X BUBBLER FOR CONSTANT VAPOR DELI VERY OF A SCLI D
CHEM CAL BACKGROUND OF THE I NVENTION 5 Field of the
invention This invention relates to the providing of
organonetal | i c vapor for the manufacture of

sem conductors. 1o Prior Art For MOCVD grow h,
organonetal | i ¢ conpounds are the source materials for
the conpound sem conductor yndustry. The

organonetal I i c conpounds that are typically used as
precursors for the chem cal vapor deposition include
trimethylal um num (TMAI), trinmethylgallium (TM3,
triethylgallium (TEG, 15 trimethylantinony (TWMsb),

di mret hyl hydrazine (DVHy), trinethylindium(TM), and

cy gUBELER IFOR CONSTANTVABOR\DELIVERY OF A 80L4D CHEMICAL
volatiTe organonetallTc conpoun or vapor phase
deposition is provided in a bubbler and subjected to

a constant tenperature wherein a carrier 20 gas, such
as hydrogen or nitrogen, is introduced to transport

t hBACKGROUNDOH THERINVENTI®Nt 0 a vapor phase

deposi ti on chanber. A good organonetal |ic precursor
delivery technique provides a gas streamwith a

knpigd ofcthe $avention cont r ol | abl e amount of contai ned

or opetal.lic. For liquid 25.0rgang LCrr

oo X, ieiion, wiaies lon e 'proviiad PaF SBIBMetilc vapor for the
eX ARt bf SerfiiedAdlidtargsport and vapori zati on

ki netics are fast enough to provide near- saturation

concentrati ons at nost reasonable flow rates of carder
10 9Prior/A® term abubbler is used generically in the CVD

ingustry to refer to any container ,for a precursor.
Lt For MEGVI3 arowthi orgagomptalliceampaindg.ate s $0UPs fitcrials for the

t hGompburtf 6RBRYLGBE thddisky U TAE -organometallic compounds that are
typically used as precursors for the chemical vapor deposition include
trimethylaluminum (T MAI). trimethylgallium (TMG), ftriethylgallium (TEG),

15  trimethylantimony (TMSb), dimethyl hydrazine (DMHy), trimethylindium (TMI),
and cyclopetadienylmagnesium (Cp2Mg).

Typically, a volatile organometallic compound for vapor phase deposition is
provided in a bubbler and subjected to a constant temperature wherein a carrier

20 gas, such as hydrogen or nitrogen, is infroduced to transport the compound and
deliver it to a vapor phase deposition chamber.

A good organometallic precursor delivery technique provides a gas stream with
a known, constant, controllable amount of contained organometallic. For liquid
25 organometallic compounds, this is generally a straightforward exercise since
mass transport and vaporization kinetics are fast enough to provide near-
saturation concentrations at most reasonable flow rates of camier gas. The
term “bubbler” is used generically in the CVD industry to refer to any container
for a precursor utilized for delivery of a camier gas saturated in the

30 aforementioned precursor.
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2 In the case of solid organonetallics, notably TM,
obt ai ning consistent delivery has proved to be an
ongoi ng problem In this case, vaporization kinetics
are slower and dependent on issues such as product
nor phol ogy, tenperature, gas contact tinme, and
surface area. Finely divided, irregularly shaped
material- with 5 a high surface area will evaporate
faster than a uniform dens, nore nmassive material.
Mass transport is also nore problematic. It is
inportant to allow sufficient contact tinme for the
sl ower evaporation process, and it is inportant to
keep the carrier gas noving across all exposed

S o o ALt L ol S ot o
CRaB KbV dﬁgheﬁé’ afnoénid’ﬁd BRSfamMi th thiseehises vb;%diaﬂ@ﬁﬂ«ﬁéﬁcs are

time an area € osedtotheflovmng
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u ur | araRrial with
WL 8 o R 5L SR8 e oY el w
C arhugla: sudase astauwilltévaporal® fasted ’@aal a pniforgh meme%msswe

t d St ant.
oAb B B4R O oL 4988 o
neai’ﬁc%iﬁfjI wcﬂhctdgne mhetdm?ermvapnrahonpmm and it is important to
nduct or devi ce manuf acture :
e dhe, CAeE 5 podnd PToss, LAinsed 1 Hof L files suficient to
agelivdrites bpgrdpriate avohst of reé@rsbotosthe (Rl whamber.oChanneling,

B st Wil oot soniagt i ad 1 SR8 1o fqihe flowing

prE UHRér fastors, lsuch 'd&f‘pt’é%lfré%aﬁg@aﬁ #tid tarriesgas @ows through
evapor at ed preferent| ally, causi ﬂ rg&ld re uctl

sthe Resupsasbedaarg knﬁwnttﬁecquPe% VeRe 8 erZinges in

?Q%%'df’&grﬁ@?' &l sBRifattiricur due to the erosi on of t he
precursor bed. Changes in pressure inside the

bed during operation.-25 Gain growh effects due to
t ji§s Qﬁglh‘?%FW ﬁEé Fibl f@ﬁﬁ%ﬁe"ﬂ“b&*&t&ﬂ% MBI8 delieery of vapor from

evapor at | sublitmation of the solid mater| al

abeolid mgamomet@{h@macgmor at a near-saturation concentratlon in compound
semiconductor device manufacture. Unstable vapor delivery rates for solid
organometallic precursors are affected by a number of factors:

e Reduction of total surface area of the solid is in progress continuously due to
the depletion of the solid precursor. Small, high surface area particles are
evaporated preferentially, causing rapid reduction of surface area early in
the lifetime of the bed.

¢ Channeling which may occur due to the erosion of the solid precursor bed.

e Changes in pressure inside the bed during operation.

e Grain growth effects due to the agglomeraﬁon process which occur with the
evaporation and sublimation of the solid material along with a concurrent
equilibrium in which redeposition occurs on solid precursor surfaces. At gas
saturation, evaporation and redeposition occur at the same rate but bed

morphology changes to favor lower surface area.
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equi libriumin which redeposition occurs on solid
precursor surfaces. At gas saturation, evaporation

and redeposition occur at the sane rate but bed

nor phol ogy changes to favor |ower surface area. 3

Gas paths becone shorter and the avail abl e surface

area becones reduced as the solid precursor is

consuned. Therefore, saturation of the carrier gas

with the vapor of organoneta |lic precursor becones
increasingly unlikely. 5 An ideal bubbler design has

to overcone the aforenentioned problenms and needs to

achi eve the followi ng goals: Provide a stable,

constant vapor delivery rate until substantially

conplete depletion of the solid organonetallic in the
bubblGak patisctseddn®s shorld? anBrihe iaveilable surfadecarearbecomes reduced
near - saturation concentratio nost copmpn_an .

r eas8R AN SOl RIPGYTSAR ISLANSHEES, et SS{iRfed 8?&‘}?&”"9' gas
Pr €S {4th e ¢aAIdriof brgipmdtliepidddrsorBecahes Inchedbiridhounlikely.
rate of the carrier gas. Provide fast response and

fast re-establishnent of a stable, constant vapor

GoAL Yo uBbier WRRIrPREE 36 IVRraME IR StdromeRticHRNgRbioms and
1 here are kno general approaches to the delivery
ofneedisdo achievarthedbilowingggalsonet al i cs: 20 1) Sol ution

TM : The drawbacks noted in the industry when using
"solution TM include entrainnent of aerosols of the

sol vPRividend staslensbastant vaput delivarygrate umtl substantially complete

f total | ndj [ TM |.T t

o, 658%on e Tol SroatBbfhlic in i by Bk BiEs pFREE " 1
CaSeProvide SattitidRnge Achi-Satuthtiod ctardntration at cuost common and
kinetic and mass transport. S(_g_{gte&rlpecursor di ssol

/ ve
i nt orqasenakie PRRTating RAFAMEIeRRH YRR OIS Piffer gas
gﬂ: _nfyﬁerNECl-:ﬁ', bichy AndMew Reth OF Bescaier gansi st ent
elivery rates.
. Prov%/de fast ?esponse and fast re-establishment of a stable, constant vapor

delivery rate when operating parameters are changed.

—

There are known general approaches to the delivery of vapors from solid

organometallics:

1) Solution TMI: The drawbacks noted in the industry when using “solution
TMI” include entrainment of aerosols of the solvent and inconsistent and
changing delivery rates for total Indium when using TMI/TEL

a) U.S. Patent No. 5,232,869 (1993): as practiced by Epichem. In this case,
a susperided liquid is used to overcome kinetic and mass transport.
Solid precursor dissolves into the solvent as it is depleted by evaporation
to maintain equilibrium conditions and consistent delivery rates.

b) U.S. Patent No. 5,502,227 (1996): TMI dissolved in Rsln, such as
triethylindium (TEI)



b) U S. Patent No. 5,502,227 (1996): TM dissolved in
ftaln, such as 30 triethylindium (TElI) 4 2) Another
general approach is a bubbler design that inproves the
uniformty of flow and solid-gas contact in the

" bubbler. Strategies that have hitherto been enployed
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include: a) U S. Patent No. 4,916,828 (1990): The use

of TM m xed or dispersed 5 with a "packing”. b) U S

Pat ent No. 4, 734,999 (1987): 4The use of a bubbl er
incorporating a dip tube fitted with a flit

di stributor at the end of the tube and wth a reduced
bubbl er dianeter at the bottomversus at the top. c)

U S. Patent No. 5,019,423 (1991): This design uses a
carrier gas flowng 10 upwardly through a packed bed
0f2)sAhotHengeyrenairepprbachcs arbuhblerdbsgn thatrimproves the uniformity of

KS”Z éyzlg ”8 g%] &%%ﬁég\t i §p$ ngaa gét(#gags-tﬁétftﬁ\/e hitherto been

di r egmplopedinciudae gravitation force in the follow ng
sequence: through a thick gas inl et pl ate, a powder

pat ot URaaeat R b o BIROEn PS a8 halinsEiiey figpersed

vaporlmﬁal“pacmﬁgﬂd. f) U S Patent No. 5,603,169
(1997): The use of a bubbl er contai ni ng an exhaust

t ub ' .
o 8 PESE R 8 (P9 SEe A RO pbbortin o
Appl i caipl tabe Nted2@AR /D @it EdiSifibdior (aiﬂﬁé)endtdsﬁ ﬂ1e tublebared with a
contains a netal sintered flléo ratherﬁg

convenfadyred bybbler digmeter gt the Botigm veruS ! %,0953, 395

(1996): The use of a cone shaped (conical)
c) U.S. Patent No. 5,019,423 (1991): This design uses a carrier gas flowing

upwardly through a packed bed of solid organometallic on top of a
partition containing a plurality of pores.

d) U.S. Patent No.4,947,790 (1990): A carrier gas flows in the direction of
the gravitation force in the following sequence: through a thick gas inlet
plate, a powder solid bed, and a thin gas outlet plate.

e) PCT Patent Publication No. WO 99/28532 (1999): ultrasonic vaporizer is
used.

f) U.S. Patent No'. 5,603,169 (1997): The use of a bubbler containing an
exhaust tube, a.compressing plate and a pair of porous thin plates is

described.

g) U.S. Published Patent Application No. 2002/0078894 A1 (2002): this
bubbler contains a metal sintered filter rather than a conventional dip
tube.

h) U.S. Patent No. 5,553,395 (1996): The use of a cone shaped (conical)
bubbler is described in this patent.

i) Japanese Published Patent Application No.2003/303772): This bubbler is
a solid organometallic compound packing container having a flow
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bubbl er is described in this patent. 25 i) Japanese
Publ i shed Patent Application No.2003/303772): This
bubbler is a solid organonetal |ic conmpound packi ng
contai ner having a flow 5 direction swtching pipe
crossed through a partition plate that vertically

di vides the container. Unfortunately, none of the
previ ously descri bed bubbl er.desi gns have sol ved al

5 the problens of solid organonetallic delivery. None
of the aforenentioned bubbler designs are capabl e of
providing a uniformdelivery rate with a nmaxi num

pi ck-up of precursor material until substantially
conpl ete depletion of the vapor source occurs over a

wi de Ogﬂ{egﬁ%rg@%c@gggﬁ%? ERsicAURRIBh £P&itEBn fiae at vertically

limte ers where 't operates nost

ef fi ci aditigs theCcoBtadadet hr ough of non-saturated carrier

gas occurs prematurely or gradually as the solid
substrate is depleted. Premature breakthrough results

in poor delivery efficiency and wasti of val uabl e
orlgaimohaaﬁlyL nong pbthecprevivasiydesaribed bwbh%er Sesignschave solved all

Iace r 0 o)

e croBERs PLsBid SIEMGPRIE, deefy. P HidhieD8r fie fdfementioned
Ofbtibm\ersﬂaﬁéﬁsﬁ cardepaatié oof Ipaddiagié urifsrandelivecy sate with a
during the 0Ssj tion roc
C oaRthi Skt @apaursb Betsial uhtCsbsEi Bty pAYRI Bépiotion of
' rﬂﬁé“{dp@ﬂ stk bebln® wegraqueenifmﬂumrangghe Fachsauttbler design
i nvention conprises a bu r for vi din

vaiRsr i 2 elimiteshyange ph %?reﬂ@f?@aw\?&g ORssatGsy st efficlenty.
PreRfrodghof hén-Baturdtdd & §6c@1?@mhamélyrdulgradually as
having an i nlet and an outl et

a .means for . .
proskald isrcioi torter reRiTE SrRITBUS: EeSils i ppeg defvery
( QAridiehER ?B%tmq Sfméﬂhﬁgle élﬁaﬁérﬁ@nggllliéqﬁomﬂé iy removal

carri er gas

er ~asse nd conveyin
t rand: rapiecement withha mmuealewa‘b&o‘fﬂé’wf eﬁ?ﬁfg rgas

saturation can lead to production of sub-standard deposition layers if

undetected during the deposition process.

The present invention solves the aforesaid problems.

Summary of the Invention
In its primary embodiment, the present invention comprises a bubbler for

providing a vaborized compound in a chemical vapor deposition process
comprising: (a) a bubbler chamber assembly having an inlet and an outlet; (b) a
means for providing an inert carrier gas connected {o the inlet; (c) a means for
removing the vaporized compound and carrier gas from the chamber assembly
and conveying the compound to the chemical vapor deposition process
connected to the outlet; and (d) temperature control means in which the bubbler
chamber assembly is placed that causes the compound to vaporize into the

. carrier gas.

The bubbler chamber assembly comprises one chamber or two or more
chambers connected in series, all chambers being in substantially vertical
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connected to the outlet; and (d) tenperature contro
means in which the bubbler chanber assenbly is placed
t hat causes the conpound to vaporize into the carrier
gas. 30 The bubbl er chanber assenbly conprises one
chanber or two or nore chanbers connected in series,
all chanbers being in substantially vertical 6

ori entation. The chamber or ®hanbers contain a solid
or liquid source of the conpound. The rati o between
the length of the chanber or conbined | ength of
chanbers connected in series with respect to the
direction of flow of the carrier gas through the

hanber dth di
caiepition, 1S §hamBet phehaBhas Gt 4 AL igdd sgpree of the
fwﬁwmdvv'ﬂwa rafs B@ﬁbeérﬂhbhénﬁh rd?tﬂé éEtiarAber drl d@iﬁltﬁrﬁed leAgth of

carrier gas hroug t he chanbe chanbers i s

| cahembess consiasted B serieswith rasaBeldp 16mAToHon idiow of the carrier
|

R 16 AR O bl i Yo 290 et squiviont o
ofthe lscossosestiom of 4l chamber or chambees witlh respect o hedirection of

Th o E#fat&né %Earr%?%%&'tg%%lgkr}hg%‘@@ber BF bRAmbS3G5 {Byég;g t¥n about

asi c concept o
c#tier gas flowng through a long, narrow 15 columm
packed with the subjected solid material. Figure 1B: A
gas flow diagramfor two chanbers in series. Figure
1©thér gmﬁbo‘dnmmtdi ofirthe fnvenfioru rem:bmnaessdetails einclading length,
ure with three ch

2: f
d| ?’E‘?‘&h?"ﬁh"&'ﬁﬂ %’P"s‘i(’jfe ° berg, preposiy gﬁghsq gpmpound and

dicarfitr gas, dil sFiwHictl afd héreinaftenddsoribed andetalie U-t ube
| arger 20 dianeter chanber. Al chanbers are

connected in series via reducing tubing. Figure 3: A
b @elef PestMptibn lof TAE Dr8WinRistm bend radi us el bows.

F| ure 4: A nult)]-chanber_ bubbler with three 900

mfqure JAz| Hoagbasic concept of a carrier gas flowing through a long, narrow
column packed with the subjected solid material.
Figure 1B: A gas flow diagram for two chambers in series.
Figure 1C: A gas flow diagram for four chambers in series.
Figure 2: A bubbler design with three chambers of different diameter sizes and
shapes: two smaller diameter inlet and outlet chambers; and one U-tube larger
diameter chamber. All chambers are connected in series via reducing tubing.
Figure 3: A bubbler with three 180°return bend radius elbows.
Figure 4: A multi-chamber bubbler with three 90° mitered elbows.
Figure 5: A bubbler with three chambers of the same diameter tubing: two
straight tubing inlet and outlet chambers; and one U-tube chamber. All
chambers are connécted in series via reducing tubing.
Figure 6: A four chamber bubbler with a frit at the bottom of each chamber.
Figure 7: A four chamber bubbler with a gas dispersing tube at the bottom
of each chamber.
Figure 8: A helical cylinder in which gas flows downward through one side of
the helix, connects to the second side of the helix at the bottom of the bubbler,
and travels upward to the exit. The effective length of helix is equal fo or
greater than 6 times the average cross-section of one of the helical chambers.
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Figure 5: A bubbler with three chanbers of the sane

di aneter tubing: two straight tubing inlet and outl et
chanbers; and one U-tube chanmber. Al 25 chanbers are
connected in series via reducing tubing. Figure 6: A
four chanber bubbler with a frit at the bottom of each
chanber. Figure 7: A four chanber bubbler with a gas
di spersing tube at the bottom of each chanber. Figure
8: A helical cylinder in which gas flows downward

t hrough one side of 30 the helix, connects to the
second side of the helix at the bottom of the bubbler,
and travels upward to the exit. The effective length

of Fijald o AR ERRR PlofiessoBiafRd With ERampfe 1.i mes t he
average cross-section of one of the hellcal chanbers.

7 thu@J?%@Emmm@’mawate@%@@m Igd- wi t h Exanpl e
1. ed with

F' W'sﬁ?ﬁlégﬁ&g%gﬁhw og |ii|§§éssoci at ed
W|th Exan'ple 3. 5 Detailed Descrlptlon of the

. 1 Mo Passing a carrier gas

Al 3 "‘. zed above |oaded with

t rit wak Ifoﬁnd’tdaunaésmg 3 carrmrlgzhedhmughamblmmsassummaﬂzed above
u unt j_|
TBP“I’%M %'H'" %‘I"Bn‘gr WS"“’H eFeﬁbbFn%%gF?%?ﬁ'E that was
%gaturamgdma nTMhI\@pab&rgm(; aidserof thbeTMi Ge?déd um\tlemtoourmn was
provi des an i nproved_de e for ,a sol

sdifnigte ?n@e@@'gg&iﬁh Bened, OB s, 0 ett?@mjﬁ cm?cef&se"t invention
| b WAES ar iMgloved/delivity dulica f6r £3dlid Stiurcs! MODVD)lsybtem.

provides a saturation Oor near-saturation concentration
of precursor vapor in the carrier gas. This narrow,

| ofie GUELISIRIsidHESHridBpPivelLaRE BSndritv, nbﬁ? uAgaktylider design that

descrl bed heat™ and nass transport ens, since it
amr@wges arsaration ar ne@rn%aieratlen cpnee@mtme?f RFGQUIGPR Yapor in the

rﬁeﬁ' g ‘rﬁfs' AbrrBY, T gﬁ%&@l’ Gaérﬁﬁebi/érﬂoﬁfestihé previously

gas ugh the conpolin bei ng conduci ve t

nedesatibac bgat tangnmags transport problems smce it allows for maximum
contact of the carrier gas with the solid material by minimizing channeling of the
gas through the compound and by being conducive to maximum heat transfer
through the chamber wall into the compound. Therefore, the bubbler can be
used at lower pressures and higher camier gas flow rates as compared to

conventional bubbilers.

The vapor pressure of a chemical is directly related to temperature. To keep a
constant vapor pressure, the bubblers in use are either immersed in a constant
temperature bath or are jacketed with a custom-made external heat exchanger.
Most of MOCVD machines are equipped with the first option. The
configurations of such bubblers are limited to the dimensions of the constant
temperature bath. Therefore, instead using a single long straight tube, the
bubbler may have to be fabricated with single or muitiple tube bending, or with a
bundle of tubes connected together in series, or with concentric tubes.

The bubbler design of the present invention provides continuous, stable delivery
rates of solid source material until the majority of the source material is
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t hrough the chanber wall into the conpound. Therefore,
t he bubbl er can be wused at |ower pressures and hi gher
carrier gas flow rates as conpared to 20 conventiona
bubbl ers. The vapor pressure of a chemical Is directly
related to tenperature. To keep a constant vapor
pressure, the bubblers in use are either immersed in a
constant tenperature bath or are jacketed with a
cust om made external heat ex&hanger. 25 Mbst of MOCVD
machi nes are equi pped with the first option. The
configurations of such bubblers are limted to the

di mensi ons of the constant tenperature bath.
Therefore, instead using a single |ong straight tube,

the bubbler may have to pe fabricated w single_o .
mARRIpRE. « SUe" BURBIER, T R SPrB i IEob e, [f5ayes described
copglewt €d together in series, or with concentric .
tubes. 30 The bubbl er design of the present invention
proviCoastruciian materal: shayl svitablel matgrial; suel ast glassi glastic, or

et effett: pEick s i Id Ko BpBice b ot Siginiess steel is
sone prafeatd betaudedit fsea_astanda;'d cspecification inddOOWD industry;

ol s 418 usblar Fascan fies g s irdiicng Rer Bge, Al @il outiet
sour gBrtaN eRitiRG Ahé RAPBI Batukited Raffr gdsealted contact with the solid

preferred because it ig a standard specification in,
MOCVEPHTRELAR] §he ormore, filh BPis ?qﬁg%adm | GampRlind soyce;

i ng fﬁ*ﬁé%ﬁg 4l blifit of I iBHfEr @it betins@fed dittér with or

exiting the vapor saturated carrier gas after contact
wi t hwitheutsfritid source, and one or nore fill ports for

| oadi . S ' .
o'+ 1HE plpficF B BUABrSE it a silglE chalBler 8p Mt Bhambers
10 wirhécinteraalf diameterhef i thambens canmbei the samee or different
S| NG o IR BleibnGitl L1 P! € chambers:

e The diameters or average diameter equivalent of the chambers are in the

range of from about 1.3 cm. to about 7.6 cm;

e The chambers are not restricted to circular shape in their cross-sections.
'They can be round, oval, square, rectangular,_ helical, or anything else
known to one skilled in the“art;

e The chambers may be equipped with internal baffles or corrugations to
increase the effective path length.

e The chambers are connected in series and are in a substantially vertical
position, but preferably are positioned at least about 45° from the horizon
line. However, they can also be connected in a zig-zag pattern at an angle
of at least 45° from a horizontal line;

e The chambers can communicate using oonnectqrs that have same or
smaller cross-sectional diameters of the chambers.

e The bubbler assembly may comprise two or more chambers in series with
connectors between chambers in adjoining sequence comprising tubes of
substantially horizontal orientation having average diameters from about 1.3
cm to about 7.6 cm connected at each end with the chambers in adjoining
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The internal dianmeters of the chanbers can be the sane
or different throughout their length; The dianeters
or average di aneter equivalent of the chanbers are in
the 15 range of fromabout 1.3 cm to about 7.6 cm
The chanbers are not restricted to circular shape in
their cross-sections. They can be round, oval,

square, rectangul ar, helicalg or anything el se known
to one skilled in the art; The chanbers nmay be

equi pped with internal baffles or corrugations to 20
i ncrease the effective path length. The chanbers are
connected in series and are in a substantially
vertical position, but preferably are positioned at

| eastequenct, the donnstiidnebétaeka tive chamiersidf adjoining seqyence and

can al so connected in . a zi.g-z ttern.a n.angl e
of af“%é’gﬁ"%@mr%m%rqez?ﬁ\'?%m?@rﬁq r?gndqc&gt%ngg,
chanpgg %héﬁg)lefsg Eﬂﬁgpbé FoAnb&tbd Bueh TRBCESIEScdriiét gadpasses from

sanme or oss-sectional dianeters of the ,
chanbae $ube tthiéhenneH) iora se5_INHRINGRLP FEIIAINS@TIGIHT saturation
T e ' ‘ ible whil
T R S 108 AP Eherip BOSTEF ab 89 possil whie
substhens isadrggndretallicreoatipasniddmthe: buhblerassambly, drefgxample, as

diangters from al 1. 0 o) 7. .
congglg?et?ge%t ea %g'ﬂélg V\fzt% tl%{eﬂbgﬁazn?;gewse [ rrr]@g ] (?I n'?ar%(e with
sequgintthylindizint withez toninollzel termeratbee oha7i:achieves-a supply of
adjoinin equence and t t.h c . he.

e nepUHete GABF o I g EpYA ofle i R RER RIS n he
be cpibet ed such that said carrier gas passes from

one tube to the next ip serial, manner to. nmaintain.

cér r Toa byailec gam berupRlied Wi, r WAL .ges HisPgaiiy dgvice at the
t ubepGfohe Bt dach chambéer e Ig@awiﬁferﬂﬁ%sdém@ whhliee a porous

e

there is organornetal lic compound in t, bukipl er
assefiBMent sugh ascafi havinga controlled porosity (see Figure 6), or the gas

dispersing tube (see Figure 7);

¢ The total length of the chamber or connected chambers must be sufficient
for the carrier gas to be > 90% saturated with the compound at the outlet of
the bubbler chamber assembly;

¢ The bubbler chamber assembly may<comprise two or more chambers
connected in series with at least one of the chambers comprising the
annular space of concentric chambers; '

e The bubbler can be enclosed in an outside container equipped with inlet and
outlet ports for circulation of constant temperature fluid;

e The individual chambers of the bubbler can be jacketed with a heat
exchanger,

e The bubbler can be used with any compound, liquid or solid, organometallic
or non-organometallic, so long as the compound is capable of vaporization

~ under practical conditions. Possible compounds include the aforementioned

organometallic compounds, as well as non-organometallic compounds,
including one or more of: trimethylaluminum (TMAL), trimethyigallium
(TMG), triethylgaliium (TEG), trimethylantimony (TMSb), dimethyl hydrazine
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illustrated in Exanple 1, a bubbler of the invention
packed with trinethylindiumwth a controlled
tenperature of 17C achi eves-a supply of saturated
carrier gas for over 95%of the tine there is
trimethylindiumin the 10 bubbler. The bubbler can
be supplied with or without a gas-di spersing device at
the bottom of each chanber. The gas-di spersing device
can be a porous elenent su as a frit having a
controlled porosity (see Figure 6), or the gas

di spersing tube (see Figure 7); 15 The total |ength
of the chanber or connected chanbers nust be
sufficient for the carrier gas to be > 90% sat ur at ed
with the conpound at the outlet of the bubbler

h I
R sl AU s oshomy it Cool

I n series
vv| t rc:amoheammormdeatc&m)e l-uﬁaumdegacmmdq ehifﬁ{; the 20

f t
e Enaba omraunds & i Jfie SPRey caiP Gan il bl tth-fow
| nI ethraigh the \¢hagbeper ésarhisdrsci r cul ation of const ant
enperature fluid; The individual chanb%{ﬁ

t.h
babHEen A wchers@ Al it makGRmPTes CPRiges Oy size and
The sg‘*étb@ &%a |@é hﬁyﬂf&o&%ﬂ@hﬂ? Ioéde@l«hrﬂi ﬁécked into
gano l i

sol i non- or ganonet a SO %o

as tthe bwmauman@emragh@nbers\/ﬁmvg&aan%\mg%ﬂa%\ﬂded r that
pra 6@3% .condi tions. Possible conmpounds include the

af or'e I'oned organonetallic conpounds, as well as
nen-'fheg aammtgdsl inay dmmselentes!, fromnthieugiong @fngasﬁesn@pr@lshng of

net h t I
T L b4 S RESRAPAR i on, notum),
(Tl\/Bbydrodemtstthgélprdsfgdednarrmrgés (DM—Iy) trimet hyI i ndi um
( IM%ﬁe %g%ecwxgllsogfethg erq%er 09 cﬁamgers r%y IE@-:}orrugated or contain

baffles with the corrugations or baffles substantially aligned perpendicular to
the direction of flow of the carrier gas;
¢ The compound to be vaporized may comprise particles of a solid mixed with
“packing. The packing may comprise substantially spherical particles or
other shapes inert to the compound and carrier gas. The packing may
comprise stainless steel and/or glass balis or other shapes.

The following examples are given for illustrating the invention:

Example 1
Trimethylindium (320g) was charged into the bubbler of Figure 2, and hydrogen

was used as the carrier gas. The conditions for this experiment were 300 sccm
hydrogen flow rate, controlled downstream pressure of 225 Torr, and a constant
temperature of 17°C. An Epison tool was used fo monitor the TMI
concentrations in hydrogen. As shown on the Epison Profile of Fig. 9, the TMI
delivery rate was constant to at least 95% depletion of TMI charge.
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Carbon tetrabrom de (CBr4), Hafniumtetrachl oride
(HF A 4) Wen the conmpound is a liquid, the flow of
carrier gas will only be up-flow through the chanber
or chanbers; 5 Wen the conpound is a solid it may
conprise particles of any size and shape, so long as
the particles nmay be conveniently | oaded and packed
into the bubbler chanber or chanbers through openi ngs
provi ded for that purpose;i1 The carrier gas may be
selected fromthe group of gasses consisting of 10
hydr ogen, nitrogen and the inert gases (exanples are:
argon, heliunm). Hydrogen is the preferred carrier
gas; The inside walls of the chanmber or chanbers may
be corrugated or contain baffles with the

c gxpaamehtahdembisbaf f | es substantially aligned

per enal?#Iar éo the direction of flow of the carrier
gBybbleg ol Ngure. dnpound to be vaporized may conprise
pﬁ,imggﬁ: 332‘0@T§/phi d mi xed with packing. The packing
may conprise substantially spherical particles or

ot hegthdp fauivalent Qiamgt compound and carrier gas.

T ' i se stainless steel and/or gl ass
b;rﬁfég%hidag ofBiamb&ePs g

or ot her shapes. 20 The follow ng exanples are
giTesting Gonditibasst rati ng the i nvention: Exanple |

Tri met By;bﬁﬁg-aﬁygggg@admas charged into the bubbl er of
a

Fi gure 2, rogen “was used as the carrier gas.
The coiict 17d@s for this experinent were 300 scan 25

hydr oggh .f | Q\ control | ed downstream pressure of
225 Toﬁ?ﬂoyﬁ\é\éé\@%gﬂgt ant tenperature of 17C. An Epi son

tool was used to nonitor the TM concentrations in
hydrogen. As shown on the Epison Profile of Fig. 9,
the TM delivery rate was constant to at |east 95%

demhgiplop of TM charge. 11
Trimethylindium (320g) was charged into the bubbler of Figure 2, and hydrogen

was used as the carrier gas. The conditions for this series of experiments were
600, 700 and 100sccm hydrogen flow rate, controlied downstream pressure of
180 Torr, and a constant temperature of 17°C. An Epison tool was used to
monitor the TMI concentrations in hydrogen. As shown on the Epison Profile on
Fig. 10, the TMI delivery rate was constant to at least 92% depletion of TMI

charge.

Experimental details:
Bubbler of Figure 2

Fill Weight: 320 g TMin
Length to Equivalent Diameter: 20
Total number of chambers: 3

Testing Conditions:
P = 180 Torr (240 mbar)
T=17°C

H; flow = 600, 750, 1000 scc
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Experi nmental details: Bubbler of Figure 2 Fill Wight:
320 g TM n Length to Equivalent Dianeter. 20 5 Total
nunber of chanbers: 3 Testing Conditions: P = 225
Torr (300 nbar) T=17C H2 flow = 300 SO GM 10 Exanpl e
2 Trimethylindium (320g) was charged into the bubbler
of Figure 2, and hydrogen was used as the carrier
gas. The conditions for this series of experinents
were 15 600, 700 and 100scrzm hydrogen flow rate,
control |l ed downstream pressure of 180 Torr, and a
constant tenperature of 17C. An Epi son tool was used
to nonitor the TM concentrations in hydrogen. As
shown on the Epison Profile on Fig. 10, the T™
delivery rate was constant to at |east 92% depl etion
ofExgmple 8har ge. 20 Experinental details: Bubbler of

Fi . Fi hght - 3 t j

C infinh 48080 pe* Sl o £ Mo ik 6y, anc

Caitrbgenonas uBed ad 3Re tarrer g34.0 Tieaggnditions for this experiment were
250 SCCM nitrogen flow rate, controlled downst_ream pressure of 360 Torr, and
a constant temperature of 25°C. An Epison tool was used to monitor the TMI

concentrations in nitrogen. As shown on the Epison Profile of Fig. 11, the TMI
delivery rate fell off significantly at about 30% depletion of TMI charge.

Experimental details:
Bubbler of Figure 11 (Conventional cylinder)
Fill Weight: 100 g TMin
Length to Equivalent Diameter: 2.125
Total number of chambers: 1

Testing Conditions:
P = 360 Torr (480 mbar)
T=25°C
N2 flow = 250 sccm

The above examples very convincingly illustrate that a bubbler having a ratio of
the length of the chamber or combined length of chambers, connected in series
with respect to the direction of flow of the carrier gas through the chamber or
chambers, and the average diameter equivalent of the cross section of the
chamber or chambers not less than about 6:1, achieves a delivery rate of
vaporized compound that is constant to an extent not possible when the ratio is

less than about 6:1.



T=17C H2 flow = 600, 750, 1000 scc 30 12 Exanple 3
Trinmet hyl i ndi um (100g) was charged into a' single
chanber bubbler, and nitrogen was used as the carrier
gas. The conditions for this experinment were 250 SCCM
nitrogen flow rate, controlled downstream pressure of
360 Tarr, and 5 a constant tenperature of 25C. An

Epi son tool was used to nonitor the TM

concentrations in nitrogen. As shown on the Epison
Profile of Fig. 11, the TM delivery rate fell off
significantly at about 30% depl etion of TM charge.
Experinental details: 10 Bubbler of Figure 11
(Conventional cylinder) Fil13Wight 100 g TMn Length
to Equi valent Dianeter: 2.125 Total nunber of
chanb&iéhmé,Testing Conditions: 15 P = 360 Torr (480
nbar) =25 C N2 flow = 250 sccm 20 The above
exanpl es very convincingly illustrate that a bubbl er

Ce s A o b S Cedfee FaRSh £ iy

respect tdeqdsitiodi pcesoconipribingw(a) at hebldar chambegraasssembly

L ouoh il 3 lt SR 3B 30 2LFbE 9 Britig an tner

chanber ogarfdragezadsaltbtonpamdtduaneeted vd s&id Inleta ¢d)iaeweans for

a delivery rate of, 25 vaporized conpound that is .

const ant  PBVHIGe gpich VR BRg EBMBPITR A (e opas, flam seid
chamber assembly and conveying said compound fo said chemical
vapor deposition process connected to said ouﬂet; and (d)
temperature control means in which said bubbler chamber assembly
is placed that causes said compound to vaporize into said carier
gas; said bubbler chamber assembly comprising two or more
chambers connected in series with the flow of said vaporized
compound and carrier gas alternating between up flow and down
flow between adjoining chambers in said series, all chambers being
in substantially vertical orientation, in which chamber or chambers
contain a solid source of said compound, the ratio between the
length of said chamber or combined length of chambers connected
in series with respect to the direction of flow of said carrier gas
through said chamber or chambers and the average diameter
equivalent of the cross section of said chamber or chambers with
respect to the direction of flow of said carrier gas through said
chamber or chambers is not less than about 6:1.

2. The bubbler of claim 1 wherein the total length of said chambers is
sufficient for said carrier gas to be saturated or near saturated with
said compound at said outlet of said bubbler chamber assembly until

most of said compound is depleted.



| ess than about 6:1. 13 CLAIMS: 1. A bubbler for

provi ding a vaporized conpound in a chem cal vapor
deposition process conprising: (a) a bubbler chanber
assenbly having an inlet and an outlet (b) a neans
for providing an inert <carrier gas to said conpound
connected to said inlet; .(c) a neans for renoving
sai d vaporized conpound and carrier gas from said
chanber assenbly and conveyi ng said conpound to said
chem cal vapor deposition process connected to said
outlet; and (d) tenperature control neans in which
sai d bubbl er chanber assenbly is placed that causes
sai d conpound to vaporize Lgto said carrier gas; said
bubbl er chanber assenbly conprising two or nore
chanbers connected in series with the flow of said
vapos.i zethe oubbierwfidlaind ard weerepatbe ahambastin sgiddeibbleen

i o sor el Frsarbif iy SRy sLL Ak a0 A e’ "

verti calhovizostal. ati on, in which chanber or chanbers
contain a solid source of said conpound, the ratio
between the |length of said chanmber or conbined | ength
of chanbers connected in series with respect to the
direction of flow of said carrier gas through said
chanber or chanbers and the average di aneter

equi val ent of the cross section of said chanber or
chanbers with respect to the direction of flow of
said carrier gas through said chanber or chanbers is
not | ess than about 6:1. 2. The bubbler of claim!]
wherein the total length of said chanbers is
sufficient for said carrier gas to be saturated or
near saturated with



said conmpound at said outlet of said bubbler chanber
assenbly until nobst of said conpound is depleted. 13a
3. The bubbler of claim1 or 2 wherein the chanbers in
sai d bubbl er chanber assenbly are positioned at | east
about 450 fromthe horizontal. 14 4. The bubbler
according to any one of the preceding clains wherein

t he chanbers conprising said bubbler assenbly have
average internal dianmeters of fromabout 1.3 cmto
about 7.6 cm 5 5. The bubbl er according to any one of
the preceding clains wherein the chanbers conpri sing
sai d bubbl er assenbly have ¥he sanme or different
average internal dianeters throughout their [ength. 10
6. The bubbl er according to any one of the preceding
clains wherein said bubbler assenbly conprises two or
nore of said chanbers in series with connectors

bet ween chanbers in adjoi ni ng sequence conprising
tubes connected at each end with said chanbers in

adj oi ni A9 SERBIBHSHEer dda@rdﬁx@rw%yloﬂ@ dﬂﬂ{e\/ﬁeﬁdﬁ@l ¢laims wherem
chanmbers of 15 agljmm ni ng1 se‘quenc &gec anb s of said
connect ors Y& ef% cagPryt @tﬁaﬁ’g?“ BF‘é? average
accordi ng tmtmd@ﬁm@% ottrévn @Boudt-153 wheo emautzmcﬂn.

bubbl er assenbly conprises two or nore of said
hambers in 20 series with connectors between

chamber %d Q[&db&q? %o&’ﬁ?'qug %ﬁ& %ﬂﬁ% rrt)er Sg?etd%engalms wherem

connect &
sequence, tthe chamherstdonpripiag weidrbubhled aase?mbbeli@edhe same or

different average internal diameters throughout their length.

10 6. The bubbler according to any one of the preceding claims wherain
said bubbler assembly comprises two or more of said chambers in
series with connectors between chambers in adjoining sequence
comprising tubes connected at each end with said chambers in
adjoining sequence, the connection between said chambers of

15 adjoining sequence and chambers of said connectors being mitered

fittings.

7. The bubbler according to any one of claims 1-5 wherein said
bubbler assembly comprises two or more of said chambers in
20 series with connectors between chambers in adjoining sequence
comprising tubes connected at each end with said chambers in
adjoining sequence, the connection between said chambers of
adjoining sequence and chambers of said connectors being
rounded fittings.
25

8. The bubbler according to any one of the preceding claims wherein
said bubbler chamber assembly comprises two or more chambers
connected in series with at least one of said chambers comprising
the annular space of concentric chambers.

30



adj oi ni ng sequence and chanbers of said connectors
being rounded fittings. 25 8. The bubbl er according
to any one of the preceding clains wherein said
bubbl er chanber assenbly conprises two or nore
chanbers connected in series with at |east one of
sai d chanbers conprising the annul ar space of
concentric chanbers. 30 15 9. The bubbl er according
to any one of the preceding clains wherein said
conmpound conpri ses an organonetal lic conmpound. 10. The
bubbl er of claim9 wherein gid organonetal lic
conmpound is 5 selected fromthe group consisting of
trinmethylalum num (TMAL), trinmethylgallium (TM5,
triethylgallium (TEG, trinmethylantinmny (TMsb),

di net hyl hydrazine (DWHy), trinmethylindium(TM), and
cycl opet adi enyl magnesi um (Cp2My). 10 11. The bubbl er
of cl ai B 10Thé eusHIer Sbtiny Yaaryneteadflthe peoagiog cthims wherein

conprises tri.nethylindi um and/ or .

cycl opent ad?%ﬂs?'ﬂé@'ﬂggmﬂ"sﬁ?" PR BMBEIE TR Y ng

to any one of the preceding clains wherein said
conpound conprises a liquid 15 13. The bubbl er _
accor di 1g. t Shanbybhlercofo¢lainh@ whaseia giaifyowaaemetaliiscgogipeund is
ai d conpou SRl | doflsistirfly offitndtvyMMRinu@l (TMAL

§c| aim 13 V\héel.éri%(?n samﬁ%oﬁogacdgqs‘gtunddc@ﬁ' i ses.'ﬁ{ngo (r_ s
car bon t et rdpediasdiuan dFMC)HaretnYiaaliue r &G)o timethylagtimony
The bubbl er (TafsH)! dinfdinyiOhydrazit RDRIHYS; | BiEthykndidm (TMI), and

wherei n said .
cyclopetadienylmagnesium (Cp2Mg).

10 11. The bubbler of claim 10 wherein said organometallic compound
comprises trimethylindium and/or cyclopentadienylmagnesium.

12.  The bubbler according to any one of the preceding claims wherein
said compound comprises a liquid
15

13. The bubbler according to any one of the preceding claims wherein
said compound comprises a solid.

14. The bubbler of claim 13 wherein said solid compound comprises
20 carbon tetrabromide and/or Hafnium tetrachloride.

156. The bubbler according to any one of claims 1-12 wherein said
compound comprises a liquid and the bubbler chamber assembly
allows for carrier gas to flow only up-flow through the chambers.

25
16. The bubbler according to any one of the preceding claims wherein

said carrier gas is selected from the group consisting of hydrogeh,

nitrogen and the inert gases.



conmpound conprises a liquid and the bubbl er chanber
assenbly allows for carrier gas to flow only up-fl ow
t hrough the chanbers. 25 16. The bubbl er according to
any one of the preceding clains wherein said carrier
gas is selected fromthe group consisting of hydrogen,
nitrogen and the inert gases. 16 17. The bubbl er of
claim 16 wherein said carrier gas conprises hydrogen.
18. The bubbl er according to any one of the preceding
clainms wherein s the inside walls of said chanber or
chanbers are corrugated or contain baffles with the
corrugations or baffles sub¥tantially aligned

per pendi cular to the direction of flow of said carrier
gas. 19. The bubbler according to any one of the
precedi ng clainms wherein 10 said conpound conprises
particles of a solid mxed with packing. 20. The
bubbl er qof ‘f’h@'ﬂl}ﬁﬁ%r"@?eitﬁinﬁ‘ FRivtheP&If Kidid) CaPidT §8° Tomprises
substantially spherical particles or other shapes
inert to sahydrogesmpound and carrier gas. 15 21. The
bubbl er of claim 20 wherein said spherical particles
or other shapes conprise stainless steel and/or glass
bal | s/ ot1ger ThHBaRBBler according to any one of the preceding claims wherein

5 the inside walls of said chamber or chambers are corrugated or
contain baffles with the corrugations or baffles substantially aligned
perpendicular to the direction of flow of said carrier gas.

19. The bubbler according to any one of the preceding claims wherein
10 said compound comprises particles of a solid mixed with packing.

20. The bubbler of claim 19 wherein said packing comprises
substantially spherical particles or other shapes inert to said
compound and carrier gas.

15

21. The bubbler of claim 20 wherein said spherical particles or other
shapes comprise stainless steel and/or glass balls/other shapes.



