BUBBLER FOR CONSTANT VAPOR DELI VERY OF A SOLID
CHEM CAL BACKGROUND OF THE | NVENTI ON Field of the
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organonetal | i c vapor for the manufacture of

sem conductors. Prior Art For MOCVD growt h,
organonetal | i ¢ conpounds are the source materials for
t he conpound sem conduct or industry. The

organonetal i c conpounds that are typically used as

precursors f or the chem cal de03| { on i ncl ude
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cycl opet adi enyl magnesi um (Cp2My). Typically, a

vehid 'Qoewagrﬁ_‘&al |\I/ N?mound for vapor phase

epusé‘rm—rrm-ovo%nérrr—a—bubbl er and subjected to a

constant tenperature wherein a carrier gas, such as

hydr e My rrl". Logen, IS introduced to transport the

cﬁMi ver it to a vapor phase deposition
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[ as streamw th a known,

t d
ech n%%? re@%,ﬁ?flmﬂof‘g'd‘l"t Samount of cont ai ned

organonetalllc. For liquid organonetal lic conpounds,
tth is generally a straightforward exerci se since
ansport and vaporization kinetics are fast
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nmost reasonable flow rates of carri er@% The te

" GRHRPNd SPAiGRaHCIgE iRGUSEY) | The (Preane @'lprﬁmtwdﬁ ¢ ghat are
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Typically, a volatile organometallic compound for vapor phase deposition is
provided in a bubbler and subjected to a constant temperature wherein a carrier
gas, such as hydrogen or nitrogen, is introduced 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
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 carrier gas. The
term “bubbler” is used generically in the CVD industry to refer to any container
for a precursor utilized for delivery of a carrier gas saturated in the
aforementioned precursor.
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a high surface area will evaporate faster than a

uni form dense, nore nmassive material. Mass transport

is also nore problematic. It is inportant to allow

sufficient contact tine for the slower evaporation

process, and it is inportant to keep the carrier gas

movi ng across all exposed surfaces at rates sufficient

t by el gaserofiselid srganametallies, Nekably TMI, pblaining epnsigient gelivery
. | . .
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higa§ ©#Rdraastons, 8ach as!grédstife BhanduseaPiRt @firier gas flows through
preferentially, causing rapid reduction of surface

ateap@gHrspr ibed; gee knewh jtprcaype ier@tigdeliveryratefepne ghanges in
V\lagg,l@ermy,aﬁg%sggﬁ,rg&nt_he erosi on of the solid

precursor bed.” Changes in pressure inside the bed

during operation. Gain growh effects due to the

a " . . .
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evaporation and re ep03|%’| on occur at e sany rate
botgdmedhetallic precursors are affected by a number of factors:

¢ 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 agglomeration 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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Therefore, saturation of the carrier gas with the
vapor of organonetallic precursor becones increasingly
unli kely. An ideal bubbler design has to overcone the
af orenenti oned probl ens and needs to achieve the
followi ng goals: Provide a stable, constant vapor
delivery rate until substantially conplete depletion

ot (Ges paths aem@gﬁmr@nd thejavailahie purse-areadiesgmes reduced
Pl a8 the E{:&B’hfé%y g 8D ﬁ?éfo?é‘téé'hg%{u&{‘of the,cartier gas

concentra conmon and reasonabl e oper at

par avithttbe yaperodf cagartomngiallia precsrsqsbesemes jncreasingly uglai@ly
type (N2, H2, etc.) and flowrate of the carrier gas.
Provi de fast response and fast re-establishment of a
sAabiieal mmwéradésugra}bas td advieveomge it eaforementipeed protdems and

par apet e ed. There are known gener al
aBﬁ‘?cggtB 'etvs??%gﬁlagf 98987 0f vapors fromsolid
organonetal lics: 1) Solution TM: The drawbacks noted
in the industry when using "solution TM" incl

ude
eht PIPYIHRIR Stgblea GOASIANE vaPor deliven faiRunth gubstantially complete

| NCRaBletbA BF tHarsblia cmetsmb m/ﬁbxbubete?we@rmé&t al
I ndi um when using TM/T a) U S Patent No.

5e 2 Prodide satgetin oawq@r—aatur@fm pgnqesiratiemat mosthgammon and
cas t
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o9 e, 7 S N S SSRE  AVERY, py vapor
R3I rdeligerg nateswhen mdwaﬂlngwphrametéféla)'éiy;hdthher gener al
approach is a bubbler design that inproves the

uniformty of flow and solid-gas contact in the
bubbl er. Strategies that have hitherto been enpl oyed

i ncl ude: |
' Hhere 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)



a) U S Patent No. 4,916,828 (1990): The use of T™M
m xed or dispersed with a "packing". b) U S. Patent

WOON2004/1 7847 999 (1987): The use of a bubbler PCT/EP2005/052247

10

15

20

25

incorporating a dip tube fi4ted with a frit

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

U.S. Patent No. 5,019,423 (1991): This design uses a
carrier gas flow ng upwardly through a packed bed of
solid organonetal lic on top of a partition containing

a2h momqrtgynewai pBRreach ipa but@lemﬁseaﬂ thabimproyes thginiformity of

(1998 arfy SHBIdaR" copit LA ﬂﬁ?ﬁqt{bﬁlérh%tr‘é'tég‘?& iaPh&e Fuh'%rto been

gravitati on ce Int ow ng seduence: through a
t hi @lmm@dlnclede plate, a powder solid bed, and a thin
gas outlet pl at e. e) PCT Patent Publication No. WO

99/ éﬁfﬁﬁo@% 1 )No.Y4 8”1?;&_388 7(99@ qfhbzl‘fs"e biSTW%*xecf br dispersed

Pat 03,16 he use of a bubbler
cont ai witmg * aac@maust tube, a conpressing plate and a
pair of porous thin plates is described. g) U S.

PUblg%SLI]@ e ANlo APl gbdf (1@975\b|'he29§h269Qmﬂer%éorgoratmg a

(20 this bub%l er contains a metal sintered
r at herdlprtahe ditted rwitmei Gib gistdyior abthe gpd 19f dhe pgbe@nd with a

(cont (3PeR R dmalT & Mifhtor IR0S AEDRNGS. |

Japanese Publ i shed Pat ent Application No 2003/ 303772) :
Thi €)bdishiRatentNg 559319 @%G@Qﬁbrﬁ‘ﬂ%ﬁﬁlsn HERRB GAtrier gas Tflowing

packi nlgpﬁé}agaﬂﬁ Vgﬂ&éﬂ bb@Vef &?at b noMdiAId A top of a

pi pe crosse partition p hat vertically
di vi departitien @QJﬂalalr\g@pluahtmftmas ely, none of the
previously descri bed bubbl er designs have sol ved all

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



the problens of solid organonetallic delivery. None of
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pi ck-up of precursor materidal until substantially
conpl ete depl etion of the vapor source occurs over a
w de operational range. Each bubbl er design has a
limted range of paranmeters where it operates nost
efficiently. Breakthrough of non-saturated earner gas

occurs prematurely or gradually as the solid substrate

i s depliectien spitehing RiRe smaﬁ@ rt%r@ugh g paftitios nplate fhat, vertically
del i VechS% f”e%%ﬁ edNd wasting of valuable

organonetal 'l ¢ product due to early renoval and

repl acenent with a new bubbler. A slow drop-off in
percent carrier gas saturation can |lead to production
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e dep05|t|on rocess resent 1 nvention solves

ttlne prioblesmmiofi s9 @mrgammaaﬂmdqhvew t INonengiethe gferementioned
d
| bSodhsy %Evén%ﬂ%r% 'cgséﬁle Gﬁqg\c&fdﬁﬁ%r‘é GriiteRAL H&QI@% rrrstoeu with a

conpri ses bl er or a vapori ze
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Chaseat bditéd tamgei of epara(ne)era mhares rtooperateswmtgstt Iaﬁ'mently
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VﬁwohdsnbstrétewdeplemdsS’remanﬂ'_etbe@bld_thrﬁuglﬁ r@swﬂsgr poedklivery
t enper at ur ans in i C u er
CRFRBFY 208 atfstnS ot vafiap B Brmemetiiciopys il sy pmove
vVaRdrépl8cémiést Wilte aCAéw ibRibbRas . A Bltav ldedp20f1in qiwdmrcamer gas
assenbl y conprises one chanber_or tvvowgarp re chanbers
n

c SAHERPB °An é‘iﬂdi de, PRqucten nBrubmia deposition layers if

Suhéétaétbu@hhugwaép”oa,h@hlpeaé@ts.l on. The chanber or
chanbers contain a solid or liquid source of the

conpound. The ratio between the |length of the chanber

Ofrhé& BrddeREMVERIMH ¢bivds the aforesaid problems.

Summary of the Invention

In its primary embodiment, the present invention comprises a bubbler for
providing a vaporized 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 to 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



chanbers connected in series with respect to the
direction of flow of the carrier gas through the
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equi val ent of the cross seation of the chanber or
chanbers with respect to the direction of flow of the
carrier gas through the chanber or chanbers is not

| ess than about 6:1. O her enbodi nents of the

i nventi on enconpass details including | ength, dianeter

and orientation of the chanbers, conposition of the

c eripyatien. adbe chamber ofshambers gontajy @ [Solid or figuid; saurgepf the
q . . . . ot .
pEBEPLaRS [ flotcpwedt 1Y 1B 16 hlinBlr d/ombingd length of
geBarhberaicognetied iy setes willy respect ipthedlingstion at flewl ofithencarrier

s LTE 3] A5 g 45y e o o

L thgagxlzrdbageeﬁmf of theochamttexrdreshanibers aitheespégtdartbe 2iregtion of
I . 11,0 h f diff
et ine 8L o8 Inbonl} B8 SR ok Rembire Rt Jose frap abour

aggl.outl et chanmbers; and one U-tube | arger dianeter

chanber. Al chanbers are connected in series via
reduci ng tubing. Figure 3: A bubbler with three 180

I Sthérn clrddiniérils UST @hd Onbentiondeh€oripass étdils- ioludiey length,
bubbler with three 9(9(%rritered el bows. Fj _%ur n‘g: A

o dIReder ad Rripiaben of dhe Shambers ROMRRHSR; of B gompound and
t ehfridd gad, Ml ST Whidtdre Helwdihafler ddsefibédi duthil.et chanbers;

and one U-tube chanber. All chanbers are connected in

series via reducing tubing. Figure 6: A four chanber

Delat Bsiiohiin 1 Thé Drabingge bottom of each chanber
Figure 7. our_chanber bubbler with a gas dispersing

t Figsral Az hEhe basisrrosrerlefth caEikhens fiowing threughna long, narrow
@biufifH pdokbl Wifitn BubfBLER sBfid midggi, downward thr ough

one si

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 connected 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 equai to or
greater than 6 times the average cross-section of one of the helical chambers.
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greater than 6 tinmes the average cross-section of one
of the helical chanbers.Figure 9: An Epison Profile
associated with Exanple 1. Figure 10: An Epison
Profile associated with Exanple 2. Figure 11: An

Epi son Profile associated with Exanple 3. Detail ed
De_scrigti on of the Invention It was found that passing
aFigdre Pe AndpisamPwiilgrassopiatad with Examplenhr i zed above

I i j LA A I pded a stable
o A T B B 2 por unt 1
nbigurer 1:tAreEpisbn IPsefile assaciatad witb|Exampi@i8. depl et ed,

(see Figure 1A). Based on this observation, the
present invention provides an inproved delivery device

f Detaled Mlasdristinm afdhd MVERIN syst em The bubbl er desi gn
conce incl udes .a_narrow, | [ in '

¢ Rarebute el Pasuflo A ods Rfbuidh Chiforien ad fhmEfiZ Plbove
cﬁmdedtwm itﬁmed’fylipdiefrur('sm) pavided @ ttablec gasi ﬁtreagnsﬂwat was
Thi s narro ng cylinder desjgn rcones.t he

© Bt WK, 0 Vasih yrih ot o6 S8 TN IRERR it e poimn was
su?ﬂ@ﬁ?t (s?ddl Pityaird OA).UaleﬁetlTbb pqms{i@t_ise@\fatﬁhﬁtﬁélipn‘eisehtf id@éntion
with the solid nmateri a nimzjing c 0

¢ REOVisleS an Maeiec delvery Asisedora sobd stlien MEGYHIdvstem: o
maxi mum heat transfer through the chanber wall into

t he conmpound. Therefore, the bubbler can be used at .
| She buBbles desiga caneentingicles ey, Igag Uniash Yiinder design that

CPFﬂ%ﬂfe%da EQuFARBK S} rleaRahtubatiil @ntentfatonVaiHeciE85vaPOR in the
of a chemcal is directly related to tenperature. To

keRjiier gasnstHNE NAsRY. |ongseylinder 1desianu BrerepdIes nthgs greviously

aa@s&IbbEeﬁeéc}"ﬁﬁd SRSk frafsdt SlbmisCHREL 3 WiSwOAbN nMximum

are Jacketed wth a custom nade external heat _

egentapieithe parier gas mito\ie gelichmatesiah by Migimizipg ghapneting of the

t ' ' Yo" j ; S

B 8 R pollr oROBY LRI o Rk Hest ansre
through the chamber wall into the compound. Therefore, the bubbler can be
used at lower pressures and higher carrier gas flow rates as compared to

conventional bubblers.

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 multiple 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



tenperature bath. Therefore, instead using a single
| ong straight tube, the bubbler may have to be
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with a bundl e of tubes conmected together in series,

or with concentric tubes. The bubbl er design of the
present invention provides continuous, stable delivery
rates of solid source nmaterial until the majority of
the source -material isdepleted. Such bubblers my
include some or all of the features described belo

CoeRietede Sueh (Pubblers MayAifgluge Same o @l @ ihg! fealires, dgscribed

gbég@ plastlc or netal, which is inert to the solid
source contained therein. Stainless steel is preferred
bec &onstructiors matetiandAny syitablef madenabn such [sCyidss, plastic, or

|ndustr . The . | or

|t P WIS LR et sBlichdoRlaib] Instih, Staipgss steel i
exi tpréfgrreu becaysy it isad staadad s:pecifcatrongasl\ll_ecvamdusttyact
oSN o ] i b e 8F bird ¥ out
por tpartofor texRing UBB! ﬁpoﬁ aBtuPsted airidrl Gi6 aftdhedntaétt Wit the solid
without a frit; ubbl er can conprise either a

si n§OHreEnaRe ope oF "?ﬁﬁ f I' pPEs fardeasting;the campquidsioyege;
di a'ﬁ{eern‘fetoén& Bﬁtl?ﬂ;ﬁgﬁf& 1R butBidr &S BEEInStalld fdithe€With or

throutgh@out their The di ameters or average
di amd utécffdbval ent of the chanbers are in the range

of "B bbrt e Bfin %gl@ @\aﬁ{ﬂer o;r futt B Bers;
cu

are not res rlcte tocir shape
cposTSwesdmennahsiuarthteys coﬁrthbechambei's caralba ﬂ'qajasame or different

rect ul ar Lﬁ"ﬂ or anything el se known to one

ski Itﬁé’g' l" tttH%'r i The chanbers may be equi pped with

| @t eyheadiahwtdrs & a:rera?gv aiagriﬁteroe@malemtwmsmatmrs are in the
effective ]path Ienggj (ﬁ &fig’oers are connected in

ser ir@ROR AP AbOHE ﬁﬂbé‘?é PYA-PFMerti cal

¢ 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 pattem at an angle
of at least 45° from a horizontal line;

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

¢ 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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45 froma horizontal |ine; 9 The chanbers can
communi cat e usi ng connectors that have sanme or snaller
cross-sectional dianeters of the chanbers. The
bubbl er assenbly may conprise two or nore chanbers in
series wth connectors between chanbers in adjoining
sequence conpri sing tubes of substagtially hari zont al

or i SRAYRNCEn NRLATMGCRLPeRyee theeharpRers af Fdiaining sequence,and
t 0 fhustof Ihéd cEMMdChits Asdyash Bding Afifaréd 6r uhBed fiflings;

chanbers in adjoi ni ngséquence, the connection bétween

t he Thrashambers fmayipei eanngcted gushctbat paidt caseer gas passes from
conpect ' ' anded. filfi . _
A T
gas cpadifiens at e hubblaribie assanialy oaiet fon aa lerg aspossible while

et pRRPh Rl bR ing P a Rty 61 @Bnote, as
possilustratedhiihe BExhepie | $, ca ghuilthiet odf| itise cimvpotiord packede with
B atiPRIg, i 8 SopFoRLleFaRaERre A D4 eghigyen 2 supmly of
tri aturted Rdimian giistfor ver@B% of tredirhe there as tHirtethflinkiiiitin the

achi gl*\ées a supply of saturated carrier gas for over
95%4PPRe tine there is trinethylindiumin the

bubh*harbubbvara;d%&)b@;_spu@amaﬂeoﬁwmmdt@ga%-uﬁpefsiﬁqqamw at the
C

a gas-di spersing device at the bottom of each anber .

The b@ﬂg_md P ﬁéﬁgi shgmkeayi c&he agﬁso@sﬁerﬁtﬁ‘goﬁgv"é@ éi_@BnPe fuPRrous
as ldrhét SiRNiaR% it Raithg ¥ ddproliéd psidsity gmigu&%)?o%e gas
or the gas dispersing tube (see Figure 7); he t'ot al

| endlispeding tubedRre@bi@ure¥)iconnect ed chanbers nust be

o/ B0 0, o o BB G Ry s A i
ass dorothg ;carrier gas to be > 90% saturated with the compound at the outlet of
the bubbler chamber assembly;

e 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;

¢ 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), trimethylgallium
(TMQG), triethylgallium (TEG), timethylantimony (TMSb), dimethyl hydrazine



The bubbl er chanber assenbly nmay conprise two or nore
chanbers connected in series with at | east one of the
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chanbers; The bubbler canibe encl osed in an outside
cont ai ner equi pped with inlet and outlet ports for
circulation of constant tenperature fluid; The

i ndi vi dual chanbers of the bubbler can be jacketed
with a heat exchanger; The bubbler can be used with
any conpound, liquid or_solid, organonetallic or

non{BMittho tpeathyiindiurgo(Tiig 2pd  eXHOREHRIRINMA9CUP alFReMO),
Of  \HB6h fefabRimidB {eBc ! AathiurfletaeRride pal,) Poss bl e
conpounds i nclude the aforenentioned organomnetallic
con¥benithe eempeund issa tiquidothgaltewref gatriec ges milb onlysbe up-flow

i ncludi . trinmethylal um TMVAL) 1
1t dhOR R Stk Rdmpetds, 1V O T U (Tegy

t »i Mihéry ltteen compoynd T8Vabgoliddit medyhgomprist particlesDbf-gmy, size and
( Co20gP: SSPB8 A6 PaichHR ey PeRPRy Sy pid and pabked into
t et nRs ubblgteclidmhbeérd br dNaeibdre ethfsugho Bpéhings aprbvided dfor that

the flow of carrier gas will only be up-flow through
t he RRMASer or chanbers; Wen the conmpound is a solid

I b NG EARBF GBS Ay bleCsS18cted AR thd ZRoul &f YaseEs cBRsisting of
long as the particles may be conveniently ['oaded and
pacwdragene nithegenu@pd cthecingrbaasas: (HAFRIRT ArehpERsk helium).

operny iQ\he l%fér%d%m&r .pose; The carrier gas

may tyewé%ﬂlct edsfrom t he gr% of gasses consisting of

hy dridgeinsidaiwalis g theaabiamber omerambgss sy lex aamugated oe contain

arg , ) ' ) : :

o1 SR o B of S URAAP L SpoRSiter

cor rthe directionrofflowtcfitime barfiet gas;wi t h t he corrugations or

bgf f'IlheeScoSn%J;?oSl}n%qotalbael Ja\é)oﬁlzé pnea(ilI (%%&%gdda?‘tyéleasr oft &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 balls 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 to 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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substantially spherical panticles or other shapes
inert to the conmpound and carrier gas. The packi ng may
conprise stainless steel and/or glass balls or other
shapes. The followi ng exanples are given for
illustrating the invention: Exanple 1 Trinethylindium
(32Qg) was charged into the bubbler of Figure 2, and
hixpereentaldetailssy as the carrier gas. The conditions
f BUbbIB 8f ByGRer2 ment were 300 seem hydrogen flow rate,
control I ed”downstream pressure of 225 Torr, and a

cb Weight: 32thgetMtrur e of 17bC. An Epison tool was used
t ' trations in hydrogen. As
FeftiR s BBt BardBe 20, L7 R g, o, " the Th

deotial rupbenefechambersiidst ant to at | east 95% depl eti on

0 ggﬁr Experinmental details: Bubbler of Figure

2*??‘1{,\49 |g;';t%ﬁ1:s'320 g TMn Length to Equi val ent

Di anetR - 2280Tdaro(300 mbat)er of chanbers: 3 Testi ng

Condit'g_nﬁog = 225 Torr (300 nbar) T = 17 0C H2 fl ow

= 300 see anple 2 Trinethylindium (320g) was

char ged, flow & 300ssdembbl er of Figure 2, and hydrogen was

used as the carrier gas. The conditions for this

series of experinments were 600, 700 and | OOsccm

hydrogen flow rate, controll ed downstream pressure of
Example 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 experiments were
600, 700 and 100sccm hydrogen flow rate, controlled 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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Epi son tool was used to nonitor the TM concentrations
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10, the TM delivery rate was constant to at |east 92%
depl etion of TM charge. Experinental details: Bubbler

of Figure 2 Fill Wight: 320 g TMn Length to

Equi val ent Di anmeter: 20 Total nunber of chanbers: 3
Testing Conditions: P = 180 Torr (240 nbar) T = 17 0C

H2 flow = 600, 750, 1000 secExanple 3 Trinethylindium
(Eﬁﬁ@}.}!%s charged into a single chanber bubbler, and

Nirts a h i i it}

F opERR AR, (00 hal el Bl B SinglS Al bftler, and
coitrogen iwas usethas theaearpergasr Ehefcopdiborms far thigraxpariment were
c t f '

+ 330 SR RIRBN Bl coiiod SBwhiiceal phASbrd BEAAlF i, and
s baonstant térepéiptuse of R6UE. |An Bpiseh doolMas used Kvmonitor the TMI

delivery.. e fell off,_significantly 0/

JERR PG Praifobnt: e e BR elpSl BRI br Pty the T
otelvegy rate 1dll ¢fCsignificantiyratlaboyt 30% eeplefioh lof Vil gharge100

g TMn Length to Equival ent Dianmeter: 2.125 Tot al

n%r;geerrimglfltafgeatmsgr& 1 Testing Conditions:

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
N: 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.
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The above exanples very convincingly illustrate that a
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conmbi ned | ength of chanber$3 connected in series with
respect to the direction of flow of the carrier gas

t hrough the chanber or chanbers,” and the average

di anet er equi val ent of the cross section of the

chanber or chanbers not |ess than about 6:1 , achieves

a dellvergﬁgate of vaporized conpound that is constant

to an @b not possible when the ratio is |ess than
about 6:1.CLAIMS: 1. A bubbler for providing a

vaporized conpound in a chem cal vapor deposition

procesk cdirpubblentpr preyiding luvasiosized kampeund s aebeinical vapor

having an deﬁb?ﬂoﬁ”ﬁo@&s‘)%%gﬁ%né.o aggz? gu%BBI%r féP\E\H\ber assembly

provi ding an inert carri conpou
connect ed havirgaanl inlat and ancputietntyres nieansr fenproviding andinert

hebenbly SRTTel T EBMGoR BBiner RtE Bl RETRER means
vapor depder ternovipg mes\‘zapmizadcdombdundsanddcamer ghs frond said
(d) tenper ture contr

d bbl .
chanber 2y SR80 i A Rhupviod JebloatihdndiR Rl ghemical

to vapori Zﬁpbﬂt@e;&isitlbncafréms gonneciéed dtoblé@id edutlet; and (d)
chanber assenbl co rls nrggone C

ha of nore
chanbers dBMREERIE ang| in d’}r‘gﬁ%e?@dbﬁ‘ﬁa@ nchamber

subst ant i 3és]s}énib§f €] ﬁﬁbe@fthﬁtnbé\he@nsald rbombo@hdt:tbavéwnze into
or chanbers _contain a solid or |iquid source of said

conpound, SAik caier gagetSAkd Rubbler chamber assembly comprgiep one
or combi Neghahftidyt Br GlvoC BATRRFS SHAMLRPS esbrindch ii®Sseries, all

with respect to
chambers being in substantially vertical orientation, in which
chamber or chambers contain a solid or liquid 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 chamber or
chambers is sufficient for said carrier gas to be > 90% saturated
with said compound at said outlet of said bubbler chamber
assembly.

3. The bubbler of claim 1 or 2 wherein the chamber or chambers in
said bubbler chamber assembly are positioned at least about 45°
from the horizontal.



the direction of flow of said carrier gas through,
sai d chanber or chanbers and the average di aneter
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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 claim1 wherein
the total Iength of said chanber or chanbers is
sufficient for said carrier gas to be > 90% sat ur at ed
wi th said conmpound at said outlet of said bubbler
chanber assenbly. 3. The bubbler of claim1l or 2
wherein the chanber or chanbers in said bubb]er

chanbef- asEihByRbleR acqasding it A8y oge af dhe pregsging dlaims, wherein
the hori zoRbaéndinherl cdibriyig tsﬁﬁﬁ%ﬁébl@ﬁ dsSebly PBPe Uverage

the preceding clainms wherein e chanbers conpri sing
sai d bubbliaternal siametersefifeon abeutgle3 ca torabout 486t er s
of fromabout 1.3 cmto about 7.6 cm 5. The bubbl er
according to any one of the preceding clainms wherein

the chamb eif‘rfe BOBHS! Séddding td ahy %h!eecg.tﬁé ng?égélc%ghaé(iﬁwst Wherein
sane or different average“internal dianeters

t hr oughouttherebambeshgemprising said bubbigrassambhy bavegthesame or
any one of g ] I ' ' r
assenbl y c%ﬁ%%?gé\zé}?%n‘g?rﬁhgélgﬁ‘g sgﬁﬂ%@ﬁ&%ﬁleﬁﬁﬁ
series with connectors between chanbers in adjoi ning
sequence conprising tubes connected at each end with

sai d cbanbEhe bubbledactianding tc @aguoneaf thérerenedingcelains wherain

chanber s ofd SHEPEE St Sk ni 8 8 of Bl champers in
The bubbl eseriscwithlicognéciorsniyeteeen athaoibeirsrin adjpinihg rseqnence
sai d 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 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
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.

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.



bubbl er assenbly conprises two or nore of said
chanbers in series with connectors between chanbers in
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end with said chanbers in a#lj oi ni ng sequence, the
connection between said chanbers of adjoining sequence
and chanbers of said connectors being rounded
fittings. 8. The bubbler according to any one of the
precedi ng cl ains wherein said bubbler chanber assenbly

conprises two or nore chanbers connected in series _
with & | st bulhlercacoseding tnhanhene of ¢ prespdiggigidims wherein

I T s pa ot M

according to anypone e ing clainms wherein

sai d conmpound conpri ses an organonetal i c conmpound.

10. The bubbler of claim9 wherein said organonetallic
compoutll iEhesbubllerdf tlaima whergin spidcoiganemetaicocompound is

L1 ot hy! gt Ei Cpme brou b slforid Tl num (rmiaL),
di et hy|_Hgchotnigalivbh G g@mwilumggelﬁﬁbx Wﬂ]r%ethmmmony
c ai m 10 B caneav, Rergingt i, SHBIHAGA Fhan, and
conpr i ses dyclopetduydriyimagriasimi{CpMg).

cycl opent adi enyl nagnesi um 12. The bubbl er accordi ng
to any one of the preceding clains wherein said

o oy bncl 15 euper B i, fo oPherail el s tcibound

conmpound csvmprises Frirde®ylindium hd/oflegclopéithdiengimagnasiom.

13 wherein said solid conpound conprises carbon

tetrabron de and/or Hafniumtetrachloride. 15. The

g gib(tj)l e{ 2.a r%r E{,&,‘ie} gcc%%ing rt‘c‘;3 a(r)l{( o%le%lf r{ﬁe %Felc%d%ecglgilmg wherein

said compound comprises a liquid

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
carbon tetrabromide and/or Hafnium tetrachloride.

15. 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.

16. The bubbler according to any one of the preceding claims wherein
said carrier gas is selected from the group consisting of hydrogen,
nitrogen and the inert gases.



compound conprises a liquid and the bubbl er chanber
assenbly allows for carrier gas to flow only up-fl ow

wo oosuagisst he chanbers. 16. The bubbl er accor di pQr/EP2085:1§52247
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one of the preceding claingéwherein said carrier gas

Is selected fromthe group consisting of hydrogen,
nitrogen and the inert gases.17. The bubbler of claim

16 wherein said carrier gas conprises hydrogen. 18.

The bubbl er according to any one of the preceding

clainms wherein the inside walls of said chanber or )
chanbet® afhe dwibblejaeke¢laim d6nwhereimagaid ccarrer [gasheomprises
corrugati affl es substantially aligned
perpendicﬁﬂgp&#gpthe direction of flow of said carrier
gas. 19. The bubbler according to any one of the
precedi ng clai ms wherein said conpound conpri ses

parti cl&s dhedubbler acoirding taiany qsectfithe prexgdinphelaims wherein
bubbl er of,cl.aj. i ' Kij j

substanti a*?y'ﬁé'ggé'??"cg;& gé{ptl&g"ibse?gér} % e@e‘?’%ﬁ%r%é%?mgated or
inert to seointainbaffleswitretne commugationsyersbaftds sdtbstantially aligned

bubbl f clai ' [ her i cal i cl
or ot her _<pepaa P58 Srpaith) AL BRT salt St aos
bal | s/ ot her shapes.

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

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.

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



