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1. Field of Invention The present inventigmTetates—tonovet—s o
met hods for saturating a gas with a vapor friom aREPQACERISHEERE. TIBG
invention also relates to novel systens and jnethods for controlled delively
of a Vvaporized liquid chem cal. The inventiqﬁjﬁﬁgmﬁdﬁtl%MFar apbﬂﬁ@a%r*m
to the sem conductor manufacturing industry.|@Clzim@escri:pti .0fs 4:hed

Rel ated Art In the sem conductor manufact uringgi-Rdysry..-hi g %purLLx4Q§_¢
are supplied to process tools for carrying d arious sém cegnd
fabrication processes. Exanples of such proqgé§%§‘icldﬁé‘dlf u?wdﬁca """"
chem cal vapor deposition (CVD), etching, spuUttering andTom Tnpramtattom
The use of volatile liquids as the reacfant source for these processes is
known. Such liquids include, for exanple, silane (SiHerr]), dichlorosilane

(SiHerr]d[er %T I S| &?bﬂCF%% AN Ry NH err]), boron
trichloride (B %% er k??ﬁg gr?ﬁ?%ﬁﬁ err ,&%%%rogen cﬁgnide (HA)
hydrogen fluoride (HF) and chlorine trifluoride (CF[err]) -2- To date,
a nunber of nethods have been used to provide a vaporized formof the

volatile liquid chem cal tBACREROUNDESS €HRBI PRFRNTIORese i ncl ude net hods of

saturating a carrier gas wwth a vapor of the liquid chem cal and of
1. Field of Invention

V)

The present invention relates to novel systems and
methods for saturating a gas with a vapor from a liquid
chemical. The invention also relates to novel systems and
methods for controlled delivery of a vaporized liquid
‘chemical. The invention has particular applicability to the

semiconductor manufacturing industry.

2. Description of the Related Art

In the semiconductor manufacturing industry, high
purity gases are supplied to process tools for carrying out
various semiconductor fabrication processes. Examples of
such processes include diffusion, chemical vapor deposition
(CVD), etching, sputtering and ion implantation. The use of
volatile liquids as the reactant source for these processes
is known. Such liguids include, for example, silane (SiH,),
dichlorosilane (SiH,Cl,), trichlorosilane (SiHC1l,), ammonia
(NH,) , boron trichloride (BCl,), chlorine (Cl,), hydrogen
chloride (HCl) hydrogen fluoride (HF) and chlorine
trifluoride (ClF,).



vaporizing the liquid chem cal without a carrier gas. Known nethods of
saturating a carrier gas wwth a chem cal vapor include, for exanple, direct
injection of the liquid chemcal directly into a carrier gas stream It is
al so known to bubble a carrier gas through the |iquid chem cal thereby
saturating the gas with the chem cal vapor. In carrier gas using nethods,
the concentration in the carrier gas of fhe cheni cal vapor is affected by
several factors. For exanple, bubble size, in terns of bubble surface area,

and tinme of exposr8abf:t Re HIBET afo methiadsyhiave e ansed ket Prawide
chem cal v q ragLon _jn e rri.er ... A known. devi ce | oyed in
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ext endi ng iptocassosgaiprental diTieddia ddidiid wdenbda! of THELGRARELRYE gas s

bubbled into the liquid chem cal through the perforations in the tube,

whi ch per mi@2¥heegHagasowbehdies vieitant exf ttthen liquiddclzemmenal i antihefl i qui d.
As the bubhl j ogresses.and .the liquid chemical vaporizes, the |evel of
the Iiqui dbﬁé%qrg% g?ngf‘ﬁelc}&ﬁtlzif r?é}e"g‘o?ﬂi r’on‘{Pé%tf% LY et hgaghs e KBOWH
fresh Iiquiegheabcak bakngatddrd 4 halslQr TS Wathali ORehichi aybdolevel
during the bubbling processakesu ts in 5'Rég%ition #n tﬁ@eﬁgg%?igﬁg8k
contact ti nclhdeebfoxl exaimpd et,helicondentnpédtoionfof hehehkdiaal vapor in

the carrier_gas, _ -3- Another variable affecting the concentration of the
chemi cal \&ﬁﬁ%m?ﬁa}hél€§FF#§i%ﬂ%?i%sQ4ﬁ¥%%%wﬁﬁ%1%¢%e®m-thét is also

known to bubble a carrier gas through the liquid chemical

thereby saturating the gas with the chemical vapor.

In carrier gas using methods, the concentration in the
carrier gas of the chemical vapor is affected by several
factors. For example, bubble size, in terms of bubble
surface area, and time of exposure of the bubble to the
liquid chemical affect the chemical vapor concentration in
the carrier gas. A known device employed in contacting a
liquid chemical with a carrier gas is a perforated tube
extending into a container holding the liquid chemical. The
carrier gas is bubbled into the liquid chemical through the
perforations in the tube, which permit the gas to be
distributed to a limited extent in the liquid. As the
bubbling progresses and the liquid chemical vaporizes, the
level of the liquid chemical in the container continuously
falls in the absence of fresh liquid chemical being added
thereto. This variation in liquid level during the bubbling
process results in a reduction in the gas-liquid contact

time, thereby altering the concentration of the chemical

vapor in the carrier gas.
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th,st@@u¢teqﬁallbr1um_saturatlon conditions as long as the

temperature remains constant. If, however, the temperature

drops, a portion of the chemical vapor condenses from the

vapor state, resulting in a change in the concentration of

the chemical vapor in the carrier gas.

To control the temperature of the saturation device,
is conventioﬁal to use a chiller unit alone. 1In the
conventional device, the chiller unit cools the system to
sub-ambient temperature to prevent condensation of the
chemical vapor from the carrier gas as it is delivered to

the process equipment. This, of course, assumes that en

it

a

route to the process equipment, the gas is not subjected to

a temperature lower than that at which the saturation

occurred. It has been found, however, that a chiller unit

alcne does not provide complete temperature control.

During the saturation process, conversion of the liquid

chemical to a vapor results in the removal of additional

heat from the liquid. The net effect of this heat removal

is that the temperature of the liquid chemical may drop

below the control temperature of the coolant. Because the

chiller unit only provides cooling duty, this additional



heat. renoval cannot be conpensated for by the cooling system al one. Thus,
variations in the vapor pressure of the liquid chem cal and concentration
of the chemi cal vapor in the carrier gas can result. Still another variable
whi ch can affect the chem cal vapor concentration in the carrier gas is the
pressure of the carrier gas. Known devéees have made use of nechani cal
pressure regulators, which rely on springs and di aphragns to sense and

control heassuesoviilt basnok Weckanipgealsataud cesr $pmeuércobMEﬁ? E§s@Bm
i nherent_delay in responding to system changes. This can result In pressure
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t enper atemeri&uchavachat heas1eri ng about changes in the delivery pressure

and flowate of the product vapor to the sem conductor processing
equi pnent, leading to process instabilities. To neet the requirenents of

t he sem condu ufacturing industry and to ercone the di sadvant ages
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Through the invention, a gas whi onstant” chem cal

vapor copeencayrien gas.be Kmomri dieri dd shige anhdevadet bFowglheeiidzal of

the carrjier gas pressure, the temperature of the liquid chem cal and the
pressure regulators, which rely on springs and diaphragms to
sense and control pressure. With such mechanical devices,
however, there is an inherent delay in responding to system
changes. This can result in pressure fluctuations which, in

turn, produce variations in the chemical vapor

concentration.

In carrier gas-free methods, changes in the vapor
pressure of the liquid chemical result from variations in
the liquid chemical temperature. Such variations bring
about changes in the delivery pressure and flowrate of the

product vapor to the semiconductor processing equipment’

leading to process instabilities.

To meet the requirements of the semiconductor
mdnufacturing industry and to overcome the disadvantages of
the related art, it is an object of the present invention to
provide novel systems for saturating a gas with a vapor from
a liquid chemical. Through the invention, a gas which has a
substantially constant chemical vapor concentration can be
provided. This is achieved through control of the carrier

gas pressu;g, the temperature of the liquid chemical and the



-5- liquid chemcal level in the saturation vessel. The degree of control
now possible wth respect to the properties of the product gas has not been
achieved with systens to date. It is a further object of the invention to
provi de novel nethods for saturating a gas with a vapor froma liquid
chem cal. The nethods can be practices with the inventive systens. It is a
further object of the invention to prOV|de novel systens for controlled
delivery of a vaporized liquid chem car®-which systems are carrier
gas-free. is a_further Obj ect of the invention to provide novel nethods
for cont rbmeaddehevep@lof ey alapdy ithed satgirak iprnveasel whi ERendedses are
free of a arrln ag source (}Th glbj ects arhleas ect SrOfetE eg %ent

i nventi on®w FP owg'gbﬁﬁﬁ ﬁp X %ﬁ$ (ﬁeﬁﬁ%ﬁ ? FIP*PRethe®3rPron a
revi ew of thhe &e@%&&e@ Wds HAMGS, atth £dPddBw fPREBISHeR8r 86044BR!I EF
DESCRI PTI ON THE W NGS The objects and advant ages of the invention

wi |l become apparent fromthe follow ng detailed description of the

preferred enmbodi nent s ther eof |n connectl w th the acconpanyi, dr awi ngs,
in which |ike f&atfr & ég%el?%?%reﬂﬁetﬂ gFgg and in

whi ch: Ge1FkEtnbdd | Qe ‘HW§ PERCESTapbpWedbRgLam for gas
saturatloﬁolﬁ accor ancgﬁxtrlonéﬁgjgg %E % aﬁ
liquid chemical. The methods can be practices with the

inventive systems.

It is a further object of the invention to provide
novel systems for controlled delivery of a wvaporized ligquid

chemical, which systems are carrier gas-free.

It is a further object of the invention to provide
novel methods for controlled delivery of a vaporized liguid

chemical, which methods are free of a carrier gas source.

Other objects and aspects of the present invention will
become apparent to one of ordinary skill in the art on a
review of the specification, drawings and claims appended

hereto.

BRIEF DESCRIPTION OF THE DRAWINGS
The objects and advantages of the invention will become
apparent from the following detailed description of the
preferred embodiments thereof in connection with the
accompanying drawings, in which like features are designated

by like reference numerals, and in which:



invention; FIG 2 illustrates a saturation vessel in accordance wth one
aspect of the invention; FIGS. 3A and 3B illustrate, in plan view,

exenpl ary sparger assenblies for bubbling a carrier gas into the liquid
chem cal in accordance with one aspect of the invention; and FIG 4
illustrates an exenplary process flow diagramfor controlled delivery of a
vapori zed chem cal in accordance with a further aspect of the invention.
SUMMARY OF THE | NVENTI ON The foregoi ng ohj ectives are nmet by the systens
and net hods of the present invention. According to a first aspect of the
invention, a syEI€m foildustiratefgan GxSMRLBNYaPVREEFSt féMWa diiaguian

hem cal . Th I d
ective o FrauRRSCREFIEAT Gha1h aPPEgRigaR: ) oHEa8relt bR W 1 e

saturati oniNesgsehohor sparging the carrier gas into the liquid chemcal;

(c) means for nalntalnlng the liquid chemcal in the saturation vessel at a
substantially constant |evel; (d) neans for controlllng the t enper at ure of
the Iiquid chencal |nﬁ§Ee saturation vessel a esired val ue,

comprising (1) 3l8ystedttBFtEG5FENG ?ﬁéuFP&&PB BﬁéﬁF&aPn &ﬁ&ﬁ[qﬁan‘heater

inside theyityh one aspect of the invention;

FIGS. 3A and 3B illustrate, in plan view, exemplary
sparger assemblies for bubbling a carrier gas into the
liquid chemical in accordance with one aspect of the

invention; and

FIG. 4 illustrates an exemplary process flow diagram
for controlled delivery of a vaporized chemical in

accordance with a further aspect of the invention.

SUMMARY OF THE INVENTION
The foregoing objectives are met by the systems and
methods of the present invention. According to a first
aspect of the invention, a system for saturating a gas with
a vapor from a liquid chemical. The system comprises:
(a) a saturation vessel connected to receive a ligquid
chemical and a carrier gas;
(b) a gas sparger in the saturation vessel for
sparging the carrier gas into the ligquid chemical;
(c) means for maintaining the liquid chemical in the
saturation vessel at a substantially constant
level;
(d) means for controlling the temperature of the

liquid chemical in the saturation vessel to a



saturation vessel extending vertically in the liquid a distance at |east
hal f of the height of the liquid chem cal |evel for heating the liquid

chem cal; and (e) neans for controlling the pressure of the saturated gas
to a desired value. In accordance with a further aspect of the invention, a
nmet hod of saturating a gas with a vapor froma liquid chem cal is provided.
The nmethod conprises the steps of: (a) introducing a liquid chemcal and a
carrier gas into a saturation vessel, whefein the carrier gas is sparged
into the liquid chemical to forma gas saturated with vapor fromthe liquid
chemical; (b) naintaiﬁﬁﬁgrﬁﬁeVBﬂQ@Ldcom@FF@ahgiglﬁha s&%mmMnﬁmﬁ\ﬁﬁ?xﬁn@I_g
substantially constant.|eyel; .(c). contr ing the tenperature of the Iiqu
chenical in ¥he saturgPFoxlﬁgégthFglg asPPEd (ddh- anbeaterydnsds tdwl i ng

the liquid chemcal t [ hu .addi t.to.the.liquid
chenicgl, as necessarsasggggﬁégt%%ﬁ§%%e%gg%§?ﬁ?g,b%??ﬁggl%ééfé}%ﬁﬁ%lQe t he
saturation vessel, thetihedtien éikeaticegavenkibedl hyulifnotrhenld geidia dist ance
at least half of the height of the |liquid chemcal |evel; and L
control ling the pressthe &faupd shemispddlgyelt ox Hestriog wdleud.iquid 8-

chemical; and
(e) means for controlling the pressure of the

saturated gas to a desired value.

In accordance with a further aspect of the invention, a
method of saturating a gas with a vapor from a liquid
chemical is provided. The method comprises the steps of:

(a) introducing a liquid chemical and a carrier gas
into a saturation vessel, wherein the carrier gas
is sparged into the liquid chemical to form a gas
saturated with vapor from the liquid chemical;

(b) mwaintaining the liquid chemical in the saturation
vessel at a substantially constant level;

(c) controlling the temperature of the liquid chemical
in the saturation vessel to a desired sub-ambient
value by cooling the liquid chemical to the
desired value, and adding heat to the liquid
chemical, as necessary to adjust the temperature,
with a heater inside the saturation vessel, the
heater extending vertically in the liquid a
distance at least half of the height of the liquid
chemical level; and

(d) controlling the pressure of the saturated gas to a

desired value.



A further aspect of the invention relates to a systemfor controlled

vapori zation of a liquid chem cal. The system conprises: (a) an evaporation
vessel connected to receive a liquid chem cal and which is carrier

gas-free; (b) neans for maintaining the liquid chem cal in the evaporation
vessel at a substantially constant |level; and (c) neans for controlling the
tenperature of the liquid chemcal in the evaporation vessel to a desired
val ue, the controlling neans conprising-@F) a systemfor cooling the liquid
chemcal, and (ii) a heater inside the evaporation vessel for heating the
l'iquid chemical A Ifmxracd:wr caeetwidh thed urthert bepecelates hEOi anveyistem, a

nmet hod of controlled ver of a vaporjzed, ]Jiquid chenlc rovi ded.
The net hodfPE E&PFF@Q %R#&ﬁ%s%gl¥QEﬁét %mb?a (a) hgtroducing
aliquidc Ek%ﬁ ddﬁ? fyééwaporatlon vessel; (b) maintaining the |liquid
l evel int evapor Ion vessel at a substantlally constant level; and (c)

control ling the (a@nperatevapafativn |veps el chemheat ed ntd heeewapeor ati on
vessel to a desired sub-anbient value by cooling the Iiquid chemcal to the
desired val ue, and aquxlgl%ecatemd:%eam duiicle hbpi earries gaselxsaey to

adjust the tenpergt ung,, W 1,2 feALEL 184 9nd NP1 §R1 4 BhLRDCYPS 28! £ndNd
evaporation vessel at a substantially constant
level; and

(c) means for controlling the temperature of the

liguid chemical in the evaporation vessel to a
desired value, the controlling means comprising
(I) a system for cooling the liquid chemical, and
(ii) a heater inside the evaporation vessel for

heating the liquid chemical.

In accordance with a further aspect of the invention, a
method of controlled delivery of a vaporized liquid chemical
is provided. The method is carrier gas-free and comprises
the steps of:

(a) introducing a liquid chemical into an evaporation

vessel;

(b) maintaining the liquid level in the evaporation

vessel at a substantially constant level; and

(c} controlling the temperature of the liquid chemical

in the evaporation vessel to a desired sub-ambient
value by cooling the liquid chemical to the
desired value, and adding heat to the liquid
chemical, as necessary to adjust the temperature,

with a heater inside the saturation vessel; and



-9- (d) renoving a stream of vaporized liquid chemcal fromthe evaporation,
vessel . DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS OF THE | NVENTI ON
The invention will now be described with reference to FIG 1, which
illustrates an exenplary process flow diagramfor gas saturation in
accordance with one aspect of the invention. A carrier gas is delivered
froma carrier gas source 102 through line 104 to a saturation vessel or
bubbl er 106, which contains a volatile 17quid chemical. The carrier gas is
bubbl ed through the liquid chemical in the saturation vessel 106 to forma
saturated gas of@HesTeEEVEBHCcanctaERBN CLTHaPOFirRer ldavisoghenited can be,
for exanple, a gas cgk%gdgﬁ or.a g%I%.storage essel. The specific carrier
gas and |iquid chem ca eonoyeapw FIlSEpgﬁ 5§t he end use of the forned
saturated gas. Typically, the carrier gas is hydrogen (H2) or an inert gas
such as helium (He), Argon (Ar) or nitrogen (N2). OQher reactive or
non-reacti ve gases can al sSBEBAILEB]DESRRIPIG Fh&HECal enpl oyed in the
present invention shoRREFERRBD EMBDDCMERNISYOFatrHE tWvENaGtion carrier gas
bubbl ed t herethrough can becone_saturated with the chem cal vapor at
sub- ambi ent  t enPef at BYEREAAE Wi ldoRC¥nPratrerE iRRACHikbuke tpaeaCENdia Use
o e o8> Phfon [YPLGBE ok 8! Sn08hETa2y *BRORLES Aol Riagran
for gas saturation in accordance with one aspect of the

-~
L&

invention.

A carrier gas is delivered from a carrier gas source
102 through line 104 to a saturation vessel or bubbler 106,
which contains a volatile liquid chemical. The carrier gas
is bubbled through the liquid chemical in the saturation
vessel 106 to form a saturated gas of desired concentration.
The carrier gas source 102 can be, for example, a gas

cylinder or a bulk storage vessel.

The specific carrier gas and liquid chemical employed
will depend on the end use of the formed saturated gas.
Typically, the carrier gas is hydrogen (H,) or an inert gas
such as helium (He), Argon (Ar) or nitrogen (N,). Other

reactive or non-reactive gases can also be used.

The liquid chemical employed in the present invention
should be of sufficient volatility that a carrier gas
bubbled therethrough can become saturated with the chemical
vapor at sub-ambient temperatures and at concentrations
which would make their use commercially feasible. Typical

liquid chemicals employed in the semiconductor manufacturing



-10- industry which can be used with the invention include, but are not
limted to, silane (SiHerr]), dichlorosilane (SiH2Q 2), trichlorosilane
(SiHA 3), ammonia (NH3), boron trichloride (BA 3), chlorine (d 2), hydrogen
chloride (HO) hydrogen fluoride (HF) and chlorine trifluoride (ClF3). The
invention can be readily applied to other liquid chem cals. Were the
saturated gas is to be used in the manufacture of sem conductor devices,
the carrier gas and |iquid chemical shoulB-be of purities conmpatible with

t he devices being formed. Preferably, the carrier gas and |iquid chem cal
are of ul t FMgpwhish ganibeidsedppiyhsybeeinivenpioni dedlwdiechbug
capabl e of ntj nu y,. I atroduci the_ljquid,chemcal.jnto g _saturation
vessel 106."’&0 giogzr c%Llr:%}ru}e/t'?#qtu(?’d %Jog%a?nZ?%h%%,dﬁ%@%{%ﬁg%%uL%}vcaﬁyt he
liquid chemrygialhl Jhss R4S | o118k hhe Lomddi Dendr Fhowodohe teampaldblg W th
the liquid chemcal to prevent corrosion and avoid contam nation of the

chemical . ABstladnl ebdostieel (SUgh, abhydt6heat ahdbedsest(eiell )caydrogesed for

this purpo%sé}LL id containers 108, 110 are connected through a system of
t ubi ng and Qﬁiﬁ§<f%ﬁhcﬁ@4rﬁb4?%&m% Erekivaries KelFmtrodtk®d into the

saturation jyRssf! i HP6 T he t cUse L Rrapsp he.liqyid, chenm ca
t hr ough thé'systéh1a?§ubre é%%%?&ﬂf|%&#gf%éhgéegEEE%s?%ﬂ%@édchmTSFﬁSn
| i ned stainless steel. Containers 108, 110 can be connected to the

saturation vessel by individual |ines which converge into a single |Iine

112. Optional | y Whsiee dihatat werfied os@s is to be used in the

manufacture of semiconductor devices, the carrier gas and
liquid chemical should be of purities compatible with the
devices being formed. Preferably, the carrier gas and

liquid chemical are of ultra-high-purity.

A liquid supply system is provided which is capable of
continuously introducing the liquid chemical into the
saturation vessel 106. One or more liquid containers 108,
110 store a supply of the liquid chemical. The material of
the containers should be compatible with the liquid chemical
to prevent corrosion and avoid contamination of the
chemical. A stainless steel such as 316L stainless stedl

can be used for this purpose.

Liquid containers 108, 110 are connected through a
system of tubing and valves to allow the liquid chemical to
be introduced into the saturation vessel 106. The tubes
used to transport the liquid chemical through the system are
preferably flexible hoses constructed of Teflon lined
stainless steel. Containers 1oé, 110 can be connected to
the saturation vessel by individual lines which converge

into a single line 112. Optionally, one or more additional



saturation vessels can be supplied wwth the liquid chem cal via branch
lines 112', 112''. Liquid containers 108, 110 are preferably configured to
permt the liquid surface thereof to be pressurized with an inert gas, for
exanpl e, through lines 114, 116, thereby forcing the liquid up through dip
tubes 118, 120 and through the val ve/pi ping systeminto the saturation
vessel. Other flow configurations, for exanple, using a punp, are known in
the art and can optionally be used. By éfproying a plurality of liquid
containers 108, 110, a continuous streamof the liquid chem cal can be
provi ded t c3HerdbioravedfcliEssan recsuprdisdppiyhf tbe flilostid icdeimdcal

cont ai ner ;gg%ggﬁ?ﬁgﬁtigHgsu?i%L tQEZLLquid chem cal therein is depleted or

until a pre residual anbunt of the liquid remains in container
108. The liquid level in each of the containers is preferably nonitored by
a low | evel sensor connected either to an al arm system set up for manual
operation of shubbfifiidatertaiiery21608, alDernmat prelfgrabilyhcbeddbpsied axa

controller which auto ticaII% cgntrols operation of shutoff valves V1 and
V2. While tHREFPHY sEOFI ytldofivatAEP EB8TRELi hoube, PrgpsETESCs Wikh 8 open

position angd,vad Ve V2 Syl | o i e m_ni_ num |iquid
| evel has been de %cfed fng¥%@5%§Fs?ﬁ?ngﬁd&éggFaggg(,HggdwtgﬁéF romis
ceased by cimséihgyveheelduidandpvehreudB 8spopened tashedbn swRPlkhAdiem the
second, fresh container 110. The first container can then be replaced W th
a full Cont%h%éYa%Y?ﬁBh?lng system into the saturation vessel. Other

flow configurations, for example, using a pump, are known in

the art and can optionally be used.

By employing a plurality of liquid containers 108, 110,
a continuous stream of the liquid chemical can be provided
to the saturation vessel 106. The supply from first liquid
container 108 can continue until the liquid chemical therein
is depleted or until a predetermined, residual amount of the
liquid remains in container 108. The liquid level in each
of the containers is preferably monitored by a low level
sensor connected either to an alarm system set up for manual
operation of shutoff valves V1, V2 or, alternatively, with
feedback to a controller which automatically controls

operation of shutoff valves V1 and V2.

While the first liquid container 108 is in use, valve
V1l is in the open position and valve V2 is in the closed
position. Once the minimum liquid level has been detected
in the first liquid container, flow therefrom is ceased by
closing valve V1, and valve V2 is opened to begin supply
from the second, fresh container 110. The first container

can then be replaced with a full container without



-12- disrupting the process. Chem cal depletion and switchover to a fresh
contai ner can continue in this manner, thereby allow ng continuous supply
of the chemcal to the saturation vessel without interruption. Wth
reference to FIG 2, saturation vessel 106 is a vessel which contains the
|l iquid chem cal and has connections for introducing and renoving vari ous
fluids. The size of the saturation vessel depends on the nunber of
processing tools being serviced thereby¥2and the requirenents of those
tools. Typically, the saturation vessel has a |liquid storage capacity of
from 11. 4dieriBk ing ithe PYSews 40 @'aﬂmiolﬁsl) ,demie torart earxb| switone8ers to

94.6 liters (15 to.25 | | ons altho ot her sizes can readil e used.
' accor diRed TPt TEREHIISE s SRAL TR h | SR OMeT het BETEPH | on
vessel hag1an,apRy QddBhRldus Sulp ;Iw &5r (R %&émai '@&'@iqétga@%ae&aeac' ty.
Vari ous connections on the saturati'on vessel are preferably disposed at a
top porti eesdedr eafthdut | Irstexommeitdn on 122 is connected to the liquid

supply system descri bed above, for introducing the liquid chemcal into the
saturation vessel. The first connection 122 i ncl udes a manual val ve V3

connected to av&;@n ?Clherg % Jates t gp X :Féﬁ%é’é%ﬁﬁfelﬁﬁt E%aél on
vessel and extends near e vesse fera
ext ends t eraMddu ﬁvl'&lcf}@V\t:chQSSOlfhé hﬁlm%hé}@iéﬂnarﬁﬁm connection 124
is connected by tubing to the carrier gas supply 102 for introducing the
carri er g@pnnﬂqﬁlons for introducing and removing various fluids.
The size of the saturation vessel depends on the number of
processing tools being serviced thereby, and the
requirements of those tools. Typically, the saturation
vessel has a liquid storage capacity of from 11.4 to 151.4
liters (3 to 40 gallons), and preferably from 56.8 to 94.6
liters (15 to 25 gallons), although other sizes can readily
be used. In accordance with an exemplary aspect of the

invention, the saturation vessel has an approximately 75.7

liter (20 gallon) liguid storage capacity.

Various connections on the saturation vessel are
preferably disposed at a top portion thereof. A first
connection 122 is connected to the liquid supply system
described above, for introducing the liquid chemical into
the saturation vessel. The first connection 122 includes a
manual valve V3 connected to a tube which penetrates through
the top of the saturation vessel and extends nearly to the
vessel bottom. Preferably, the tube extends to within a few

inches of the vessel bottom.

Second connection 124 is connected by tubing to the

carrier gas supply 102 for introducing the carrier gas into



-13- ‘the saturation vessel. Second connection 124 includes a nmanual val ve
V4 connected to a tube which penetrates through the top of the saturation
vessel. The end of the tube of second connection 124 is connected to a gas
di spersing structure 126 which has perforations through which the carrier
gas flows and is dispersed into the liquid chemical. Preferably, the -

di spersing structure 126 includes a plurality of sintered netal tubes and
i s disposed at or near the bottom of th&3saturation vessel. The gas

di spersing structure permts fine bubbles to be produced in_the Iiquid
chemi cal t@eil$JRTRELPRL Eeedal act Spepndeponneckapni 24 gancandeshe |iquid

chem cal. FIGS., 3A and illustrate in_plan view exenplary. sparger
cssenbii edih CalVEeVE GrabEtt & Fhea phBe) BLFE RTRePFEER LA o
being |imied tdpady ¥RY Lheashioh! {Rsd81 sShovse acg@abgethaseqnbl yanwhi ch
has five sintered netal tubes 128. In accordance with a preferred aspect of

t he i nventseromtdcagnghbivoni h2F| 35 @Bnnachedt ep d3@asndasheaséngwel | 132
(described bel ow) is_disposed a the central axis of the saturation

I
vessel . | P StRACAr€ated W’BlﬁJét}_é?g?gﬁéf%ébi_%%thﬁfuﬁhe""EéﬁPr5 Caxis. As
the carr! &afRfet Sahl! EPOYGEUnaNt 0 &?%&%QHH%RE‘S”&HQ' 118428 BRRASAIP

t hrough the Tiquid chemca event ua ecom ng sat urat
chem cal vepeferdbeysatheatiedpyapbhgi straecoved irenmihbkudakusati on vessel

through a third_ connection 134 which includes a manual val ve
plurality of sintered metal tubes and is disposed at or near
the bottom of the saturation vessel. The gas dispersing
structure permits fine bubbles to be produced in the liquid
chemical to allow intimate contact between the carrier gas

and the liquid chemical.

FIGS. 3A and 3B illustrate in plan view exemplary
sparger assemblies which can be employed as the gas
dispersing structure. While not being limited in any way
tﬁereto, FIG. 3A shows a sparger assembly which has five
sintered metal tubes 128. 1In accordance with a preferred
aspect of the invention and as shown in FIG. 3B, a heater
130 in a heater well 132 (described below) is disposed along
the central axis of the saturation vessel. 1In such a case,

no metal tube is present at the central axis.

As the carrier gas is introduced into the liquid
chemical, bubbles pass up through the liquid chemical,
eventually becoming saturated with the chemical wvapor. The
saturated vapor is removed from the saturation vessel
through a third connection 134 which includes a manual valve
VS and tube which is connected to but typically does not

extend into the saturation vegsel. The diameter of this



V5 and tube which is connected to but typically does not extend into the
saturation vessel. The dianeter of this -14- tube is designed to

m nimze pressure drop to avoid condensation of the chem cal vapor. Third
connection 134 can further be provided with a pressure relief assenbly 136
whi ch protects the saturation vessel in the event of a high pressure
condition. The pressure relief assenbly advantageously can be serviced

wi t hout renoving the saturation vessel f¥%m service. The saturated vapor
exiting the saturation vessel is conducted through tubing 138 to the point
of use, fotubraipsl esgignast trpril rsian 2 MIABIrPraEs in@y@ols. The tubi ng

can be divided downstreaminto lurality of branch |ines 140, 142 and 144
for this pbPp §8?%5%99ﬁggfébqnéhéﬁ%qéiuy B optionally be connected to an

anal ytical tool, such as a concentration sensor, for verification of the
saturated gas product. The saturation vessel preferably includes a fourth
connection 146 Whiicld aldrovesctoe t138 4 ey efwathererise prgyidedivl e cal
fromthe vessel when the vessel is to be serviced. The fourth connection

146 i ncl udBEegsmEifudIe Al @aFREIhde iR WHHEHHT D FREYER ©EOR hr ough
h f . i f | .
the top of JLhg saty actﬂeogex%’iiﬁﬁég%aatﬂﬂ?i?i% f‘}%{je;sgéxgryé NeoReid 0 of 4ie vesse

The liquid can be renpbve pressuri zi ng the head

space of tpeesatteatrieliafestiedl wsaivinttaddays dovean ibe €408 i Sd@WN)
connected to an inert gas _
without removing the saturation vessel from service.

The saturated vapor exiting the saturation vessel is
conducted through tubing 138 to the point of use, for
example, one or more semiconductor processing tools. The
tubing can be divided downstream into a plurality of branch
lines 140, 142 and 144 for this purpose. One of the branch
lines can optionally be connected to an analytical tool,
such as a concentration sensor, for verification of the

saturated gas product.

The saturation vessel preferably includes a fourth
connection 146 which allows one to remove any remaining
liguid chemical from the vessel when the vessel is to be
serviced. The fourth connection 146 includes a manual valve
V6 connected to tubing which penetrates through the top of
the saturation vessel and extends to the bottom of the
vessel. The liquid can be removed through this tubing by
pressurizing the head space of the saturation vessel by use
of a blow down line {(not shown) connected to an inert gas
supply or by backfilling the vessel through third

connection 134.



supply or by backfilling the vessel through third connection 134. - 15-
To ensure a substantially constant vapor/liquid contact tinme between the
carrier gas and liquid chemcal, it is inportant that the |iquid chem ca
in the saturation vessel be nmaintained at a substantially constant |evel.
The liquid | evel can be controlled by various nmeans. In accordance with an
exenpl ary aspect of the invention, the liquid content in the saturation
vessel is preferably controlled by nonitid+ ng the nass or wei ght of the
saturation vessel. For this purpose, a mass or weight scale 148 can be

di sposed beneat ot eassateuzatsiudis teersiel1 1tyo coordtantouslpoyaasiriel tdente@ss or
wei ght of the vessel. A signal fromscale 148 is sent to a controller 150

whi ch cont F &€ BEEW%%ﬁhﬁf e Lorg dad ﬁ’;ﬁbllﬁ%&“ﬁ é’rheﬁblé‘é’& otk Hes wei ght

2
Cont | nuousl JPRoErs) SFRs s o Sy o B Bt ald Hotmaretr

vessel to Bal fbhant ad nedn sitant slum;ﬂadudl%\aqu teaffidht AR extie sef@tyg
check in the event scale 148 mal functions, liquid | evel sensors, for

exanpl e, fledelsaincies cond rgdilest hnganyﬂﬂanmaanﬂIltintﬁdaauﬁ&n¢¢1the

saturation v sel can installe € sensors, can onne ed to an
al arm syst‘é’f‘n o2& 8ﬁen}1ﬁ5ré'p€|s§te 61‘ grsﬂf NG ”corfglet al | ow

visual nongbatbRE aRd tPRS (NN A el is preferably controlled by
monitoring the mass or weight of the saturation vessel. -For
this purpose, a mass or weight scale 148 can be disposed
beneath the saturation vessel to continuously measure the
mass or weight of the vessel. A signal from scale 148 is
sent to a controller 150 which controls operation of the
liquid supply system based on the weight measurement.
Controller 150 sends a signal to a valve 152 which
continuously controls the flux of liquid introduced into the
saturation vessel to maintain a constant liquid level

therein.

As an extra safety check in the event scale 148
malfunctions, liquid level sensors, for example, float
switches, to detect high and/or low liquid levels in the
saturation vessel can be installed. These sensors can be
connected to an alarm system to alert the operator of any

abnormal condition.

To allow visual monitoring and observation of the
liquid level and dispersion of the carrier gas in the liquid
chemical, a sight glass assembly 150 can be installed in the
vessel. The sight glass assembly should be leak proof so as

to avoid leakage and contamination of the liquid chemical.



l'iquird | evel and dispersion of the carrier gas in the liquid chemcal, a
sight glass assenbly 150 can be installed in the vessel. The sight gl ass
assenbly should be | eak proof so as to avoid | eakage and contam nati on of
the liquid chem cal. -16- The sight glass is preferably constructed of a
quartz lens sealed with an o-ring. To prevent condensation of the chem cal
vapor in the saturated gas, the liquid chemcal in the saturation vessel is
cooled to a desired tenperature bel ow akPrent tenperature. The tenperature
setpoint will depend on the characteristics, such as vapor-pressure, of the
liquid ch&hecadights Jbags asstRecferpet vt opestruehedgal Ri gesrbét WeBfA t he
saturation vessel and £$e pg&ﬂé of use is not less than the tenperature of
é

t he quuié*%%enlcd} he Ves el , condensation will not occur. Two systens

are enployed to accurately control the tenperature of the |iquid chem ca
in the saturation vessel to the desired value. Afirst systemallows the
| i qui d chemi calTe cpbhevendl edndansatdanr of | denghewicalnvaroer hal tbeol i ng

unit 154 in heat tcansfer coniact,&jt t he aturaﬁion vessel is grovhded.
The ext er FATERITAGTRI t CPFef EFUBRYCRERESAE hE BRf BRCHTBEOPPNYCFE et

around th §wgégf@a0@?vgs%gg%}?Poggggggggprg_thg%egm§§%httransfer fluidis

circul ated, for exanple, urd circulation punp Sui t abl e heat

transfer fdemgisrater&nownhénteipeaatuaadsenpbtide, widl dxpepbecnethyl ene

glycol . characteristics, such as vapor- pressure, of the liquid
chemical. As long as the temperature in the gas lines
between the saturation vessel and the point of use is not
less than the temperature of the liquid chemical in the

vessel, condensation will not occur.

Two systems are employed to accurately control the
temperature of the liquid chemical in the saturation vessel
to the desired value. A first system allows the liquid
chemical to be cooled in a controlled manner. An external
cooling unit 154 in heat transfer contact with the
saturation vessel is provided. The external cooling unit
preferably takes the form of a cooling jacket around the
saturation vessel through which a chilled heat transfer
fluid is circulated, for example, by a fluid circulation
pump 156. Suitable heat transfer fluids are known in the

art and include, for example, ethylene glycol.

To maintain the heat transfer fluid at a precise
temperature, the fluid passes through a condenser 158 in
which it is brought into heat transfer contact with a
circulating refrigerant which provides the cooling duty.

The refrigerant forms a part of a refrigeration loop which



To maintain the heat transfer fluid at a precise tenperature, the fluid
passes through a condenser 158 in which it is brought into heat transfer
contact with a circulating refrigerant which provides the cooling duty. The
refrigerant forns a part of a refrigeration | oop which -17- al so
includes a precision chiller 160 and controller 162 for cooling the warned
refrigerant in line 164 of the refrigeration |oop. The freshly cool ed
refrigerant fromchiller 160 is introduded to the condenser via |line 162 of
the refrigeration |loop. Suitable chillers and controllers are commercially

avai | abl e,alse exeipdes for pma¥asiam lostinwenien dMit.coriadl Bsr t1en npstel
CFT-33 chiller with integrated controller. Control of the heat transfer

fluid tenp%@‘aii‘jpg Ehs wargecomsfisinarant klﬁbvhnﬁatltﬁﬁjspf Rdre exanpl e, the

t enper at ur h t.ransf er, fI d n ed with t erature
sensor T1 %e? é %8% gﬁ%ércghtlg‘ %#'éﬁéy ?ﬁ%&%? at'thjglqgﬁlller
control | ercﬁﬁz_w/@l aocar adityiaddery aRoldmy dBﬁd/er&féay'xﬂféi 1Merfs Pl al
saturation vessels are enployed, additional cooling systens can be provided

for each stharaefoigesesdlon Alacgr.natduiglahleaslsifidvars rard @ordt, rdliees@ne
cooling systemcan serv the plural saturation vessels 106', 106". The

cool i ng sy3FEnfaBEErcied labsvailatis,, fsneraplar tixgeMes\alt sel f to
CO”p'ete'yIﬁQE§ﬁ&EnEQ€ &?ﬁp%r%ﬁﬂﬁpas the model CFT-33 chiller with

integrated controller.

Control of the heat transfer fluid temperature can be
accomplished by known methods. For example, the temperature
of the heat transfer fluid can be measured with a
temperature sensor Tl in the condenser outlet line 163, with
feedback to the chiller controller 162 which can adjust the

cooling duty provided.

Where plural saturation vessels are employed,
additional cooling systems can be provided for each
saturation vessel. Alternatively, as shown in FIG. 1, the
same cooling system can serve the plural saturation vessels

106", 106"%.

The cooling system described above is not, however,
sufficient by itself to completely control the temperature.
During the saturation process, conversion of the liquid
chemical to a vapor results in the removal of additional
heat from the liquid, the net effect being a drop in
temperature which may be below the control temperature of

the coolant. Because the chiller unit only provides cooling



During the saturation process, conversion of the liquid chemcal to a vapor
results in the renoval of additional heat fromthe |iquid, the net effect
being a drop in tenperature which may be bel ow the control tenperature of
the cool ant. Because the chiller unit only provides cooling - 18- duty,
this additional heat renpval cannot be conpensated for by the cooling
systemalone. It is, therefore, desirable to provide a heater 130 for
heating the liquid chem cal to conpensate{for the heat renoved during the

|l iquid chem cal vaporization process. To accommbdat e heater 130, a heater

wel | 132 i slupryoVitlees isddite aailunadd onearseel . caleadberbd 38okpahsatbe Ebgui d
chem cal when necessary and, together with the cooling system descri bed
above, nai Mvaithe eplinguisysdiemiclinet the desired tenperature. The heater
preferably includes a resistance type heating el enent, although other
heater types can be used. In accordance with an exenplary aspect of the

nvention, the healido leaBiizd & SOMLAMRY vb 6oy fawel| ndddophish extends
vertically fromthe bottomof the saturation vessel through the liqu

chem cal . Heatueld tden lbeywcichsthrancicadl odfo stampdesstst Ber ahd hsapreferably

cylindrical in shape. The heater preferably extends fromthe bottom center

of the vesdEMIueh Weiidig Hiedtuihahemtidabi vaperi 7gbian| BYeresfor e TO

%g{erab' Y d Rl Y AL 44 S AUAL T £7 $391 1 LhE LI g4LE [ BVEhe and
saturation vessel. Heater 130 heats the liquid chemical
when necessary and, together with the cooling system
described above, maintains the ligquid chemical at the
desired temperature. The heater preferably includes a
regsistance type heating element, although other heater types

can be used.

In accordance with an exemplary aspect of the
invention, the heating element is contained within a well
132 which extends vertically from the bottom of the
saturation vessel through the liquid chemical. The well can
be constructed of stainless steel and is preferably
cylindrical in shape. The heater preferably extends from
the bottom center of the vessel to a height greater than
half of the liquid level, more preferably to a height
greater than three quarters of the liquid level, and most
preferably to a height equal to the ligquid level. This
allows for adequate heat transfer with the liguid chemical
to compensate for temperature fluctuations in a relatively
fast manner. Because the heater is generally coextensive
with the cooling unit, axial temperature fluctuations in the

liquid chemical can advantageously be avoided.



preferably to a height equal to the liquid level. This allows for adequate
heat transfer with the liquid chem cal to conpensate for tenperature
fluctuations in a relatively fast nanner. Because the heater is generally
coextensive with the cooling unit, axial tenperature fluctuations in the

|l iquid chem cal can advantageously be avoi ded. -19- To achieve greater
heat transfer between the heating elenent and the liquid chemcal, it has
been found that a high tenperature heat-i18ansfer fluid other than air in
the heater well and in contact with the heater is beneficial. The heat

transfer fluid i® mafieredlgremter | hestichragsfedi betakefi theMhBgEaLcOi | S
can typical lLy reach tenperatures ranging fromabout 54.4[err]C (130[err]F)
to about 7EIAME] @nddoierkiayid THeenieply alir Basf bean Epyoddtbhemacal i n

t he saturaty: (onitored-Wth,a.te rature sensor, 16

di sposed i ?\41% her %\ﬁei i 1%2” n aé%%l?‘?f?lﬁ ﬁ‘l’él aggﬁﬁfi gh‘?f)e?%@l InThéEmowel |
166 extendhdatiexr WAl il did et ®f WiehVeRsehehPePr 9% Hen@Riagoyrate
tenperature reading. The tenperature sensor 165 sends a signal to a

control | er Theg h@mtc i ranskear nf lwehdss apreferablyi gnabile heahemsl30 to

control opgﬁ_tioq_gﬂﬁfeof h$%%F&%%ﬁ$ turns on or_off depending on the

si gnal recdived Fr Sitcont'HaITR i WBI Rl ¥okeRaht tEMBRratures

tenper at r ganffloid et ieaiie: ofs L Pressal ey eshan 4 ed nithegont ro

of the pressure of the carrier gas entering saturation ve The
pressure of the carrier gas and that

The temperature of the liquid chemical in the
saturation vessel can be monitored with a temperature sensor
165 disposed in a thermowell 166 in a port in the saturation
vessel. Thermowell 166 extends into the liquid region of
the vessel to provide an accurate temperature reading. The
temperature sensor 165 sends a signal to a controller 168
which, in turn, sends a control signal to heater 130 to
control operation thereof. Heater 130 turns on or off
depending on the signal received from controller 168 to

maintain a constant liquid temperature.

Another feature of the present invention lies in the
control of the pressure of the carrier gas entering the
saturation vessel. The pressure of the carrier gas and that
of the saturated gas mixture are monitored by pressure
sensors Pl, P2, such as pressure transducers, in the carrier
gas line 104 and in the saturated gas line 138,
respectively. Signals from these sensors are sent to a
pressure controller 170 which controls, for example, based
on a cascade algorithm, a pressure regulator 172 on the
carrier gas line to adjust the pressure of the carrier gas

entering the saturation vessel. Other control schemes can



of the saturated gas m xture are nonitored by pressure sensors Pl, P2, such
as pressure transducers, in the carrier gas line 104 and in the saturated
gas line 138, respectively. Signals fromthese sensors are sent to a
pressure controller 170 which controls, for exanple, based on a cascade
algorithm a pressure regulator 172 on the carrier gas line to adjust the
pressure of the carrier gas entering the saturation vessel. O her control
schenmes can -20- alternatively be used- For exanple, the regul ator can
be controll ed based on a signal froma single pressure sensor on the

saturat ed gasethi€id88y Coatingbher ©éP kkaRpafer abley 2R alads GH L B essure
controller connected to a pneumatically operated regulator, as this offers

fast resporcrttol pedskasedf bnceuatipond, fideer ebys imolienipziesy sy isgnsoer f r om
the pre re setpoint, in_cont t t |1 t ed hani cal
pressu set poi i n rzs o_manual ly og{ra ed nechani c ré&ﬁ;;ure

regul at or 27 Stf'? aBR EUEBREF ¥R Er S 18Pe 138Ny e MOFGTAI P T dl &7 le,
fom Tescom, Cof 90 aL100. psUEDuPS EBRCPRISERAANN Y o ropneunatic Pl D

Controller. The saturation vessel 1s preferably connected by flexible hoses
to a val veppaedt WBAThy | speratedt eeguletbuh)i Bg tialevesf fqyeFugte sensi ng
devi ces and ot her components allowi ng for centralized and easy operation of
t he syster¥esPRpaei bAsPHAFEHTeahlBEtEakioHIS e haraltie Widlive Fitel i ncl ude,

for exanpl t he. additign é' id to the saturation_vessel, nonitoring

and contrd é¥ﬁa%ﬁ?gi£¥b§agﬂén Eggsﬁre setpoint, 1n cont¥ast 'to
manually operated mechanical pressure regulators. Suitable
controllers are conventidnally available, for example, from
Tescom Corporation, such as the model ER 3000U

Electropneumatic PID Controller.

The saturation vessel is preferably connected by
flexible hoses to a valve panel which incorporates the
tubing, valves, pressure sensing devices and other
components allowing for centralized and easy operation of
the system. Operations which can be controlled at the valve
panel include, for example, the addition of liquid to the
saturation vessel, monitoring and control of carrier gas and
saturated gas pressure, flow control of the saturated gas,

and venting and purging of the system for servicing.

As described above, a single saturation vessel can be
connected to a plurality of processing tools by the valve
and distribution system to serve as a saturated gas source
for each tocl. 1In such a case, the piping and components of
the saturation system should be selected and sized to
minimize pressure drop from the saturation vessel to the

processing tools.



saturated gas pressure, flow control of the saturated gas, and venting and
purgi ng of the systemfor servicing. As described above, a single
saturation vessel can be connected to a plurality of processing tools by
the val ve and distribution systemto serve as a saturated gas source for

each tool. In such a case, the piping and conponents of the saturation
system shoul d be selected and sized to mnimze pressure drop fromthe
saturation vessel to the processing toeRs- -21- Typical sem conductor

processing tools which can be used with the invention include, for exanple,
chem cal vapor Tigposal i semicdohduston andcexisdagi tpodpgstvaish kanabeor dance
with an exenplary aspect of the inventign, the saturated vapor is

i nt r oduced* 51 &"Hrh e X EERE BARt HRCLIVFey hECEpRKaTPAR - pFHERdSa Ih @RS Fen

can be used, siﬁ‘leor?,arcﬁiffus?f‘énagﬂdt%%E@LBEB?J %?z%gﬁﬁlé.t ¢ 5‘&@0%9%?1%@ cal .
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In such a process, a mmneral oil In ater wel S preferab

mai nt ai nedyiath a0 WxSRp Bd £y rdspédb0ber thE) indedrtbe , Press sae ek tidie
hydrogen carrier gas at about 2.05x10[err] to 2.74x10[err] Pa (15 to 25
psi g), noreageefis ablyrodeced 2intriaheepitesirls3eaotenr] Pa th8 to 22
psi g). Under. these conditions e trichl orosil ane vaggkizes at _about

h
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the saturation vessel |leading to the sem conductor processing tool can be
avoi ded. Rifocedss) lastimtesl acfilir iheheaspectvedil tiBe iisvemeferably

maintained at about 65.6°C (150°F), and the pressure of the
hydrogen carrier gas at about 2.05x10° to 2.74x10° Pa (15 to
25 psig), more preferably about 2.25x10° to 2.53x10° Pa (18
to 22 psig). Under these conditions, the trichlorosilane
vaporizes at about 15.6°C (60°F). Since the ambient room
temperature is about 22.2°C (72°F), condensation of the
vapor in the lines downstream of the saturation vessel

leading to the semiconductor processing tool can be avoided.

FIG. 4 illustrates a further aspect of the invention,
which is a system and method for controlled delivery of a
gas from a liquid chemical which is carrier gas-free. The
descriptions of the features referenced by the same numerals

as in FIG. 1 apply also to this embodiment.

Because this embodiment is carrier gas-free, the gas
withdrawn from the liquid holding vessel through line 138 is
100% vapor from the liguid chemical. In place of the
saturation vessel described above with reference to the gas
saturation system, a liquid chemical evaporation vessel 174
is employed. Evaporation vessel 174 is different from the

above-described saturation vessel in that the second



which is a system and nethod for controlled delivery of a gas froma liquid
chem cal which is carrier gas-free. The descriptions of the features
referenced by the sane nunerals as in FIG 1 apply also to this enbodi nent.
Because this enbodinent is carrier gas-free, the gas wthdrawmn fromthe
l'iquid hol ding vessel through line 138 is 100% vapor fromthe |iquid
chemcal. In place of the saturation vessel described above wth reference
to the gas saturation system a |iquid2chem cal evaporation vessel 174 is
enpl oyed. Evaporation vessel 174 is different fromthe above-descri bed

sat ur at i opoMAssek ohh fbat Heh@ 5386@1d gas a9 tHRNRRE IARI s e kShhser gas
and the gas dispersing neans descri bed above are not preéesent. The

t enper at udesconbedl abpyeemret mogu gireslemtheatliheg tampesmdiunsy cyst sk,
mai nt ai ns a const ant teggerat re i.n the vessel,, thereb% establishjng the

vapor pr eS¥EFE™ n HREURE dLiFabEtHERe 3 A90dNE. SHIRE SPfyo M e 2t 3B §

passes thEBHQEaﬂtmt%kP%U%@u%t ?{n (0N Q)éhstééel ,e>&ihtex%ibgﬁ e@téﬂﬁ%ﬁ?@réﬁéon.
vessel to ensure singfe phase flow of the vapor stréam fromthe evaporation
vessel . Preperablrgssifire dinsthel ihdddaipeicd aboval niher adgweiidl el ement t hr ough

whi ch the chem cal vapor passes, although other devices are known to
persons skilled in the art. To fine tune the delivery pressure of the

Toni tor ed- and’ BB PAFCR LBy E TRHASe 0P Senddn gl Miste Neadspace Ts
eliminator 176 on the exit side of the evaporation vessel to
ensure single phase flow of the vapor stream from the
evaporation vessel. Preferably, the mist eliminator is a
sintered metal element through which the chemical wvapor

passes, although other devices are known to persons skilled

in the art.

To fine tune the delivery pressure of the product
vapor, the pressure of the product vapor from the headspace
is monitored and controlled by a pressure sensor P3 in
outlet line 138, with feedback to a pressure controller 178
which controls pressure regulator 180. Controller 178 is
preferably an electronic pressure controller connected to a

pneumatically operated regulator 180.

While the invention has been described in detail with
reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made, and equivalents employed without

departing from the scope of the claims.



outlet line 138, with feedback to a pressure controller 178 which controls
pressure regulator 180. Controller 178 is preferably an electronic pressure
controller connected to a pneumatically operated regul ator 180. Wile the

i nvention has been described in detail with reference to specific

enbodi nents thereof, it will be apparent to one skilled in the art that
various changes and nodifications can be nade, and equival ents enpl oyed

wi t hout departing fromthe scope of the2glains. 23 WHAT IS CLAIMED | S:

1. A systemfor saturating a gas with a vapor froma |liquid chem cal

conpri si nwuAR)1 @ SakiM@bi py. vessel (106) connected to receive a liquid
chem cal and a carrier gas; (b) a gas sparger (126) in the saturation

vessel (106) fok. spakgsywtehefenrsaburghing nt ogadewitquadvehenmi dalom @) a
system for, maipn aininﬁ tge Iigﬁid chemi cal in the saturation vessel (106)
at a substafliit | SPYBRSTant CPERELSIEI) a system for controlling the

tenperature of the Ikgyidacg§g%£g£igﬁ %?EséftHfﬁﬁéegﬁgeﬁéekeEéQQE to a

desired val ue, conprising (I system for cooling t iquid chemcal, and

(i) a hedasfuid3hemhsalleahfieasatvrhetrogayessel (106) extending vertically
inthe liquid a distance at |east half of the height of the |iquid chem cal
| evel for heating th&P)igli 92EhERREIFT ARdthe saturation vessel for

sparging the carrier gas into the liquid chemical;

(c¢) means for maintaining the liquid chemical in
the saturation vessel at a substantially constant level;

(d) means for controlling the temperature of the
liquid chemical in the saturation vessel to a desired wvalue,
comprising (I) a system for cooling the liquid chemical, and
(ii) a heater inside the saturation vessel extending
vertically in the liquid a distance at least half of the
height of the liquid chemical level for heating the liquid
chemical; and

(e) means for controlling the pressure of the

saturated gas to a desired value.

2. The system according to claim 1, wherein the
heater comprises a heating element surrounded by a liquid
heat transfer fluid, the heating element and heat transfer

fluid being separated from the liquid chemical.

3. The system according to claim 2, wherein the heat

transfer fluid is mineral oil.

4. The system according to claim 1, wherein the

system for cooling comprises a cooling jacket around the
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(e) a systemfor controlling the pressure of the saturated gas to a desired
val ue. 2. The system according to claim1, wherein the heater (130)
conprises a heating el enent surrounded by a liquid heat transfer fluid, the
heating el enent and heat transfer fluid being separated fromthe |iquid
chem cal . 3. The system according to claim2, wherein the heat transfer
fluid is mneral oil. 24 4, The system according to claim1, wherein
the system for cooling conprises a cool-i2d4g jacket (154) around the
saturation vessel (106) having a liquid cooling fluid circulating

t her et hr ouggt uBat iofhwespselemaadagr @i Adoud &lamiohihg eriel ritdeeriysireim f or
mai nt ai ni ng t he %iqui chem cal |evel conprises a weight or nass scale
(148) di spoRetchBRBYPR -t he saturation vessel (106) and a controller (150)
for controlling flow of the liquid chemcal to the saturation vessel (106)
based on the weight or mass neasurenment fromthe scale (148). 6. A et hod

of saturating asgas Thehsgstepoackbediag itquicd aGRemM,Calhe reAMPHLE R e
st eps of:héa) introducing a liquid chemcal and a carrier gas into a
sat ur at i ontQEsERINFABBINInkbBLeilATiE chemicalgdevied spmpgddeisnteo weigtt qui d
chemcal tg f a S rate ith p fromthe . liquid chem cal; (b)
naintain!ﬁ%rﬂﬁ% i%gsgecﬁég 8§ngﬁkpﬁ8% ag AP TR S o8 VE &hdy a
subst ant i akdyt £60BEaNEcke¥Bhtrolling flow of the liquid chemical to

the saturation vessel based on the weight or mass

measurement from the scale.

6. A method of saturating a gas with a vapor from a
liquid chemical, comprising the steps of:

(a) introducing a liquid chemical and a carrier
gas into a saturation vessel, wherein the carrier gas is
sparged into the liquid chemical to form a gas saturated
with vapor from the liquid chemical;

(b) maintaining the liquid chemical in the
saturation vessel at a substantially constant level;

(c) controlling the temperature of the liquid
chemical in the saturation vessel to a desired sub-ambient
value by cooling the liquid chemical to the desired value,
and adding heat to the liquid chemical, as necessary to
adjust the temperature, with a heater inside the saturation
vessel, the heater extending vertically in the liquid a
distance at least half of the height of the liquid chemical
level; and

(d) controlling the pressure of the saturated gas

to a desired wvalue.
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(c) controlling the tenperature of the liquid chemcal in the saturation
vessel (106) to a desired sub-anbient value by cooling the |liquid chem cal
to the desired value, and adding heat to the liquid chem cal, as necessary
to adjust the tenperature, with a heater (130) inside the saturation vesse
(106), the heater (130) extending vertically in the liquid a distance at

| east half of the height of the liquid chemcal |evel; and (d) controlling
the pressure of the saturated gas to a-#@esired val ue. 25 7. The net hod
according to claim6, wherein the heater (130) conprises a heating el enent
surrounded by & liquittk heethdédansterdihgi do theiheafewhétd80h ahd heat
transfer fluid being separated fromthe |iquid chem cal. 8. The et hod
accor di ng e k@i AT ifR? ed nNeAkiRgatl enansf eprrpundefsbri Aetdpudal . 9.
The met hod accqrding.to glaim6,, wherejn_the.ljquid, chenical .¢cool.i ng

compr | ses P daTrEs 118t EaS FRatPrurta: hPaboRPamREer: AEStkat (154
around t he,esigfdIradd O ve§ Setoh 10Re - 11QuidhenBrtihgd according to claim6
wherein the maintaining of the liquid chem cal |evel conprises measuring
the weight or mass of the saturation vessel (106) and controlling fl ow of

the liquid chemcal to the saturation,vessel &106) based on the meight or
mass measuremerft. 117P9\ BSEheth fEFOEGRREoFPedldaBor v ZUPPER1B tRe PEEd

transfer fluid is mineral oil.

9. The method according to claim 6, wherein the
liquid chemical cooling comprises circulating a ligquid
cooling fluid through a cooling jacket around the saturation

vessel.

10. The method according to claim 6, wherein the
maintaining of the liquid chemical level comprises measuring
the weight or mass of the saturation vessel and controlling
flow of the liquid chemical to the saturation vessel based

on the weight or mass measurement.

11. A system for controlled vaporization of a liquid

chemical, comprising:

(a) an evaporation vessel connected to receive a
liquid chemical and which is carrier gas-free; |

(b) means for maintaining the liquid chemical in
the evaporation vessel at a substantially constant level;
and

(c) wmeans for controlling the temperature of the
liquid chemical in the ‘evaporation vessel to a desired

value, the controlling means comprising (I) a system for
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- chem cal, conprising: (a) an evaporation vessel (174) connected to receive
a liquid chemcal and which is carrier gas-free; (b) a systemfor

mai ntaining the liquid chemcal in the evaporation vessel (174) at a
substantially constant |evel; and (c) a systemfor controlling the
tenperature of the liquid chemcal in the evaporation vessel (174) to a
desired value, conprising (i) a systemfor cooling the liquid 26
chemical, and (ii) a heater (130) insidesthe evaporation vessel (174) for
heating the liquid chemcal. 12. The system according to claim 11, wherein

the heat ercddBng CORPrisgsia feahisgl el eABNYisyr pousded by ndildequwiné heat
transfer fluid, the heating el ement and heat transfer fluid being separated
fromthe |léporaheoncugssed. LThehsgting bbeoldgngdt ehemdicmlll, wherein the
heater (130) extends vertically in the liquid a distance at |east half of
the height of the liquid chemcal level. 14. The system according to claim

11, wherein the;syst f | i L1 SES zp0k ENng. 4) around
t he evaporationlgéssgﬁé(ggiggﬁa%?%agggﬁéqE?dcgggﬁi%g'frﬁgggﬁ%}gﬁ ating
t her et hr ougkatdb. cIhprsyssea heaoidgnglemeakasmridbundeer ®&iyn at Nd Eyist em f or
mai ntaining the liquid chem cal |evel conprises a weight or nmass scale
(148) di sperdd beaeafart hhuidapbhat heativgselepent) andd hgatohmegiaf@r (150)

for Contro%iﬁgg Lé?%@ogeparated from the liquid chemical.

13. The system according to claim 11, wherein the
heater extends vertically in the liquid a distance at least

half of the height of the ligquid chemical level.

14. The system according to claim 11, wherein the
system for cooling comprises a cooling jacket around the
evaporation vessel having a liquid cooling fluid circulating

therethrough.

15. The system according to claim 11, wherein the
means for maintaining the liquid chemical level comprises a
weight or mass scale disposed beneath the evaporation vessel
and a controller for controlling flow of the liguid chemical
to the evaporation vessel based on the weight or mass

measurement from the scale.

16. A method of controlled delivery of a vaporized
liquid chemical which is carrier gas-free, comprising the
steps of:

(a) introducing a liquid chemical into an

evaporation vessel;
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the liquid chemcal to the evaporation vessel (174) based on the weight or
mass neasurenent fromthe scale (148). 16. A nethod of controlled delivery
of a vaporized liquid chemical which is carrier gas-free, conprising the
steps of: (a) introducing a liquid chemcal into an evaporation vessel
(174); (b) maintaining the liquid |level in the evaporation 27 vessel
(174) at a substantially constant level; and (c) controlling the
tenperature of the liquid chem cal i n"4he evaporation vessel (174) to a
desi red sub-anbi ent val ue by cooling the |iquid chemcal to the desired
val ue, and addi ng hE¥t tHRIHAIMRE CRPehiedtd, 19¥ehedBsERPy to adjust the

tenper at Wi apdfiddidh AL (490) Losksathey eyapanathap YEsesl Ghe): and

(d) renoving a stream of vaporized Trquid c rom t'he éevaporation

vessel (174). 17. The) meidwthrSTTdi fige t De@boratliee wiictdien i@ ikeat er
(130) conprises a heating el enent surrounded by a liquid heat transfer
fluid, tlhgwaar (130)e @iepeaatieansessel| bpdab8ragredpsubt-embiiesh t he

liquid chem cal,. 18. .The t hod, accordi ng.to.claim16, wherejin the heater
(190) 1 S YRRy el e ot ot FeLScrhefsuR ok Eheeraired ey Tn ¢ he
liquid a diftanetnginégasto hghé piqhbe BREENEAD hBenki-ayisd hem cal |evel.
19. The nmethod according to claim 17, wherein the
adjust the temperature, with a heater inside the saturation
vessel; and

(d) removing a stream of vaporized liquid

chemical from the evaporation vessel.

17. The method according to claim 16, wherein the
heater comprises a heating element surrounded by a liquid
heat transfer fluid, the heater and heat transfer fluid

being separated from the liquid chemical.

18. The method accorxrding to claim 16, wherein the
heater is inside the saturation vessel and extends
vertically in the liquid a distance at least half of the

height of the liquid chemical level.

19. The method according to claim 17, wherein the
ligquid chemical cooling compriseg circulating a liquid

cooling fluid through a cooling jacket around the saturation

vessel.
20. The method according to claim 17, wherein the

maintaining of the ligquid chemical level comprises measuring

the weight or mass of the evaporation vessel and controlling
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| i quid chem cal cooling conprises circulating a liquid cooling fluid

t hrough a cooling jacket (154) around the evaporation vessel (174). 20. The
nmet hod according to claim 17, wherein the maintaining of the liquid

chemi cal |evel conprises neasuring the weight or nass of the evaporation
vessel (174) and controlling flow of the liquid chemcal to the evaporation
vessel (174) based on the weight or maszs8 nmeasur enment .

flow of the liquid chemical to the evaporation vessel based

on the weight or mass measurement.
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