WO 2004/010463PCT/US2003/020825 VAPORIZER DELIVERY AMPOULE BACKGROUND OF
INVENTION 5Field of the Invention The present invention relates to a vaporizer, and more particularly,
to a vaporiz&QIPHP485tem having multiple containers to provide increasedIsUp6&' RA825for
vaporization of liquids and solid materials, e.g., liquid and solid source reagents used in chemical
vapor 10 deposition (CVD), atomic layer chemical vapor deposition (ALCVD) and ion implantation
processes. Description of the Related Art 15 Chemical vapor deposition (CVD) has been extensively

used for preparation of fims and coaVFOREEPRORBIIVIOR WARTHOOASESING. CVD is a favored
deposition process in many respects, for example, because of its ability to provide highly conformal

and high quality films, at relatively fast processing times. Further, CVD is beneficial in coating
substrates of irregular shapes includingBA€ RGRGIFDDORIDEDOITfoXMal films even with respect to
deep 20 contacts and other openings. In general, CVD techniques involve the delivery of gaseous
reactants to the surface of a substrate where chemical reactions take place under temperature and
pressure cdndilishd afe dnzefztitarable to the thermodynamics of the desired reaction. The type and
composition 25 of the layers that can be formed using CVD is limited by the ability to deliver the
reactants or reactant precursors to the surface of the substrate. Various liquid reactants and
precursors, arel 8 duesssfimyensioa fisletesiosp preaiieis y aorodnHis whaliging reReriastsdoliscearrier

gas. In liquid regeigntiavky SYRIBPIS (R.GRIE S0 GRsVRIEYRIGRHY-BURBIRY ata qentialssi-iats through a

container of the, liquid reactant so as to saturate the carrier gas with ) )
iquids and solid materials, e.g., liquid and solid source reagents used in chemical vapor

10  deposition (CVD), atomic layer chemical vapor deposition (ALCVD) and ion implantation

processes.
Description of the Related Art

15  Chemical vapor deposition (CVD) has been extensively used for preparation of films and
coatings in semiconductor wafer processing. CVD is a favored deposition process in many
respects, for example, because of its ability to provide highly conformal and high quality
films, at relatively fast processing times. Further, CVD is beneficial in coating substrates of
irregular shapes including the provision of highly conformal films even with respect to deep

20  contacts and other openings.

In general, CVD techniques involve the delivery of gaseous reactants to the surface of a
‘substrate where chemical reactions take place under temperature and pressure conditions
that are favorable to the thermodynamics of the desired reaction. The type and composition
25  of the layers that can be formed using CVD is limited by the ability to deliver the reactants
or reactant precursors to the surface of the substrate. Various liquid reactants and
precursors, are successfully used in CVD applications by delivering the liquid reactants in a
carrier gas. In liquid reactant CVD systems, the carrier gas is typically bubbled at a
controlled rate through a container of the liquid reactant so as to saturate the carrier gas with
30  liquid reactant and the saturated carrier is then transported to the reaction chamber.

Analogous attempts have been made to deliver solid reactants to a CVD reaction chamber,



30liquid reactant and the saturated carrier is then transported to the reaction chamber. Analogous
attempts have been made to deliver solid reactants to a CVD reaction chamber, WO
2004/01046810CTHE2H33/020825 but with much less success. The delive (378l S0rs in
CVD processing is carried out using the sublimator/bubbler method in which the precursor is usually
placed in a sublimator/bubbler reservoir which is then heated to the sublimation temperature of the
precursor to transform it into a gaseous compound which is transported into the C'VD 5 reactor with a

carrier gas sugh, 2y Hede s glikiais AraRNaHveH egeRidHauRYSsthiTVDGegkiRiIasshagid
unsuccessful in reliably and reproducibly delivering solid precursor to the reactiop) ch maer for a
number of rea%ﬁé?sﬁgeth‘?a%"?ﬂ?@ﬁ iRt s ERe cﬁh?ﬁ]ﬂg?hmec@ﬁf’é’féﬁfdﬁ ‘cﬁ%aﬁ?’anﬁfg‘i o téhsistently
vaporize a solighblimsonbiige rrirsushvihiahayepsadisatble ti oheofublipativadsapeguecofstecan be
delivered to the rocess chamber. l? Altsoé it is difficult to ensure. oqul%g% soq%géaitign &)11;3 t B\St
flowing carrier %‘gguﬁ%a BEEAER B3 intieE Ahotnt expose surf%ceparea of the Soll precursor
in the vapdrizeresystemithnal ¢asfeofganifocnae inpesgeny drebiymo vigermaximimesesu biiewtion. Similar
problems are IBRGIEILECRANPRAHIQMR ANIANIPN, Y SIGMS Al Relle AR Basautesn which

a dopant elemént is lonized and then su sequently accelerated to form an ion beam directed at a

workpiece surffiserationpthembso fonwmambes of deargmant haariar ikreklens vithdba &eWiaEd within a
vaporizer to be;hgated anchinmahseRUeHkiaiReh AR S 36kdr ananeriadiiedohesiig s of the ion

source for ionization and subsequent ion beam formation. 20 Solid ion source material js greatly

preferred for safergdeaRls oW RE rePrigst S UidrhEs oL AL B At siad d b fas eresr s Skt Technical
and operating pneblams. berdmstanegsudileatiseokansalidnn b aistradonial ithapqrizasiseanlises

extended down time ogg\e,instr mentation, poor pro?uct uality, an .%e osit buildyp within the
vaporizer. 25 PGSR %Bﬁ%@#@?@ﬂ@g@&é’ﬁﬂrﬁg 8‘&5‘%‘@5 \}g?fga ﬁ?ﬁ%fﬁ%ﬁ@%ﬂa 6t
condensed maggsiamvuiit ladhefumplrinasmprrduien ativrido iacichspatdlivittion.the interior of the
vaporizers due to lack of uniform heating therein. The buildup of unwanted deposits is
Similar problems are inherent in conventional ion implantation systems that include an ion
15  source in which a dopant element is ionized and then subsequently accelerated to form an
ion beam directed at a workpiece surface for implantation. When a solid dopant material is
used, it is generally placed within a vaporizer to be heated and the subsequently formed

vapors are transported into the interior of the ion source for ionization and subsequent ion

beam formation.

20
Solid ion source material is greatly preferred for safety reasons, however, solid
semiconductor dopants have presenfed serious technical and operating problems. For
instance, utilization of a solid precursor material in vaporizers causes extended down time
of the instrumentation, poor product quality, and deposit buildup within the vaporizer.

25

Prior art vaporizer systems have numerous disadvantages, including buildup of condensed
material within the vaporizers, and formation of “cold spots” within the interior of the
vaporizers due to lack of uniform heating therein. The buildup of unwanted deposits is’
exacerbated in vaporizer systems that require internal moving surfaces for revolving
30 individual vials and/or wells of source material. These internal mechanisms introduce

additional “cold spots” within the vaporizers and provide for further deposition of vaporized



exacerbated in vaporizer systems that require internal moving surfaces for revolving 30 individual vials
and/or wells of source material. These internal mechanisms introduce additional "cold spots" within the
vaporizers aME pVIB4Sr further deposition of vaporized WO 2004/01046BPTTRIBIOYBAF20825
material. Additionally, due to the buildup of deposits on internal moving mechanisms, operation of
these vaporizers is not efficient or reliable. The shortcomings of the prior art vaporizers are especially
noticeable with solid source materials that are temperature-sensitive with a low vapor pressure. Thus,
it is difficult to vieperie aadaltbaillycdnéradlabeShidléupushdéaisisrenraderail enboingineaharisas solid
precursor can be d%l(i)ver to a downstream depositi nrg’i% IEFEQ;?%COE%RQ%IMW % Qeed in I1Fhe art
or liquid ¢

for a vaporizer(’gf/aiz‘;%erﬁ1 t?]% g?ﬁ(}fae%‘fﬂlze/rgﬁts)rrf?eg SoIid an Rémica sglL%rSc%fs Without

concomitant disgenemtages efpheigiyonatitesbichveishl otk smaicdisaastelatibat ofrthécaparamunaterial,
inoperability of (gl RAVING i, AePARIL DRI BAKIRID s ARPHE B acRRdeRERliRg Of low
vapor pressure compounds due to "cold spots" within the vaporizer, and/or inconsistent vapor flow to
downstreafn degesitieh gipstenieprodwibigMiar YoOrammizerhseliN PronrTiiecare e rieliirsedidn felates to
a vaporizer syg§sm.and -@{S\@ngjzing solid and liquid chemical sources having particular utility
for semiconductor manufacturing applications. 20 In one aspect, the present invention relates to a
vapor delivery system for vaporization and delivery of a source material that provides sufficient surface

area with unifofyfeesingbSetrol recthBthmarh i 1 arroresumerm s sebo LRz Shidtions,
comprising: a) AdeastiQie smMMREIatRoIHingLAABGTIZAR AisQLIGRES @k prior art, such as

10  thermal disassociation of the source material, inoperability of internal moving parts due to

deposit buildup within the vaporizer, condensation of low vapor pressure compounds due to
“cold spots” within the vaporizer, and/or inconsistent vapor flow to downstream deposition

systems.

15 SUMMARY OF THE INVENTION

The present invention relates to a vaporizer system and method for vaporizing solid and
liquid chemical sources having particular utility for semiconductor manufacturing
applications.
20
In one aspect, the present invention relates to a vapor delivery system for vaporization and
delivery of a source material that provides sufficient surface area with uniform carrier gas
flow to meet the flow rates required for typical deposition applications, comprising:
a) at least one container for holding a vaporizable source material;
25 b) a plurality of vented protuberances positioned in the container, wherein the vented
protuberances provide channels for passage of the vaporizable source material; and
¢) a carrier gas tube to introduce a stream of the carrier gas for passage through the

container.

30 In another aspect, the present invention provides for a vapor delivery system for
vaporization and delivery of a precursor, comprising:

a) an ampoule comprising an ampoule bottom, sidewall and removable top to form



25b) a plurality of vented protuberances positioned in the container, wherein the vented protuberances
provide channels for passage of the vaporizable source material; and c) a carrier gas tube to introduce
a stream of YW@ 2Wii0¢Es for passage through the container. 30 In anotheP&3éR0aHB2p¥eSent
invention provides for a vapor delivery system for vaporization and delivery of a precursor, comprising:
a) an ampoule comprising an ampoule bottom, sidewall and removable top to form WO
20041010463PCT/US2003/020825 an internal ampoule compartment;  b) a gas inlet and gas outlet

communicatively conpegieehip4h @[@Qgﬂ!{%ﬁmeﬁﬂ; at least one container positioned within the internal
ampoule compartment, wherein the container comprjses a container, botfom and side wall to form a

5container cavity; an® 1% BUSHAN &6 QUHEE GIRBIHEHARIE SHBERIBH TS ZPRON the container
bottom to provide a cf)amnlresathsougiheansbyithaialnvithivetie doproilbaxqocks exteadniets, the

container cavity. 10 A3 described fmoce Jully hereinalter, ihe precuisar iy samprizea gl o iauid
source material. Preferafﬁy, the precursor is a'solid precursor including, but are not limited to,
decaborarte, boron, phogplomusygalium, indium, copper, antimony, hafnium tetrachloride, zirconium

tetrachloride, arse“‘Cdﬁ%%lﬂﬁhﬁ%@%&?eﬁ%fHBé%@& Bégfﬁgﬁgﬂ %?a?%b?lﬁfé%ntainer bottom to

cyclopentadienylcycloheptatrienyl-titanium (CpTiCht), aluminum trichloride, titanium 15iodide,
cyclooctatetraenecydwepidatasianyieh sharathraighyensoahesine hatiemrdenitieraness FHirgstEA
carbonyl.  In yet anoffies AeRR&t ciigypresent invention relates to a vaporizer unit that can easily be
inserted into a conventional ampoule with minimum retrofitting of the processing tools, 20 comprising:

10  As described more fully hereinafter, the precursor may comprise a solid or liquid source
material. Preferably, the precursor is a solid precursor including, but are not limited to,
decaborane, boron, phosphorous, gallium, indium, copper, antimony, hafnium tetrachloride,

zirconium tetrachloride, arsenic, indium trichloride, metalorganic 3-diketonate complexes,
cyclopentadienylcycloheptatrienyl-titanium  (CpTiCht), aluminum trichloride, titanium

15  iodide, cyclooctatetraenecyclo-pentadienyltitanium, biscyclopentadienyltitaniumdiazide, and

tungsten carbonyl.

In yet another aspect, the present invention relates to a vaporizer unit that can easily be
inserted into a conventional ampoule with minimum retrofitting of the processing tools,
20  comprising:
a) a plurality of vertically stacked containers wherein each container has a cavity for
holding a source material;
b) a plufality of vented protuberances positioned in each of the vertically stacked
containers and extending into each respective cavity, wherein the vented
25 protuberances form channels for passage of a carrier gas between adjacent vertically
stacked containers; and
c) a carrier gas tube contacting the plurality of vertically stacked containers and

extending through the cavity of each vertically stacked container.

30 Instill a further aspect, the present invention provides for a vaporizer comprising:

a) an ampoule having an ampoule bottom and an ampoule sidewall to form an



a) a plurality of vertically stacked containers wherein each container has a cavity for holding a source
material; b) a plurality of vented protuberances positioned in each of the vertically stacked containers
and extendiMiRed4¢dB#oPespective cavity, wherein the vented 25protubera®€85Uudi3¢R4dfels for
passage of a carrier gas between adjacent vertically stacked containers; and c) a carrier gas tube
contacting the plurality of vertically stacked containers and extending through the cavity of each
vertically stacked container. 30In still a further aspect, the present invention provides for a vaporizer
comprising: a) an amp@ienaipgrmieapoule bottom and an ampoule sidewall to form an WO
2004/010463PCT/U 5003/0208%%({in{em comhgzlar%meqt' tgg{éin ampoule top to enclose the internal
cte

compartment; c) a ga EFESY B iR BmAtanica |\7e§} ggﬂl ected t the ampoule top; d) a plurality of

vertically stacked confpetinginientaiheutlg ositiomedtatiitbiy direnebtedter el sopapkrtopent, wherein each

container comprises g caniainglbolony, a0t SRRAINSLAESNAINIRND.A SatAG Akl fRL holding
of a solid precursor m terlg, and wherein eath container side a?l contacts the ampoule sidewall;
e) a pluralify of venteihisroalibenaracasepb sitherainl encteoeiiadamtapmentisetto reomiapre e R andels

between adjacent verficaly, Stackaeh FORIAGING LUBHURRES VG 83 ¥iiding of a solid precursor

material, and wherein each container sidewall contacts the ampoule sidewall;

e) a plurality of vented protuberances positioned on each container bottom to provide

channels between adjacent vertically stacked contacting containers, wherein the
10 vented protuberances extend into the container cavity;

f) a carrier gas dip tube positioned within the internal compartment and

communicatively connected to the gas inlet for directing a carrier gas to below the

vertically stacked contacting containers; and

g) means for heating the ampoule.

15

In another aspect, the present invention relates to a container comprising a plurality of
tapered protuberances having conical shaped pores which narrow as the tapered
protuberances extend into the container cavity. This configuration for the protuberances
20 provides for essentially one-way flow of the carrier gas through the plurality of vertically

stacked containers positioned within the ampoule.

In yet another aspect, the present invention provides a method for vaporizing and delivering
a source material to a downstream process chamber, comprising:

25 a) providing a plurality of interconnected, vertically stacked containers having a
vaporizable source material contained therein, wherein each of interconnected,
vertically stacked containers comprise a plurality of channeled protuberances;

b) positioning the interconnected, vertically stacked containers within a sealable
ampoule;

30 c) applying heat to the sealable ampoule in a sufficient amount to vaporize the

source material therein; and



10vented protuberances extend into the container cavity; f) a carrier gas dip tube positioned within the
internal compaitment and communicatively connected to the gas inlet for directing a carrier gas to
below the v&Yic2If#/8i8é¢dd contacting containers; and g) means for heBGAG2E03939628e. 15 In
another aspect, the present invention relates to a container comprising a plurality of tapered
protuberances having conical shaped pores which narrow as the tapered protuberances extend into
the container cavity. This configuration for the protuberances 20 provides for essentially one-way flow

of the carrier gas throyafidha.eisalitafuepisaticSiRekesl S iRBITORS ianaskitbivafgiampoule. hi

yet another aspect, the present invention provides a method for vaporizing and delivering a source
material to a downstrif¥RisTitaial trapghdhe sealBlsamposisds hopranssss ity of interconnected,
vertically stacked containers having a vaporizable source material contained therein, wherein each of
interconnected, verticall S?ég d contaipers .comaprise a pluralit hanneled protuberances; b)
positioning the(?l}iifg?cagpl%ésc ,%@nggl@%@gcﬁ?gﬁ]ﬂ cSHta‘ﬁ?rlllglr)g Wﬁ%r%f‘éﬁ eagﬂga%félga&ﬁ’p%% g;e%%lfgpplying

heat to theSsealisblesara pod bppandsidfadient amount to vaporize the source material therein; and

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is perspective view of a vaporizer in accordance with one embodiment of the

10  present invention.

Figure 2 is a top view of a plurality of vented protrusions positioned in a container

positioned in an ampoule in accordance with the present invention.

15  Figure 3 is a side elevational view of a container illustrating a plurality of cylindrically

shaped protuberances of the present invention.

Figure 4 is a side elevational view of a container illustrating a plurality of conically shaped
protuberances of the present invention.

20
Figure 5 is side elevational view of a plurality of vertically stacked containers of the present

invention.

Figure 6 is a simplified schematic representation of the vaporizer delivery system of the
25  present invention.
Figure 7 is a graph showing results of heating the ampoule and sensing temperature within

the container unit as a carrier gas is flowed through ampoule of the present invention.

Figure 8 is a graph showing results of heating the ampoule and sensing temperature within

30  the container unit and protuberance within the ampoule of the present invention.



WO 2004/010463PCT/US2003/020825 d) introducing a carrier gas into the sealable ampoule for
moving the vaporized source material through the sealable ampoule to the process chamber.  Other
aspects and features of the invention will be more fully apparent from the ensuing 5 disclosure and
appended claims. BRIEF DESCRIPTION OF THE DRAWINGS  Figure 1 is perspective view of a
vaporizer in accordance with one embodiment of the 10present invention. Figure 2 is a top view of a
plurality of vented protrusions positioned in a container positioned in an ampoule in accordance with

the presentﬁ;%/&@t'@% 13fdoure2dsasidaelpvatonal e of A GRIAIMGE IS EALDG AR Of

cylindrically shaped protuberances of the present invention. Figure 4 is a side elevational view of a
container illpsetabiergreesiinalitdiog csksicaNsshaped protuberances of the present invention. 20 Figure 5
is side elevational view of a plurality of vertically stacked containers of the present invention.  Figure
6 is a simplified schematic representation of the vaporizer delivery system of the 25 present invention.
Figure 7 is &igrapH Ghbavingredgisaof heatingliherd imipbalpresed tsemsiiptemperature within the
containir unit as a carrier gas is flowed through ampoule of the present invention.  Figure 8 is a
graph showing results of heating the ampoule and sensing temperature within 30 the container unit
and protuberance within the apipblelebthd: SEREBRIDNeOCNHE INVENTION,

AND PREFERRED EMBODIMENTS THEREOF

The present invention is based on the observation that certain source materials used in
10 vaporizer systems are not adequately vaporized in sufficient quantities to meet the flow rates
required for typical deposition applications. In some cases, to achieve needed flowrate, high
temperatures in excess of 200 °C have been used to increase the sublimation rate which can

cause decomposition of the source material.

15 A vaporizer in accordance with one embodiment of the present invention and illustrated in
Figure 1 overcomes the deficiencies of prior art vaporizers. The vaporizer 10 comprises an
ampoule 12, fabricated of a suitable heat-conducting material, such as for example silver,
silver alloys, copper, copper alloys, aluminum, aluminum alloys, lead, nickel clad, stainless
steel, graphite and/or ceramic material. The ampoule comprises a bottom 14 and sidewall

20 16 to form an internal compartment,The ampoule can be any shape that facilitates an even
flow of carrier gas through the ampoule, such as the shown cylindrical shape. The preferred
shape of the ampoule base is cylindrical shape machined to very tight tolerances to allow
only 1/1000™ to 3/1000™ of an inch clearance with the precisely machined containers. The
container installation requires that the walls be extremely parallel to ensure that each the

25  side wall of the container has good thermal contact with the interior walls of the ampoule
base. Understanding, the close tolerance that is required to ensure consistent contact of the
container with the ampoule interior wall, the installation and removal process of the
container unit may require heating and/or cooling of the base and container, respectively, to
allow for easy installation.

30

Carrier gas inlet 20 is preferably positioned on the ampoule top 18 and communicatively



Figure 9 is a side elevational view of a container illustrating a plurality of conically shaped
protuberances including side vents. Figure 10 shows an alternative embodiment of the present
invention. 5SYWETRWHEDBHSESCRIPTION OF THE INVENTION, AND PREFERRES2ENBIURMENTS
THEREOF The present invention is based on the observation that certain source materials used in 10
vaporizer systems are not adequately vaporized in sufficient quantities to meet the flow rates required
for typical deposition applications. In some cases, to achieve needed flowrate, high temperatures in
excess of 200 éahreedachdeaagoindioraasaitoms tlcanimgiaiaothédmpanleause decomposition of
the source material. 15A vaporizer in accordance with one embodiment of the present invention and
illustrated in Figure 1 overcomes the deficiencies of prior art vaporizers. The vaporizer 10 comprises
an ampoule 12 dsibocaicsditfia thatailnababopaductingihtcrimbslehsas fouskaynpfevsitiallsilver

alloys, copper..0ppe E@l%ﬁ%rsai'imii‘ﬁé‘kt&'fééﬁ i&%@ai%%%%e ls%%

j | clad, stainle teel graphite
. d.pickelclad siainless steel. grap
and/or ceramic material. The ampoule comprises a bottom 14 and%fgewgf 2%) féato o?rrlﬁ)‘én ﬁnternal

compartmént, Trranathp etipod foe easy skrapmghndaefiliings &qsétb@wdlovﬁldncﬁnqiemg@dqﬁsough the
ampoule, suchias e shewn LiRdreabshaRas I&%&ﬁ%ﬁ?{)&%‘?ﬁﬁﬁg%fg&eiﬁ@l%%?dtlﬁi%%tkstﬁé"'ndr'cal

shape machined to very tight tolerances to allow only 1/1000th to 3/1000th of an inch clearance with

the precisely nfAEIHEY & Hesbrifemefdhsinisind compananey radbrlos e lavestsnatsiacs i dinely
parallel to ensycaiitackdiechiuids walbokiea coptaiBs as oot heral sspiack wilbube nterior

walls of the ampoule base. Understanding, the close tolerance that Is required to ensure consistent

contact of the EBMEMMEAMATFHHL A ShAE T Fistial) and sreiinstbrtiamife nibvatfstoltebewWi the
containerignit maym@astIedneatifg csehen qesitingoot gl RRIRaNANE sl e rRSAALTIVANetQallow for

ey o, e e, 2 S BT B G TR B 98 35 201 e
positioned between containers especially if the source material is a liquid. An addition of an
outer o-ring is also contemplated to seal between containers on the top surface of each
container (tray) sidewall.

15
Also, depending on the solid precursor, there may be a need to stop the entrainment of solid
in the carrier gas flow. High purity stainless frits (pore size 1 to 100 microns likely) could
be added at any location in the carrier gas flow rate. The frits could be installed at the ‘inlet’

of each protuberance, a large disk frit could be added to the top tray and sealed therein by

20  pressure from the installation of the lid on the ampoule or on the outlet gas flow path.

As shown in Figure 3, each of the individual containers 22 has a bottom 24 and sidewall 26
to form a container cavity 27 for placement of the preferred source material 28. The
containers, are preferably fabricated of a non-reactive heat-conducting material, such as for
25 example silver, silver alloys, copper, copper alloys, aluminum, aluminum alloys, lead,

nickel clad, stainless steel, graphite and/or ceramic material.

Each of the individual containers further comprises a plurality of protuberances 30 wherein
each protuberance includes a passageway 32 for movement of a carrier gas through the
30 protuberance. The shape of the protuberances may be any configuration that provides for an

easy flow of gas therethrough. Preferably, the protuberances are cylindrical or conical in



WO 2004/010463PCT/US2003/020825 connected to the ampoule for introducing the carrier gas into
the ampoule. Positioned within the internal compartment of the ampoule is a plurality of vertically
stacked contefh¥&2045he stacked containers are separable from each otH&TARSRP8FHB08e 5 from
the ampoule for easy cleaning and refilling. Positioned within the ampoule is an internal carrier gas
member 23 that is connected (welded) to the gas inlet 20 and directs the carrier gas to the bottom of
the internal compartment and below the lowest container in the vertically stacked containers. In Figure
1, the internal gapickaRSNBBPE B AReSeaddaough each container cavity 27 (shown in Figure 3) and
container bottom 24. However, it should 10 be understood that to ensure a leak proof seal at the point
where the internal carrier gas member intersects the container bottom, a sealing 0-ring 38 (shown in
F(ijgdure 5) ][nay bigwodithnes hefennceskineisgespeeially fitheldiercenfiptatian iwith ligedicAln
addition of an quter o0-ring is.also contemplated to.seal between containers on the. top surt of each
container (traﬁ%ﬁ?&ﬁgﬁ?qu‘gfs%ﬁrf?e et w?gtiagﬁrﬁﬁié) 6 |% rpaﬁlé;gﬁfsxc%? lgP%arlﬁaac)? é}glréeﬁ%agﬂ?gtop the
entrainmest ofBddidonithe shapeid rmyes frovidesidir pasingstafilessanier (Eorésizdht sdidaGdtnbierans likely)
could be added at any lgcatign_in the caryi r The fi ¥ glet' of
each protu bergﬁré%}na{%;%%uéiﬂsﬁiﬁit C teﬁolg g%eg gﬁ%ﬁ?%ﬁ?ﬁoéﬂ ?rgéig%é?e%%g}ﬂ%%%ég%%gessure
from the installethie wsflvaimgibaskier ainthe et @astidoihtdpyas FEeATPIREnsHolIP At Yre 3,
each of the indyjghal 6oNIAIARIS 47 M5% &Rﬂgﬂ%@ﬁa@ﬁ%ﬁié’&%@ﬂe@%x&% FEQehA0Er Giemty 27 for
placement of the preferred source material 28. The containers, are preferably fabricated of a
non-reactive heatien et dsniakaried St the Yapaizsdatomre muriadinfer SA% LtesppiredBhper
alloys, alqmimiﬂaig{al%ﬁiﬁaﬁa@{ey réeadindickabelad Agipleanistank, Wankiimandoriea astireaterial.

Each of the individual containers further. comprises lurality of protuberancges 30 wherein
material, 18 moved upward fI‘Ol‘Pl the goEc)tom o¥ t{xg ampoule tChroug t ee %pered

protuberances a whirlpool effect is caused as the gas molecules are forced against the wall
of the protuberances. This whirlpool effect moves the carrier gas quickly through the
protuberances causing the vaporized source material to make contact with the heated walls .
15  of the tapered protuberance. Thus, the vaporized source material maintains contact with the
heated container with a concomitant reduction of cold spots that could cause precipitation of

the vaporized material and/or clog the channels in the protuberances.

The protuberances can be extensions attached to the container surface, such as commercially
20 available vented stainless steel screws that allow for adjustability to optimize a process or
sublimation rate. In the alternative, the protuberances are integrally formed as part of the
container bottom and allow for a maximum heat transfer to those protuberances. Preferably,
the height of each of the protuberances is approximately the same height as that of the
container sidewall or less. More preferably, the height of each protuberance is less than the
25  height of the container sidewall thereby providing a head space above the end of the
protuberance for gas dispersion and circulation within the respective container.
Alternatively, the containers and protuberances could be configured to create fluidized beds
in each of the containers. The carrier gas flow can enter the container below the surface of
the solid, understanding that the pore size is sufficient to retain the solid precursor in each
30 container as shown in Figure 10. Another embodiment relates to protuberances having

sidewalls comprising vents therein for transmission of carrier gas through the solid precusor



each protuberance includes a passageway 32 for movement of a carrier gas through the 30
protuberance. The shape of the protuberances may be any configuration that provides for an easy flow
of gas therethrough. Preferably, the protuberances are cylindrical or conical in WO
20041010463PCT/US2003/020825 shape, such as shown in Figures 3 and 4. Figure 4 shows
protuberances 30 having a generally funnel-like configuration with a conical shaped pore which
narrows as the tapered protuberances extend into the container cavity 27. 5 This conical shaped pore
provides forfgpﬁﬁﬁggng)é the sarriergas e the gdigeant lower container through the larger pore
opening 34 into the container cavity (smaller pore 36) while reducing backflow of the carrier gas into
the lower adjacent container. Importantly, maintaining a one way flow through the stack of containers
increases thg tepayabolile CARRT BESAhis AR RIS g yABOrired SPHIFpIMaIRLIA! & 2 flow
rate required by 10 many semiconductor processing systems. As the carrier gas, containing vaporized
source matenélcisnhavedtipvedrdoiorm thetgmatorwlhsfthee mpdude tuladighetipeoragderd piestuivedances
a whirlpool effect is caused as the gas molecules are forced against the wall of the protuberances.
Tiis whripe ke e e R Ll L R R
source matgoattBakeheomiatobwrithcitve Haafechgllsath pfdhib¢epere dxprnds benaiceBy Thus, ttiwe
vaporized spurec matgrial maintains contact with the heated containgr wih & cencamitant reduption of
cold spots t a% could cause prempﬁaﬂlon ofl{he vaporizedlmaterlaﬂ Ahalor &(.I))g e channelsin the
protuberances.nihapibtulbéramees can be extensions attached to the container surface, such as
commercially 20 available vented stainless steel screws that allow for adjustability to optimize a
process or sublimation rate. In the alternative, the protuberances are integrally formed as part of the
containgr bottoshang allevsdes 2, aaxisotitonast trasferinthasecpiaiveesaAnEetainEefa@blysting height
of each of the protuberances is approximately the same height as that of the container sidewall or less.

More preferdiiy! e hEhgRt &t R AT IBFERISEPLHEET SHSEXHAFF 1S DS Ffdf Fote LEaifeY Siiwall

thereby providing adfigad gpassnakeveitherad,apshedraisherancrdesgpsieisPessienandeFedation
within the respective container. Alternatively, the containers and protuberances could be configured to

create fluididBQUSEIEGPEAEReEIERS LIRS THE erigighs NOVrRRE Ny tHe SoHtipieleneiow the

surface Qf the %Hc%@_&%ﬂ@éﬁ gibaidbRANS §£¥§_r§i§Hf@f3{ﬁ@Tc59rf@1t%% til%§%@é¥s%ﬁ%r§t9hﬁb each
30 container as shown in Figure 10. Another embodiment relates to protuberances having sidewalls

compriSing (e iiaearsdomeans ffi sesRcoP A LB ARetMABOGFCTHY SN precusor

The size of the vaporizer 10 is different depending on the amount of the vaporized gas to be
supplied to the downstream CVD apparatus or ion implantation system . The vaporizer
generally has a size corresponding to a cylinder having an inner diameter of about 3 to 6
20  inches, preferably about 3.75 inches. The quantity of containers comprising a stack of
container will be determined by the size of the vaporizer and preferably from three to five

container are enclosed in the ampoule.

The ampoule of the present invention comprising the plurality of internal containers can be
25 heated and kept at a desired temperature in accordance with the type and the supplied
amount of the source material, the concentration of the vaporized gas and other operating
conditions. The heating can be conducted using a ribbon heater wound around the
vaporizer, a block heater having a shape covering the vaporizer or by circulation of hot air
or a liquid heat medium. The method of heating is not particularly limited as long as the
30  vaporizer is heated and kept at the desired temperature accurately. It is desirable to heat the

ampoule from the sidewalls versus the bottom to reduce the chance of a lower container
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for fluidizing of same such as shown in Figure 9. The protuberances should be of a height to provide a
leak proof region for placement of a sufficient quantity of source material, whether liquid or solid, to
provide the Ye@ad0184p3porized material without causing leakage into the REBEIYNGS Q9B2ainer
through the open pores 32 of the protuberances. Preferably, each protuberance extends vertically from
the bottom of the container from about 0 mm to about 5 mm, and more preferably from about 1.5 mm
to about 3.0 mm. 10As shown in Figure 1, the positioning of the protuberances in each container are
slightly offset fsgpnthinsadn anspeiaaapiapnéaing fohaipby Wslng:piercaiieihgamio @itdipdahwithin the
container for cqnt%ct Withlg%:e va&)orized sougle majeria b.efolre beingﬁansgforteéj thgcotlrj h the
protuberance< R THE RN 80RO S AR P R SR R e B PP TN AT R BENR D P Ehe
carrier gas pravége shiosidesutitioftief thpadertortigasdivaitisndrtasedtaaterd UEht Jettmingartised
amount of source.material in the vaporizer system. The size e vapori 0is g pending
on the amountc%ﬁﬁreg\a}sé&l)ﬁ’z%aogg% 0 ulé%%%’ll%% ot lggd%lﬁréétqlggtrﬁlp%l\i}%ﬁ{géb%?ﬁﬁgg?{% éﬁﬁ
implantatidn systaen gaF limletdplirigend)theenartiptieas Bosizeteorresponding to a cylinder having an inner
diameter of about 3 to 6 20 inches, preferably about 3.75 inches. The quantity of containers
comprising a stack of container will be determined by the size of the vaporizer and preferably from
three to five cohixpmtasapasbndhssepamitredshgpuisstnobhpBrreErinvabiasBiviAteaieree Shprising

the plurality ofjipiernabreniainels eambeptoviRaiRe Apfien; of AR [R6HIBEIAREIMR incasserdance
with the type and the supplied amount of the source material, the concentration of the vaporized gas

and other opefBfifgatshatars 2:Ph thrrshyial eune v Wamatened theingid smweHmrAisHal R6638 Yround the
vaporizeri@ blagdagatdishaifigrioshape tomaying dasirdbleofiz ehicoshiyoalctddison Ofangd tisrarah liquid
heat medium. The method, of heatingais not fparti(:uéar ytlimitedf?as I(Pn as the 30vap9flizer isehteated
and kept at thd SR Bel?}ffﬁp’é BJOPE e?;?pﬂsls?n eSS G neat th&rocessme: © presen

0 hea
invention has been designed with a large thermal mass based on the fact that it takes heat to

sustain sublimation of a solid source material from the solid state to the vapor state. Ata
given temperature, the vapor pressure of a solid is the partial pressure of that material at the
15  interface, that is, there are as many molecules condensing on the solid surface as the number
of molecules sublimating from the surface at a given time period. Equilibrium is destroyed
if the molecules in the gaseous state are removed from the solid/gas interface by the carrier
gas. Clearly, sublimation takes place at a higher rate to restore equilibrium if there is
enough heat supplied to the surface of the solid to make up for the latent heat of
20 sublimation. By providing a plurality of heated protuberances the entire conductive
container acts as a heated surface thereby increasing the rate of sublimation, providing an
increase flow rate of saturated carrier gas and reducing precipitation of vaporized source

material that can clog the channeled protuberances.

25  The temperature of the vaporizer is different depending on the operating conditions of the
downstream CVD apparatus or ion implantation system and the vapor pressure and the

amount of the source material. The temperature is generally from about 40 to about 300 °C.
The vaporizer delivery system of the present invention may further comprise: lines for

30 supplying a carrier gas and for transferring a vaporized gas that are connected to the

vaporizer; and adjusting valves and instruments for measurements of pressure and
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ampoule from the sidewalls versus the bottom to reduce the chance of a lower container WO
2004/010463PCT/US2003/020825 subliming at a higher temperature and forming a cooler upper
container thBtG#MB4i3e site for possible condensation which could resuPGTaISYYRB2082% preferred
heat transfer is from the sidewalls of the ampoule to the sidewalls of the containers. The preheating of
the carrier gas may also be a requirement depending on the heating method, length of heated 5 carrier
gas inlet tubing and the carrier gas flow rate. Advantageously, the vaporizer delivery system of the

present inventigp RiaMifeSiResRHER S bepleddanianarsdhat i dhpepiordeshioga pipialitimet heated
protuberances that increase the heated syrface agﬁ thereb aIIowinF% subli?aiion of the salid source

material becafod BrosoAtPaaslsr hrYARRHRSH BIRIFERL T ‘XB%faaé’éu RS FSMHS SA E  Rave a
large thermal m@asestochaabee Maiaiddsiabinatelerpsisieiivwashpanating durin( 0 dotssithgn The present
invention has been iﬁesi%ned V)Clith a Ia%%eo}lherﬁr;ea{. mass based on the fact that it takes heat to sustain
sublimation of A& %% FREMSREAET oM the Solif State to the vapor state. At a given temperature,
the vapor pressure of a solid is the partial pressure of that material at the 15 interface, that is, there are
as many moleculles con i ' I imating from the
curface ot a gy B B el o s AT
removed from sheresolidigral inte tizaceohipittees hfreer stpekingi@dinn Sesmpatln EsopRccBdedhigher
rate to restore gauifipriniyifithere &5 sgraRderlisHPRIieho heterfage afle anlidin makedip for the

latent heat of 20 Sublimation. By providing a plurality of heated protuberances the entire conductive

container acts ¥@§8dhthel SR oH BRI HERS AathpreHb s &5 WitBith G AR BRSIEANE R MRrease
flow rate pf satgaien SRHISY AP aM R WENB A aaiaHs hehvahedisethaaysaadratalieditikcan clog
the channeled protuberances, 25 Theéfmpera ure of the v%)orizerrits diféetflent deﬁ)endéﬂ%o%éhe
operating conddiFetBeRRRIE A JireR t@\?ﬂf@i}ﬁ%ﬁ B S HARTER Ao Sy SR8 M &ind the Viapor
pressure and thetanoupleaf diehealisesvetbinHabl¥de dadyppiatiite tsegerfeced yfitoncaimoe4@do about
300 C. The vaporjzer delive stem of the presept invention h iseqh 0
supplying a ca% %{}‘Zg%%“a?ﬁ% %}s raeé)s'? rrﬁ%%oﬁaitﬁﬁlfe%pgvggﬁﬁg %i/é%gg%éral({eﬁgéﬁgtf) 'thép\cagggf[r%g; and
adjusting valvesane instetintents for breatlired éntthofdmensitsamptpcessing system, the present

15  invention provides the ability to introduce different source material into different containers

in the vertically stacked containers.

The vaporizer unit 44, as shown in Figure 5, which comprises a plurality of .vertically
stacked containers contacting the internal gas carrier member 23 is placed in the ampoule.

20 The ampoule top lid 18 (shown in Figures 1 and 2) is positioned on the top of the
conductive ampoule and sealed thereto, such as by an o-ring element (o-ring may be
fabricated of teflon, an elastomer or a metal seal) and/or mechanical fasteners, such as
screws. Means for heating the ampoule is engaged and the internal temperature within the
ampoule and contacting containers is increased to a temperature sufficient to vaporize

25  enclosed source material. The sublimation rate will be greatest on the first or lowest
container due to a pure carrier entering that tray versus partially or fully saturated carrier gas
entering the containers above it. As such, there may be the need to load more precursor on
the bottom container and/or increase the height dimension of the container to allow for a
more uniform surface area through the life of the ampoule in the process tool.

30

A solid used as a source material is vaporized through the process of sublimation, effected
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WO 20041010463PCT/US2003/020825 temperature. Heaters may be provided to maintain the
temperature in the gas supply lines and lines that transfer the vaporized material to a downstream
semiconduct® 298#0IA+48iring process chamber. It is desirable to have the #6WASEEAAIRES 5 - 10C
hotter than the ampoule to prevent condensation in the lines. 5 The method of utilizing the vaporizer
system of the present invention includes introducing a source material into the containers before
stacking within the ampoule. Fhe source material may be solid, liquid or solid dissolved in solvent.
Further, the sosyagssfiagetinl Malysbef anatesndicthe siuifauss tiathprefonidineoanct profuldignogs within

the container cavity jn the 10 form of fil any of.varipus methods, including the tlpod f melting
the metal comﬁ?&gﬂ!yyhs Qt%?& ,°888|&‘?ﬁ%&?%%?ﬁ8§e°n Fr?élé)lulccg?nnﬁflet?( %I'tﬁ[gl% EJOF?S? soarsll'((f]3 néar1t98%oling.
Also, the metatwailsplextcanbermdissolved solalselyedecabdrapplichictbdid ittdicds afvdpecentainer and

protuberances (et e MR- ACRERINENL AT sstes ieRRMSs UlliReRk sgu(ppmatenials
n 0 [ [

are to be utilize & stream processing system, the present 15 invention provides the ability
to introduce diffeyestitablerceolidateniatanmatiitidsengcostithansttmialse chardeismigastabx et gntiRters. The

vaporizer unit 44, a5.shown in5igute Bwbishsampsieen aptralibr e tueticaly Slapkegcanainers

contacting the internal gas carrief member 23 is placed in the ampoule. 20 The ampoule top lid 18

(shown in Figu¥a rangs @Efressbenidedem iabeip HY thetonductive ampoule and sealed thereto,

such as by an o-ring element (o-ring may be fabricated of teflon, an elastomer or a metal seal) and/or
mechanical fasteners, such as screws. Means ,f%r heating the ampoule is en}gqgh%@?ﬁnd the internal
e

temperature witRTAPRTEISRn Feben AOBGRTLeCiNg BB i VAP RIARL Y s 8 'S bgrSGiitiient to
vaporize 2§ engklse oo iatiglon,hariy hisationdaia hilibs, ieatdstioivthedjreiraritnest

container due ure carrier enteying that tray versus partjally. or fully saturated carrier gas entering
the containers SHEVERSHs SR B BE o HASERLS IDE o e s, SR B
container and/atringedafeedinarhiéghtdpaansoopefativn cdntties taomitawdovithin tre ammfodmcgurface

area through the life of the aule inth S j ial is
vaporized throgaﬁe Sg(fip% 8esspg\‘osc%{ﬁ%%%ﬁ%%?éég%&y%%%%%g%?&% P@'?%%%ﬁo /025%12{5

or device arranged for contacting a surface of the thermally conductive ampoule and/or

15  containers.

To determine when a container is depleted of source material, the inventors contemplate a
level sensor monitoring system to determine the amount of solid or liquid in the top tray
and/or in the bottom tray, such as optical sensor communicatively connected to a reflective
20  surface on the bottom surface of a container to provide a change in signal when the

container is near empty or empty.

Figure 6 shows a simplified vaporized delivery system 66 for supplying a carrier gas to a
vaporizer 10. A carrier gas source 64 is connected to the vaporizer 10 to provide carrier gas.
25 In alternative modes of introducing a source material, a liquid source material may be
introduced from liquid source container 67. The flow rates of the carrier gas may be
monitored and controlled by flow meters 68 that are disposed in the carrier gas delivery line
and lines transporting the vaporized source material to the processing chamber 70. The gas
delivery lines are preferably made of a material having a low coefficient of friction such as a
30 polymer, to allow for high flow velocities. Preferably, the vaporizer delivery system is

made of a thermally conductive material that provides for transmission of thermal energy

13



by heating the walls of the conductive ampoule that preferably contact a plurality of vertically stacked
containers fabricated of conductive material. The process of sublimation entails the transformation of a
solid, e.g., O8#4B4dom a solid state to a vapor state without entering BRTriS2a98 @R Iiquid state.
The present invention is effective for use with 5 any suitable solid source material, e.g., solid materials
characterized by sublimation temperatures in a range of between about 20C to about 300C and having
a vapor pressure in a range of from about 10"2 Torr to about 103 Torr. Temperature may be

controlled withidb@tv@BoHZ RakyoanYidaaag ieemarn gonyaiandativdiyctonhagted/it g tipditake tnistrip
heaters, radiant heaters, heated enclosures, circulating fluid heaters, resistant heating systems,
inductive heatiﬁ% systems, etc., constructed and arranged for controlled temperature operation.
Further, temperature within the ampoule can be sensed by a thermocouple, thermistor, or any other

suitable tempeygiutc sensipg lyncton or fvice aTARYE. of canIAcl agL B SHTTASR Ol herspally
conductive ampoulé ana’or Tocontaiiers. 16 determine When a container Is of)ep eteg of source
material, the irthe starseconaternbiatbcartéreascamsbiheribmitarin @ Stpstorx tured die aaviordative witlothst of solid

or liquid in the foR Jkay, ANAIGK, I INERIHABWRARR AP O RICALRRNAP L URIBUTIEBHY B GpRgected to

a reflective 20 surface on the bottom surface of a container to provide a change in signal when the
container is nezhoshRdPoWelnpapvidy rtimamoRheran JRmmerotmsesy 2B hisiveRpgy hsrhedasr

supplying a cagiqleoassiRRd 8P W elohh P eRENRN 93SRAU FR GibiS.Fand askaddpshe vwarHzgr 10 to
provide carrier gas. 25 In alternative modes of introducing a source material, a liquid source material

may be introd E@HHREm It L5%r dhec BAYEH PETOFh BHIANS r&ts sVBPohPEATE HASHIEY B M onitored

and contrpdled gurilatioieiareRBdhas die siapsiiehdnie mavee ngkingdatiyesyitictastbingagally

transporting the vaporized.squrce material to the processing chamber 70. The gas
P g main a?n an gdea l{sot ermal temperature o t(fxe conductive heating surfgceg

In operation, the precursor source material is preferably loaded into the container units in a.
dry box or glove box to eliminate the reaction of the precursor with oxygen and moisture
15  while the ampoule is open. A carrier gas from the gas source 64 is introduced into the
vaporizer unit at gas inlet 20 at a gas flow of from 1 sccm to about 500 sccm. The carrier
gas is transported into the vaporizer at a pressure to provide a steady flow of carrier gas that
is forced through the protuberances of the vertically stacked containers. As the carrier gas
transverses upward through the different levels of the vertically stacked containers, the
20 carrier gas becomes saturated with vaporized source material for transport out of the

vaporizer unit at gas outlet valve 40 to the process chamber 70.

The advantages of the invention are more fully illustrated with reference to the following

examples.
25
Example 1

The vaporizer of the present invention comprising a container unit having 5 stacked
containers within an ampoule of the present invention such as shown in Figure 1 was tested
30 to determine the effectiveness of heat conductance from the ampoule to the containers. The .

ampoule was made of high grade stainless steel and connected to a block heater having a
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delivery lines are preferably made of a material having a low coefficient of friction such as a 30
polymer, to allow for high flow velocities. Preferably, the vaporizer delivery system is made of a
thermally cONOLRNNEOWketerial that provides for transmission of thermal eneRfyIVWER003/020825
2004/010463PCT/US2003/020825 generated by at least one heating means 72 communicatively
connected to the vaporizer unit 10. The amount of power required for complete vaporization is a
function of the chemistry of 5 the source material and carrier gas, and the flow rate of the mixture. In

accordance Wiﬁﬂa%@fﬁﬁ%@%{ﬁi@ﬂ{@&réﬁﬁfé}&wé%pﬂw%ﬁ%ﬁﬁieFfﬂfé Reike vapaizaciebedneen
about 100 W to about 300Q W to pé}g‘)vide optimuméjsoth%rmﬁéem%?erauﬁr%?s. Irtlrtpis[hm nner, grtle
heating power"2HaBIbEASIPISTHBRAFR FridarEfs o SARRRIE Atior SI&h &N A B S FSRTSR s
available. Therrigngs. theeparaie vfikisoihéntibyastheogamenapoopassentsaad Hsjgeificeest $Gtpisrtbebation in
relation to the availaple heatin er, making it possible to.substantially maintai ' jspthermal
lemporatire of HE LA 0 Mt SCACESLI BISSrEo P s i SLPAe L aRafieg e
preferablydoadd@idtiteritse obhtainansfitenice idny thexampgids ¢obibr tomthimermteltivearepmitiones the

precursor with gYgGRANC MO 4 M, ReAARUIGISAPER, ACalisbaes P iigas source

64 is introduced Into the vaporizer unit at gas'inlet 20 at a gas flow of from 1 seem to about 500 sccm.
The carrier gasastaiaersputeicehens (09 vegiorizer showpiedighe (b prdbedenpsraues s dveredier gas
that is forced thioygh g RERMIDR! A aR AR HEHieatN! N{aiRGT Sn A theneARERNERS

transverses upward through the different levels of the vertically stacked containers, the 20 carrier gas

becomes satufdtedigassapesperfing fe ot AR eReER RS J5A IR SFap IiSe FFIMEPANEES outlet

valve 40 @ thespHacessehambiarn i wae vaninganobihatior artienpate: mdieafullycikisisaied with
reference to the following examples. 25 Example | T . .
heating throughout the stack of containers. Thus, the individual containers provide for

additional surface area that is evenly heated to vaporize precursor materials.

Figure 8 illustrates the distribution of heat from the ampoule to a protuberance positioned in
15  container 5. The temperature is raised to 130°C and heat distribution within the ampoule
was nearly constant after the first hour of vaporization. Because the multiple containers
provide an increased area for placement of the precursor material more product may be

produced without refilling of the ampoule thereby reducing off-time of the instrument.

20
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The vaporizer of the present invention comprising a container unit having 5 stacked containers within
an ampoule of the present invention such as shown in Figure 1 was tested 30 to determine the
effectiveness of heat conductance from the ampoule to the containers. The ampoule was made of high
grade stainless steel and connected to a block heater having a WO
2004/010463PCT/US2003/020825 shape fitting around the circumference of the ampoule. The heater
was connected to a variable transformer which is a source of variable AC voltage and controls the
degree of h%‘?}k}& Several of the individual containers, container 1 and 5, positioned within the
ampoule were connected to temperature sensors to determine the evenness of heating and 5
effectiveness of heat transference from the ampoule to the containers. The ampoule was connected to

a source of garrier gag,iRINFAYUEHRNHIR B8 AP RAIIRIRBE T VNN & CRPIAISRIRE at about 500

seem. As showri in Figu,re 7, as the temperature is increased in the heater attached to the ampoule,
the internal Yg?ﬁ%ec?g}ﬁrléms%nsed in the containers was also increased responding to the effectiveness

of heat conductanedirfivadendperatnresnd Ge§amgadaretoditalnarsof thadessolexteesmparedsie to that of
the ampoulgringicatiag.evarnesadiiaeating throughout the stack of containers. Thus, the individual

containers provide fogsadlgtitig(rllgl ggrfaﬁ? area dth:at}]ésfi?s\t/eerrl\%y heated to vaporize precursor materials.
Figure 8 illustratesth& dISBUASA S heal o e aiihdlile to a protuberance positioned in 15

container 5. The temnpepbtite issehivtetee1BaO eimdehebst disteisLaidrihwidviontradanpboledvas nearly
constant aftgy the - fistonasy: ghyaporization. Because the multiple containers provide an increased area
for placement of the ﬁ)re urs?rhmat 1rial n&ore‘prloduct may be.cpro(flLiced Withou(ti.refillin 8f the ampoule
thereby reducing ot ISP TSI FOBACDS easA ity © \r}taepSrealé’ﬁ{/seerxyte\rllegl&lfpfvcgrrvaporizing and
delivering vépporiz st einatde mattei aliptior yeweliviorn peitiprgef the interior volume and arranged to

contact vaporizable material;
wherein the interior volume is adapted to receive a vaporizable source material, with at
least a portion of the vaporizable source material contacting the plurality of longitudinally

oriented elements and the peripheral vessel wall.

2. The vapor delivery vessel of claim 1, further comprising an internal gas carrying member

disposed within the interior volume and communicatively coupled to the gas inlet.

3. The vapor delivery vessel of claim 2, wherein at least a portion of the internal gas

carrying member extends from the first end in a direction toward the second end.

4, The vapor delivery vessel of claim 1, wherein the interior volume has a width, and any
longitudinally oriented element of the plurality of longitudinally oriented elements spans the

entire width.

5. The vapor delivery vessel of claim 1, wherein at least one longitudinally oriented element
of the plurality of longitudinally oriented elements comprises a protruding wall extending from an

inner surface of the peripheral vessel wall into a portion of the interior volume.
6. The vapor delivery vessel of claim 1, wherein at least two longitudinally oriented

elements of the plurality of longitudinally oriented elements bound a discrete subvolume within

the interior volume.
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a first end and a second end defining a longitudinal axis of the vessel extending between the first end
and the second end; a gas inlet and a gas outlet located at the first end; a peripheral vessel wall
extending between the first end and the second end and bounding an interior volume; and a
plurality of thermally conductive longitudinally oriented elements extending upward from a vaporizable
material support surface into a portion of the interior volume and arranged to contact vaporizable
material; wherein the interior volume is adapted to receive a vaporizable source material, with at
least a portign of the vaporizable source material contacting the plurality of longitudinally oriented
elements an9d the &E‘ﬁﬁ a ‘%/lélgréleﬁsvséﬂl? ffafﬁe;ﬁ\‘/’Va{lﬁf)ernﬂteﬁ\%éﬁlal\llé’sosfe?n ¢ éflr?qgif) Ft eér comprising an
internal gasatanepingateanbelidispesedswittin the interior volume and communicatively coupled to the
gas inlet. 3. The vapor delivery vessel of claim 2, wherein at least a portion of the internal gas carrying
member extends f[ﬁ}r:] the fi(;slt end in a di elctiorll tot\{var.d thF seconld end. 411The vapor delivery vessel
of claim 1, wherein tie {Rtefiof Volume has a width, and gnflafct)ﬁvé(i)tuoé’ﬁ%ta )lln(%r'e(r)]rtlgréfee ement of the
plurality of |elgitotinbihy prieatite dfdimgiedisapanisnthé cdaivetwidtbsBuinTitley vaplaradelivery vessel of
claim 1, wherein at least one longitudinally oriented element of the plurality of longitudinally oriented
elements co prise&a\protryc}jn wall %xtfeqdinq from an inner sur{ace 0 .thﬁ peripheral vessel wall into
a portion of the interior YoIUTHE' 8. “THE Vapdi tenVery Vess&r ot et Whersii At teadt fvo
longitudinallgf driemvedielentengis:dihthe plarsditylohtohgitiedibalid dliented]diemntateiizoswdee discrete
subvolume within,thgHatgHekMaldM@wald 1 Bavaneraelivaryvessektataaim 1, wherein the plurality of
longitudinally oriented elements defines a plurality of passages. 8. The vapor delivery vessel of claim
1, wherein at least two longitudinally oriented elements of the plurality of longitudinally oriented
elements aré&0subsidntiatigr dojpvarvaresg! dirvdaivapovibetivahy nambetabfeledhwall oohwresies ar least one
longitudinallyierigntedRlementofdia plurality of longitudinally oriented elements extends radially
inward from the inner surface of the peripheral vessel wall toward a central longitudinal axis of the
vessel. 10. The vapor delivery vessel of claim 1, wherein the peripheral vessel wall comprises an
external bourddary Bfehepoeddeerylvessehel vhipor deliveny the ssablstdls¢mel wvathaeiditkidparipheral
vessel wall Bag,Adirs} beighictaplealiveatlonsivdinalyorenasiclamentsdasrisacondsheight, and

the second hel glrt Sl&lg&éﬁ}%ﬁ&gqgglstgHl%t%psttlﬁgéﬁguaI to the first height.

12. The vapor delivery vessel of claim 1, further comprising at least one filter or frit adapted

to prevent the expulsion of vaporizable source material from the vessel.
13. The vapor delivery vessel of claim 1, further comprising at least one baffle disposed
within the interior volume and adapted to promote contact between gas supplied to the vessel and

vaporizable source material disposed within the interior volume.

14. The vapor delivery vessel of claim 1, wherein the vessel comprises a removable lid

securable along the first end, with each of the gas inlet and the gas outlet defined in the lid.

15. The vapor delivery vessel of claim 1, having an inlet valve communicatively coupled to

the gas inlet, and an outlet valve communicatively coupled to the gas outlet.

16. The vapor delivery vessel of claim 1, having at least one gas flow meter communicatively

coupled to any of the gas inlet and the gas outlet.

17. The vapor delivery vessel of claim 1, further comprising a temperature sensor disposed in
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12. The vapor delivery vessel of claim 1, further comprising at least one filter or fit adapted to prevent
the expulsion of vaporizable source material from the vessel. 13. The vapor delivery vessel of claim 1,
further comprising at least one baffle disposed within the interior volume and adapted to promote
contact between gas supplied to the vessel and vaporizable source material disposed within the
interior volume. 14. The vapor delivery vessel of claim 1, wherein the vessel comprises a removable
lid securable along the first end, with each of the gas inlet and the gas outlet defined in the lid. 15. The
vapor dellveré/ vessel of Clalm 1, h$VI )? ?qjlnlet valve communicativ IX T&Jellt-i‘d to the gas inlet, and an
outlet valve ESMMGRICALV f/l%noﬁlﬁ St GRS AN RIS T BETVEN) GRS AN of claim 1,
having at leastonevgascflow of dteploorinefiitetivelpltotpled to any of the gas inlet and the gas outlet.
17.The vapor delivery vessel of claim 1, further comprising a temperature sensor disposed in sensory
communlcati[gn w&? an %h |nter|or }}é(_‘% hFIQerlpheral vessel wall,biamd any, interior wall section
of the plurality of in erlorp F&ettions® e Va‘f)oreaé?m R?l\r}%%sflé of damt” ?Le¥urt e(ral?oéomprlsmg a
vaporizable adrteditl sershe ataptebtabsensefieppresenceioridbgéncthoiiaporigiaible material within
the interior volume. 19. The vapor delivery vessel of claim 1, further comprising a sight glass
permitting o%ervayon of an |pter|or [tl n of the vei;ssel 20 .The V%p fdellver .vessel of claim 1,
containing the vapofiziHie SSUVEY Waresar 51 [ THEGEESPRIBIRG S SA SFEkiN20, wherein the
vaporlzable@@m@élqnaf@nalllteompms of §slicessvdterial. 22. The vapor delivery vessel of claim 21,
wherein the vaporizable source material has any of a loose, discontinuous, and particulate form. 23.
The vapor dﬁdlvery \flessel 0 <l:Ia|m 20, erein {he va orlz%ble matetr)lal comprises ialt least one of
boron (B), phosphotSuiB Y LopRer il gaﬂnumcf’étagi"ré‘%se%vép PRGN (T “Ahtimony (Sb),
decaborane (B 10H14), hafnium tetrachlorlde (HfC14), zirconium tetrachlonde (ZrC14), indium
trichloride (IpC13) mmeﬁai @Q@?}Qé@eﬂﬂf@lﬁlﬁﬁi@ GaBeheQXplRReRNtadIg Y hyGiahepigtdany! titanium
(CpTiChT), alumjnum tr ichloride (A1C13), titanium iodide (Ti"ly), cyclooctatetraene cyclopentadienyl
titanium ((Coﬁ?@lﬁ‘f 1Sls(cyclopentad|enyl)t|tan|um diazide, and tungsten carbonyl (W"(CO)y). 24.
The vapor delivery vessel of claim 20, wherein the vaporizable material comprises hafnium
tetrachloride fHfC Ik QhgircRRUR JeftadtlanseiZihldln tB@vQH&ﬁié@Ié%ﬁ@éM%Wﬂé@ﬁ&%@rf dilaim 20,

wherein the vag rl(ziable source r’gater.iall co?uorlses a film deposited on the plurality of interior wall
SeCtIons S€ 1scont1nuous, an partlcu ate

23. The vapor delivery vessel of claim 20, wherein the vaporizable material comprises at
least one of boron (B), phosphorous (P), copper (Cu), gallium (Ga), arsenic (As), indium (In),
antimony (Sb), decaborane (BoH,4), hafnium tetrachloride (HfCl,), zirconium tetrachloride
(ZrCly), indium trichloride (InCls), a metal organic B-diketonate complex, cyclopentadienyl
cycloheptatrienyl titanium (CpTiChT), aluminum trichloride (AICls), titanium iodide (Ti,ly),
cyclooctatetraene cyclopentadienyl titanium ((Cot)(Cp)Ti), bis(cyclopentadienyl)titanium

diazide, and tungsten carbonyl (W,(CO)y).

24, The vapor delivery vessel of claim 20, wherein the vaporizable material comprises

hafnium tetrachloride (HfCl,) or zirconium tetrachloride (ZrCl,).

25. The vapor delivery vessel of claim 20, wherein the vaporizable source material comprises

a film deposited on the plurality of interior wall sections.

26. The vapor delivery vessel of claim 1, having an associated heating element in thermal

communication with the peripheral vessel wall.
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26. The vapor delivery vessel of claim 1, having an associated heating element in thermal
communication with the peripheral vessel wall. 27. A semiconductor processing apparatus
comprising the vapor delivery vessel of claim 1. 28. A method for vaporizing and delivering vaporized
source material utilizing a vessel having a first end, a second end, a longitudinal axis of the vessel
extending between the first end and the second end, a gas inlet and a gas outlet located at the first
end, a peripheral vessel wall extending between the first end and the second end and bounding an
interior volume, and a plurality of thermally conductive, longitudinally-oriented elements extending
upward from a vaporizable material support surface into a portion of the interior volume and arranged
to contact vaporizablemiatehialonpitbrebreniepivtvotameicoathiningpadsbiidycentelinirmdpiraporizable
source material contacting the plurality of longitudinally-oriented elements and the peripheral vessel
wall, the method comprising: heating the sel to vaporize at least a portion. of the vaporizable
material: Y troN G A L M VL R HE R Y S s hbte material and
produce a skoorgladgast eohpsising vahedioedudiane rdb, Atk deliebeiiendie bevsad thalreiomprising
vaporized mateiiiakieoRieeass SAHRMEnt via thaLwietd 20nd RRMethes 9fiekaime &8 wierein the solid

comprises a pluralit otxparticles. 30, The methog] of cladm 28,.wherein the vessel includes a gas
. exten 1ng bet deen the flrﬁaend fi\n .the secfon end a ounding.an {nter or volume,.an f‘ .
carrying member extending into the interior volume and communricatively connected to the gas inlet,

and the introdugitgostéprimdly deslisinentyhicufingt yasithioLidbntbnes gas shreying anderaiver into a lower
portion of the, Jaterierk WRIMME suddord Rerinethned Afr6haier &8 iflrbersampriginaibeisteRridepositing

the vaporized mat rfal using a deposition process selected fror_’g the group consi Iiing of chemical

vaporizaple materi WHh eu%terlo volume COHtﬁllnln(JgeEaSOl -COHt#nl%% \éaé)OI'lZ (¥ OUI'CCt .
vapor deposf%n, atomic layer depaosition, plasmaenhan atomic lay position, metal organic
chemical vapeteddgositicing phamelen b rostudhetyicakveg oledepositibhe asblorningstahtation. 32.
The methodyaficlaimdBBgERIndhe vaporizable material comprises at least one of boron (B),

phosphorous (P), copper (Cu), gallium (Ga), arsenic (As), indium (In), antimany (Sb), decaborane
(B1OH14), hafniun?1 ?g r&C T:ovr‘l2 egl @P@R%)?ez%}c%aﬁfﬂ O% rrégﬁr%éeriﬁag%%@ ,afﬁr(]‘:l[ﬂ‘:gm trichloride (InC13), a
metal organic 13-dikedurane Thrsipgidney/bloprstaiadichy ibyicio beeithenybaitzahiama@pTiahT),

aluminum trighiRrde t0dHe 1) ity ingdigeTinhydrigysiaoctatetraene cyclopentadienyl titanium
((Cot)(Cp)Ti), bis(c ?Joyentt%diengllj)(}itanium diazide, and tun stqn carbonyl %W" Cto\)(;)t 33. The
method of claim 28, Wiier&in ?ﬁ%cvap fizable materfa choemIBarllgré% IR TEHRERION ehﬁ-|f014) or
zirconium tetrdiehloride (ZrC14).

29. The method of claim 28, wherein the solid comprises a plurality of particles.

30. The method of claim 28, wherein the vessel includes a gas carrying member extending
into the interior volume and communicatively connected to the gas inlet, and the introducing step
includes flowing the first gas through the gas carrying member into a lower portion of the interior

volume.

31. The method of claim 28, further comprising the step of depositing the vaporized material
using a deposition process selected from the group consisting of chemical vapor deposition,
atomic layer deposition, plasma enhanced atomic layer deposition, metal organic chemical vapor

deposition, plasma enhanced chemical vapor deposition, and ion implantation.

32. The method of claim 28, wherein the vaporizable material comprises at least one of boron
(B), phosphorous (P), copper (Cu), gallium (Ga), arsenic (As), indium (In), antimony (Sb),
decaborane (BoH4), hafnium tetrachloride (HfCl,), zirconium tetrachloride (ZrCly), indium

trichloride (InCl;), a metal organic B-diketonate complex, cyclopentadienyl cycloheptatrienyl
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34. The method of claim 28, wherein the vaporizable source material comprises a film deposited on
the plurality of longitudinally oriented elements. 35. The method of claim 28, wherein the interior
volume has a width, and any longitudinally oriented element of the plurality of longitudinally oriented
elements spans the entire width. 36. The method of claim 28, wherein at least one longitudinally
oriented element of the plurality of longitudinally oriented elements comprises a protruding wall
extending from an inner surface of the peripheral vessel wall into a portion of the interior volume. 37.

The method of clai . \Wherein the plurality of longitudinally. oriented elements defines a plurality of
passages. §§{nﬁ“ﬁle%2é§f§\§®o? claim fc\?vlﬁlé}? i{ég@%élst W%%8éllgﬁl§? %&1@"38%% &4 & ments of the
plurality of lengitemitadityyd tiemted efemems aréisupdeamiafigrobplamam G9idEhadietkgehof claim 28,
wherein the pasphergl kessel wall has a first height, the plurality of longitudinally oriented elements
has a second height, and the second height is less than or substantially equal to the lint height. 40.
The method of claim 28, wherein the peripheral vessel wall comprises an external boundary of the

vessel. 41.3he méhaaetbdeiefini2828urthariodmprisingihenstep bt papdinghtiewecond gas through a

filter or frit. 4g:.FheMmethad PHclaipnis fiurtbabsampiging the step of metering any of the first gas and
20 the second gas. 43.The method of claim 28, further comprising the step of monitoring a

temperature on or within any portion of the vessel, wherein the heating step is responsive to the
monitoring stép. 44Tteengibed ofichfivldfvdgicfatiterpormpisingthestaplobpousing the vaporizable

source materighita shenVeasSlity of longitudinally oriented elements.

35. The method of claim 28, wherein the interior volume has a width, and any longitudinally

oriented element of the plurality of longitudinally oriented elements spans the entire width.
36. The method of claim 28, wherein at least one longitudinally oriented element of the
plurality of longitudinally oriented elements comprises a protruding wall extending from an inner

surface of the peripheral vessel wall into a portion of the interior volume.

37. The method of claim 28, wherein the plurality of longitudinally oriented elements defines

a plurality of passages.

38. The method of claim 28, wherein at least two longitudinally oriented elements of the

plurality of longitudinally oriented elements are substantially coplanar.
39. The method of claim 28, wherein the peripheral vessel wall has a first height, the
plurality of longitudinally oriented elements has a second height, and the second height is less

than or substantially equal to the first height.

40. The method of claim 28, wherein the peripheral vessel wall comprises an external

boundary of the vessel.

41. The method of claim 28, further comprising the step of passing the second gas through a

filter or frit.

42. The method of claim 28, further comprising the step of metering any of the first gas and
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45. The method of claim 28, further comprising the step of contacting a semiconductor substrate with
the vaporized material to form a film on the semiconductor substrate. 46. The method of claim 45,
further comprising the step of processing the semiconductor substrate comprising the film to form a
semiconductor. 47. The vapor delivery vessel of claim 1, further comprising a sensor arranged to
generate an output signal indicative of a condition when at least a portion of the vessel is empty or
nearly empty of said vaporizable source material. 48. The vapor delivery vessel of claim 1, wherein

the vaporiza%EI%esogéce material is processed by dissolving a solid source material in a solvent, and
removing salti $5ENt o yield a metal complex constituting said vaporizable source material disposed

within the at least a portion of said interior volume of the vessel. 49. The vapor delivery vessel of claim

1, wherein the vessel walhhes aniinteyianwalLsupass.eriaptetyialieastanrahihefisst gas and the
second gas. 5Q. The methog Ff claim 28, further comprising sensing a condition of at least a portion of

the interior VOIIM&SEAE CRPEF SF Reaby EMply 8F8a RO QBRI R §etRating an output

signal indicative of said condition. 51. The method of claim 28, further comprising processing solid

source matejal in a3Gha SNGLIBMOVIRGSAhSANENHONME T SoinaiaheAmpRISXHONsIting said

solid-containint% v?g)ct)riﬁjable spurce material disposed within the interior volume. 52. The method of
claim 28, fufthéf' €ompriSing Saturating the first gas with the vaporizable material. 53. The method of

claim 28, further comprising preheating the first gas prior to delivery to the vessel.

45. The method of claim 28, further comprising the step of contacting a semiconductor

substrate with the vaporized material to form a film on the semiconductor substrate.

46. The method of claim 45, further comprising the step of processing the semiconductor

substrate comprising the film to form a semiconductor.

47. The vapor delivery vessel of claim 1, further comprising a sensor arranged to generate an
output signal indicative of a condition when at least a portion of the vessel is empty or nearly

empty of said vaporizable source material.

48. The vapor delivery vessel of claim 1, wherein the vaporizable source material is
processed by dissolving a solid source material in a solvent, and removing said solvent to yield a
metal complex constituting said vaporizable source material disposed within the at least a portion

of said interior volume of the vessel.

49. The vapor delivery vessel of claim 1, wherein the vessel wall has an interior wall surface

contacted by at least one of the first gas and the second gas.

50. The method of claim 28, further comprising sensing a condition of at least a portion of
the interior volume being empty or nearly empty of said vaporizable material, and generating an

output signal indicative of said condition.
51. The method of claim 28, further comprising processing solid source material in a solvent,

and removing said solvent to yield a metal complex constituting said solid-containing vaporizable

source material disposed within the interior volume.
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52. The method of claim 28, further comprising saturating the first gas with the vaporizable

material.

53. The method of claim 28, further comprising preheating the first gas prior to delivery to

the vessel.
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