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AN ULTRA- PURE GAS TO A PO NT COF USE (PO£r copy!
Background of the Invention 10 1. Brief Description of the Invention
This invention pertains in general to tihe delivery of ultra-pure gases,
primarily reactive gases, to a point of use. Mre specifically, this

I nvention relates to nmethods and systens to deI I ver ultra-pure gases
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2. Prior Art
Ultra-high purity (UHP) electronics specialty gases (ESG's) are
% needed for the integrated circuit (IC) manufacturing industry. Typical purity
20 requirements at state of the art manufacturing are 10-100 parts per billion
(ppb) for molecular impurities, less than 1 particle/M® of size greater than
0.05 micrometer, and 10-1000 parts per trillion (ppt) for metallic impurities, in
accordance with the recently published SIA Roadmap.
Bécause of the increasing size of the wafer fabs, és well as for
25 reasons of cost reduction, quality and safety, it is desired to increase the
mass flow rate of the ESG's used on a single manufacturing site. Cost
reduction has been attempted frequently in practice by reducing the number
6f cylinder cabinets on a site and merely increasing the flow rate extracted
~ from ESG storage cylinders, with sometimes application of thermal energy
30 onto the cylinders. However, this solution is of limited capability because
imperfect cylinder exchange procedure is a well known practical source of
contamination and of its subsequent detrimental consequences.
Moreover, in the case of ultra-pure ESG's which are liquefied at room
temperature with a vapor pressure above atmospheric pressure, high mass

35 flow rate gas delivery involves the extraction of a biphasic gas-liquid aerosol
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alleviate the problem within an intermediate range of mass flow rates but
16  become insufficient for the exceedingly high mass flow rates needed in
modern installations. Also, the perfect removal of the liquid phase droplets is
extremely difficult or impossible at such high flow rates.
The undesirable consequences of such biphasic mist extraction for
ESG delivery are extremely severe, especially: | |
20
1. the loss of the purification phenomenon intrinsic in the evaporation

of the pressurized liquid into gas phase;

2. the introduction of quuid phase into devices designed for gas flow
25 control, which cannot function properly under such circumstances;

and

3. many ESG's are practically significantly more corrosive in their
liquid phase, more so if not of ultra-high purity, and above
30 conditions frequently involve materials corrosion, with the
subsequent detrimental consequences on contamination control

and safety.
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i nventi on, nfthods and systens are present ed whi ch overcone nmany if
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10 One aspect of the invention is a method of delivering an ultra-high

purity gas, preferably an ESG, from a first station to a second station distal
from the first station (the second station preferably being a point of use in a
semiconductor fab), the method comprising the steps of:

(a) providing a source (preferably a bulk source) of an ultra-high

16 purity liquid, the ultra-high purity liquid having the
characteristic of being liquefied at room temperature with a
vapor pressure above atmospheric pressure;

(b) transporting (preferably via pressure in source pressure
_ alone which is above atmospheric, although pumping means

20 may be employed in some embodiments) the ultra-high
purity liquid from the source to one or more means to effect
a phase change of the ultra-high purity liquid to form an
ultra-high purity gas at a pressure less than the source
pressure;

25 (c) effecting a phase change (preferably at or near equilibrium
vaporization conditions) of the ultra-high purity liquid to form
an ultra-high purity gas in the one or more means to effect
the phase change, the meané to effect the phase change
having a means to effect phase change pressure less than

30 the source pressure but higher than the second station
(preferably the means to effect phase change pressure is

atmospheric pressure);, and



sem conductor fab), the nmethod conprising the steps of: .
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change means assigned to a single point of use.
16 Preferably at least the transporting and phase change steps are
performed in double-wall conduits and vessels.

Another aspect of the invention includes systems for delivering ultra-
high purity gas, preferably an ESG, from a first station to a second station
distal from the first station (the second station preferably being a point of use

20 in a semiconductor fab), the system comprising: _

(a) a container (preferably a bulk container) adaptéd to be filled
at least partially with ultra-high purity liquid, the ultra-high
purity liquid in a container having the characteristic of being
liquefied at room temperature with a vapor pressure above

25 . atmospheric pressure, the container having mechanical
stréngth to withstand a pressure and temperature sufficient
to maintain the ultra-high purity liquid in substantially the
liquid phase;

(b) means for transporting the ultra-high purity liquid from the

30 container to one or more means to effect a phase change of
the ultra-high purity liquid to form an ultra-high purity gas,
the means for transporting having first and second ends, the

. first end connected to one or more containers of ultra-high



station other than ultra-clean conduit). In preferred nethods

,in accordance with the i nventi on, the phase change is perforned
"on-demand” by the second station or point of use, and- t he phase
change rate is preferably controlled in regl tine via conputer 10 control
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first end connected to one thamuire-alean eendsity of ul tra-high
15 As used herein the term “ultra-high purity” means a gas or liquid

having 10-100 parts per billion (ppb) molecular impurities less than 1
particle/M® of size greater than 0.05 micrometer, and 10-1000 parts per
" trillion (ppt) for metallic impurities, in accordance with the recently published
SIA Roadmap. Of course, most preferred are ultra-high purity gasés and
20 . liquids preferably having less than 10 ppb molecular impurities, and
preferably less than 10 ppt metallic impurities. _

The methods and systems of the invention combine the advantages of
butk supply and of clean liquid phase ESG vaporization in answering the
need for increasingly high mass flow delivery rates of ultra-high purity ESG's

25 for IC manufacturing. Further understanding of the invention may be had by

reviewing the drawing and description of preferred embodiments.

Brief Description of the Drawing
FIG. 1 is a schematic process flow diagram of a method and system in

30 accordance with the invention.
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_one or nore nmeans to effect phase change;
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15 meters, buffer vessels, holding vessels) downstream of the vaporizer, before

(d)

the actual point of use, these method and system embodiments being
deemed to be within the present invention, to the extent that the intermediate
equipment does not contribute impurities sufficient to make the ultra-high
purity gas unacceptable to the end user. In other words some minimal de

20 minimus amount of impurity generation may be acceptable.

Referring now to FIG. 1, a system 10 in accordance with the invention
is depicted in schematic process flow diagram format. A bulk pressurized-
liquid phase ESG container 12 contains ultra-high purity liquid ESG having
the purity attributes previously defined, obtained, for example, from a

25 purification plant. Gas pressure is applied to container 12 through a conduit
14, the pressure preferably being precisely regulated. The gas supplied |
through conduit 14 is preferably inert and may be selected from any gas that
is sufficiently inert to the material of container 12, conduit 14 and liquid ESG
in container 12. Gas supplied through conduit 14 may be, for example

30 helium, argon, nitrogen, krypton, zenon, neon, or mixtures of two or more of -

these. Particularly preferred is ultra-high purity helium.



Description of Preferred Enbodi nents | .The advant ages of the

_nethods and systens of the present invention ‘are achi eved using the
follow ng principles and preferred installations. 5 Although the focus of
the fol.l owi ng di scussion is on el ectrronic specialty gases,  such as

di chl orosil ane (DCS), trichlorosilane (TCS) ,7 NH err], Cl[err], HC,
HBr, HF, N20, NO ClFlerr], perfluorocarbon corrpounds (such as CFerr],
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format. “A bul k g,69%278%peS |M£Il¢hdar@"k%@pc§§fé fe@eﬂéﬁbeh%réiﬁm fHe"iS
ul tra-high pur| ty l'i'qui d ESGRavi n the puri ty attributes previously

defined, obtai ne?ntirelyr exanpl e, from a 25 purification plant. Gas pressure
I's applied to contai Rgfy t}ia'azmélﬁ’ﬂgﬁtﬁ%@&hﬁsported preferably at high mass flow

rate preferably ranging from about 0.1 standard liter per minute (sim) to

16 about
10,000_sIm, more preferably ranging from about 1 sim to about 100 sim, in
substantially its liquid phase from container 12, through transport means 163,
16b, 16c, . . . 16n, to one or more means fo effect phase change 20a, 20b,
20c, . . .20n (only one illustrated in FIG. 1). The actual flow rates will depend

20 on the demands of the point of use, as explained further herein. Means to -
effect phase change 20 are preferably located close to the point of use of the
ultra-high purity ESG in gas phase. Liquid mass flow controllers 18a, 18b,
18c, . . .18n control the flow of the substantially liquid ESG to the phase
change means. Each means to effect phase change 20 has a space 22 into

25 which the ultra-high purity, substantially liquid ESG 24 is evaporated,
preferably at or near room temperature (about 25 °C). The gaseous ESG
then flows through appropriately inerted conduit 26 toward the point of use.
Downstream of each evaporator 20, the ESG gas pressure is reduced to the
desired working pressure at the point of use 30 (or to a slightly higher

30 pressure, for example if there exists a buffer vessel between phase change

means 20 and the point of use 30) using a pressure regulator 28. Gas mass



14, "the pressure preferably being precisely regulated. The gas supplied
through conduit 14 is preferably inert and nay be sel ected fromany gas

t hat is sufficiently inert to the material of container 12, conduit
14 and-liquid ESG -in container 12. Gasgsupplied through conduit 14
may be, for exanple 30 helium argon, -nitrogen, krypton, zenon, neon, or
m xtures of two or nore of these. Particularly preferred is ultra-high

purity helium flow rate of ESG to the processing tools or other points of use 30 is coftrolied
Container 12 is designed.to maintain the neces essures and
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20c, .. .20n (onlgistabation bystémated in FIG 1). The actual flow rates wll

depend As close as possible to the point of use 30 of the gaseous ESG, .

16 respecting the local rules of safety and of limitations in stored-quantities of
dangerous products, the bulk liquid ESG flow is preferably divided into a
plurality of branches conducting to a series of phase change devices,
represented in FIG. 1 by 20a, 20b, and 20c (commonly referred to as
evaporators), in which the pressurized—liquid phase ESG is converted into

20 gas phaée. Preferably this is performed at or near practical equilibrium
vaporization 'conditions; in other wordé the thermal energy transfer from the

. external environment to the liquid ESG essentially equals the energy of

vaporization. The practical limiting conditions are independently established
experimentally for each chemical compound by checking the absence of

25 emission of an aerosol from the evaporator.

The specific number of evaporators (20n) needed for a sbeciﬁc
installation is decided on the basis of the ESG gas flow needed for points of
use 30 used in the manufacturing process and from the preferred criterion of
“equilibrium vaporization”, which dictates a practical upper limit for the gas

30 mass flow rate-gas usage cycle time under which monophasic gas phase
ESG is extracted. The volume of the liquid phase sforage in container 12
(which may in fact be two or more containers, for example when a spare or

redundant container is employed) is dictated by a compromise between the



20 " on the demands of the point of use, as explained further herein. Means

to ef fect phase change 20 are preferably |located close to the point of
use of the ultra-high purity ESG in gas phase. Liquid mass fl ow
controllers 18a, 18b, 18c, .. .1 8n corgrol .the flow of the
substantially liquid ESG to the phase change neans. Each neans to
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is controlled 9as Phgse-alwayn coaxa) infaeans P aifecbphiass changeGst For this
illustrated).  pypose acscl)iﬁpﬁnhd%st fﬁéeurég@égér}gﬂw}é%gg;gwpurﬁg hefiim) gNd 28

that may cone in act corrosion fesistant
mat eri al s whi ch gppliedria cobtainerc2, asviesoritrad prgaiously. t he speci fi ¢ ESG

Mat eri al's and procedugges. for, . ensuring.that  t sy faces exposed. t o
the ESG are inert ar A%&&i'ﬂﬁs'?@ew&g@g '%@@ﬁ?%&bemw%ﬁem
container 120 can operate baseéd'Gitpicdsurendifiedente diven Abws BAdImanIR sefling of

ul tra-hi.gh puri t%ﬁESG I S t%/ppl cally 100 tinmes higher than that of the

gaseous ul t r a- hi §R REEFIUrg apddowigontieh egUipment. dd Rracdice. thegas flov exdlesm i s
significantly eapddiedifer ﬁl\‘aeséé%rél'i&é,s maé/ va??@ﬁ&%lg.ck iMHeR Hr@feréﬁlggb'i all a
corrosion resistance properties and preécisfion for a . i qul d phase

di stribution systanputeacoritral of the liquid flewatdi fagdigg ®aph phase changelmeans but i on

;ﬁitegﬂ] s ESG 20, ba'g‘gd %ln(iﬁg p?esssp.l(r)es rsrliegLsSre%)entt E]neeg&i gft thgge grslg o:tg'Rhg fprécrfs?e
16 gas pressure and mass flow rate downstream of pressure regulator 28, as
well as ba;sed on measurement of the level of liquid in each vaporizer 20.
Completing the systems of the invention illustrated in FIG. 1, typically
and preferably the systems of the invention include conventional vacuum
purge apparatus 32, 34, 36, and 40, wherein 32 represents ultra-clean
20  conduit, 34 represents a preésure monitor, 36 represénts an inert gas source,
and 40 represents a vacuum source. All of these components and methods
of their use are well known in the semiconductor art and require no further
explanation to the ordinary skilled artisan. . _
Since liquid phase ultra-high purity ESG delivery systems of the
25 invention operate under pressures sufficient to maintain the ESG in
substanlially the liquid phase until evaporated, in order to avoid any risk of
the consequences of a possible leak, the whole piping is constructed from
double wall piping 38a, 38b, 38c equipped with appropriate safety sensors
commonly known in the art and needing no further explanation to the ordinary
30 skilled artisan. Similarly, phase change means 203, 20b, 20c, . .. 20n are
preferably installed in cabinets allowing for emergency evacuation of the
gases through conduits 21 in case of leak. In the case of accidental ESG

leakage, valves (preferably pneumatic) isolate the distribution system at



15" respecting the local rules of safety and of limtations in

stored-quantities of - dangerous products, the bulk liquid ESG flow is
"preferably divided into a plurality of branches conducting to a

ser.i es-of phase change devi ces, represented in FIG 1 by 20a, 20b,
and 20c (commonly referred to as evapbrators), in which the

pressurized-|liquid phase ESGis converted into 20 gas phase. Preferably

this i s performeskvdral@iladdih didéctol stap tHROIESGifldWsLWhile the 148REd Eé@éé &
conditions; in other words the thernmal energy transfer fromthe

ext ernal envi r orfRilgctaddnianemergengy pbatement fystem ip ordprde proteet thaer gy of
vapori zati on. T*@\Woﬁﬁ{én‘fﬂjon‘i ﬁy’%&&@erﬁgﬁﬁuﬁiﬁﬂs are i ndependently
a C

est abl i shed exper | ment or eac em.cal compound by checking the
absence of 25 e ssiRepardingronthespscifia configlicationaf thepparticular systems of The

specific nu r . t eede or ecifi

I nstall ati 02?(5 @éé&%ﬁgb%ﬁétéégpéa%ﬂ%ghmgf %W%%H@H t1‘eor points
of  use 30 usgfipped witle dewioss pepiraseritad by A0da FIGNY pidviding erira eabajy tod
criterion of "equil j bri um yapgqrization”, which dictates a practical
upper limit for the pregsurized "q“ﬁi/%dp%%orb&t\@ngaé%sfa@@%wq%% under
phase storage | aaarirAcating usingaohFoliNetas o Lt QogiBr Ao | A1 €
contai.ners, for eleciripalclomteheating, whose power is prefesabliy samputenicantrelied s |

consumpt1 on 10at S nheBrERlRt SR tlbdBHle s et SR 9B, T
knowi ng that buldvapordted reeact phisgectangbanggnsy@d.! be minin zed for both
ol el oSt cna BERIE OIS chaas s RSten sepy el
e Shate iy el Gusdes it yatp i Aok g, A
and to be used at ultra-high purity and which are liquid under pressure of less
16 than 100 bar, preferable less than 15 bar.
| Optionally, when phase change means 20 is operating at the upper
limit of “equilibrium conditions”, pressure regulator 28 can be heated to
compensate for the possible cooling by Joule-Thompson expansion, or
double stage pressure reducers can be installed.
20 Purification and filtration devices can be installed optionally either on
one or both of the liquid ESG and the gas ESG flows.

Before transfilling the liquid ESG into container 12, container 12 is
typically and preferably purged, especially to remove any adsorbed moisture,
using preferably a thermally activated degassing under vacuum or under inert

25  ultra-high purity gas at a temperature of at least 80°C or a chemical drying |
agent using gaseous or liquid phase dimethyl propane (DMP) or other
advanced chemical drying agents developed separately in United States
patent numbers 5,591,273 and 5, , previously incdrporated herein by
reference.

30



purpose a slight inert gas pressure (preferably ultra-high purity helium
S applied in container 12, as described previously.

"Al though i.n a single manufacturing installation, the whole system 10 10 _
can operate based on pressure difference driqgqen flows and nanuat Setting of
the pressure and flow control equipnent, in practice, the gas flow cycles
needed for the several tools may vary widely. It is then preferable to .
install a conputer control of the |iquxchnplew rate feedi ng each phase

change means 20 based. on _t pressure sur nt. i ach of these
and on the precise 15“5%'"&"2%%3 eéﬂ#‘ﬁ‘&@?‘?ﬁ&#ﬁ%“dﬁ?\?&‘m@mme-
pressure regul at avhictBis st intendedi®d be HanitihgssfdheBlaimasur enent of the |evel of
liquid in each vapori zer. 20. Conpl eting the systens of the

invention illustrated in FIG 1, typically and preferably the systens

of the inventgon Hiﬁﬁlﬂwrﬁgwém}farh“ygﬁ%uggNggﬁgge apparatus 32, 34,

36, -and 40, wherelh 32 represents ultra-c uit, 34 represents a
pressure nonitor, 36 High eorsumption ofndira-highpwity NH3 is needed ansbmé

represents a vacuyum.sou . Al of these co nents a met.hods .

their use are \/\B##W&ﬂ‘l‘%ﬁ “ﬁﬁ'&‘f%%‘rﬁ“l%ﬁ'_ cf‘vgtﬁ ipaliga [ﬁt?%eﬁ‘ﬁfmﬁ@
expl anation to t gkmab®edslverdd ol sefedl insialiations consuming esthitgsichllyit s Phase
ultra-high purity ESG delivery systens of the 25 _invention operate under

pressures sufficient UBiSTRaNPAachiened irsareardance willy the pringipals of thepresenti d
h i ' : ' L . . nces
DS e by OB o el i€ B0 BuWorkanls SorsseorcobIGERIBENIE

of a possible le ed from
pi pi ng 38a, 38b, oBsvokums poraprised betwepndPODzNd 110G standaxtiiters, undecammonl y

known in the art eedi na n r rexplanation.to th sdi nagy 30

skilled artisan. p%%%u&aﬁjépp%ﬂﬁgieq%hgﬁzgé ?fgafﬁ%@%ia“{fbﬁf’o%@ .cl‘.’ H?’zon are
preferably instaklandardiliteabofmsira-hidH purity gabo Thiwedrdginel isofavundd indtafiédt he
gases through conduits 21 in case of leak. In the case of accidental ESG

| . X .
| eakage, valves (PG cuyrent sgiaty reguigtions,ingluding,emgraancy kentairmentansn at

16 abatement of any accidental leakage. The container is made of metal, with a
high surface finish, selected for negligible corrosion and absence of particle
release. Prior to transfer of liquid NH3 into this container, it is carefully
washed and dried at a temperature higher than ambient, typically from about

. 80 to about 120°C, preferably assisted by chemical drying in order .to avoid

20 any residual molecular adsorption, especially adsorption of H;O.

- The pressurized liquefied NHs is sampled from the butk container via a
plunging tube and transported from the yard close to the point of consumption
through a double wéll stainless steel tubing designed and treated similarly to
the bulk container for its mechanical and internal surface properties. The

25  liquid flow is typically 0.1 liter per minute, which is easily contrq!led by
commercially available-equipment.

A gas detector is installed to detect any accidental leakage from the
inner tubing into the containment space and controls a safety valve at the
bulk container exit. |

30 Close to the point of use, the liquefied pressurized NH5 flow is divided
into severél branches , leading to a set of evaporators. In this example, these

are simply conventional 10 to 50 liter gas cylinders, equipped with an



10" ‘'several places in order to stop the ESG fl ows, while the |eaked
gases are, collected in an energency abatenmenf systemin order to
"protect the environment from any accidental pollution. .
Dependi ng on the specific configuration of ng particul ar systems. of - 5
the invention and of their usage, the phase'thange neans 20 nmay be

equi pped with devices represented by 42 in FIG 1 providing extra energy to

the pressurized 4dditieialRdnkSStdrPatitRelr BBAGMZ hey b IMIAINEY iR conleifohal
convecti on heat:eg)a usi ng .a non-reactive gas such as nitrogen or helium or

el ectrical Joul ecyigder gabingisdaesHetve rThesCylindees angifod by presserized figvefiaced 10
based on the pr - GBSV

evaporated in egﬁﬁggﬁgﬁéc anggﬁméé%%f sWﬁPévéHoﬁtgglf:%gﬂshetsg whi ch
the concepts of cyliadersiand ischansiigd gftentbe eylindenexit for pressurgpliovarate andeded t o

be deliveredin a fer Lngreasingl v hi . r and to be
used at ultra- hi ‘g@mﬁ“&?g‘ﬂﬁf%ﬁﬁ @?@@f’éﬁ?&gﬁﬂﬁ%wﬁ\f‘%@@&?@%ﬁ | ess 15
than 100 bar, préisgibatibe system. tihardditolenisure ultra-high purity@eid sin?é blase\§as
phase change nmeans, 20 i s operating at the upper l'imt of "equilibrium

- I - )
condi tions”, prc2Bigsion ey the syapasatesss. tae pauiacoasllow rate ix mglistedte f or
the possible coqhdigg %ﬂﬁlﬂlﬁﬂ% I%?g@ﬁggiﬁﬁ@%§é-3fw. . The distrﬁﬂggh%f fHenoe
n | ed. .

pressure reducers ca I nsta Purification and filtration
devi ces can be ipressurized ligpefied NH3 fremithe bulicontainer down ta thesviaporatodsds

: : gﬂ: g Egg i Ot%«:&%%ﬁ#&?a%&{m@@%eﬁs 5ﬁ"rr?e?f altf“f %arg%ff%@f%bt?&ﬁm/sl é&%&% [5#'21? erably
purged, especi aladpplied ortooyataingy 120 Fiowedn ibeiintentupted at severdl egtical plasesbl y a :

thermal |y activated dI%gassi ng under vacuum or under inert 25 ultra-high
purity gas at a N&FHRICALMCEIHICYat | east 80[err]C or a chemical drying

agent using gaseous Ofpd fidiirflo RS Pafrald reBliBRIMEUSIA i@ madsTRfw

advanced chem cal drying agents devel oped separately in United States
pat ent nunbers SooBtrojers Instaltedson the individual branshyconddits; tlagyaaredcanénolied bipy
reference. 31% sensors of the liquid level=in the cylinders, such that the level of the liquefied
gas in them is substantially constant and filled to about 70 percént 'of their
total capacity, indepedent of the gas consumption downstream fro the
manufacturing procéss. The total connsumption of the chemical gasis
recorded precisely, such as to switch the prouct source to to a spare bulk
20 container well before the original one is empty; typically, the container is
exchanged when approximately 90 percent of its content has been used.
Occasionally, the whole system, incluidng the bulk container, the
distribution conduits and the evaporators is totally emptied-of its liquid
content, which in such case is not used in the plant manufacturing process,
25 and carefully cleaned and purged, before being refilled with fresh product.
The purpose of this periodical maintenance is to discard from the system the
growingly impure liquid phase chemical.
In practice, the container is sized such that the container allows
continuous supply of product for a typical period of 6 months. At the
30 considered product flow rate, high gas quality delivery using the conventional
supply method in cylindeers (of about 50 liter volum'e) would necessitate

installation of a large number of cylinder cabinets on site and frequent

_ cylinder exchange, typically several times per da. Usage of bulk cylinders for



Exafnpl-e _ The principles of the invention are illustrated in
the follow ng exanple, which is not intended to be limting of the
cl ai ns. 5 Hgh flowrate delivery of ultra-high purity NH err] gas

H gh consunption of ultra-high purity NH3 isigheeded at sone

sem conductor manufacturing sites, wth typical gas flow rates exceedi ng
100 sim to be delivered to several installations consum ng each
typically 1 sl m direct gasd distributiongpartiallylaiieviatescthe probilem; bat stithwecessitdtes he

principals of the_pr nt 10 ..inpventi.on by installing in a yard bul. k
cont ai ner of pr es'ggﬂaﬁétzcﬂ" ?glraﬂlgp{ée%pqim?rs &t the g%‘%'%e@glrﬁ%e 8%@%‘?’(%8&%%
1000 and 10, 000 sileatigtdpliityehghlelstise gas product iy egired forf the pistdbation. el y 10
bar, adapted to deliver about, 10[err] to 10[er(ri‘]r fsta dard |liters of
ul tra-hi gh purity gas.Summariging:thesevelopedsysignthas bean founddo be able to

followi ng_ cur gentyetbeiitealfah bty tadudt iyl Highty UBESPREYUSRY SrgkoBds_and

15 abatenent of any acci eakage. The~container i net al ,
with a - hi grcontainercexchange or refilling; hedcd allowiag very tangibleadvaritagesind

absence of partigl r E.e PL] fer, of liquid NH3 into
thi s contai ner, ﬁ?&%%‘&rp&f’%rﬁ@b"w‘ gé@é’shgﬂi&%ﬁagﬁﬁed at a tenperature
hi gher than anbi ent, tituisestH thefsystanahand methods oBthe presbatinvéiirer 1] C
preferably assisted by chem cal drying. in_order to, avoid 20 . angl resi dual
nol ecul ar ~ adsor pthGFﬁar‘é@ﬁﬁeﬂﬁpﬂhea‘é{fﬁ‘Bm%?f Rspblepinthe distribution of ultra-highe
pressurized lpqu ‘m' g Lehiah fiBlvaatds’ f@g& | VA 1

pl ungi .ng, tubt‘a‘bangjf t raﬁgg’iosr ?ﬁtgﬁfﬁr om ttlét(as' ggjr‘ggg oseﬁngéfﬁ]??ﬁgélﬁ;ga%#ﬁwd
consunpti on aerosal frgm theckionsige onntdinerafipressusized liquidikS§G,maybei gned and

treated simlarl 0 - I ont.al . for . i C

internal surf ace%@ﬁgpt“l’aeg(.%ﬁI?Bgﬁé'p&?slr‘l’&fﬁ%éa];@ﬁ%&uf'é}' ?‘Vﬁf %@% @q’i‘&% er per
m nute, which is paagtidgsetorpoirnt! df edepsubsequentaivision dntalliquiciew ratbs e

equi pnent . .. A gas detector is installed ho dse ect _.any

acci dental | eakag@mpadhie equilibrium, clean evaporation of the ESG on site.

15 The present invention has been described in detail with respect to
certain preferred embodiments. However, as is understood by those skilled
in the art, variations and modifications can be made without any departure

from the scope of the present invention as defined by the following claims.



i nner tubing into the contai nment space and controls a saf t

~bul k container exit. 30 Close to the point of use, amllﬂwamemwﬂll )
pressurized NH3 flow is di.vided into several branches,sleadingntosa »
set of "evaporators. In this exanple. theseq4 are sinply conventional 10
to 50 liter gas cylinders, equipped with an '

12 addi tional connection at their bottom They are installed.in

convent i onal WHAJ IS GlAMERShet s for safety. The cylinders are fed by
pressurized |iquefied NH3 at the bottom of the cylinders; gaseous NH3
evaporates fromthese cylinders and is handl ed after the cylinder

exit for pressure, flow rat & methodof delivering aroaktrachigls parityagas feorh lefirst
procedures used jn. a.conventi,onal S di.strjbution system In, order
to ensure ultr a-s#ﬁq‘é’ﬁ ‘B&ﬁ%@“&ﬁﬁ&%@fabﬁa@é“aﬁ?& s{atf:on, @"ﬁ'@é‘?‘@ﬁ COMRRISINge
evapor at eor s§ tmeg@})gbe,d gas flowrate is restricted to bel ow a
typical value of 5 sIm(in the case of NH3). The distribution of the
pressurized |iquefied NH3(E)R6AYiIEREG axaurce eham Hig-high auritydiquid tee witea-at or s

is 10 actuated by an overpg Of + J"ﬁﬁ 04 i |
exanple,  applied ont o@%ﬁ?ﬁtﬁgg&'@ ) o%)vé@%ﬁe{%'gil‘é\{)gggrtﬂgt“ggéi‘{a at
several critical places roomteroperature withea yapanpressure above atmospherit! ow

into the evaporators is reguul at ed tIéSi'n% I ié_\%uj d mass flow . controlers
instal |l ed on the individual PEYSYEH "RORAYICE IAVINGR SAHEL PEFRSHER:| ed by 15

sensors of e |iquid | ev@)tiahspbrting Yhe ORQLIEgh PUAY HiqORS fréMhé 8¥6Ice®d t he
l'i quefied gas in themis substantially constant and filled to about

70 percent of their t 8ngIor Sgsa Maans tp sifeplaiBrsepshange qfdke viligsunpt i on
oo o'y BB YaRcRS e R YL on O
source to to a spare bul k 2pressure leiss thanthelsobedeqpressure; ori gi nal one is
enpty; typicall y., the Con(tcﬂeﬂgétir{gsa phase change of the ultra-high purity fiquid to
15 form an ultra-high purity gas in the one or more means to
effect the phase change, the means to effect the phase
change having a means to effect phase change pressure
less than the source pressure but higher than a pressure of
the second station; and '
20 (d) routing the ultra-high purity gas from the means to effect the
phase change to the second station, the second station

preferably at or near a point of use.

2. Method in accordance with claim 1 wherein the source is at a
25 pressure and temperature sufficient to maintain the liquid in substantially the

liquid phase.

3. Method in accordance with claim 1 wherein the source is a bulk
source.
30
4. Method in accordance with claim 1 wherein the transporting step is

achieved by pumping with a pump.



exchanged when approxi mately 90 percent of its content has
Cccasional |y, the whole system incluidng the bul k contai neammmi I“ "lll(l“"l
‘distribution conduits and the evaporators is totally enptie dats I rqusd *
conteht, which in such case is not used in tge pl ant manufacturing process,
25 and carefully cleaned and purged, bef or d%bei ng refilled with fresh

pr oduct . The purpose of this periodical maintenance is to discard from
the systemthe- growingly inpure liquid phase chem cal . In
practice, the container is sized such that the container allows, .
continuous supply of @ Methad incccardanse vith claim bwhgreig thelansporting step iso
consi dered produ delivery using the

conventi onal %tchfe'vgéﬁ’ohﬂ'tn% %&Wﬁqﬁéﬁmﬁde% (of about 50 liter vol une) -
woul d necessitate [ nstal | ation of a |arge nunber of cylinder cabinets

o Siutsgggngff 5?Eeg;l 6, Method!| acggfdaﬁéguﬁtﬂ%?almw%g?élﬁﬁ'\esgt‘éﬁrcﬁeﬁéb(ﬁ&tr%er

13 di rect ppasé cHande istudhimdnﬁmeamhb)thahltmmgh esiritynliguid.obl em  but
still necessitates Installation of multiple contai.ners at ‘the

consi dered range of flow rates when ultra-high purity snghle phase
gas product is requir P} 973 . 2N t he
devel oped system has geenﬂi(’éﬂﬂ? %bgg*ﬁe"%m 1 Wheléﬁl?\t/heerSte tra- thg?ld]gurl ty
product, w th hi gphhge changseis farfoqued on demandwefiibe point of usent ai ner exchange
or refi 1 ng,,hence allow ng very tangi bl e advantages in ternms of
product reli 38| lity, safety, quality and cost. Thus with the
systers ‘and nmet hods 08, M@ﬂ"ad@hnmbrdamemmmtaxm1wherew(ﬁejulmaehig!h pority of t he

current major probl emin-the d strl utjpon_of, ultra-hi ur |t ESG s at
hi gh flow rates, liguid fsttna@sm torq e@fﬂﬁvafﬁ'ﬁmﬂé tagghﬂlﬁap se chdn N9%er osol

from the stor age egeRiof bRim@indMoRel 418 PribalichshdeSariga berespondiryhi eved

via liquid phase-pressurized tribution fromstorage yard to a
poi nt close to ppoirt obliséise, subsequent division into liquid.flow rates

16
9. Method in accordance with claim 1 wherein the transporting step
and the effecting phase change step are performed in double-walted
containment means.
20 10. Method in accordance with claim 1 wherein the. step of effecting

. the phase change in said means for effecting phase change is accomplished

via electric heating of the phase change means.

11. Method in accordance with claim 1 wherein the means for effecting
25 the phase change is operated so that the ultra pure liquid changes from liquid

phase to gas phase at or near equilibrium conditions.

12. A system for delivering ultra-high purity gas from a first station to a
second station distal from the first station, the system comprising:
30 (a) a container adapted to be filled at least partially with ultra-
high purity liquid, the ultfa-high purity liquid having the
characteristic of being liquefied at room temperature with a

vapor pressure above atmospheric pressure, the container



conpatible with equilibrium clean evapor ation of the ESG on
The present invention has been described in detail with respe mﬂH ﬂﬂ“luwlllllll
certain preferred enbodi nents. However, as is understood by t

in the-art, variations and nodifications cagge made without any departure.
fromthe scope of the present invention as defined by the follow ng clains.

14 VWHAT |S CLAIMED | S: 1. A nethod of

delivering an ultra-high purihavingsmethanical stiength to withstanda poessuce andecond

of oo dretal Tromune 7S bR skaGaitle BrciAic phRhion b ighers

liquid, the ultra- in substantially thelliquld phaset y | i qui d having a
characteristic of being ligyefied at’ . . .. J 00
Lenperature with a vapor piRIdaeATs (95 bpaseartioe i viira-high purity liqid from the

pressure, thegsource having %oﬁ%éﬁoﬁfr@s&%&erﬁ@anstoeffectapha@é)changeof
transporting the ultra-high purity liquid fromthe source

one or nore neans to effect eih@u&@ehlahaug@mummfmamultra-htgh purity gas,
high purity liquid to form thé’Héa@s%@t‘?ar?éHohﬁ@ﬂﬁﬁn@ﬁrs?and speqnd.pads, the

pressure | ess than the source pres ctinhg a

phase change of the ultra-hi g?rstpemdbynhecﬂedtbbméﬁmorecontainers of ultrbdtigh an
ultra-high purity gas in the

on to |
effect the phase change, thepr‘f'é‘& ‘go gtgﬁeﬁﬁgo%gg%connectedtooneqr

change havingga neans to eff gfdrefhaa® tORHRREPRARSEHEe;
| ess than the source pressure but higher than achressure of

the second station; and 20{(c)oneor more means fo@ffechphasechangegonngciedda the
purity gas f romt he means to cSHa‘ﬁ%r \}lé]fhe means for transporting, each means to

effect phase change comprising means sufficient to vaporize
the ultra-high purity liquid to form an ultra-high purity gas in
16 the one or more means to effect phase change; and
(d) conduit connecting each of the phase change devices fo a
station-distal from the means to effect phase change.

13. System in accordance with claim 12 wherein the means to effect a
20 phase change of the ultra-pure liquid is equipped with means to effect said
phase change at or near equilibrium conditions.

14. System in accordance with claim 12 wherein the container serves
and is connected to a plurality of means to effect phase change of said ultra-
25  high purity liquid to form said ultra-high purity gas, via a plurality of said

means for fransporting.

15. System in accordance with claim12 which further includes a
pressure regulator downstream of said means to effect phase change to

30 control pressure of ultra-high purity gas flowing to the-point of use.

16. System in accordance with claim 12 wherein the means to effect

phase change are enclosed in a cabinet.



phase change to the second station, the second stat.ion
preferably at or near a point of use. 2. Met holcllH“”Mlc“llHlI“M"l
‘'With claiml wherein the source is at a 25 pressure and t

sufficient to maintain the liquid in substantially the Ilqwd phase
3. Method in accordance with claim1 whereid?the source is a bulk

source. 30 4. Method in accordance with claim1l wherein the
transporting step is achi eved by punping with a punp.

5. Method in accordance with claim1 wherein the transporting step is
achi eved only by pr esddr §M5temmalc®mdanmmthclalm 12 wherein the meansifar

accordance with a| m 'I%I@% 3]—\%‘ H?%Sf‘?ﬁ% fh%?s% 'cﬂgnéfpsl(’f doubleRAARS

change is achiev "890 ur|
7. Method in acceopdstngetion. th claim 1 wherei n the step of effecting a

5



phase change is perfornmed on denmand of the point of use. 10 . 8.
Method in accordance with claiml wherein the.ultra- hlgh purity ' '
liquidis transported to a plurality of said means to effect a phase

change, each of said neans to effect said phase change serving a

correspondi ng . poi nt of use. 15 : - 9. Method in accordance
with claim1l wherein the transporting step - and the effecting phase
change step are perforned in double-walled contai nment neans. . 20

10. Method in accordance with claim1 wherd¥n the step of. effecting -
the phase change METHADE ANBeSY STRMSe FORC DRLY VERING mhaug.eRhS-Pﬁ‘Rﬁ:O@Rb' shed
via electric heating of the phase d1®aﬂg@0mlah9F USE 11. Method in

accordance with claim1 wherein the, ﬁ’ﬂ?{-; the phase
change is operated so that the ultra pure qU| Eﬁa%%@gu?éom l'iquid

phase to gas phase atMethodsandesystdndof detwemmgiuﬁnaa(mgh purity gas to a point 6. A

system for deliverin | tra-hi UJ’It as st sI tion to a

second station di'%ec%f%&?‘mﬁ%r&?a?? th?ﬂ]ﬁ'@é‘{e fﬂ%'ﬁ‘éf’ﬂ@e%o

(a) a container aﬁanﬁ%dpﬁﬁtyhauid tth@doaicelﬁ?erérawatapkéseum éﬂ?d Wrhpeérature -
e

hi gh purity I|qU|d uItra hi purity liquid having
charact eri st i ge diguidda ﬁﬁPﬁﬁﬁt‘ﬁlM the J,qudt Qhaée) transporting

vapor pressure ?B%f@réylﬁp@%@éétﬁeﬁﬁ i s8uree bldhef Y @l High purity liquid from

the source to one or more means to effect a phase change of the ultra-high
purity liquid to an ultra-high purity gas; effecting a phase change (preferably
at or near equilibrium vaporization conditions) of the ultra-high purity-liquid to-

10  form an ultra-high purity gas in the one or more means to effect the phase '
change; and routiqg the ultra-high purity gas from the means to effect the -
phase change to a pbint of use (preferably wiih no intermediate, potentiall?':'
impurity-generating media between the means to effect the phase change
and the point of use other than ultra-clean conduit).

15

Figure. .1l
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16. Systemin accordance with claim 12 wherein the means to effﬁ%t
phase change are enclosed in a cabinet. °43L
17 17. Systemin accordance with claim 12 wherein the neans
for transporting and the neans for effecting phase change are
doubl e-wal | ed construction. 5
1/1
©
o 2 o
1] < Q
0 T
N i% TW T .
i o
o <
~ N o R
o [ 81
~ 3 ~ &
Ay ~
WL
@
-
N
. ] 3
- J
< 3 —
- m\/
T
AN
) @ A \ <
g/—/‘ S\__/ ™ ©

REPLACEMENT SHEET

25 NOV 1998




