transport

vegsel 10 to the vaporization vessel batchwise or in
semi-continuous fashion. In batchwise transfer, liquid
or two phase ammonia is transferred from the transport
vessel to the vaporization'vessel 40 until the desired
ammonia volume is attained in the vaporization vessel
40. Vapor ammonia is then drawn from the vaporization
vessel 40 until the liquid level falls to a
predetermined value (i.e., until a certain “heel”
volume remains). When this “heel” wvolume is aftained,
‘the “heel” is discarded and the vaporization vessel 40
is refilled from transport vessel 10.

) [0032] Alternatively, ammonia may flow from the
transport vessel 10 to the vaporization vessel 40 in
semi-continuous fashion. In this embodiment, flow from
the transport vessgel 10 to the vaporization vessel 40
is controlled by a control valve 50 disposed on conduit
20, such that the liquid level in vaporization vessel
is maintained at a relatively constant value. Diguid
level in the second containment vessel 20 is typically
maintained in the range of about 1%-95% of the vessel
height. The liguid level is gelected to optimize the

balance between liguid entrainment in the vapor phase



vapori zation vessel. [0031] Amonia may be transferred fromtransport

vessel 10 to the vaporization vessel batchwi se or in sem -continuous

fashi on. | n Wwetaehwo®e transfer, liquid or two phase amuTars2esizasssf erred
fromthe transport vessel to t he vaporization vessel 40 until the desired
anmmoni a volunme is attained in the vaporlzatlon vessel 40. Vapor amonia is
then drawn fromthe vaporization vesséll 40, unt|I the liquid level falls to
a predetermned value (i.e., until a certain "heel" volune remains). Wen
this "heel" vetiwen imatitiajuiedcontbet” weeh "ths M=l dedsand inher

vapori zation vessel 40 is refilled fromtransport vessel 10. [0032]

Al ter nat i vel ySUBFRRS a TRey SEXERTEr 6RFERENT (3RS R SO 8 to t he

vapori zati on ygss&ls#Q 1 3@ tC ARt hRYoYS if?ﬂﬁd”br'ﬂ%é'ﬂﬂ%s%”b0d|”Ent f1ow
from the transport vessel 10 to the vaporization vessel 40 is controlled

by a control Ye¢ferd8dwi $Hesesdreancopdbirean 20t S eaiatol hf@lhfﬁqmisd | evel in
vapori zation Y?@&ﬁﬁ k{ssrralntalned at a relatively constant value. Liquid

| evel in the second ‘contdi nment vessel 20 is typically mintained in the
range of aboufl00383B5% dfl tchmardysdly, hkeghiquikhestrapm dvitéhdelawins sel ected to
optim ze the _bal ance bhetween |i qui entralnnengv?g t he vap ase WO

20071008900 PEF?YY Mot g8s5e Ll 10 SRP ol SrRF 9% (1% RAGERE: T L h t he

heat ed vessel fionesecaniipce cwbhehskeeankreré eftigy and dwavi ng contr ol
val ve 50 via condU|t 45 mgy be li1qui,d or two phase. Preferablyb the stream
upstrean1of t RREEHG G ony AR W?POFF&BFHO%h%%%§31 40. This may be

} desirable to prevent the vapor stream exiting from the
vaporization vessel from carrying liquid droplets.
These liquid droplets could carry contaminants that are
less volatile t@an ammonia, which would have a
deleterious effect on the aﬁmonia purity. Such
treatment means include subcooiing the liquid stream
withdrawn from transport vessel 10, either through a
heat exchanger or through pressurization, and routing
the 1iquid stream to a separator (not shown) disposed
upstream of the vaporization vessel. '
[0034] In the vaporization vessel 40, vapor and
liquid phase ammonia and contaminants exist at‘or near
) equilibrium. Contaminants that are less volatile than
the low vapor pressure gas, such as watexr, metals, and
particulates, preferentially remain in liquid phase,
while ammonia preferentially remains in the vapor
phase. Therefore, the low volatility contawinant
content of the wvapor stream 60 exiting the vaporization
vessel 40 is lower than in the liquid or two phase
stream 45 entering the vaporization vessel 20. For
example, if the vaporization vessel 40 operateé in -
semi-continuous fashion at é pressure of 100 psig and a

liquid level such that 75 percent of the tank contents



[0033] Alternatively, the liquid streamw thdrawn fromtransport vessel 10
can be treated to prevent it frombecomng a two phase m xture prior to its
i ntroducti onWORPY/NEBGri zati on vessel 40. This may be dFGYEBPE B Drevent
t he vapor streamexiting fromthe vaporization vessel fromcarrying liquid
droplets. These liquid droplets couldgarry contam nants that are |ess

vol atil e than amoni a, which would have a deleterious effect on the anmoni a

purity. Such treatnment means include subcooling the liquid stream
wi t hdrawn fr ofit t3 diRl507 Pafdssér 18, thet heuidhRtRfe a 2 Hedf®ek¥Ranger or

through pressuiizatdon 2l o4hbNdne - Peob s AR i KRABNO0 B raepar ator (not
shown) di sposed upstream of the~vaporization vessel. [0034] In the
vapori zati on haesed wHLewapmteandof]| i goayt phets endaniniom apand evngani nant s

exi st at or uilibrium ntanmpants that are less volatile than the
| ow vapor pr grg(giuarléergaassl,s’s&@ﬁa ggg\%};{t g%@%ne% a?és,@afr?d! dﬁ:ﬁl&%ﬁ éftflga téé,e
preferential | yapenbdation Megizied pbaieé, be Wabpeosaimendls, poefopbential |y remai ns

in the vapor e. Therefore, ‘the.low volati]ity contam nant _ content of
the vapor ot rEENTSD exiHiong eRa: FAOPR IR RE0T VARG M BuSPEL han | n t he
liquid or twoyphasesisd erRM1bw @8beki PPebfrd apOliZ alreik reaseal 20. For

exanple, if the vaporization vessel 40 operates in sen -continuous fashion
at a pressuret®grabp pdigy tdivd varori ghreaarelel withdramati AR percent of the

tank cont ent s, V0 2007/.008900. €T/ HS2006/ 926893 ¢ -t 1kdo 1 tRJIRLAL DS s is in
~the liquid phaés{ge?? and the two phase stream entering the vaporization vessel
meref}o diminish. To counteract this effect, and maintain the

pressure within an operative range, the liguid ammonia
in this wvessel is partially vaporized using heater 160.
Typically the pressure in the vaporization vessel is
maintained in a range of 50 psig to 300 psig. The
corresponding temperature ranges from about 32°F to
125°F. |
[0036] The vaporization means may include a
conventional heat exchanger, such as a shell and tube
exchanger, in which ligquid low vapor pressure fluid is
boiled againSt a second fluid. Alternatively, the
vessel may be heated using a heater located on the

“) surfacerof the vessel or within the vessel. A variety
of heaters can be used. These include resistance
heaters, such as a heating blanket, heating rod, or
heating blanks as described in U.S. Patent No.
6,363,728 and incorporated herein by reference in its
entirety. Further examples of heaters include
radiative and inductive heaters as well as microwave
based heaters, as described in U.S. Patent Application
Publication No. 2004/0035533.
[0037] The vapor gas space in the vaporization

vessel could be superheated and circulated to vaﬁorize



have a water content of 1 part per mllion (ppnm) on a nolar basis, the
wat er content of vapor drawn fromthe vaporization vessel would be

appr oxi mat el YWAPOFP$0 [ 00351 The vapori zation vessel incPGEES2046/0%688s f or
vapori zing the | ow vapor pressure fluid transferred therein. As the vapor
streamis wi thdrawn from vaporization ygssel 40, the pressure therein
begins to dimnish. To counteract this effect, and naintain the pressure
within an operative range, the liquid ammpnia in this vessel is partially
vapori zed usi rfgiehddiidleontatippicin| fhihergfsedsucd idnekéngapbei zati on

vessel is mai ' ' a f ' i.g.. . Ih correspondi ng
t enperature ré%%%%qggbhgg%ggtngﬁgt%égfg%i. Ib%%gfa%ﬁglyépgpﬁzation means
may i ncl ude a paemrenil doal drealeexfhmmgergn.sudn ahiz shbbbiamadtt ube
exchanger, in which |i ig Igg vapgr grqfsure fLuigﬁis boilfd qgainst a
second fluid. "RR%Gr fEEVel§, SERE™ GESE et mefPHes 184t eF JSPRG a1 at er
located on theeWd 256 Fbrt BRavesee! 1OrcMIIVIF RE vessehedAtyathety of
heat ers can be used. These include resistance heaters, such as a heating

bl anket, heat i¥RfSedd USdRI ReRLPHETbIBPk S Hescribed in U.S. Patent No.

6,363, 728 and jgaapor atled hakel Bobyasef AIANCe dd) It IncsRbikkete Further
exanpl es of heaters include radiative and inductive heaters as well as

m crowave basemttgdt exschangeddscrhderporizad.idpvesiscAppltheat oer
Publ | oot o Ny 2004 Q0SSHE0, L0091 T, YA 88 3p36R sy aper 2ot on
PCTfQﬁZOOG/OZ&H%id to surface contact area, or alternatively a
grooved liner material that is fastened to the interior
of the vessel could be provided to increase surface
area. As a result, with a greater percentage of the
heated wall in contact with the liquid ammonia, the
vessel can be operated at a greater vaporization
capacity at a given wall temperature. Alternatively,
the wall temperature can be reduced if the capacity is
to be maintained constant.
[0039] The vapor stream in conduit 60, is conveyed
to delivery panel 70 upstream to the point of use,
which controls and regulates the flow, pressure and
,J} temperature at which the low vapor pressure vapor
stream is delivered to the point of use at the desired
flow rate. Generally, the flow rate ranges from about
10 slpm to 2000 slpm.
[0040]’ To maintain the desired contaminant level in
the vapor stream withdrawn and conveyed through conduit
60, a liguid stream that is enriched in low volatile
contaminants can be withdrawn from the vaporization
vessel via conduit 100, to a purity control valve 110.
The flow agsociated with the ligquid stream varies

depending on the purity of the liquid in the



- 13 the liquid contained in'this vessel, elimnating the need for vessel
based heaters and elimnating the potentlal for droplet formation. In this
enbodi nent, V78BN d be drawn from the vaporization veRESRUS284s2688%at ed
by, for exarrpl e, 10 to looF and returned to the vessel using a bl ower (not
shown). [0038] In order to facilitate anﬂ4 increase the thermal exchange
in the vaporization vessel, the inner face of the vessel can be machined
to increase the fluid to surface contact area, or alternatively a grooved
liner materi al Vﬁh@tlx@ti%t’\@mh @@éypnt:eﬂmrameﬁ heetmassel0 cadl d be

provided to i nPPe ggcenrfaftc %I uﬁsl qU| sul has\{\étﬁ‘?]hcgr%“gr #%r cent age of

the heated wa A~ con ni a, vessel can be

operated at a gbeaherva@qnmzaﬁidronfempam ‘synaé an ghperoxiahd tdlgnper at ur e.
Alternatively, the wall gerat re can be re‘ﬁ#ced if the capaci.t
Lo

be mai nt ai ned EBRELARE . e BRIBEALERY | H CUHIWT AP B0 255 \éonveyed
to delivery papgksd®, Uﬂ%rc?cﬁiﬂalnﬁﬂaﬂﬁ: AQKBY aésaéfatemmhmrgﬂss and

regul ates the flow, pressure and tenperature at which the | ow vapor
pressure vapor stg@a@ammtsamng/@rrémamln/h@ap@rnxe@au%ef:%nsttmt,desu red flow

| f I
[ a040] 1o ma %ﬁg?%ﬂ[?% ékggvm re}o(r:on a%grgf%bagﬁgtmﬂqn% R

[ 0040] To main m dant | evel e vapor stream
wi t hdrawn and cenuiyedetthriouglha (mmhuant ®0riayliquid streamthat is enriched

in low volatil t am pants ¢ %e drawn_fromth orlz ion vessel
via conduit log,ooggpa pu']rqll‘? ylecx'*oe c\?glttaguﬁﬁts +H thg &P 6‘1‘1
N pressure vapor stream can be measured and controlled by

'/ adjusting the rate at which liguid is withdrawn from
the vaporization vessel 40. Preferably, liquid is
withdrawn such that the ratio of liquid flow to low
~vapor pressure vapor flow is fixed. The ratio of
liguid flow to vapor flow typically ranges from 0:1 to
2:1.

[0042] With reference to Fig. 2, another embodiment
is illustrated. 1In this system 200, the liquid stream
enriched in low volatility contaminants is routed to a
waste container/vessel 225. The pressure in waste

, container/vegsel 225 is controlled by venting vapor

_LE through conduit 250. Waste container 225 is typically
operated at a pressure ranging from about 1 psig to 100
péig. The pressure in waste container 225 is typically
lower than the pressure in vaporization vessel 40,
thereby enabling flow to the waste container 225. When
the waste container 225 is filled or becomes nearly
filled with liguid, it may be returned to the low vapor
Pressure gas manufaCturer for further processing.
Alternatively, the contaminated ligquid may be recycled

to first containment vessel 10, or optionally routed



The fl ow associated wwth the liquid streamvaries depending on the purity
of the liquid in the WO 2007/008900 PCT/ US2006/ 026893 - 14 wvapori zation
vessel and tVYpi2eel08o0¢ anges between 0 and 90 percent of RATEUDGRSIDr two
phase fluid flowrate to the vaporization vessel. Since an approxi mtely
constant liquid level is maintained in.the vaporization vessel, the
contam nant | evel associated with the gas streamcontaining primarily vapor
remai ns constant, meeting the sem conductor, LED and LCD manufacturers .
requi renent foka scoomhsttai3 o the RODIMRtTHeaneladt wierentawit@ants in t he
| ow vapor pr ure vapor_.stream.c measured and control |l ed by

adj usting the&?ga %m% liElvﬁ&?'fscthen} ﬁ&&fcdgﬂgggx) fhdrawn from the vaporization
vessel 40. Préfetabl y, Thauidh vapow phdsawne ssichednati thorrawat iforoaf |1 qui d

flowto | ow vapor pressure vapor flow is fixed, The ratiq of iquid flow
to vapor romF?%pY%%‘Plﬁlzartaar?dbé’peﬁrSS% 601 MY }%e.lfru‘fWZ]P“W‘ltfHeﬁe#’Xr ence to

Fig. 2, anot hesuenhodiReRfapd:S thirbUghr #heslasd ot [, $A3am:0R, okhe |iquid
stream enriched in low volatility Contam nants is routed to a waste
cont ai ner/ veséest Phatite dawissu280i digpesed wpdtzgaerdlyddgel 225 is

controlled bydé(f{\é%ﬁgtﬁ’ﬁp& 70?”%8%%8991‘&%&1:3&9 %Wiefi%%gti%inner 225 1s.

r
typically opera a pressure ranging froma 1 psig to 100 psig.
The pressure devivasteayandiuter, Z2% esanypecad | yartimilercdarddemselre pressure in

vapori zation $S I %? t her eetc)% enabl i o flowto ,é[he st'eco(I:1 rétn%iener 225.
When  the wastE0 CORER it DI ER Pl BB b IBEROOR TR |
™ contaminants that are less volatile than awmmonia. The
, refrigeration stream may include any of the
commercially available refrigerants or may be provided
by evaporation of the waste stream exiting waste
container 225, via conduit 240. Optionally, partial
condenser 290, can be incorporated as part of the
vaporization vessel 40. Vapor exiting the partial
condenser 290 is routed to the delivery panel 70, while
the liguid component in the partial condenser is
returned to the vaporization vessel 40. Alternatively,
the vapor exiting the vaporization vessel 40 can be ’
routed to a mist eliminator (not shown) to remove any
;) liguid phase component and return it to the
vaporization vessel.
[0044] Additional purification systems 210, such as
filters, can be disposed downstream of the delivery
panel to ensure that the low vapor pressure stream lean
in low volatility contaminants is further purified
prior to its delivery to the point’of use.
[0045] While the invention has been described in
detail with reference to specific embodihents thereof,
it will become apparent to one skilled in the art that

~various changes and modifications can be made, and



filled wth liquid, it may be returned to the | ow vapor pressure gas
nanufactureryayﬁm% rther processing. Alternatively, the contam nated |iquid
may be recycled 3% st contai nment vessel 10, or opti oRETUS20P&6%E WO
2007/ 008900 PCT/ US2006/ 026893 - 15 via conduit 230 to the ultinate

manuf acturer's waste treatnent system gpot shown). [0043] The | ow vapor
pressure streamw thdrawn from the vaporization vessel 40, may be further
purified by roupin% t he vapor through an adsorption, filtration or

di stillation sWigelevgsdeypsssadupstrhaith dereréeingl fyerytpanttom®. The

af orenent i oned, Puykjf i ' [ may include, for exanple, a partial
condenser 29gﬁaﬁﬁgha%ggéggéegfﬁiﬁg'refrigerant streamto condense

contam nants that are less volatile than ammonia. The refrigeration stream
may i nclude any of the comercially available refrigerants or may be

provi ded by evaporation of the waste streamexiting waste container 225,
via conduit 240. Optionally, partial condenser 290, can be incorporated as
part of the wvaporization vessel 40. Vapor exiting the partial condenser
290 is routed to the delivery panel 70, while the liquid conponent in the
partial condenser is returned to the vaporization vessel 40. Alternatively,
the vapor exiting the vaporization vessel 40 can be routed to a m st
elimnator (not shown) to renove any |iquid phase conponent and return it
to the vaporization vessel. [0044] Additional purification systens 210,
such as filters, can be disposed downstream of the delivery

N,
kY

.j



panel to ensure that the | ow vapor pressure streamlean in low volatility
contam nants is further purified prior toits delivery to the point of use.
[ 0045] While the invention has been described in detail with reference to
specific enbodi nents thereof, it wll Hécone apparent to one skilled in the
art that various changes and nodifications can be nmade, and WD 2007/ 008900
PCT/ US2006/ 026893 - 16 equival ents enpl oyed, w thout departing fromthe
scope of the appended clains. 17 That is clained is: 1. A systemfor
transporting a | ow vapor pressure fluid and manufacturing a | ow vapor
pressure strddit éént ?H‘i‘eﬁb LS¢i marily vapor, wherein the stream containing
primarily vapor is lean in low volatility contamnants, and delivering the
stream containing primarily vapor to a point of use, conprising: providing
a transport vessel, wherein the %rans ort vessel is an isotainer, having a
liquid phase or two- phdseSYFRF v ’g WROHFEDP| i " e/ WY e PHT G Ehe gr oup
consi sting oflwdanoana, meydrfagenr Chg ord depwcavaesr dipaxisdere di cfdreemsi | ane,
or a mxture th ra(irgf tr%n%l@lrf ng, C)Ipor‘,tﬂlleon(ﬂtr)lf ,éthhe | i UI d 9oz§jcla°1riutm phase
| ow vapor pressure Hl%l g t'om <ai 4 Ifra{nspor]i Vessel % va orizatPon
vessel di sposedrdowhzt vaeew ofs slaaadl tinapsporelatidsisel cbutamma‘ritm dand
communi cati orge WHELELD Ble | §A%LPRLLL 9] ix&{‘%él g'ﬂ&ﬁ | Say@pard %e%;o nt
wi thdrawi ng a stream cont ai ni ng pr|mar|llly i"qui 4t s enriche
vol atility cotft &8FnameBriigmdthe

providing a transport vessel, wherein the transport

| ow

vessel 1is an isotainer, having a ligquid phase or two-phase
low vapor pressure fluid, selected from the group consisting
of ammonia, hydrogen chloride, carbon dioxide,
dichlorosilane, or a mixture thereof;

transferring a portion of the liquid and/or two-phase
low vapor pressure fluid from said transport vessel to a
vaporization vessel disposed downstream of said transport
vessel but in fluid communication, wherein at least part of
the liquid is wvaporized;

withdrawing a stream containing primarily liquid that
is enriched in low volatility contaminants from the
vaporization veésel; and

withdrawing a stream containing primarily vapor that
is lean in low volatility contaminants from the vaporization
vessel and delivering the stream containing primarily vapor:
to a point of use at an electronic device fabrication tool,
wherein the low volatility contamihant level of the stream
containing primarily vapor is maintained within a desired

range.

2. The system for manufacturing a low vapor pressure
stream containing primarily vapor according to claim 1,

further comprising:



vapori zation vessel; and withdrawing a streamcontaining primarily vapor
that .is leanin low volatility contam nants fromthe vaporization _vessel
and delivering the stream containing pri \rmri |y vapor to a point of use at
an el ectronic device fabrication tool, erein the low volatility

contam nant |evel of the stream containing prinmarily vapor is naintained
within a desired range. 2. The systemfor manufacturing a | ow vapor
pressure stream cqnieaisnkhgipy it itdrgnsppot accendithgotgh clajagutipon &firt her

conprising: 18 pressurizing t.he transpart vessel through injection. of a
hi gh pr essure n}glrg[% g%%e s’r%geilrr\letrtc% trans eerretlﬁe% iqturia Sgg‘rrldfjgrg tll Elf)%ase
fluid to the vapdprirzavo-ahases§éehid 3o The systemdtdgonnuassact uring a | ow
vapor pressure streamcontaining primarily vapor according to claim1,
further conprising: withdrawing the liquid phase or two- phase streamfrom
the vaporization vessel The gybaer hins &agnfadision iandousvaRPNaresaurdhe

system for ”fi@{fréﬁﬁluréd?ﬁaénliﬁéfl\/ VARRE r PIESTHPEr SIdBRAL£ENLRI NENgiPrimarily
vapor according to claim]l1, urther conprising: directing the vapor

wi t hdrawn frofWhBeGaperPzatish VikkdEawnigoa e i Verul hapedsahPehteent rol s

the flow ratephaBeessEsn afkbnt @fRekabyE 2 dnh@ckowl vapos ptessUike yapor
streamdelivered to the point-of-use. 5. The systemfor manufacturing a | ow

vapor pressur éS§PPEERoh{@PAPRg primarily vapor according to claim 1,
wherein the point-of-use is a sem conductor, LED or LCD nmanufacturing tool.

4. The system for manufacturing a low vapor pressure
stream containing primarily wvapor according to claim 1,
further comprising:

directing the vapor withdrawn from the vaporization
vessel to a delivery panel which controls the flow rate,
pressure and temperature of the low vapor pressure vapor

stream delivered to the point-of-use.

5. The system for manufacturing a low vapor pressure
stream containing primarily vapor according to claim 1,
wherein the point-of-use is a semiconductor, LED or LCD

manufacturing tool.

6. The system for manufacturing a low vapor pressure
stream containing primarily vapor according to claim 1,
further comprising:

pressurizing the transport vessel via a small amount

of energy administered thereto.

7. The system for manufacturing a low vapor preésure
stream containing primarily vapor according to claim 1,
further comprising: |

heating the 1ligquid contained in the vaporization
vessel via a heat exchanger in which the liquid is boiled

against a second liquid fluid.



6. The system for manufacturing a | ow vapor pressure stream containing
primarily vapor according to claim1, further conprising: pressurizing the
transport vessel via a small anobunt of energy adm nistered thereto. 7. The
system for manufacturing a | ow vapor preksure streamcontaining primarily
vapor according to claim1l, further conprising: heating the |liquid
contained in the vaporization vessel via a heat exchanger in which the

liquidis boiled againghe aRQEANG,LI QU gk Sl ng 19 18, IR Sysiemlor

manuf acturing a | ow vapor pressure streamcontaining primarily vapor
accordi ng to eFERIR 1CONWREFEII PRENLIGYI dVaRdel 2¢¢PEHE v apor ic2atFonrvessel

i's maintai neghaddibi NtRer ange;iqf @keut iy pereenfado?i9atPek ceBkseof ikhe
vessel height. 9. The system for manufacturing a | ow vapor pressure stream
cont ai ni ng pri#EriANeFapdFRaR cBr BRFE D ARAUN 1, PeRRBRE| Fnotﬁ% P tat e of
the | ow vaporopressuieesslreaightcontai ning primarily vapor wthdrawn fromthe
vapori zation vessel ranges fromabout 10 slp to 2,000 slp. 10. The system
for manufacturing a | ow vapor pressure streamcontaining primarily vapor
according to clainl, whereidtdrhéopressufatunisqi 8 Mapaiippat bosssueesel
ranges from apout 50 ig.to 300. psi. and the te rature ranges .from
about 32F to ig i ﬁ?gﬁ‘?]%lsnfst%% aorrlql’bfan\ﬁ?péjgt u??%cglp%qgowg%aﬁg?g%réLésure

st ream cont ai whengeipr i fipe i [fyovapmteacedr dhag ow ctagion lprefaurehestms@mpri si ng:
purifying thec&ﬁ%&fﬁ%ﬂgrpgﬁﬁ§§yff §£§5¥”@f¥ﬁgfahﬂngom the vaporization

vessel ranges from about 10 slp to 2,000 slp.

10. The system for manufacturing a low vapor pressure
stream containing primarily vapor according to claim 1,
wherein the pressure in said vaporization vessel ranges from
about 50 psig to 300 psig, and the temperature ranges from
about 32°F to 125°F.

11. The system for manufacturing a low vapor pressure
stream containing primarily vapor according to claim 1,
further comprising:

purifying the low vapor pressure stream containing
primarily vapor withdrawn from the second containment vessel

in a further purification unit.

12. The system for manufacturing a low vapor pressure
stream containing primarily vapor according to claim 1,
further comprising

routing the liquid stream wiﬁhdrawn from the

vaporization vessel to a waste container.

13. The system for manufacturing a low vapor pressure
stream containing primarily wvapor according to claim 12,
further comprising: |

maintaining the pressure within the waste container in

a range of about 1 psig to 100 psig.



primarily vapor withdrawn fromthe second containnent vessel in a further
purification unit. 12. The system for manufacturing a | ow vapor pressure
stream containing primarily vapor according to claim1, further conprising
routing the liquid streamw thdrawn fr the wvaporization vessel to a waste
container. 13. The systemfor manufacturing a | ow vapor pressure stream
containing primarily vapor according to claim12, further conprising:

mai ntai ning the pressure within the waste container in a range of about 1

psig to 100 psig.. 20 4. The system for nuf acturing_a_ | ow vapor pressure
e r Sam contal ni ng-bri B 137 ABo T BV RG F or g e 2300 Y E e

conpri sing: secal iagptdieihgquirdmsti tanvbpom theowdsie tontcden®r 1240 t he
transport ve A e stem for manufacturing a | ow vapor pressure
strean1contaﬁ%ﬁ%ﬁrngﬁéPl?@g%apor according to claim14, further

conpri sing: scrubtieuriting Ithguildavtideatreacy€ien phé owasir i tentdimeroducti on

into the trapsnoft +¥8358drt 1Rssdhe systemfor manufacturing a | ow vapor
pressure streamcontaining prinmarily vapor according to claim1, . further

conprising: adjusting the rate at which the liquid streamis wthdrawn from

sai d vaporizatiomyessehe 4 FRRNESE Mhu @S hE g PUNIdY vapdr Jhesstst em for
manuf acturing a | ow vapar pressure  stream containing primarily vapor
accor di ng t 05 IS m gqontaining primarily vapor according to claim 14,

further comprising:
scrubbing the 1liquid stream recycled prior to its

introduction into the transport vessel.

l6. The system for manufacturing a low vapor pressure
stream containing primarily vapor according to claim 1,
further comprising:

adjusting the rate at which the 1liquid stream 1is
withdrawn from said vaporization vessel 'to maintain a

desired purity.

17. The system for manufacturing a low vapcr pressure
stream containing primarily vapor according to <c¢laim 1,
wherein the ratioc of the flow of the stream containing
primarily liquid to the flow of the stream containing

primarily vapor is maintained at a near constant level.

18. The systém for manufacturing a low vapor pressure
stream containing primarily wvapor according to claim 1,
wherein the flow rate of the stream containing primarily
liquid withdrawn from the vaporization vessel is adjusted
based on the measured contaminant level 1in the stream

containing primarily vapor exiting the vaporization vessel.

19. The apparatus for manufacturing a low vapor

pressure stream containing primarily vapor, wherein the



wherein the ratio of the flow of the streamcontaining primarily liquid to
the flow of the streamcontaining primarily vapor is maintained at a near
constant |l evel. 18. The system for manufacturing a | ow vapor pressure
stream containing primarily vapor accordfhg to claim1, wherein the flow
rate of the stream-containing primarily liquid withdrawn fromthe

vapori zation vessel is adjusted based on the neasured contam nant | evel in

the stream cort-ahfi BONPLiMHY | iMARQL yexhbbRgitheYAaPeni 2ati @o1yessel . 19.
The apparatus for nmanufacturing a | ow vapor pressure stream contai ning

primarily vapGPRtifetadt$ ¢ fE"RItS Kt 'eam contai ning primarily vapor is |ean
inlowvolatile centaEhsgdts,vEeRP! I $hétkia dheaRsphEbo MESERIseIWhEr&i n t he

t t | i i_sot ai , _havi | i quid_ph . - ph fluid
her a1 n.  sel GePEA TS OmTERS 6r Db BORSPRRF G bi TRBALa. © Nyidt OGBRCLEhl or | de.

carbon di oxi deegldctdd orfesm| ante, orowp ncxbsd € irgheseofammanvapomydadgean vessel

in fluid co I Lon w he .. 1 S0t ai ngt d di. ed downstream fromthe
i sot ai ner, {ng%%\l}v%?%llile’t h‘é@ah%ahi ddlp )élsdtee’or %g?opﬁ?gsslgggf%i dgf s réngg Lé]fé; ed and
at | east partithekgofapori zed; means for controlling the energy delivered to

said vaporization vessel;,a fif Ste£aRdyit GRRCch Al Qa2 1LAWEE cparte Of the
vapori zation vessel through which a streamcontaining primrily |iquid
enriched in | g®o¥BLRRY | BREoRLERPABAL SOVBStRGAThdf &0 ; thnd 1a°hathe i veFy panel

connect ed vi a,@;sgcond 1GRRAUI bhis &y tuBPShapart1 Al thecvaptd zati gy vessel
t hrough which a | ow , ,
at least partially vaporized;

means for controlling the energy delivered to said
vaporization vessel;

a first conduit connected to a lower part of the
-vaporization vessel through which a stream containing
primarily liquid enriched in low volatile contaminants is
withdrawn; and a '

a delivery panel connected via a second conduit to an
upper part of the vaporization vessel through which a low
vapor ©pressure stream containing ©primarily vapor is
withdrawn and routed to a point of use at an electronic
device fabrication tool, wherein the purity of the low vapor
pressure stream containing primarily vapor is maintained

within a desired range.

20. The épparatus for manufacturing a low vapor
pressﬁre stream containing primarily vapor according to
claim 19, further comprising:

a supply of high pressure inert gas introduced into
the transport vessel ‘through pressurized injection to
transfer the ligquid phase or two-phase fluid to the

vaporization vessel.

21, The apparatus for manufacturing a low vapor
pressure stream containing primarily vapor according to

cldim 19, wherein the delivery panel controls the flow rate,



vapor pressure streamcontaining primarily vapor is wthdrawn and routed to
a point of use at an electronic device fabrication tool, wherein the purity
of the | ow vapor pressure streamcontaining primrily vapor is maintained
within a desired range. 20. The apparatu22for nanufacturing a | ow vapor
pressure streamcontaining primarily vapor according to claim19, further
conprising: a supply of high pressure inert gas introduced into the
transport ves egsghngu ij{§§§¥;kz%d %@j%%%iqgwto %ran§£gguggesééqﬁid phase
or two-phase frofd to The ~Vaporization vessel™” JEP°Thé& apparat is Tor

manuf act ur i ngcant@invgperinpreks we@ost dehivereat &bnting grimaeif]l yseapor
according to claim19, wherein the delivery panel controls the flow rate,
22 pressure and tenperature of the | ow vapor pressure stream containing
primarily vapor dePEver &Het oapprradgisnt fof usmufagturig agpart@iusvEeRar

manuf act uri ngpack Oy &/aReLe 2Rl &SIMEEN Sh CYPiRAPL B NiAGORT | ABEd AN nYapYy
according to claim19, further conprising neans for pressurjzing the

transport ves§epim239 THEHHSAr at WP HSE NAaifPRSt UFIhgPAS PO \Zapdr tlpt essure
stream cont ai Ri-AgsPd T Rkisk¥1vapor according to claim 19, further
conprising: a heater disposed in communication with the vaporization
vessel . 24. The apparatus for manufacturing a | ow vapor pressure stream
containing prinmaribyg.vapae agedithg t Gor Clmnurk8tuf g her qewprispory: a
further purification unit dispos%d.ugstreanlof. he .

pressure stream 'containing p¥imarily ~vapor according to

claim 19, further comprising:'

a heater disposed in communication with the vaporization

vessel.

24, The apparatus for manufacturing a low vapor
pressure stream containing primarily vapor according to
claim 19, further comprising: ,

a further purification unit disposed upstreém of the
point of use, to further remove contaminants from the low

vapor pressure vapor stream.

25. The apparatus for manufacturing a low vapor
pressuré vapor stream according to claim 24, wherein the

purification unit is a partial condensation device.

26. The apparatus for manufacturing a low vapor
pressure stream containing primarily vapor according to
claim 19, further comprising a waste container where the
stream containing primarily liquid withdrawn from the

vaporization vessel is directed.

27. The apparatus for manufacturing a low ‘vapor
" pressure stream containing primarily vapor according to

claim 26, further comprising:



poi nt of use, to further renove contam nants fromthe | ow vapor pressure
vapor stream 25. The apparatus for manufacturing a | ow vapor pressure
vapor stream according to claim?24, wherein the purification unit is a
partial condensation device. 26. The appaBatus for manufacturing a | ow vapor
pressure streamcontaining prinmarily vapor according to claim19, further
conprising a waste contai ner where the streamcontaining primarily liquid
wi thdrawn from the . vaaarizatd ondgssel b dig eched. o2feoadhe.apnanays for
manuf acturing a | ow vapo pressure streamcontaining primarily vapo
accordi ng to RiapmiP6, Liwrichefragoriphel siagge 28ntalnacytd i Wg |toepspetiur ni ng
the stream confaisaing primarily liquid fromthe waste container to the
transport vessel. 28. The apparatus for nmanufacturing a | ow vapor pressure
stream containing primarily vapor according to claim?27, further having a
scrubber on the regycli ngd ogppadisposed -dowastfeamoebqt he wast e vgpst ai ner.

pressure stream containing primarily vapor according to
claim 27, further having a scrubber on the recycling loop

disposed downstream of the waste container.



