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RELATED APPLI CATI ONS This application clains the benefit of United States
Provi si omalo ¥ppi7idgati on Serial Nunmber 60/337,566, filed eaTN®ezBdies 30,
2001, the disclosure of which is 5 hereby incorporated by reference inits
entirety. FIELD OF THE | NVENTI ON The present invention relates generally to
an apparatus for generating high flowrate carrier gas streans saturated

or nearly saturated with the vapors of a volatile Iliquid chem cal. Mre
specifically, the present invention provides a high flow rate 10 bubbl er
having an external |iquid phase evaporator particularly suitable for use

with sem conductor fabrication equipnment and other systens requiring high
flowrate and or intermttent delivery of concentration-netered chem ca
vapors. BACKGROUND OF THE | NVENTI ON Appar atuses for generating carrier gas
streans containing controlled partial pressures 15 of one or nore target
gases are used in a variety of industries. For exanple, bubblers are

wi dely used in the sem conductor industry for delivery of gases to
processi ng WO 03/047735 PCT/ US02/ 38178 2 equipnent. As referred to in U S
Pat. No. 5,078,922 the disclosure of which is hereby incorporated by
reference, a prior bubbler utilizes a carrier gas inlet to which is
attached a horizontally oriented sparger tube with a plurality of
mechanically formed exit holes through which carrier gas streans enter the
liquid chemcal. The 5 streans of carrier gas provided by the plurality of
small exit holes in the sparger tube bubble up through the liquid

chem cal. Sone of the liquid chem cal is vaporized by the carrier gas to
forma chemi cal vapor. Carrier gas and chem cal vapors exit the bubbler
chanmber through a vapor outlet tube. The inclusion of a sparger on the
carrier gas inlet HI}H FIPWORATRBUBBIER S'¥STEM AND METHOD

RELATED APPLICATIONS
This application claims the benefit of United States Provisional Application

Serial Number 60/337,566, filed on November 30, 2001, the disclosure of which is

5  hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates generally to an apparatus for generating high

flow-rate carrier gas streams saturated or nearly saturated with the vapors of a volatile
liquid chemical. More specifically, the present invention provides a high flow rate

10 bubbler having an external liquid phase evaporator particularly suitable for use with
semiconductor fabrication equipment and other systems requiring high flow rate and

or intermittent delivery of concentration-metered chemical vapors.

BACKGROUND OF THE INVENTION

Apparatuses for generating carrier gas streams containing controlled partial pressures

15  of one or more target gases are used in a variety of industries. For example, bubblers

are widely used in the semiconductor industry for delivery of gases to processing
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and 15  Diffusive flux is directly proportional to the interfacial area, and bubble-liquid

interfacial area increases as the inverse of the bubble diameter squared. Thus, for a
given volumetric flow rate of carrier gas, mass transfer of vaporized liquid chemical
into the carrier gas stream increases as the bubble diameter decreases. However, the
minimum bubble diameter achievable with a sparger is limited by the size and number

20  of holes than can be produced by mechanical means in the sparger tube. Alternative
and more effective means for generating more numerous streams of smaller bubbles
while maintaining high carrier gas flow rates are desirable.

In general, the flow of chemical vapor that may be supplied by a bubbler is

governed by the following equation:

F,

por

25 QChemical = Q Carrier Gas (1)
vapor

P Head ~—

where Qchemica 18 the volumetric flow rate of the chemical (standard cm’
minute™” or scem), Ocarrier Gas 18 the volumetric flow rate of the carrier gas (sccm),
Py apor 1s the partial pressure of the chemical at the bubbler temperature, and Prpqq is

the gauge pressure in the bubbler chamber. The rate of chemical vapor production,



entrainment of liquid droplets into the carrier gas stream |Increasing the
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problems of contamination or poor control of the gas-phase concentration of the
chemical vapor.
Alternative methods for generating chemical vapors at high flow rates have
been previously developed. These methods include direct liquid injector (DLI)

20  devices. In a DLI, pressurized liquid is delivered to a heated unit that causes rapid
volatilization into the flow stream. The concentration of the resulting vapors in the
carrier gas stream is a function of the flow rate of the carrier gas through the unit and
the liquid into the heated region. Because relatively small variations in the liquid
delivery rate of the liquid-mass flow controller may induce large changes in the

25  concentration of delivered vapor in DLI systems, the exact mass flow rate of the
chemical is very difficult to control, and often an external closed-loop control system
is used in conjunction with the liquid-mass flow controller. In bubbler systems,
however, the carrier gas can be easily controlled to achieve an accurate mass flow rate
of the chemical since the vapor concentration is fixed by temperature. Variations in

30 the gas flow rate through a bubbler have decidedly smaller impacts on the resultant

partial pressure of the chemical vapors in the carrier gas stream. Accordingly, there is



SUMVARY OF THE INVENTION It is therefore an object of the invention to
provi de a bubbler that is capable of 5 higher carrier gas flowrates while
achi evi ngwbiogl417Bgiui d t o gas phase mass transfer rates. PCTIGSassarher
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inlet for delivering carrier gas to the liquid inside the bubbler chamber, a gas outlet
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15  conveying carrier gas out of the bubbler chamber, and a vaporizer unit through which
carrier gas exits the bubbler chamber. The vaporizer unit comprises one or more
heated surfaces that have a substantial thermal mass. These heated surfaces are
oriented such that carrier gas passing through the vaporizer unit contacts the heated
surfaces for a time sufficient to remove liquid droplets entrained in the carrier gas by

20  either impaction of evaporation or both. The vaporizer unit also has a substantial
cross sectional area perpendicular to the direction of carrier gas flow such that the gas
velocity is substantially slowed inside the vaporizer unit to enhance gravitational
settling of entrained droplets.

In an alternative embodiment of the present invention, a system for

25  substantially removing entrained liquid chemical droplets from a flowing carrier gas
is provided. This system comprises a vaporizer unit having a flow chamber through
which the general direction of carrier gas flow is from a first side to an opposing
second side of the flow chamber. The flow chamber has a high surface area to gas
volume ratio such that heat transfer between the high thermal mass surfaces of the

30  flow chamber and the gas flowing through the chamber is very efficient. The
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porato bu%{)le} Q}?angbg%v 1e§rem t eeca}'neg' gas forms bubbles in a liquid chemical and

15  volatilizes some of the liquid chemical. Carrier gas exiting the bubbler chamber is

passed through a vaporizer unit that removes entrained liquid droplets from the carrier
gas by slowing the flow velocity of the gas and bringing the gas into close contact
with one or more high thermal mass surfaces that are held at an elevated temperature.
These heated surfaces removed entrained droplets by a combination of impaction and

20  evaporation.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the present invention will become apparent

upon reading the detailed description of the invention and the appended claims
provided below, and upon reference to the drawings, in which:
25 FIG. 1 is a schematic diagram of a bubbler system including the bubbler
chamber and the liquid phase evaporator.
FIG. 2 is an enlarged schematic diagram of an embodiment of the liquid phase
evaporator of the present invention.
FIG. 3 is a schematic diagram of a bubbler system including the bubbler

30  chamber, liquid phase evaporator, and internal baffle.



FIG 3 is a schematic diagramof a bubbler systemincluding the bubbler 30
chanber, liquid phase evaporator, and internal baffle. WO 03/047735

PCT/ US02/ 8813847765 FI G. 4 is a chart show ng the flow rat epafi/usozssids TECS
froma bubbler chanber according to the present invention in which the
systemis operated in intermttent flow node: 30 seconds with flow on, 30
seconds with flowoff. FIG 5 is a chart showing the flowrate of liquid
TECS into a bubbi@r4 ishabe showing GEONEW ke O L iie THGS &8in 4 BdMri on i n whi ch
the systemis operated in constant flow node. DETAILED DESCR PTI ON OF THE
| NVENTI ON lsiehee aesording ko tewreseninauention ig athigh the sytere isenssdiethnt s of the
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i nvention to those enbodi nents. The invention is intended to cover

al t er nat i veesordipgitorthe argseHdnvetan aywhich thasxstenysi aprrated ngensteR afed  wit hin
the spirit apd scope of the invention as defined by the appended clains. As
illustrated IH FIG 1, the present invention provides a bubbler system 10
15 which generally includes a bubbler chanber 12 a gas inlet 14 providing
carrier gas to the interior volune 16 of the bubbler chanber 12, a gas

outlet 20 for conveyi MEEAY FIPBESORIPTEONGITEE [SVENEION2, and a vapori zer
unit 22 attached to the gas outlet. Mre specifically, FIG 1 shows a
8

bubbl er syst em Refsomgerallinay he madsun detadia fiseamboglimentd ofthgapesnfionr unit 22
accordi ng 0 i t.4 J . nt ] L.on. The
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the liquid chem cal 24. The .bubbler chanber 12 may be a sealed unit forned
of st ai nl eB8y steat intgded {p dinet thy ppreaBen ta BPse skpyeaentshdhe BYPNYon iser ¢
material c 0 i i : rj j r g bbl er
chamber 15ERRepE loyth b AR, MoaiBEARRY o3 Mlen ] RhEREbe HORAR™ oy
shape capatitkinahe gpitihsidsvdpegf the Suleatiamts ddfined bgrtimbppended claims.

As illustrated in FIG. 1, the present invention provides a bubbler system 10

15  which generally includes a bubbler chamber 12 a gas inlet 14 providing carrier gas to
the interior volume 16 of the bubbler chamber 12, a gas outlet 20 for conveying gas
out of the bubbler chamber 12, and a vaporizer unit 22 attached to the gas outlet.
More specifically, FIG. 1 shows a bubbler system incorporating a bubbler chamber 12
and a vaporizer unit 22 according to one illustrative embodiment of the present

20 invention. The bubbler chamber 12 is provided for vaporizing a liquid chemical 24,
contained within the bubbler chamber 12, by bubbling a carrier gas through the liquid
chemical 24. The bubbler chamber 12 may be a sealed unit formed of stainless steel
or another appropriately rugged, chemically inert material capable of withstanding
pressurization. Preferably, the bubbler chamber 12 is formed in the shape of a

25  cylindrical prism. However, any shape capable of withstanding a substantial internal
pressure is feasible. A top wall piece 26, a bottom wall piece 30, and one or more
side wall pieces 32 are assembled to enclose an interior volume 16. A sufficient
volume of liquid chemical is provided to create a gas-filled headspace 34 above the
gas-liquid interface 36 inside the interior volume 16. In this illustrative embodiment,

30  atube 40 is provided that penetrates the top wall piece 26 and extending into the



pressure is feasible. Atop wall piece 26, a bottomwall piece 30, and one
or nore side wall pieces 32 are assenbled to enclose an interior volune
16. A sufwoaBemt73s vol une of |iquid chemical is provided t®Ceresat/ssias
gas-filled headspace 34 above the ga8-liquid interface 36 inside the
interior volume 16. In this illustrative enbodiment, 30 a tube 40 is

provi ded that penetrates the top wall piece 26 and extend| ng into the WO
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bubbl es i Bnd Qﬁb(&dnql P ofctﬁe current 1nvent10n the gas dispersal device 56 is a sparger tube
or plate such as that described previously in U.S. Patent No. 5,078,922, the disclosure
of which is hereby incorporated by reference. In a preferred embodiment of the
present invention, the gas dispersal device 56 is a porous plate formed of, for
20  example, fritted quartz or silicon carbide or some similar material through which gas
delivered by the carrier gas inlet tube 50 flows to create a large number of very small
bubbles in the liquid chemical 24.
The liquid chemical inlet tube 54 is attached externally to a liquid chemical
source (not shown). A liquid chemical controller (not shown) is operatively coupled
25  to the liquid chemical inlet tube 54 and the probe 44 for monitoring the liquid
chemical level. Flow of liquid chemical into the interior volume 16 through the liquid
chemical inlet tube 54 may be controlled automatically by means of an electronic
feedback system and the liquid chemical controller in response to the output of the
probe 44 to maintain the gas-liquid interface 36 inside the interior volume 16 at an
30  approximately constant level. The liquid chemical inlet tube 54 terminates inside the

interior volume 16 at a level below the preferred minimum level of the gas-liquid



The liquid chemcal inlet tube 54 is attached externally to a liquid
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hi gh thernmal mass terial held at "an el eva ed tenperature is provided. In
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liquid drapl ets tha alned |n ore one
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vaporizer uni arge enough relative to, the flowrat f the g
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E)P € gggs| hrf’f‘%-,vgg? g Y R gﬁ reﬁa ﬁce%i%?e% folr e r%alg 'ir‘?fh%rvraﬁgn e Nk ZQh‘?’ct i5 ﬁ?éf@?&ﬁe tine

Oow C I Cle ong re ative rate of
heat tran&ﬁaﬂrthe‘xregﬂbﬁdmuﬁé oﬂ\gashﬁﬂimemovsuuiafnambemfﬁctmﬂgamgmmwe twthehe gas to

15 substantially approach the tenperature, of theflow nitl) efore
exi ting tfateof ot tiapsishEpm tﬁﬁgoﬂgg‘ﬁﬁg?ﬁ %‘f@c?slt&f\hecg?éﬁ%é OW(S gas flow
rate, jand . X%tL d@?rép oacl{]ﬁi%tte &Qtﬁ];eecff tﬁé‘ﬂ% %aﬁﬁ&%&&e%ﬁﬁﬁféﬁhé ﬁ@wt he stated

obj ectives 0 sen |nve tion e readily determned by one of
ordi nary skiuhber IThte@pmphatﬂ:sﬁdvchn&iwdaohime gas flow rate, and flow chamber

heat transfer surface area to accomplish the stated objectives of the present invention

may be readily determined by one of ordinary skill in the art using standard
engineering principles and the teachings contained herein.

20 A further object of the vaporizer unit is to enhance gravitational settling of
entrained liquid droplets by reducing the drag force on suspended particles. The drag
force on mechanically generated particles, such as entrained droplets formed by
splashing of a liquid, in a rapidly moving fluid is proportional to the square of the gas

velocity, Vgqs (m/s), as shown below:

1
25 } FDrag =5'p'cd'V(§as (2)
where p is the fluid density (kg m™), Cyis the drag coefficient which is proportional
to the droplet diameter, and F (N) is the drag force exerted on the particle due to the

moving flow. The velocity of a gas moving at a given flow rate is inversely

proportional to the cross sectional flow area perpendicular to the gas flow direction.



engi neering principles and the teachings contained herein. 20 A further
obj ect of the vaporizer unit is to enhance gravitational settling of

ent r ai nedwbiogi™3slr opl et s by reducing the drag force on sesparsdpss17s
particles. The drag force on nechani eally generated particles, such as
entrained droplets fornmed by splashing of a liquid, in a rapidly noving
fluid is proportional to the square of the gas velocity, Vgas (ms), as
shown bel o the fluid
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the drag force varies as the square of the gas velocity Therefore, the
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det er m ne é@@nﬁ@ﬁfagpﬁl ate cross 5 sectional area of the fl ow chamber
necessary to substantially renove entrained .droplets of a given, dianeter

based on the teAdreiaged ey @qhnleahef the gRasier wipet ISTEAVALT 8¥ea eAdﬁtr'ilslfHér red

enbodi mentgef ot t: o7 a FIG 2.
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second end of the _gas outlet tube 52. The s, aqutlet tupe_p ates the
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formed of a high thermal nass t-condu¢ting material such as for
exanpl e, aﬂaimt:hdtmbdk G@aapraﬁqa‘ellyefnmﬁdoﬁt}llsg]n tlmunaﬂsrnaﬂsehefalt@mndh_ﬁtlnganber 60. To

assure good h fer
g matelelatsutc 1 as ? reexar?lgfemggn%tatl h?\ hea ng e melnte %surrounds? Eld fI

15  chamber 60. To assure good heat transfer between the heating element 70 and the

flow chamber 60, an insulating layer 72 is provided on the outside surface of the
heating element 70. In one embodiment of the invention, a top thermocouple 72 and a
bottom thermocouple 74 thermally attached to the chamber wall proximate or on the
top end wall 64 and proximate or on the bottom end wall 62, respectively, provide

20  feedback for controlling the heating element 70 to maintain the flow chamber 60 at
the proper temperature. The temperature of the flow chamber 60 is preferably
maintained below approximately 250 °C to prevent damage to other components of
the system. More preferably, the temperature of the flow chamber 60 is maintained in
the range of approximately 85 to 200 °C. Most preferably when the bubbler system of

25  the present invention is used for delivery of tetraethyl orthosilicate (TEOS) to a CVD
system the temperature is approximately 150 °C. The temperature difference between
the top thermocouple 72 and the bottom thermocouple 74 provide information on how
much heat is transferred to the fluid passing through the vaporizer.

A series of baffle plates 76 are preferably arranged inside the flow chamber 60
30 disposed perpendicularly to the direction of gas flow through the flow chamber 60.

These baffle plates 76 are formed from a high thermal mass, heat conducting material



fl ow chanber 60, an insulating layer 72 is provided on the outside surface
of the heating elenent 70. In one enbodi nent of the invention, a top

t her nocowwba3/f277ahd a bottom t hernocoupl e 74 thernal |y atrcaatvez3giest he
chanber wall proximate or on the topltend wall 64 and proximte or on the
bottomend wall 62, respectively, provide 20 feedback for controlling the
heating elenment 70 to maintain the flow chanber 60 at the proper
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60 30 di spasestResRemdisidast e flewtdRemBer 680t AR Bp&f voldaetiicapadelBoangh t he
fl ow chanber 60. These baffle plates 76 are fornmed from.a_  hi gh t her nal

mass, heatbegwovded withimthe Sowathanbendywosieas obthe tegon cgsupred by et as i s

used for the | s,.0f the flow ch . :

thermal Iy gﬁﬁﬁ%?édf?% OPFA VORTF cos@?%%f?rfgg{,c\l/egﬁﬁ)a @%Jcé%n@l}%éﬁ%g@?ghgl ates 76
nmay beg Cr@gFrod ddd sebothd the pRelp aid Rgndivasrespmise shithersystem velidncgas gas t o
pass throufg(:l t hem Preferablfy, the penetrating holes i succelssi e baffle
pl ates 76 Bows ueryded op andafiprarpnscantiaueus ttqve APRjcatienssich at HREIRMEYgh t he

fl ow chanb(gr bsiﬁ\lmtler natively, the baffle plates my be nmounted with offset
gaps or sl PdUEh t hat gas nmust flow around or through themto traverse
the inside of thig drbavwectanbara 60theAtovogteamben b netuffiicenthalerges thamdlat be

Dar 11 o pl ait6e VaRSF v GHR BN O A T 0L GRS 1D PO ol ST b dince and
S0 Pl O i AN 1) g gy s ey ooy
appl i cat i ogimnber HFwthes remgdval vbduspended droplets is achieved by volatilization due to
the heat input to gas in the flow chamber transmitted through the heat-conducting
material of the flow chamber walls and the baffle plates 76 from the temperature-
controlled heat source 70.
20 Alternative configurations of the vaporizer unit 22 are also possible. For
example, the flow chamber may be formed in the shape of a cone or with a tapering
top or bottom wall to promote laminar flow and avoid the occurrence of recirculation
zones in the flow chamber 60. Additionally, the baffle plates may be formed without
penetrating holes but instead be attached to alternating sides of the flow chamber such
25  that gas flowing through the chamber is caused to follow a “zig-zag” pattern in which
is in close contact with many successive baffle plates. A range of potential shapes
and alternative configurations may be envisioned by one of skill in the art based on
the teachings herein. The common features of these alternative embodiments are a
flow chamber structure that slows the gas velocity to promote gravitational settling of
30 entrained droplets while bringing the gas in sufficiently close contact with high

thermal mass heated surfaces of the flow chamber for a sufficiently long residence



deposition. The cross sectional area of the flow chanber 60 is sufficiently
larger than that of the vapor outlet tube 52 to slow the flow of gas

exi ting fwomswha3bubbl er chanber 15 12 and t hereby enhan®eTgrsaysgiat i onal
settling of suspended liquid dropletstliin the flow chanber. Further renoval
of suspended droplets is achieved by volatilization due to the heat input
to gas in the flow chanber transmtted through the heat-conducting
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the tenperature of the gas to at or near the f|ow chanber tenperature
prior to tleeeyhendhs euiprrrossscelimghara of the gaAB oMt v F‘?FLWFI CLEHES pr esent
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second; s2x1 @h¥us path through which gas exiting the interior volume 16 must flow. Liquid
droplets suspended in the exiting gas sﬁeam are removed by impaction on the
surfaces of the internal baffle 82. In an alternative embodiment of the internal baffle
82, additional cups (a third cup 88 is shown in FIG. 3) may be added to provide added
distance to the tortuous flow path. Each cup has an inner cross sectional area slightly

20 larger than the outer cross sectional area of the cup it surrounds, and each successive
cup is mounted with its open end pointing in the opposite direction to the previous
cup. In a preferred embodiment, the cups are cylindrical in shape and the gas outlet
tube is also cylindrical and the gap between the gas outlet tube and the first cup 84
and between successive cups is in the range of approximately 0.5 mm to 5 mm.

25 In an alternative embodiment, the vaporizer unit of the present invention may
be used to pre-heat or post-heat process gases containing a condensible vapor. For
example, in a chemical vapor deposition system, gases may be preheated prior to
entering a bubbler chamber or prior to being fed to a direct liquid injector system as
discussed above. In this embodiment, the vaporizer unit as described in one of the

30 embodiments described above, is positioned in-line with a process gas flow path. Gas

flows through the flow chamber 60 as described above in the bubbler embodiment.



aligned cup 86 with an open end and a closed end oriented such that the
open end is directed toward the bottomwall piece 30 of the bubbler
chanber IWoig/ommanted to 10 surround the first cup 84. Thecirnrser/3s1roHss
sectional area of the first cup 84 isizaslightly Jlarger than the outer cross
sectional area of the gas outlet tube 52, and the inner cross sectional
area of the second cup 86 is slightly larger than the outer cross sectional
area of therobiligald Gplettore NeSdvied By RhavitaBohdl rsétﬂ_ir%”as&ﬁ@gé‘s&?e%lﬂty&@oﬁsu ps
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gas stream are®renove y 1 hpaction on the surfaces of 'the 1™mternal baffle
82. In an avdperat@turvitlgrepaedine® dioplits tbtoinMistatiathe lgad 4t sufdentaddi ti onal
cups (a_third cup 88 is shown in FIG 3) my be added to(Provide added
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condensi bl e vapor,, For ex | e, i.n cheni cal, vapor .depositi on system
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the high thermal mass interior suyitgeeRIENGUGLt €S the gas tenperature,
serving to both

A number of experiments were conducted according the method and system of
the present invention. The two examples provided demonstrate the improved
performance provided by the present invention. These experiments are intended for
illustration purposes only, and are not intended to limit the scope of the present

20 invention in any way.

Example 1

In this example, a bubbler system according to the present invention including
a bubbler chamber, a vaporizer unit with baffle plates, a porous fritted plate gas
delivery device, and automated liquid chemical replenishment was operated in
25  intermittent mode. The carrier gas flow rate, Qcaier Gas i equaﬁon 1, was varied on a
30 second duty cycle to simulate use of the bubbler to supply tetraethyl orthosilicate
to a single wafer chemical vapor deposition tool. Carrier gas flow was increased to
approximately 20 slm and then reduced to approximately 5 slm on this cycle. The

results shown in FIG. 4 illustrate that the TEOS output, measured in sccm, responded



evaporate currently entrained droplets and to nmaintain the gas at a
sufficient 5 tenperature to avoid condensati on of vapor phase chem cals at
some dowwoDreeam73s ocati on in the gas processing path. The PCaresgossigs
description of specific enbodiments ard exanples of the invention have
been presented for the purpose of illustration and description, and

al t hough the invention has been illustrated by certain of the preceding
exanpl es, ik ' iof QRS HIEW 86nAfoReiA%chiettd £dew RREEPHateThey are
not intenéée%d{}/goljglgeée}{%hgﬁgtﬁg@lg %or tolimt the invention to the precise
forms di satitisedpprarithasdly iSeesdndsmiinyconmdisoi,qaior eri dubllatssupigelti epergind
variations are _possible in light of the above .teaching.. | Sed nded
that the %gﬁ%th@"fl 1t5:11‘8 CRTRPE P AW SHES IAREE W RRITAIIRERT O_cfrf éda‘_irggl%ﬁ'e rltehl%n

di scl osed g ARhdeoh enCTEO D uRRP SO TEGE L Aembastii@i thatRftthinaleniss. 15
EXPERI MENTAL A nunber of expérinents were conducted accordi ng the nethod
and syS$t emobén ishee witk derhubbler eystéroof thEmsesepbinssatinp!  sasiep §addY fonst r at e
t he i nproved rformance provided by the present invention. These

exper i rrentogaﬁlreg&izrqtsirﬂded for illustration purposes only, and are not
intended to limt the scope of the present 20 invention in any way. Exanple
1 In this exanple, a bubbler systeny gding to the present invention

i ncluding a bubbler chanber, a vap#g%r_unit with baffle plates, a porous
fritted pl ate Jashiseéeirhplesybubblércgstemradeadingrtatiedresegtinyentimninclading

| eni shnent ted in 25 internittent node. Th i fl
are | oarTbpIensaa bt oy TR Wit S DY Ao us R ORERE Sty cycl 6 to
si mul gpe L&%ﬁvér}fy d%bfée,b.gﬁ%ﬁ‘dmétéﬁd AR Fﬂerﬁﬁﬁlr@%ﬁ%m%ﬁ\h&sdﬂeté%&iﬁ to a single

waf er ‘chem cal “vapor deposition . Carrier gas flow was:increased to
appr oxi mateehstaGagienganflowirets maetiudid cewicagpy Boov veasenamBinelgt on this cycl e.
The results shown i

F 4 illustrate that.t T out put red in
sccm res %H@é&n%yo@ sdlﬁl OBRVEEET lnﬁlgb%f gﬁ%“’llffg%?%lgﬁlef 3 %e]tnfperg%l%%ggi ng
carrier gast{dlQWoseRdiTEOY delangy AshbRMpEo-amaRly Sieadi Gledh frolonged

operation period. Prior art bubblers are typically incapable of TEOS delivery at rates

15 above approximately 200 to 300 sccm.



wi thin approxi mtely 5 seconds. For conparison, prior art bubblers
typically operate at less than 1 sImcarrier gas flow rates to prevent
ent r ai nmewD oafo417B8ui d dropl ets. The stable and constant PEQ@Sousfia® shown
in FIG 4 denonstrates that entrainnmehdt is 5 not an issue with the bubbler
system of the present invention at carrier gas flowrates of at |east 20
slm Exanple 2 In this exanple, a bubbler system according to the present

i nvention including a bubbler chanber, a vaporizer unit with baffle

pl ates, a porous fritted plate gas 10 delivery device, and automated |iquid
chem cal repl eni shment was operated dﬂ\igggnstant carrier gas flowrate
node. The carrier gas flow was main at approximately 10 sl mfor over
15 m nutes during which the bubbler system produced a stable, constant
TECS del i W¥hyt is alagmed isappr oxi mat el y 500 sccm over a prol onged operation
period. Prior art bubblers are typically incapable of TECS delivery at
rates 15 abovel.apprAhigiefiiel yat@bibhle sgoemsworprising: 03/ 047735 PCT/ US02/ 38178
14 CLAIM5S What | fl ailme]g is: 1. A ri %H | ow rate bubbler system
conprising: a < ChaRAFHFartaEErE Ak g SE“}%aEui d chemical; 5 a gas inlet
for delivering £apnief fo9aslivRinkRerdr @i @ thoi e isaddkhibibeer chhabiier a gas
outl et conveying carrier gas and chem cal vapors out of said bubbler
chamber; and a aggsoutlzeronyeying tdrriouggs anfichemical vapers oyt of adid bepRE cal vapors
exiting said .bubbler chanber pass, said vaporizer unit conprising one or
more heat s2@RPE48Ls of 10 substantial thermal mass oriented such that
gases passing tdyHefherSaitdhi6ape whidy cauidrigas aid eedmisdlivdphie akmgsaidf aces for
a sufficient tine'to renove entrained liquid droplets, ang sai d vapori zer
uni t havi rigbhles ohampbepiass S@dawrgé&wbmnpraﬁa%owrﬁ@mhéw F“rg%feﬁ Hg

di rectjion Of 985 tl2WatHGR JliifeasBé ﬁ%ga\é@ ﬁéﬁhﬁlé thidu S O34 3 drBk ¥nif! oved.

contact said heated surfaces for a sufficient time to remove entrained liquid droplets,
and said vaporizer unit having a substantial cross sectional area perpendicular to the

direction of gas flow such that the gas velocity is substantially slowed.

2. The high flow rate bubbler system of claim 1 wherein said bubbler
15  chamber further comprises:

a top wall piece,

a bottom wall piece, and

one or more side wall pieces sufficient to enclose an interior volume.

3. The high flow rate bubbler system of claim 2 wherein:
20 said interior volume contains a volume of the liquid chemical and a volume of
gas separated by a liquid-gas interface, and said volume of the liquid chemical is
sufficiently smaller than said interior volume of said bubbler chamber to provide a

substantial headspace between the liquid-gas interface and said top wall piece.

4. The high flow rate bubbler of claim 3 further comprising:
25 a liquid chemical inlet tube penetrating said top wall piece, said liquid

chemical inlet tube extending into said interior volume sufficiently to terminate below



2. The high flow rate bubbler systemof claim21 wherein said bubbler 15
chanber further conprises: a top wall piece, a bottomwall piece, and one
or nore swoOa3mad7Bs pi eces sufficient to enclose an interiorPcralsomssi7s 3. The
high flow rate bubbler systemof claith 2 wherein: 20 said interior volume
contains a volunme of the liquid chem cal and a volunme of gas separated by
a liquid-gas interface, and said volune of the liquid chemcal is

suf ficientjhyy {Hal-%]a@ hntbHRG; Sl Hqhial@binRial MOt Wi Bbvidaigdh igbildehegivarber to
provi de a substantial headspace between the liquid-gas interface and said

top wal | pirene.lighid diteenibalghurce twsaidingeripnlybluage. of claim 3 furt her
conprising: 25 a liquid chemcal inlet tube penetrating said top wall

piece, said liquid hemi cal in| et b i i sapd i i or vol une
sufficiently toyterﬁﬁwg@%ﬁﬁgﬁgﬁ#ﬁ@#%%?gﬁgéég?g%#gégﬁ%%gg%%gEﬁ§§ﬁ%he

l'i qui d- gasfiribesdndsiftes:sai d 1iquid chem cal inlet tube providing the Iiquid
chemcal froma liquid chem cal source to said interior volunme, 5. The
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conprises: 2.8 \ﬁ%g?ro'nml gﬁs doPE B @;ﬂﬁ%’tﬁt@ﬁélﬂ%lﬁﬁéga s WAk tuBE S&ﬁ% aR&indd9as
inlet tube pro ing arrrer gas froma gas sourte to sald 1hterior

vol ume, sajoth @R slidpeisel ddvidealifppbaprakinathedd bditom walipietiesfeniddubileri ce

di sposed proxinmate said bottomwall piece of said bubbler chanber wthin
sai d i nt er thapbgpwithi sagl inteFior KOS | ow rate bubbl er systemof claim5
wherein said gas 10 dispersal device conprises a plate fornmed of a porous

material, said gor Ou?llé)fﬁgﬁ?lowpfafévﬂtﬁbfég sfstdth WF Blairh ¥ vAleréih @Warat hs for
carrier gas and dispensing carrier gas into the liquid chemcal in the
form of0 a gikparsl devicotorhprirss e platd foriiaé ohi ghrofus owterial esaislisibesplaipst em of
claim3 Vmgr%%d?ngsg ﬁlﬂre%%? oto Hct)\!‘/%%ths ffgrrctapr‘i:'err g%g gﬁ)c{ ai%f)aesrl'sing carrier gas into the

liquid chemical in the form of a plurality of bubbles.

7. The high flow rate bubbler system of claim 3 wherein said gas outlet
further comprises:

15 a vapor outlet tube having a first end and a second end, said vapor outlet tube
penetrating said top wall piece such that said first end is positioned within said
bubbler chamber terminating above the liquid-gas interface in the headspace and said
second end protrudes outside of said bubbler chamber, said vapor outlet tube
providing a flow path to exhaust carrier gas and chemical vapors out of said interior

20  volume.

8. The high flow rate bubbler system of claim 1 wherein said vaporizer
unit further comprises:
a flow chamber having a top end wall, a bottom end wall, and at least one side
wall; and
25 a gas outlet tube having a first end connected to and penetrating through said
gas outlet into said bubbler chamber and a second end penetrating said flow chamber
bottom end wall to provide a flow path for said carrier gas and said chemical vapors

to pass from said bubbler chamber into said flow chamber, said gas outlet tube having



15 a vapor outlet tube having a first end and a second end, said vapor
outlet tube penetrating said top wall piece such that said first end is
posi ti oneaowsin7as sai d bubbl er chanber term nati ng above pclrashz/sgirgl- gas
interface in the headspace and said ®econd end protrudes outside of said
bubbl er chanber, said vapor outlet tube providing a flow path to exhaust
carrier gas and chem cal vapors out of said interior 20 volune. 8. The

hi gh 10w tah e Riholedicuplemial ischsédRihiyhshabnhaati yARed lger  uni t
further conprises: a }OMICha er having a top end wall, a bottomend wall,
and at | eahbtmbae side wall; and 25 a gas outlet tube having a first end
connected to and penetrating through said gas outlet into said bubbler
chanber and a second.end netrati sai I : wal |l to
provide a flow’ath }lﬁ%ggﬁawﬁ erbluggleé Sgeélrﬁa?g%lﬁ’ggc e?ﬁlrégﬁet %@%@;& to pass
from sai d fubhlsQutehabdrproRéed baiadafilioydefiesrher, said gas outlet tube
havi ng WO 03/047735 PCT/ US02/ 38178 16 an inner cross-sectional area that

is substantially smaller than that of said flow chanber. 9. e high flow
rate bdbbler sy -eml‘:hemghﬂﬁwgamlbbleﬁsxwpf?lé&méﬂg‘*eé?m S%@ib&%% out | et

tube is protecte ling device. 5 10. The high flow rate bubbler
syst em of Cq%g%éi%hé\%}}égﬁlg?ﬁé%ai d baffling device further conprises: at |east

a first cup havitngseafiepen andngadopgencindsed aehwbed sad,daidi first cuplhsingei ng
aligned axially and copcentrically. wth sai out.|l et. .t ub osi tioned
with the %‘f%ﬁg aHally ard ?lecﬁlbt\%ﬁgﬂi’ ‘g’ﬁ]& ﬁala %4t O‘?q‘?_g%fsqera?fi P8 ﬁ&oﬁ‘?de@]gﬁ g“egas out | et
tube passe eh%{lg ?&%ﬂ%\%{}& sRBFRathE ﬁgét eggbgsﬁa b oftlePrBE hasleetregdh t ouch

the cl osed en Irst cup; an east a second cup having an open
end arid a thé opedersinf, sasidfindt apdon docsupt thshiep dbsedrend odxaidfirst capgand

concentrically wiith said gas putl et tube and.positioned wt t open end
faci ng domm?oat%?f‘éha f%ﬁ?gf%g%vb%méwnoeﬁﬁsagflgC?‘?Sngn@&%ﬂpsgg%ngs hrgugh

being aligned axially and concentrically with said gas outlet tube and positioned with

the open end facing downward such that the open end of said first cup passes through

the open end of said second cup but does not touch the closed end of said second cup.

15 11.  The high flow rate bubbler system of claim 8 wherein said flow
chamber further comprises:

a plurality of baffle plates disposed perpendicularly to the direction in which
carrier gas flows through said vaporizer unit, said baffle plates having one or more
offset penetrating holes that allow gas to flow through said flow chamber; and

20 an evaporator outlet flow tube, said evaporator outlet flow tube penetrating
said top end wall to provide an outlet flow path for carrier gas exiting said flow

chamber.



the open end of said second cup but does not touch the closed end of said
second cup. 15 11. The high flow rate bubbler system of claim8 wherein
said fl owoahamtres further conprises: a plurality of bafflpeTaisat/ss78li sposed
perpendicularly to the direction in wich carrier gas flows through said
vaporizer unit, said baffle plates having one or nore offset penetrating
hol es that allow gas to flow through said flow chanber; and 20 an

evaporator outlgt 19N bilder syabil oTeRRANAWHeréid shidtfldv ehuinibebendesi@t rat i ng
said top end wall to provide an outlet flow path_ for carriermﬁas exiting

sai d | ow bafflaplatss.arenforoed 04z hes cpaiyctiss rasgey gnd arp thomalty sowlehiat syst em
of claim 1l wherein said flow chanmber.a I are formed of
a heat conSHPEIHHECHRTE S heﬁﬁ%’uﬁcfeesatl & B%Fé’?@legc(?&g@%d ?%Pg&}rgé

t emper at urﬁaﬁ@dﬂﬁih? khigdofr @t welowattiehotidai chdtwealheaidtatcastampisidel walbladdeat  sour ce
mai ntai ning said top end wall, said bottomend wall, said at |east one side
wal | arfd Ssaidbafflp afai¢scat gh gleated teraperaii@yat ed tenperature. 13. The bubbl er
system of claim 12 wherein said elevated tenperature is |less than 250 C
14. The bubbl er,syst [ f%ﬂ@%qqu§§gg glieyaLed ttapnarad dre is
between 85 C an%ﬁzoofg%g@%ﬁ%§&§$%§)bu | er sy§t§n1of claim12 &%erein said
t enper at ur escihah 260 P@d heat source is controlled in response to one or
nore thernocouples thermally attached to said flow chanber. 16. The

bubbl er system cl aj wherei n f.irst of .sai ne. or, nor .

t her mocoupl es | g‘{t he%‘%@’l%ﬁsé’gﬁ‘ﬁ‘eﬁ%%aémsl i‘ﬁhefr?l&l?/a@ﬁiﬂ% e(rc)i tﬁmgir?ltrruﬁ?lg said top
wal I and daugersesandn@bosacd one or nore thernocouples is thernally
attached to said flow chanber proxinate said bottomwall. 17. The bubbl er
system of claim 16 wherein said tenperature-controlled heat source

provi dés heat t bS.sai §h¢ bewlersystomrofsipin 12vghereinsaiddapperatuss-etrlisdur ed

heat source is controlled in response to one or more thermocouples thermally attached

to said flow chamber.

16.  The bubbler system of claim 15 wherein a first of said one or more
thermocouples is thermally attached to said flow chamber proximate said top wall and
15  asecond of said one or more thermocouples is thermally attached to said flow

chamber proximate said bottom wall.

17.  The bubbler system of claim 16 wherein said temperature-controlled
heat source provides heat to said flow chamber such that the temperatures measured
by said first thermocouple and said second thermocouple do not differ by more than

20  approximately 50° C.

18.  The bubbler system of claim 11 wherein said flow chamber further

comprises an open volumetric head space downstream of said baffle plates.

19.  The bubbler system of claim 4 further comprising:
a device for determining the amount of liquid remaining in the bubbler

25  chamber and generating an output signal responsive to said amount; and



by said first thernocouple and said second thernocouple do not differ by
nore than 20 approxinmately 50 C. 18. The bubbler systemof claim1l1l
wher ei n swod3bkes chanber further conprises an open vol umerriso2/ssatl space
downstream of said baffle plates. 19.18The bubbler systemof claim4 further
conprising: a device for determ ning the amount of liquid remaining in the
bubbl er 25 chanber and generati ng an out put signal responsive to said

anount; and WO aq%l%ﬁ{%ﬁggﬁg%ﬁg%gﬁ%ﬁ%w %gu&ﬂed il FoibeFiaga kaid Olutdol | er

operatively coup and Said liquid chemcal inlet tube
for fillinpemivdl mbetibeufousilingrmi nomtimions]y andirteising? leveleoflthgigqid chenical in

sai d chanber responsjve to said output..signal. 20. The bubbl er system of
claim1l M@?@}‘i"‘}f@eﬁaﬂf% 85@@%5’&@?“&?&&%@?1@ "is fornmed to encl ose an
interior volume with the shape of a cylindrical prism 21. A chem cal vapor

deposi tion syst@m WigajuBbRf Sftdns 6f clefhe Mvdrtein vaAd endosudeupbley Chkeabdry t he
bubbl er systemof claim1l. 22. A chem_cal vapor deposjtion,system wherein
precur Sor ig fremied 40 enclesg@ndntgrier ylewe #éd thy shape oba spidrical sy of ¢l ai m 8.
10 23. A chem cal vapor deposition system wherein precursor chem cal

vapors are pr Oﬂf?'ed &Xhér&%al%??% (?Jﬁg%ﬁ’iﬁlgggltﬁﬁ mﬁle?d'nggfeéursgﬂcheﬁnyﬁpori zer unit

for substantially renoving en chem droplets froma

f1 owi Ng gamp6@RRs provided ba thd bbidnapdian of blabndh whi ch the general direction
of gas flowis froma first 15 side to an opposing second side of said

fl ow chanber, said f]ow chanber having on or. nore walls . for.ned of a high
thermal mass, Heat c%ﬁ]éﬁ]@tc?]n‘@p%%é’lof‘lgg?s 53?18 WheEsiP pﬁ%gﬁﬁlé?heﬁ&%‘?ng a crosg

sect i onal atea RELAGHLH YR bilid Bosdhiozeliis of gas flow sufficient to

substantialty re rag on entrained droplets, said, flow chanber having
a large internal surface area;, and 20 a tenperature controlled heat source
coupl 0 to sai ®3chardeherhisal wipeydeposigionsistem wherein precursor chemical

vapors are provided by the bubbler system of claim 11.

24. A vaporizer unit for substantially removing entrained liquid chemical
droplets from a flowing gas comprising:
a flow chamber through which the general direction of gas flow is from a first
15  side to an opposing second side of said flow chamber, said flow chamber having one
or more walls formed of a high thermal mass, heat conducting material, said flow
chamber having a cross sectional area perpendicular to the direction of gas flow
sufficient to substantially reduce drag on entrained droplets, said. flow chamber having
a large internal surface area; and
20 a temperature controlled heat source coupled to said chamber for elevating and

maintaining the temperature of said flow chamber walls and internal surface area.

25.  The vaporizer unit of claim 24 further comprising:
one or more high thermal mass plates thermally coupled to said temperature
controlled hear source, said plates being positioned within said flow chamber and
25  oriented perpendicularly to the prevailing direction of flow of said gas, said plates

each having a plurality of orifices through which said gas flows.



mai ntai ning the tenperature of said flow chanber walls and internal surface
area. 25. The vaporizer unit of claim?24 further conprising: one or nore
hi gh t herwalo3memss pl ates thermal ly coupled to said tenper@caresoz/sant rol | ed
hear source, said plates being positi®ned within said fl ow chanber and 25
oriented perpendicularly to the prevailing direction of flow of said gas,
said plates each having a plurality of orifices through which said gas
flows. VIO 03/ 044735 Ltida%e/ shdifiialh Godbving dibbied 1ijeid chubsdaant i al | y
removi ng entrained 1 quid chem cal roplets froma carrier gas produced
from a hi gropigefdmbutartier gesysadaoed fom a highspieddahblsr sxstan tTdnpri sing t he
steps of: suppl ingr carrier .gas to_ a b(lf.bb| er chanber wherein the carrier
gas formsdog’nﬁ{%ﬂ} 9°%53 CPHFIE PELHERiOal ; and passing carrier gas exiting
the bubbl er chaphavinkRaQIEBadro\RMbicE SRarbibtr twHebelh the @Ffams otiisai ned | i qui d
droplets fromthe carrier gas by slowing the flow velocity of the gas and
bri ngi fig ibubbles im cligsé chemicalcendvi t h one or nore high thermal mass surfaces
that are held %tass%pg ggn%gragtaggxﬁi%%erﬁb%{e?‘ 'ché!rgber through a vaporizer unit that

removes entrained liquid droplets from the carrier gas by slowing the flow velocity of

the gas and bringing it into close contact with one or more high thermal mass surfaces

that are held at an elevated temperature.
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